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[T]he simple word Care may suffice to express [the journal’s] philosophical
mission. The new journal is designed to promote better patient care by
serving the expanded needs of all health professionals committed to the care
of patients with diabetes. As such, the American Diabetes Association views
Diabetes Care as a reaffirmation of Francis Weld Peabody’s contention that
“the secret of the care of the patient is in caring for the patient.”

—Norbert Freinkel, Diabetes Care, January-February 1978
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Introduction: StandardsofMedical
Care in Diabetesd2021
Diabetes Care 2020;44(Suppl. 1):S1–S2 | https://doi.org/10.2337/dc21-SINT

Diabetes is a complex, chronic illness re-
quiring continuous medical care with
multifactorial risk-reduction strategies
beyond glycemic control. Ongoing dia-
betes self-management education and
support are critical to preventing acute
complications and reducing the risk of long-
term complications. Significant evidence
exists that supports a range of interven-
tions to improve diabetes outcomes.
The American Diabetes Association

(ADA) “Standards of Medical Care in Di-
abetes,” referred to as the Standards of
Care, is intended to provide clinicians,
patients, researchers, policy makers, and
other interested individuals with the
components of diabetes care, general
treatment goals, and tools to evaluate
the quality of care. The Standards of Care
recommendations are not intended to
preclude clinical judgment and must be
applied in the context of excellent
clinical care, with adjustments for in-
dividual preferences, comorbidities, and
other patient factors. For more detailed
information about the management of
diabetes, please refer toMedical Manage-
ment of Type 1 Diabetes (1) and Medical
Management of Type 2 Diabetes (2).
The recommendations in the Stand-

ards of Care include screening, diagnos-
tic, and therapeutic actions that are known
or believed to favorably affect health out-
comes of patients with diabetes. Many
of these interventions have also been
shown to be cost-effective (3,4).

The ADA strives to improve and update
the Standards of Care to ensure that
clinicians, health plans, and policy mak-
ers can continue to rely on it as the
most authoritative source for current
guidelines for diabetes care.

ADA STANDARDS, STATEMENTS,
REPORTS, and REVIEWS

The ADA has been actively involved in
the development and dissemination of
diabetes care clinical practice recom-
mendations and related documents for
more than 30 years. The ADA’s Standards
of Medical Care is viewed as an impor-
tant resource forhealth care professionals
who care for people with diabetes.

Standards of Care

The annual Standards of Care

supplement to Diabetes Care contains

official ADA position, is authored by

the ADA, and provides all of the

ADA’s current clinical practice

recommendations.
To update the Standards of Care, the
ADA’s Professional Practice Committee
(PPC) performs an extensive clinical di-
abetes literature search, supplemented
with input from ADA staff and the med-
ical community at large. The PPC updates
theStandards ofCare annually. However,
the Standards of Care is a “living” docu-
ment, where important updates are pub-
lished online should the PPC determine
that new evidence or regulatory changes
(e.g., drug approvals, label changes) merit

immediate inclusion.More informationon
the “living Standards” can be found on the
ADA’s professional website DiabetesPro at
professional.diabetes.org/content-page/
living-standards. The Standards of Care
supersedes all previous ADA position
statementsdand the recommendations
thereindon clinical topics within the pur-
viewof the Standards of Care; ADAposition
statements, while still containing valuable
analysis, should not be considered the
ADA’s current position. The Standards
of Care receives annual review and ap-
proval by the ADA’s Board of Directors.

ADA Statement

An ADA statement is an official

ADA point of view or belief that

does not contain clinical practice

recommendations and may be issued

on advocacy, policy, economic, or

medical issues related to diabetes.
ADA statements undergo a formal re-
view process, including a review by the
appropriate ADA national committee,
ADA science and medicine staff, and
the ADA’s Board of Directors.

Consensus Report

A consensus report of a particular

topic contains a comprehensive

examination and is authored by an

expert panel (i.e., consensus panel)

and represents the panel’s collective

analysis, evaluation, and opinion.
The need for a consensus report arises
when clinicians, scientists, regulators,

The “Standards of Medical Care in Diabetes” was originally approved in 1988. Most recent review/revision: December 2020.

© 2020 by the American Diabetes Association Readers may use this article as long as the work is properly cited, the use is educational and not for profit,
and the work is not altered. More information is available at http://www.diabetesjournals.org/content/license.
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and/or policy makers desire guidance
and/or clarity on a medical or scientific
issue related to diabetes for which the
evidence is contradictory, emerging, or
incomplete. Consensus reports may also
highlight gaps in evidence and propose
areas of future research to address these
gaps. A consensus report is not an ADA
position but represents expert opinion only
and is produced under the auspices of the
ADA by invited experts. A consensus report
may be developed after an ADA Clinical
Conference or Research Symposium.

Scientific Review

A scientific review is a balanced review

and analysis of the literature on a

scientific or medical topic related

to diabetes.
A scientific review is not anADAposition
and does not contain clinical practice
recommendations but is produced un-
der the auspices of the ADA by invited
experts. Thescientific reviewmayprovide a
scientific rationale for clinical practice
recommendations in the Standards of
Care. The category may also include task
force and expert committee reports.

GRADING OF SCIENTIFIC EVIDENCE

Since the ADA first began publishing
clinical practice guidelines, there has
been considerable evolution in the eval-
uation of scientific evidence and in the
development of evidence-based guide-
lines. In 2002, the ADA developed a
classification system to grade the quality
of scientific evidence supporting ADA rec-
ommendations. A 2015 analysis of the
evidence cited in the Standards of Care
found steady improvement in quality
over the previous 10 years, with the
2014 Standards of Care for the first time
having the majority of bulleted recom-
mendations supported by A level or
B level evidence (5). A grading system
(Table 1) developed by the ADA and
modeled after existing methods was used
to clarify and codify the evidence that forms
the basis for the recommendations. ADA
recommendations are assigned ratings of
A, B, or C, depending on the quality of
the evidence in support of the recom-
mendation. Expert opinion E is a separate
category for recommendations in which
there is no evidence from clinical trials,
clinical trials may be impractical, or there

is conflicting evidence. Recommendations
with A level evidence are based on large
well-designed clinical trials or well-done
meta-analyses. Generally, these recom-
mendations have the best chance of im-
proving outcomes when applied to the
population for which they are appropriate.
Recommendations with lower levels of
evidence may be equally important but
are not as well supported.
Of course, published evidence is only

one componentof clinical decision-making.
Clinicians care for patients, not popu-
lations; guidelines must always be in-
terpreted with the individual patient in
mind. Individual circumstances, such as
comorbid and coexisting diseases, age,
education, disability, and, above all, pa-
tients’ values and preferences, must be
considered and may lead to different
treatment targets and strategies. Fur-
thermore, conventional evidence hier-
archies, such as the one adapted by the
ADA, may miss nuances important in
diabetes care. For example, although
there is excellent evidence from clinical
trials supporting the importance of
achieving multiple risk factor control,
the optimal way to achieve this result is
less clear. It is difficult to assess each
component of such a complex intervention.

References

1. American Diabetes Association. Medical
Management of Type 1 Diabetes. 7th ed. Wang
CC, Shah AC, Eds. Alexandria, VA, American Di-
abetes Association, 2017
2. American Diabetes Association.Medical Man-
agement of Type 2 Diabetes. 8th ed. Meneghini L,
Ed. Alexandria, VA, American Diabetes Associa-
tion, 2020
3. Zhou X, Siegel KR, Ng BP, Jawanda S, Proia KK,
Zhang X, Albright AL, Zhang P. Cost-effectiveness
of diabetes prevention interventions targeting
high-risk individuals and whole populations:
a systematic review. Diabetes Care 2020;43:
1593–1616
4. Siegel KR, Ali MK, Zhou X, Ng BP, Jawanda S,
Proia K, Zhang X, Gregg EW, Albright AL, Zhang P.
Cost-effectiveness of interventions to manage
diabetes: has the evidence changed since 2008?
Diabetes Care 2020;43:1557–1592
5. Grant RW, Kirkman MS. Trends in the evi-
dence level for the American Diabetes Associa-
tion’s “Standards of Medical Care in Diabetes”
from 2005 to 2014. Diabetes Care 2015;38:
6–8

Table 1—ADA evidence-grading system for “Standards ofMedical Care in Diabetes”

Level of
evidence Description

A Clear evidence from well-conducted, generalizable randomized controlled trials that
are adequately powered, including
c Evidence from a well-conducted multicenter trial
c Evidence from a meta-analysis that incorporated quality ratings in the analysis

Compelling nonexperimental evidence, i.e., “all or none” rule developedby theCentre
for Evidence-Based Medicine at the University of Oxford

Supportive evidence from well-conducted randomized controlled trials that are
adequately powered, including
c Evidence from a well-conducted trial at one or more institutions
c Evidence from a meta-analysis that incorporated quality ratings in the analysis

B Supportive evidence from well-conducted cohort studies
c Evidence from a well-conducted prospective cohort study or registry
c Evidence from a well-conducted meta-analysis of cohort studies

Supportive evidence from a well-conducted case-control study

C Supportive evidence from poorly controlled or uncontrolled studies
c Evidence from randomized clinical trials with one ormoremajor or three ormore
minor methodological flaws that could invalidate the results

c Evidence from observational studies with high potential for bias (such as case
series with comparison with historical controls)

c Evidence from case series or case reports
Conflicting evidence with the weight of evidence supporting the recommendation

E Expert consensus or clinical experience

S2 Introduction Diabetes Care Volume 44, Supplement 1, January 2020
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Professional Practice Committee:
Standards of Medical Care in
Diabetesd2021
Diabetes Care 2021;44(Suppl. 1):S3| https://doi.org/10.2337/dc21-SPPC

The Professional Practice Committee (PPC)
of theAmericanDiabetesAssociation (ADA)
is responsible for the “Standards ofMedical
Care in Diabetes,” referred to as the Stand-
ards of Care. The PPC is a multidisciplinary
expert committee comprising physicians,
diabetes care and education specialists,
and others who have expertise in a range
of areas, including, but not limited to, adult
and pediatric endocrinology, epidemi-
ology, public health, cardiovascular risk
management,microvascular complications,
preconception and pregnancy care, weight
management and diabetes prevention,
and use of technology in diabetes man-
agement. Appointment to the PPC is based
on excellence in clinical practice and re-
search.Althoughtheprimary roleof thePPC
members is to review and update the
StandardsofCare, theymayalsobe involved
in ADA statements, reports, and reviews.
All members of the PPC are required to

disclose potential conflicts of interest with
industry and other relevant organizations.
These disclosures are discussed at the out-
set of each Standards of Care revision
meeting. Members of the committee, their
employers, and their disclosed conflicts of
interest are listed in “Disclosures:Standards
ofMedicalCareinDiabetesd2021”(https://
doi.org/10.2337/dc21-SPPC). The ADA funds
development of the Standards of Care
out of its general revenues and does not
use industry support for this purpose.

Relevant literature was thoroughly re-
viewed through 1 July 2020; additionally,
critical updates published through 1 Sep-
tember 2020 were considered. Recom-
mendations were revised based on new
evidence, new considerations for standard
of carepractices, or, in somecases, to clarify
the prior recommendations or revise word-
ing to match the strength of the published
evidence. A table linking the changes in
recommendations to new evidence can be
reviewed online at professional.diabetes.org/
SOC. The Standards of Care is approved by
the ADA’s Board of Directors, which in-
cludes health care professionals, scientists,
and lay people.
Feedback from the larger clinical com-

munity was invaluable for the annual
2020 revision of the Standards of Care.
Readers who wish to comment on the
2021 Standards of Care are invited to do
so at professional.diabetes.org/SOC.
ThePPC thanks the following individuals

who provided their expertise in reviewing
and/or consulting with the committee:
Daniel DeSalvo, MD; Alison B. Evert, MS,
RD,CDCES; JoyHayes,MS,RDN,LD,CDCES;
Ingrid M. Libman, MD, MPH, PhD; Aaron
Michels,MD; Joshua J. Neumiller, PharmD,
CDCES, FASCP; Richard Pratley, MD; Ellen
W. Seely, MD; Dimitra Skondra, MD; Patti
Urbanski, MEd, RD, LD, CDCES; Jenise C.
Wong, MD, PhD; Jennifer Wyckoff, MD;
and Ann Zmuda, DPM.

Members of the PPC
Boris Draznin, MD, PhD (Chair)
Vanita R. Aroda, MD
George Bakris, MD
Gretchen Benson, RDN, LD, CDCES
Florence M. Brown, MD
RaShaye Freeman, DNP, FNP-BC, CDCES,
ADM-BC

Jennifer Green, MD
Elbert Huang, MD, MPH, FACP
Diana Isaacs, PharmD, BCPS, BC-ADM,
CDCES

Scott Kahan, MD, MPH
Christine G. Lee, MD, MS
Jose Leon, MD, MPH
Sarah K. Lyons, MD
Anne L. Peters, MD
Jane E.B. Reusch, MD
Deborah Young-Hyman, PhD, CDCES

American College of
CardiologydDesignated
Representatives (Section 10)
Sandeep Das, MD, MPH, FACC
Mikhail Kosiborod, MD,
FACC

ADA Staff
Mindy Saraco, MHA (corresponding author:

msaraco@diabetes.org)
Malaika I. Hill, MA
Matthew P. Petersen
Shamera Robinson, MPH, RDN
Jo Mandelson, MS, RDN
Robert A. Gabbay, MD, PhD

© 2020 by the American Diabetes Association Readers may use this article as long as the work is properly cited, the use is educational and not for profit,
and the work is not altered. More information is available at http://www.diabetesjournals.org/content/license.
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Summary of Revisions: Standards
ofMedical Care inDiabetesd2021
Diabetes Care 2021;44(Suppl. 1):S4–S6 | https://doi.org/10.2337/dc21-SREV

GENERAL CHANGES

Thefieldofdiabetes care is rapidly changing
as new research, technology, and treat-
ments that can improve the health and
well-beingofpeoplewithdiabetes continue
toemerge.Withannualupdates since1989,
the American Diabetes Association (ADA)
has long been a leader in producing guide-
lines that capture the most current state of
the field.
Although levels of evidence for sev-

eral recommendations have been up-
dated, these changes are not outlined
below where the clinical recommen-
dation has remained the same. That is,
changes in evidence level from, for
example, E to C are not noted below.
The 2021 Standards of Care contains, in
addition to many minor changes that
clarify recommendations or reflect new
evidence, the following more substan-
tive revisions.

SECTION CHANGES

Section 1. Improving Care and
Promoting Health in Populations
(https://doi.org/10.2337/dc21-S001)
Additional information has been in-
cluded on social determinants of health
in diabetes to reflect the evidence
presented in “Social Determinants of
Health in Diabetes: A Scientific Review,”
(https://doi.org/10.2337/dci20-0053),
including a change to Recommendation
1.5.
The concept of “cost-related medica-

tion nonadherence” has been added to
the “Cost Considerations” subsection.

Section 2. Classification and Diagnosis
of Diabetes
(https://doi.org/10.2337/dc21-S002)
More discussion about use of the term
LADA (latent autoimmune diabetes in
adults) has been added to the section.
Guidance on use of point-of-care A1C

assays for the diagnosis of diabetes has
been clarified.
A recommendation about screening

for diabetes and prediabetes in patients
withHIV (Recommendation 2.14), aswell
as the in-text discussion on the topic, has
been moved to this section. This content
was previously in Section 4 “Comprehen-
sive Medical Evaluation and Assessment
ofComorbidities” (https://doi.org/10.2337/
dc21-S004).
Additional evidencehasbeenadded to

the subsection “Cystic Fibrosis–Related
Diabetes” (CFRD) regarding early diag-
nosis and treatment of CFRD and re-
ported increases in CFRD.
Additional evidence has also been

added to the “Posttransplantation Di-
abetes Mellitus” subsection.

Section 3. Prevention or Delay of
Type 2 Diabetes
(https://doi.org/10.2337/dc21-S003)
A new subsection, “Delivery and Dis-
semination of Lifestyle Behavior Change
for Diabetes Prevention,” was created
to describe evidence for broader dis-
semination of and national efforts for
lifestyle behavior change programs to
prevent diabetes.
Additional guidance and evidence

have been added to the newly named

“Prevention of Vascular Disease and
Mortality” subsection (previously called
“Prevention of Cardiovascular Disease”)
and include data from longer-term follow
up diabetes prevention studies.

Section 4. Comprehensive Medical
Evaluation and Assessment of
Comorbidities
(https://doi.org/10.2337/dc21-S004)
Regarding ongoing management, Rec-
ommendation 4.5 has been modified
to include overall health status, risk of
hypoglycemia, and cardiovascular risk
using the risk calculator. Recommenda-
tion 4.6 was eliminated.
The “Immunizations” subsection has

been significantly revised, and vaccine-
specific recommendations were removed.
Table 4.5 was added containing Centers
for Disease Control and Prevention–
recommended vaccinations for people with
diabetes. More information has been
added to the discussion of each vaccine,
including important considerations related
to coronavirus disease 2019 (COVID-19).
The recommendation on pancreatitis

was removed because the guidance is
more appropriately covered in the discus-
sion of the evidence in the subsection text.
Additional evidence on hearing impair-

ment has been added to the “Sensory
Impairment” subsection, and audiology
has been added as a consideration to the
table on referrals for initial care man-
agement (Table 4.4).

The HIV recommendation and discus-
sion were removed from this section and
can now be found in Section 2 “Classification

© 2020 by the American Diabetes Association. Readers may use this article as long as the work is properly cited, the use is educational and not for profit,
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and Diagnosis of Diabetes” (https://doi
.org/10.2337/dc21-S002).
More information on determining tes-

tosterone levels has been added to the
“Low Testosterone in Men” subsection,
and readers are now referred to the En-
docrine Society Clinical Practice Guideline
(https://doi.org/10.1210/jc.2018-00229)
for more detailed recommendations.
Table 4.1, “Components of the Com-

prehensive Diabetes Medical Evaluation
at Initial, Follow-up, and Annual Visits,”
was reorganized and revised to include a
number of additional factors, including
social determinants of health and iden-
tification of surrogate decision maker
and advanced care plan.

Section5.FacilitatingBehaviorChange
and Well-being to Improve Health
Outcomes
(https://doi.org/10.2337/dc21-S005)
Based on “Diabetes Self-management Ed-
ucation and Support in AdultsWith Type 2
Diabetes:AConsensusReportof theAmer-
ican Diabetes Association, the Association
of Diabetes Care & Education Specialists,
theAcademyofNutritionandDietetics, the
American Academy of Family Physicians,
the American Academy of PAs, the Amer-
icanAssociationofNursePractitioners,and
the American Pharmacists Association,”
published in June 2020 (https://doi.org/
10.2337/dci20-0023), Recommendations
5.6 and 5.7 regarding barriers to diabetes
self-management education and support
(DSMES) have been added. The four
critical times DSMES needs should be eval-
uated have been revised based on the
consensus report. Additional evidence
on the usefulness of DSMES and ways
to address barriers has been included.
The “Carbohydrates” and “Fats” sub-

sections have been revised to include
additional guidance and studies related
to these macronutrients.
Recommendation 5.29 has been added

to the “Physical Activity” subsection to
address baseline physical activity and sed-
entary time and to encourage the promotion
of nonsedentary activities above baseline
for sedentary individuals with diabetes.
Recommendation 5.34 has been

added for smoking cessation, which can
be addressed as part of diabetes educa-
tion programs.
The concept of mindful self-compassion

has been added to the “Diabetes Distress”
subsection, discussing its effects on
diabetes.

Section 6. Glycemic Targets
(https://doi.org/10.2337/dc21-S006)
The“A1C” subsectionwasretitled“Glycemic
Assessment,” with respective changes to
Recommendations 6.1 and 6.2 to allow for
other glycemic measures aside from A1C.
Recommendation 6.3 was removed.
The “Glycemic Goals” subsection has

alsobeen revised to includeother glycemic
measures, and the recommendation for
glycemic goals for many nonpregnant
adults without significant hypoglycemia
has been divided in two parts (Recom-
mendations 6.5a and 6.5b) to include
time-in-range goals.
Figure6.1hasbeenrevisedandno longer

includes example patient-specific data.
Morediscussionhasbeenadded to the

“A1C and Microvascular Complications”
subsection.
Recommendation 6.9 regarding hypogly-

cemiaassessmenthasbeenrevisedandnow
recommends that occurrence of and risk for
hypoglycemia should be reviewed at every
encounter and investigated as indicated.

Section 7. Diabetes Technology
(https://doi.org/10.2337/dc21-S007)
Recommendations 7.9–7.13 in the “Con-
tinuous Glucose Monitoring Devices” sub-
section have been revised, and “blinded”
continuous glucose monitoring (CGM) is
now referred to as “professional CGM,”
which is clinic-based and can include
blinded and real-time devices. Table 7.3
has been updated to reflect this change as
well. Recommendations 7.9–7.11 now rec-
ommend CGM as useful for people with
diabetes on multiple daily injections and
continuous subcutaneous insulin infusions
and other forms of insulin therapy (with
different levels of evidence) not defined by
type of diabetes or age.
Recommendation 7.14 regarding skin

reactionswith useof CGMhasbeenadded.
This section has also been updated to
include information on the evolving evi-
dence and a new discussion on education
and training.
The “Insulin Delivery” subsection has

also been revised, and the recommen-
dation on examination of insulin injec-
tion/infusion site was removed.
Recommendation 7.27 regarding in-

patient use of deviceswasmoved to later
in the section where use in the inpatient
setting ismore fully discussed. The use of
CGM in the hospital during the COVID-19
pandemic is also reviewed in the “Inpatient
Care” subsection.

Recommendation 7.21 on insulin pump
use for people with type 2 diabetes and
other forms of diabeteswithmultiple daily
injections has been added to the “Insulin
Pumps” subsection,with additional discus-
sion. Information on insulin pump use in
older adults has been added as well.
The possible benefit of systems that

combine technology and online coaching
has been added to Recommendation 7.26.

Section 8. ObesityManagement for the
Treatment of Type 2 Diabetes
(https://doi.org/10.2337/dc21-S008)
The concept of patient-centered communi-
cation that uses nonjudgmental language
has been added as Recommendation 8.1,
with additional discussion in the “Assess-
ment” subsection. The subsection on “Diet,
Physical Activity, and Behavioral Ther-
apy” has been updated, including more
thorough discussion of health outcomes
of weight loss. Based on the publication
“Social Determinants ofHealth inDiabetes:
A Scientific Review” (https://doi.org/10
.2337/dci20-0053), considerations related
to social determinants of health have
been added in this subsection as well.
More detail has been added to the

“Pharmacotherapy” subsection,particularly
focused on assessing efficacy and safety.

Section 9. Pharmacologic Approaches
to Glycemic Treatment
(https://doi.org/10.2337/dc21-S009)
Additional evidence has been added to the
discussion of use of sensor-augmented
insulin pumps.
The concept that improved technolo-

gies and treatments would require re-
consideration of the role of pancreas and
islet transplantation has been removed.
Recommendation 9.13 and the re-

lated discussion have been added cau-
tioning providers of the potential for
overbasalization with insulin therapy.
Table 9.1 has been updated.
Figure9.1has been revised to include a

dedicated decision pathway for chronic
kidney disease and a dedicated decision
pathway for heart failure, with updates
to reflect consensus interpretation of
clinical trial data.
Figure 9.2 has also been revised to

include assessment of adequacy of insulin
dose and updates in regard to the use of
glucagon-like peptide 1 receptor agonists.

Section 10. CardiovascularDisease and
Risk Management
(https://doi.org/10.2337/dc21-S010)
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This section is endorsed for the third
consecutive year by the American Col-
lege of Cardiology.
The section has been revised to ac-

knowledge that few trials have been
specifically designed to assess the impact
of cardiovascular risk reduction strate-
gies in patients with type 1 diabetes.
A lower limit has been added to Rec-

ommendation 10.6 regarding pregnant
patients with diabetes and preexisting
hypertension.
ACE inhibitors or angiotensin receptor

blockersasfirst-linetherapyforhypertension
in people with diabetes and coronary artery
diseasehasbeenaddedasRecommendation
10.10, with additional discussion.
The ODYSSEY OUTCOMES trial has been

added to the “Combination Therapy for
LDL Cholesterol Lowering” subsection.
Recommendations 10.37 and 10.38

have been added to the “Antiplatelet
Agents” subsection regarding long-term
dual antiplatelet therapy and combination
therapy with aspirin plus low dose rivar-
oxaban, respectively. New evidence from
THEMIS, THEMIS-PCI,COMPASS, andVOY-
AGER PAD has also been added to the
“Antiplatelet Agents” subsection.
Recommendations 10.43–10.47 re-

garding treatment in the “Cardiovas-
cular Disease” subsection have been
revised to include the evolving evidence
from cardiovascular outcomes trials.
Table 10.3A is now titled “Cardiovas-

cular and Cardiorenal Outcomes Trials
of Available Antihyperglycemic Medica-
tions Completed After the Issuance of the
FDA 2008 Guidelines: DPP-4 Inhibitors,”
and the CAROLINA trial has been added.
Table 10.3B is now titled “Cardio-

vascular and Cardiorenal Outcomes
Trials of Available Antihyperglycemic
Medications Completed After the Issu-
ance of the FDA 2008 Guidelines: GLP-1
Receptor Agonists,” and the PIONEER-6
trial has been added.
Table 10.3C is now titled “Cardiovas-

cular and Cardiorenal Outcomes Trials of
Available Antihyperglycemic Medica-
tions Completed After the Issuance of
the FDA 2008 Guidelines: SGLT2 Inhib-
itors,” and the CREDENCE and DAPA-HF
trials have been added.

Section 11. Microvascular
Complications and Foot Care
(https://doi.org/10.2337/dc21-S011)
Recommendation 11.3 on treatment for
chronic kidney disease has been divided

into three recommendations (11.3a,11.3b,
and 11.3c) to individualize treatment
based on renal function and risk of car-
diovascular disease.

Section 12. Older Adults
(https://doi.org/10.2337/dc21-S012)
Recommendations 12.4 and 12.5 and
discussion in the “Hypoglycemia” subsection
have been modified, and a new recom-
mendation on the use of continuous
glucose monitoring for the reduction
of hypoglycemia has been added based
on findings from the Wireless Innova-
tion in Seniors with Diabetes Mellitus
(WISDM) trial.
The reasonable A1C goal for older

adults who are otherwise healthy with
few coexisting chronic illnesses and in-
tact cognitive function and functional
status has been modified to A1C
,7.0–7.5% (53–58 mmol/mol). This
change is reflected in Table 12.1 as well.
Fasting or preprandial and bedtime glu-
cose levels for healthy older adults have
also been revised in this table.
Recommendation 12.12 and accom-

panying review of the evidence on
weight loss has been added to the “Life-
style Management” subsection.
In the “Pharmacologic Therapy” subsec-

tion, for the very complex older patient in
poor health in Table 12.2, avoiding reliance
on A1C and avoiding hypoglycemia and
symptomatic hyperglycemia were added
as a reasonable A1C/treatment goal.
The example treatment goal for older

adults who are otherwise healthy with
few coexisting chronic illnesses and in-
tact cognitive function and functional
status has been modified to A1C ,7.0–
7.5% (53–58 mmol/mol).
Additional considerations and discussion

offindingshavebeenaddedtothe“Incretin-
based Therapies” and “Sodium–Glucose
Cotransporter 2 Inhibitors” subsections.

Section 13. Children and Adolescents
(https://doi.org/10.2337/dc21-S013)
To incorporate social determinants of
health, a new recommendationonassess-
ment of food security, housing stability/
homelessness, health literacy, financial
barriers, and social/community support
and its application to treatment decisions
has been added to the type 1 (Recom-
mendation 13.12) and type 2 diabetes
(Recommendation 13.105) sections.
Three new recommendations, one on

real-time CGM (Recommendation 13.20),

one on intermittently scanned CGM (Rec-
ommendation 13.21), and another on use
of CGM metrics from the most recent
14 days (Recommendation 13.27), have
been added to the type 1 diabetes “Gly-
cemic Control” subsection.

For physical activity in youth with pre-
diabetesand type2diabetes, Recommen-
dation 13.58 has been changed to at least
60 min daily, with bone and muscle
strength training at least 3 days per week.
Figure 13.1 has been revised to better

represent current guidance for manage-
ment of new-onset diabetes in youth
with overweight or obesity with clinical
suspicion of type 2 diabetes.

Section 14. Management of Diabetes
in Pregnancy
(https://doi.org/10.2337/dc21-S0014)
The informationon insulin requirements

during pregnancy in the “Insulin Physiol-
ogy” subsection has been clarified.
Lower limits have been added to the

recommended glycemic targets for
type 1 and type 2 diabetes in pregnancy,
though they do not apply to diet-con-
trolled type 2 diabetes in pregnancy.
More information on CGM in preg-

nancy, specifically on time in range and
target ranges for women with type 1
diabetes in pregnancy, has been added.
The guidance on use of hybrid closed-

loop systems during pregnancy has been
updated with new considerations.
Recommendation 14.18 and narrative

in the “Preeclampsia and Aspirin” sub-
sectionhavebeen revised to includemore
information on aspirin dosing and the
insufficient data available on its use
for pregnant women with preexisting
diabetes.
A lower limit has been added to Rec-

ommendation 14.19 regarding pregnant
patients with diabetes and chronic
hypertension.

Section 15. Diabetes Care in the
Hospital
(https://doi.org/10.2337/dc21-S0015)
Additional information has been added
on enteral and parenteral feeding and
insulin requirements.
The“GlucocorticoidTherapy”subsection

has been revised to includemore guidance
on use of NPH insulin with steroids.

Section 16. Diabetes Advocacy
(https://doi.org/10.2337/dc21-S016)
No changes have been made to this
section.
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1. Improving Care and Promoting
Health in Populations: Standards
ofMedical Care inDiabetesd2021
Diabetes Care 2021;44(Suppl. 1):S7–S14 | https://doi.org/10.2337/dc21-s001

The American Diabetes Association (ADA) “Standards of Medical Care in Diabetes”
includes the ADA’s current clinical practice recommendations and is intended to
provide the components of diabetes care, general treatment goals and guidelines,
and tools to evaluate quality of care. Members of the ADA Professional Practice
Committee, a multidisciplinary expert committee (https://doi.org/10.2337/dc21-
SPPC), are responsible for updating the Standards of Care annually, or more
frequently as warranted. For a detailed description of ADA standards, statements,
and reports, as well as the evidence-grading system for ADA’s clinical practice
recommendations, please refer to the Standards of Care Introduction (https://doi
.org/10.2337/dc21-SINT). Readers who wish to comment on the Standards of Care
are invited to do so at professional.diabetes.org/SOC.

DIABETES AND POPULATION HEALTH

Recommendations

1.1 Ensure treatment decisions are timely, rely on evidence-based guidelines, and
are made collaboratively with patients based on individual preferences,
prognoses, and comorbidities. B

1.2 Align approaches to diabetes management with the Chronic CareModel. This
model emphasizes person-centered team care, integrated long-term treat-
ment approaches to diabetes and comorbidities, and ongoing collaborative
communication and goal setting between all team members. A

1.3 Care systems should facilitate team-based care and utilization of patient
registries, decision support tools, and community involvement to meet
patient needs. B

1.4 Assess diabetes health care maintenance (see Table 4.1) using reliable and
relevant datametrics to improve processes of care and health outcomes, with
attention to care costs. B

Population health is defined as “the health outcomes of a group of individuals,
including the distribution of health outcomes within the group”; these outcomes can
bemeasured in termsofhealthoutcomes (mortality,morbidity, health, and functional
status), disease burden (incidence and prevalence), and behavioral and metabolic
factors (exercise, diet,A1C, etc.) (1). Clinical practice recommendations forhealth care
providers are tools that can ultimately improve health across populations; however,
foroptimaloutcomes,diabetes caremustalsobe individualized foreachpatient. Thus,
efforts to improve population health will require a combination of policy-level,
system-level, and patient-level approaches. With such an integrated approach in

Suggested citation: American Diabetes Association.
1. Improving care and promoting health in popula-
tions: Standards ofMedical Care inDiabetesd2021.
Diabetes Care 2021;44(Suppl. 1):S7–S14

© 2020 by the American Diabetes Association.
Readersmayuse this article as longas thework is
properly cited, the use is educational and not for
profit, and the work is not altered. More infor-
mation is availableathttps://www.diabetesjournals
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mind, the AmericanDiabetes Association
(ADA) highlights the importance of patient-
centered care, defined as care that con-
siders individual patient comorbidities
and prognoses; is respectful of and re-
sponsive to patient preferences, needs,
and values; and ensures that patient
values guide all clinical decisions (2).
Further, social determinants of health
(SDOH)doften out of direct control of
the individual and potentially represent-
ing lifelong riskdcontribute to medical
and psychosocial outcomes and must
be addressed to improve all health out-
comes (3). Clinical practice recommen-
dations, whether based on evidence or
expert opinion, are intended to guide an
overall approach to care. The science
and art of medicine come together when
the clinician is faced with making treat-
ment recommendations for a patientwho
may not meet the eligibility criteria used in
the studies on which guidelines are based.
Recognizing that one size does not fit all, the
standards presented here provide guidance
for when and how to adapt recommenda-
tions for an individual.

Care Delivery Systems
The proportion of patients with diabetes
who achieve recommended A1C, blood
pressure, and LDL cholesterol levels has
fluctuated in recent years (4). Glycemic
control and control of cholesterol through
dietary intake remain challenging. In 2013–
2016,64%ofadultswithdiagnoseddiabetes
met individualized A1C target levels, 70%
achieved recommended blood pressure
control, 57%met the LDL cholesterol target
level, and 85% were nonsmokers (4). Only
23% met targets for glycemic, blood pres-
sure, and LDL cholesterol measures while
also avoiding smoking (4). The mean A1C
nationally among people with diabetes in-
creased slightly from 7.3% in 2005–2008 to
7.5% in 2013–2016 based on the National
Health and Nutrition Examination Survey
(NHANES),withyoungeradults,women,and
non-Hispanic Black individuals less likely to
meet treatment targets (4). Certain seg-
ments of the population, such as young
adults andpatientswith complex comorbid-
ities,financial or other social hardships, and/
or limited English proficiency, face particular
challenges to goal-based care (5–7). Even
after adjusting for these patient factors, the
persistent variability in the quality of di-
abetes care across providers and practice
settings indicates that substantial system-
level improvements are still needed.

Diabetes poses a significant financial
burden to individuals and society. It is
estimated that the annual cost of diag-
nosed diabetes in 2017 was $327 billion,
including $237 billion in direct medical
costs and $90 billion in reduced pro-
ductivity. After adjusting for inflation,
economic costs of diabetes increased
by 26% from 2012 to 2017 (8). This is
attributed to the increased prevalence
of diabetes and the increased cost per
person with diabetes. Ongoing population
health strategies are needed in order to
reduce costs and provide optimized care.

Chronic Care Model

Numerous interventions to improve ad-
herence to the recommended standards
have been implemented. However, a
major barrier to optimal care is a delivery
system that is often fragmented, lacks
clinical information capabilities, duplicates
services, and is poorly designed for the
coordinated delivery of chronic care. The
Chronic Care Model (CCM) takes these
factors into consideration and is an effec-
tive framework for improving the quality
of diabetes care (9).

Six Core Elements. The CCM includes six
core elements to optimize the care of
patients with chronic disease:

1. Delivery system design (moving from a
reactive to a proactive care delivery
system where planned visits are
coordinated through a team-based
approach)

2. Self-management support
3. Decisionsupport(basingcareonevidence-

based, effective care guidelines)
4. Clinical information systems (using reg-

istries that can provide patient-specific
and population-based support to the
care team)

5. Community resources and policies
(identifying or developing resources
to support healthy lifestyles)

6. Health systems (to create a quality-
oriented culture)

A5-yeareffectiveness studyof theCCM
in 53,436 primary care patients with type 2
diabetes suggested that the use of this
model of care delivery reduced the cu-
mulative incidence of diabetes-related
complications and all-cause mortality
(10). Patients who were enrolled in the
CCM experienced a reduction in cardio-
vascular disease (CVD) risk by 56.6%,
microvascular complications by 11.9%,

and mortality by 66.1% (10). The same
study suggested that health care utili-
zation was lower in the CCM group,
which resulted in health care savings
of $7,294 per individual over the study
period (11).
Redefining the roles of the health care

delivery team and empowering patient
self-managementare fundamental to the
successful implementation of the CCM
(12). Collaborative,multidisciplinary teams
are best suited to provide care for people
with chronic conditions such as diabetes
and to facilitatepatients’ self-management
(13–15). There are references to guide the
implementation of the CCM into diabetes
care delivery, including opportunities and
challenges (16).

Strategies for System-Level Improvement

Optimal diabetes management requires
an organized, systematic approach and
the involvementofa coordinated teamof
dedicated health care professionalswork-
ing in an environment where patient-
centered, high-quality care is a priority
(7,17,18).While many diabetes processes
of care have improved nationally in the
past decade, the overall quality of care for
patients with diabetes remains subopti-
mal (4). Efforts to increase the quality of
diabetes care include providing care that
is concordant with evidence-based guide-
lines (19); expanding the role of teams to
implement more intensive disease man-
agement strategies (7,20,21); tracking
medication-taking behavior at a systems
level (22); redesigning the organization of
the care process (23); implementing elec-
tronic health record tools (24,25); em-
powering and educating patients (26,27);
removing financial barriers and reducing
patient out-of-pocket costs for diabetes
education, eye exams, diabetes technol-
ogy, and necessary medications (7); as-
sessing and addressing psychosocial issues
(28,29); and identifying, developing, and
engaging community resources and pub-
lic policies that support healthy lifestyles
(30). The National Diabetes Education Pro-
gram maintains an online resource
(www.cdc.gov/diabetes/ndep/training-
tech-assistance/index.html) to help
health care professionals design and im-
plement more effective health care de-
livery systems for those with diabetes.
Given the pluralistic needs of patients
with diabetes and how the constant chal-
lenges they experience vary over the
course of disease management (complex
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insulin regimens, new technology, etc.), a
diverse team with complementary exper-
tise is consistently recommended (31).

Care Teams

The care team, which centers around the
patient, should avoid therapeutic inertia
and prioritize timely and appropriate
intensification of lifestyle and/or phar-
macologic therapy for patients who have
not achieved the recommended meta-
bolic targets (32–34). Strategies shownto
improve care teambehavior and thereby
catalyze reductions in A1C, blood pres-
sure, and/or LDL cholesterol include en-
gaging in explicit and collaborative goal
setting with patients (35,36); identifying
and addressing language, numeracy, or
cultural barriers to care (37–39); inte-
grating evidence-based guidelines and
clinical information tools into theprocess
of care (19,40,41); soliciting performance
feedback, setting reminders, andproviding
structured care (e.g., guidelines, formal
case management, and patient education
resources) (7); and incorporating care
management teams including nurses, die-
titians, pharmacists, and other providers
(20,42). Initiatives such as the Patient-
Centered Medical Home show promise
for improvinghealthoutcomesbyfostering
comprehensive primary care and offering
new opportunities for team-based chronic
disease management (43).

Telemedicine

Telemedicine is a growing field that
may increase access to care for patients
with diabetes. The American Telemedi-
cine Association defines telemedicine
as the use of medical information ex-
changed from one site to another via
electronic communications to improve
a patient’s clinical health status. Tele-
medicine includes a growing variety of
applications and services using two-
way video, smartphones, wireless tools,
and other forms of telecommunications
technology (44). Increasingly, evidence
suggests that various telemedicine mo-
dalities may be effective at reducing A1C
in patients with type 2 diabetes com-
pared with usual care or in addition to
usual care (45). For rural populations or
those with limited physical access to
health care, telemedicine has a growing
body of evidence for its effectiveness,
particularly with regard to glycemic
control as measured by A1C (46–48).
Interactive strategies that facilitate com-
munication between providers and

patients, including the use of web-based
portals or text messaging and those that
incorporatemedication adjustment, ap-
pear more effective. Telemedicine and
other virtual environments can also be
used to offer diabetes self-management
education and clinical support and re-
move geographic and transportation bar-
riers for patients living in underresourced
areas or with disabilities (49). There
is limited data available on the cost-
effectiveness of these strategies.

Behaviors and Well-being

Successful diabetes care also requires a
systematic approach to supporting pa-
tients’ behavior-change efforts. High-
quality diabetes self-management edu-
cation and support (DSMES) has been
shown to improve patient self-manage-
ment, satisfaction, and glucose outcomes.
National DSMES standards call for an in-
tegrated approach that includes clinical
content and skills, behavioral strategies
(goal setting, problem solving), and en-
gagement with psychosocial concerns
(29). For more information on DSMES,
seeSection5 “FacilitatingBehavior Change
and Well-being to Improve Health Out-
comes” (https://doi.org/10.2337/dc21-
S005).

Cost Considerations

The cost of diabetes medications, partic-
ularly insulin, is an ongoing barrier to
achieving glycemic goals. Up to 25% of pa-
tients who are prescribed insulin report
cost-related insulin underuse (50). Insulin
underuse due to cost has also been termed
cost-related medication nonadherence
(CRN). The cost of insulin has continued to
increase in recent years for reasons that
are not entirely clear. There are recom-
mendations from the ADA Insulin Access
and Affordability Working Group for ap-
proaches to this issue from a systems level
(51). Recommendations including con-
cepts such as cost-sharing for insured
people with diabetes should be based
on the lowest price available, list price
for insulins that closely reflect net price,
and health plans that ensure that people
with diabetes can access insulin without
undue administrative burden or excessive
cost (51). Reduction in CRN is associated
with better biologic and psychologic out-
comes, including quality of life.

Access to Care and Quality Improvement

The Affordable Care Act and Medicaid
expansion have resulted in increased

access to care for many individuals
with diabetes with an emphasis on the
protection of people with preexisting
conditions, health promotion, and dis-
ease prevention (52). In fact, health in-
surance coverage increased from 84.7%
in 2009 to 90.1% in 2016 for adults with
diabetes aged 18–64 years. Coverage for
those $65 years remained nearly uni-
versal (53). Patients who have either
private or public insurance coverage
aremore likely tomeet quality indicators
for diabetes care (54). As mandated by
the Affordable Care Act, the Agency for
Healthcare Research and Quality
developed a National Quality Strategy
based on the triple aims that include
improving the health of a population,
overall quality and patient experience of
care, and per capita cost (55,56). As
health care systems and practices adapt
to the changing landscape of health
care, it will be important to integrate
traditional disease-specificmetricswith
measures of patient experience, as well
as cost, in assessing the quality of di-
abetes care (57,58). Information and
guidance specific to quality improve-
ment and practice transformation for
diabetes care is available from the
National Institute of Diabetes and Di-
gestive and Kidney Diseases guidance
on diabetes care and quality (59). Using
patient registries and electronic health
records, health systems can evaluate
the quality of diabetes care being de-
livered and perform intervention cycles
as part of quality improvement strate-
gies (60). Improvement of health liter-
acy and numeracy is also a necessary
component to improve care (61,62).
Critical to these efforts is provider ad-
herence to clinical practice recommen-
dations (see Table 4.1) and the use of
accurate, reliable data metrics that in-
clude sociodemographic variables to
examine health equity within and across
populations (63).
In addition to quality improvement

efforts, other strategies that simulta-
neously improve the quality of care and
potentially reduce costs are gaining
momentum and include reimbursement
structures that, in contrast to visit-based
billing, reward the provision of appro-
priate and high-quality care to achieve
metabolic goals (64) and incentives that
accommodate personalized care goals
(7,65). (Also see COSTCONSIDERATIONS above
regarding CRN reduction.)
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TAILORING TREATMENT FOR
SOCIAL CONTEXT

Recommendations

1.5 Assess food insecurity, housing
insecurity/homelessness, finan-
cial barriers, and social capital/
social community support and
apply that information to treat-
ment decisions. A

1.6 Refer patients to local commu-
nity resources when available. B

1.7 Provide patients with self-
management support from lay
health coaches, navigators, or
community health workers when
available. A

Health inequities related to diabetes and
its complications are well documented,
heavily influenced by SDOH, and have
been associated with greater risk for
diabetes, higher population prevalence,
and poorer diabetes outcomes (66–70).
SDOH are defined as the economic,
environmental, political, and social con-
ditions in which people live and are
responsible for a major part of health
inequality worldwide (71). Greater ex-
posure to adverse SDOH over the life-
course results in worse health (72). The
ADA recognizes the association between
social andenvironmental factors and the
prevention and treatment of diabetes
and has issued a call for research that
seeks to better understand how these
social determinants influence behaviors
and how the relationships between these
variables might be modified for the pre-
vention and management of diabetes
(73,74). While a comprehensive strategy
to reduce diabetes-related health inequi-
ties in populations has not been formally
studied, general recommendations from
other chronic disease management and
prevention models can be drawn upon
to inform systems-level strategies in di-
abetes (75). For example, the National
Academy of Medicine has published a
framework for educating health care pro-
fessionals on the importance of SDOH
(76). Furthermore, there are resources
available for the inclusion of stan-
dardized sociodemographic variables in
electronic medical records to facilitate
the measurement of health inequities
as well as the impact of interventions
designed to reduce those inequities
(76–78).

SDOH are not always recognized and
often go undiscussed in the clinical en-
counter (69). A study by Piette et al. (79)
found that among patients with chronic
illnesses, two-thirds of those who re-
ported not taking medications as pre-
scribeddue toCRNnever shared thiswith
their physician. In a studyusing data from
the National Health Interview Survey
(NHIS), Patel et al. (69) found that
one-half of adults with diabetes reported
financial stress and one-fifth reported
food insecurity. One population in which
such issues must be considered is older
adults, where social difficulties may
impair the quality of life and increase the
risk of functional dependency (80) (see
Section 12 “Older Adults,” https://doi
.org/10.2337/dc21-S012, for a detailed
discussion of social considerations in older
adults). Creating systems-level mecha-
nisms to screen for SDOH may help
overcome structural barriers and com-
munication gaps between patients and
providers (69,81). In addition, brief,
validated screening tools for some
SDOH exist and could facilitate discus-
sion around factors that significantly
impact treatment during the clinical
encounter. Below is a discussion of
assessment and treatment consider-
ations in the context of food insecurity,
homelessness, limited English profi-
ciency, limited health literacy, and low
literacy.

Food Insecurity
Food insecurity is the unreliable avail-
ability of nutritious food and the inability
to consistently obtain food without re-
sorting to socially unacceptable practi-
ces. Over 18% of the U.S. population
reported food insecurity between 2005
and 2014 (82). The rate is higher in some
racial/ethnic minority groups, including
African American and Latino populations,
low-income households, and homes
headed by a single mother. The rate of
food insecurity in individuals with diabetes
maybeupto20%(83).Additionally, therisk
for type 2 diabetes is increased twofold in
those with food insecurity (73) and has been
associatedwith low adherence to taking
medications appropriately and recom-
mended self-care behaviors, depression,
diabetes distress, and worse glycemic
control when compared with individuals
who are food secure (84,85). Older adults
with food insecurity are more likely to
have emergency department visits and

hospitalizations compared with older
adults who do not report food insecu-
rity (86). Risk for food insecurity can
be assessed with a validated two-item
screening tool (87) that includes the state-
ments: 1) “Within the past 12 months we
worried whether our food would run out
before we got money to buymore” and 2)
“Within the past 12 months the food we
bought just didn’t last and we didn’t have
money to get more.” An affirmative re-
sponsetoeitherstatementhadasensitivity
of97%andspecificityof83%. Interventions
such as food prescription programs are
considered promising practices to address
food insecurity by integrating community
resources into primary care settings and
directly deal with food deserts in under-
served communities (88,89).

Treatment Considerations

In those with diabetes and food insecu-
rity, thepriority ismitigatingthe increased
risk for uncontrolled hyperglycemia and
severe hypoglycemia. Reasons for the
increased risk of hyperglycemia include
the steady consumption of inexpensive
carbohydrate-rich processed foods, binge
eating, financial constraints to filling di-
abetesmedicationprescriptions, and anx-
iety/depression leading to poor diabetes
self-care behaviors. Hypoglycemia can
occur as a result of inadequate or erratic
carbohydrate consumption following the
administration of sulfonylureas or insulin.
SeeTable 9.1 for drug-specific andpatient
factors, including cost and risk of hypo-
glycemia, which may be important con-
siderations for adults with food insecurity
and type 2 diabetes. Providers should
consider these factorswhenmaking treat-
ment decisions in people with food in-
security and seek local resources that
might help patients with diabetes and
their family members to more regularly
obtain nutritious food (90).

Homelessness and Housing Insecurity
Homelessness/housing insecurity often
accompanies many additional barriers to
diabetes self-management, including food
insecurity, literacy and numeracy deficien-
cies, lack of insurance, cognitive dysfunc-
tion, and mental health issues (91). The
prevalence of diabetes in the homeless
population is estimated to be around 8%
(92). Additionally, patients with diabetes
who are homeless need secure places to
keep their diabetes supplies, as well as
refrigerator access to properly store their

S10 Improving Care and Promoting Health in Populations Diabetes Care Volume 44, Supplement 1, January 2021
©Am

er
ica

n D
iabet

es
 A

sso
cia

tio
n

https://care.diabetesjournals.org/lookup/doi/10.2337/dc21-S012
https://care.diabetesjournals.org/lookup/doi/10.2337/dc21-S012
https://care.diabetesjournals.org/content/44/Supplement_1/S111.figures-only


insulin and take it on a regular schedule.
Risk for homelessness can be ascertained
using a brief risk assessment tool devel-
oped and validated for use among veter-
ans (93). Housing insecurity has also been
shown to be directly associated with a
person’s ability to maintain their diabetes
self-management (94).Given thepotential
challenges, providers who care for either
homeless or housing-insecure individuals
should be familiar with resources or have
access to social workers that can facilitate
stable housing for their patients as a way
to improve diabetes care (95).

Migrant and Seasonal Agricultural
Workers
Migrant and seasonal agricultural work-
ers may have a higher risk of type 2
diabetes than the overall population.
While migrant farmworker–specific data
are lacking, most agricultural workers in
the U.S. are Latino, a population with a
high rate of type 2 diabetes. Living in
severe poverty brings with it food inse-
curity, high chronic stress, and increased
risk of diabetes; there is also an associ-
ation between the use of certain pesti-
cides and the incidence of diabetes (96).
Data from the Department of Labor

indicates that there are 2.5–3 million
agricultural workers in the U.S., and these
agricultural workers travel throughout the
country serving as the backbone for a
multibillion-dollar agricultural industry.
According to 2018 health center data,
174 health centers across the U.S. re-
ported that they provided health care
services to 579,806 adult agricultural pa-
tients, and 78,332 had encounters for
diabetes (13.5%) (97).
Migrant farmworkers encounter nu-

merous and overlapping barriers to re-
ceiving care. Migration, which may occur
as frequently as every few weeks for
farmworkers, disrupts care. Cultural and
linguistic barriers, lack of transportation
and money, lack of available work hours,
unfamiliarity with new communities, lack
of access to resources, and other barriers
preventmigrant farmworkers fromaccess-
ing health care. Without regular care,
those with diabetes may suffer severe
and often expensive complications that
affect quality of life.
Health care providers should be at-

tuned to theworking and living conditions
of all patients. If a migrant farmworker
with diabetes presents for care, appro-
priate referrals should be initiated to

social workers and community resources,
as available, to assist with removing bar-
riers to care.

Language Barriers
Providers who care for non–English
speakers should develop or offer educa-
tional programs andmaterials inmultiple
languages with the specific goals of pre-
venting diabetes and building diabetes
awareness in people who cannot easily
read or write in English. The National
Standards forCulturally and Linguistically
Appropriate Services in Health and
Health Care (National CLAS Standards)
provide guidance on how health care
providers can reduce language barriers
by improving their cultural competency,
addressing health literacy, and ensuring
communicationwith language assistance
(98). The National CLAS Standards web-
site (https://thinkculturalhealth.hhs.gov)
offers a numberof resources andmaterials
that can be used to improve the quality
of care delivery to non–English-speaking
patients (98).

Health Literacy
Health literacy is defined as the degree to
which individuals have the capacity to
obtain, process, and understand basic
health information and services needed
tomakeappropriatedecisions (61).Health
literacy is stronglyassociatedwithpatients
being able to engage in complex disease
management and self-care (99). Approx-
imately 80 million adults in the U.S. are
estimated to have limited or low health
literacy (62). Clinicians and diabetes care
and education specialists should ensure
they provide easy-to-understand informa-
tion and reduce unnecessary complexity
when developing care planswith patients.
Interventions addressing low health liter-
acy in populations with diabetes seem
effective in improving diabetes outcomes,
including ones focusing primarily on pa-
tient education, self-care training, or dis-
ease management. Combining easily
adapted materials with formal diabetes
education demonstrates effectiveness on
clinical and behavioral outcomes in pop-
ulations with low literacy (100). However,
evidence supporting these strategies is
largely limited to observational studies,
andmoreresearch isneededto investigate
themosteffectivestrategies forenhancing
both acquisition and retention of diabetes
knowledge, aswell as to examinedifferent

media and strategies for delivering inter-
ventions to patients (37).

Social Capital/Community Support
Social capital, which comprises commu-
nity and personal network instrumental
support, promotesbetter health,whereas
lack of social support is associated with
poorer health outcomes in individuals
with diabetes (74). Of particular concern
are the SDOH of racism and discrimina-
tion, which are likely to be lifelong (101).
These factors are rarely addressed in rou-
tine treatment or disease management but
maydrive underlying causes of nonadher-
ence to regimen behaviors. Identification
or development of community resources
to support healthy lifestyles is a core
element of the CCM (9) with particular
needto incorporaterelevant social support
networks. There is currently a paucity of
evidence regarding enhancement of these
resources for those most likely to benefit
from such intervention strategies.
Health care community linkages are

receiving increasing attention from the
AmericanMedical Association, theAgency
for Healthcare Research and Quality, and
others as a means of promoting translation
of clinical recommendations for lifestyle
modification in real-world settings (102).
Community health workers (CHWs) (103),
peer supporters (104–106), and lay leaders
(107) may assist in the delivery of DSMES
services (76,108), particularly in under-
served communities. A CHW is defined
by the American Public Health Association
as a “frontline public health worker who
is a trusted member of and/or has an
unusually close understanding of the com-
munity served” (109). CHWs can be part
of a cost-effective, evidence-based strat-
egy to improve the management of di-
abetes and cardiovascular risk factors in
underserved communities andhealth care
systems (110).
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2. Classification and Diagnosis of
Diabetes: Standards of Medical
Care in Diabetesd2021
Diabetes Care 2021;44(Suppl. 1):S15–S33 | https://doi.org/10.2337/dc21-S002

The American Diabetes Association (ADA) “Standards of Medical Care in Diabetes”
includes the ADA’s current clinical practice recommendations and is intended to
provide the components of diabetes care, general treatment goals and guidelines,
and tools to evaluate quality of care. Members of the ADA Professional Practice
Committee, a multidisciplinary expert committee (https://doi.org/10.2337/dc21-
SPPC), are responsible for updating the Standards of Care annually, or more
frequently as warranted. For a detailed description of ADA standards, statements,
and reports, as well as the evidence-grading system for ADA’s clinical practice
recommendations, please refer to the Standards of Care Introduction (https://doi
.org/10.2337/dc21-SINT). Readers who wish to comment on the Standards of Care
are invited to do so at professional.diabetes.org/SOC.

CLASSIFICATION

Diabetes can be classified into the following general categories:

1. Type1diabetes (due toautoimmuneb-cell destruction, usually leading toabsolute
insulin deficiency, including latent autoimmune diabetes of adulthood)

2. Type 2 diabetes (due to a progressive loss of adequate b-cell insulin secretion
frequently on the background of insulin resistance)

3. Specific typesofdiabetesdue toother causes, e.g.,monogenicdiabetes syndromes
(such as neonatal diabetes andmaturity-onset diabetes of the young), diseases of
the exocrine pancreas (such as cystic fibrosis and pancreatitis), and drug- or
chemical-induced diabetes (such as with glucocorticoid use, in the treatment of
HIV/AIDS, or after organ transplantation)

4. Gestational diabetesmellitus (diabetes diagnosed in the second or third trimester
of pregnancy that was not clearly overt diabetes prior to gestation)

This section reviews most common forms of diabetes but is not comprehensive. For
additional information, see the American Diabetes Association (ADA) position
statement “Diagnosis and Classification of Diabetes Mellitus” (1).

Type 1 diabetes and type 2 diabetes are heterogeneous diseases in which clinical
presentation and disease progression may vary considerably. Classification is
important for determining therapy, but some individuals cannot be clearly classified
as having type 1 or type 2 diabetes at the time of diagnosis. The traditional paradigms
of type 2 diabetes occurring only in adults and type 1 diabetes only in children are no
longer accurate, as both diseases occur in both age-groups. Children with type 1
diabetes typically present with the hallmark symptoms of polyuria/polydipsia, and
approximately one-third present with diabetic ketoacidosis (DKA) (2). The onset of

Suggested citation: American Diabetes Associa-
tion. 2. Classification and diagnosis of diabetes:
Standards of Medical Care in Diabetesd2021.
Diabetes Care 2021;44(Suppl. 1):S152S33
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type 1 diabetes may be more variable in
adults; they may not present with the
classic symptoms seen in children and
may experience temporary remission
from the need for insulin (3–5). Occa-
sionally, patients with type 2 diabetes
may present with DKA (6), particularly
ethnic and racial minorities (7). It is
important for the provider to realize
that classification of diabetes type is not
always straightforward at presentation
and that misdiagnosis is common (e.g.,
adults with type 1 diabetes misdiag-
nosed as having type 2 diabetes; indi-
viduals with maturity-onset diabetes of
the young [MODY] misdiagnosed as
having type 1 diabetes, etc.). Although
difficulties in distinguishing diabetes
type may occur in all age-groups at
onset, the diagnosis becomes more ob-
vious over time in people with b-cell
deficiency.
In both type 1 and type 2 diabetes,

various genetic and environmental fac-
tors can result in the progressive loss of
b-cell mass and/or function that mani-
fests clinically as hyperglycemia. Once
hyperglycemia occurs, patients with all
forms of diabetes are at risk for devel-
oping the same chronic complications,
although rates of progression may dif-
fer. The identification of individualized
therapies for diabetes in the future will
require better characterization of the
many paths to b-cell demise or dys-
function (8). Across the globe many
groups are working on combining clin-
ical, pathophysiological, and genetic
characteristics to more precisely de-
fine the subsets of diabetes currently
clustered into the type 1 diabetes ver-
sus type 2 diabetes nomenclature with
the goal of optimizing treatment ap-
proaches. Many of these studies show
great promise and may soon be incor-
porated into the diabetes classification
system (9).
Characterization of the underlying

pathophysiology is more precisely de-
veloped in type 1 diabetes than in type 2
diabetes. It is now clear from studies of
first-degree relatives of patients with
type 1 diabetes that the persistent pres-
enceof twoormore islet autoantibodies
is a near certain predictor of clinical
hyperglycemia and diabetes. The rate of
progression is dependent on the age at
first detection of autoantibody, number
of autoantibodies, autoantibody speci-
ficity, and autoantibody titer. Glucose

and A1C levels rise well before the clin-
ical onset of diabetes, making diagnosis
feasible well before the onset of DKA.
Three distinct stages of type 1 diabetes
can be identified (Table 2.1) and serve
as a framework for future research and
regulatory decision-making (8,10). There
is debate as to whether slowly progres-
sive autoimmune diabetes with an adult
onset should be termed latent autoim-
mune diabetes in adults (LADA) or type 1
diabetes. The clinical priority is aware-
ness that slow autoimmune b-cell de-
struction can occur in adults leading to a
long duration of marginal insulin secre-
tory capacity. For the purpose of this
classification, all forms of diabetes me-
diated by autoimmuneb-cell destruction
are included under the rubric of type 1
diabetes. Use of the term LADA is com-
mon and acceptable in clinical practice
and has the practical impact of height-
eningawarenessof apopulationof adults
likely to develop overt autoimmune
b-cell destruction (11), thus accelerating
insulin initiation prior to deterioration of
glucose control or development of DKA
(4,12).
The paths to b-cell demise and dys-

function are less well defined in type 2
diabetes, but deficient b-cell insulin se-
cretion, frequently in the setting of in-
sulin resistance, appears to be the
common denominator. Type 2 diabetes
is associated with insulin secretory
defects related to inflammation and
metabolic stress among other contrib-
utors, including genetic factors. Future
classification schemes for diabetes will
likely focus on the pathophysiology
of the underlying b-cell dysfunction
(8,9,13–15).

DIAGNOSTIC TESTS FOR DIABETES

Diabetes may be diagnosed based on
plasma glucose criteria, either the fast-
ing plasma glucose (FPG) value or the
2-h plasma glucose (2-h PG) value
during a 75-g oral glucose tolerance
test (OGTT), or A1C criteria (16) (Table
2.2).
Generally, FPG, 2-h PG during 75-g

OGTT, and A1C are equally appropriate
for diagnostic screening. It should be
noted that the tests do not necessarily
detect diabetes in the same individuals.
The efficacy of interventions for primary
prevention of type 2 diabetes (17,18)
has mainly been demonstrated among
individuals who have impaired glucose

tolerance (IGT) with or without elevated
fasting glucose, not for individuals with
isolated impaired fasting glucose (IFG)
or for those with prediabetes defined by
A1C criteria.
The same tests may be used to screen

for and diagnose diabetes and to detect
individuals with prediabetes (Table 2.2
and Table 2.5) (19). Diabetes may be
identified anywhere along the spectrum
of clinical scenariosdin seemingly low-
risk individuals who happen to have glu-
cose testing, in individuals tested based
on diabetes risk assessment, and in
symptomatic patients.

Fasting and 2-Hour Plasma Glucose
The FPG and 2-h PG may be used to
diagnose diabetes (Table 2.2). The con-
cordance between the FPG and 2-h PG
tests is imperfect, as is the concordance
between A1C and either glucose-based
test. Compared with FPG and A1C cut
points, the 2-h PG value diagnoses more
people with prediabetes and diabetes
(20). In people in whom there is discor-
dance between A1C values and glucose
values, FPG and 2-h PG are more accu-
rate (21).

A1C

Recommendations

2.1 To avoid misdiagnosis or missed
diagnosis, the A1C test should be
performed using amethod that is
certified by the NGSP and stan-
dardized to the Diabetes Control
and Complications Trial (DCCT)
assay. B

2.2 Marked discordance between
measured A1C and plasma glu-
cose levels should raise the pos-
sibility of A1C assay interference
and consideration of using an
assay without interference or
plasma blood glucose criteria
to diagnose diabetes. B

2.3 In conditions associated with an
altered relationshipbetweenA1C
and glycemia, such as hemoglo-
binopathies including sickle cell
disease, pregnancy (second and
third trimesters and the postpar-
tum period), glucose-6-phosphate
dehydrogenase deficiency, HIV,
hemodialysis, recent blood loss
or transfusion, or erythropoie-
tin therapy, only plasma blood
glucose criteria should be used
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to diagnose diabetes. (See OTHER

CONDITIONS ALTERING THE RELATION-

SHIP OF A1C AND GLYCEMIA below
for more information.) B

The A1C test should be performed using
a method that is certified by the NGSP
(www.ngsp.org) and standardized or trace-
able to the Diabetes Control and Com-
plications Trial (DCCT) reference assay.
Although point-of-care A1C assays may
be NGSP certified and cleared by the U.S.
Food and Drug Administration (FDA) for
use in monitoring glycemic control in
people with diabetes in both Clinical
Laboratory Improvement Amendments
(CLIA)-regulated and CLIA-waived set-
tings, only those point-of-care A1C
assays that are also cleared by the
FDA for use in the diagnosis of diabe-
tes should be used for this purpose,
and only in the clinical settings for
which they are cleared. As discussed in
Section 6 “Glycemic Targets” (https://
doi.org/10.2337/dc21-S006), point-of-
care A1C assays may be more generally
applied for assessment of glycemic con-
trol in the clinic.
A1C has several advantages compared

with FPG and OGTT, including greater
convenience (fastingnot required), greater
preanalytical stability, and less day-to-day
perturbations during stress, changes in
diet, or illness. However, these advan-
tages may be offset by the lower sensi-
tivity of A1C at the designated cut point,
greater cost, limited availability of A1C
testing in certain regions of the devel-
oping world, and the imperfect correla-
tion between A1C and average glucose in
certain individuals. The A1C test, with a
diagnostic thresholdof$6.5%(48mmol/
mol), diagnoses only 30% of the diabetes
cases identified collectively using A1C,
FPG, or 2-h PG, according to National

Health andNutrition Examination Survey
(NHANES) data (22).
When using A1C to diagnose diabetes,

it is important to recognize that A1C is an
indirect measure of average blood glu-
cose levels and to take other factors into
consideration that may impact hemoglo-
bin glycation independently of glycemia,
such as hemodialysis, pregnancy, HIV
treatment (23,24), age, race/ethnicity,
pregnancy status, genetic background,
and anemia/hemoglobinopathies. (See
OTHER CONDITIONS ALTERING THE RELATIONSHIP

OF A1C AND GLYCEMIA below for more
information.)

Age

The epidemiologic studies that formed
the basis for recommending A1C to di-
agnose diabetes included only adult
populations (22). However, recent ADA
clinical guidance concluded that A1C,
FPG, or 2-h PG can be used to test for
prediabetesor type2diabetes in children
and adolescents (see SCREENING AND TESTING

FOR PREDIABETES AND TYPE 2 DIABETES IN CHILDREN

AND ADOLESCENTS below for additional in-
formation) (25).

Race/Ethnicity/Hemoglobinopathies

Hemoglobin variants can interfere with
the measurement of A1C, although most
assays in use in theU.S. are unaffected by
the most common variants. Marked dis-
crepancies between measured A1C and
plasma glucose levels should prompt
consideration that the A1C assay may not
be reliable for that individual. For pa-
tients with a hemoglobin variant but
normal red blood cell turnover, such as
those with the sickle cell trait, an A1C
assay without interference from hemo-
globin variants should be used. An up-
dated list of A1C assays with interferences
is available at www.ngsp.org/interf.asp.
African Americans heterozygous for

the common hemoglobin variant HbS
may have, for any given level of mean
glycemia, lower A1C by about 0.3% com-
pared with those without the trait (26).
Another genetic variant, X-linked glucose-
6-phosphate dehydrogenase G202A, car-
ried by 11% of African Americans, was
associated with a decrease in A1C of
about 0.8% in homozygous men and
0.7% in homozygous women compared
with those without the variant (27).

Table 2.1—Staging of type 1 diabetes (8,10)

Stage 1 Stage 2 Stage 3

Characteristics c Autoimmunity c Autoimmunity c New-onset hyperglycemia
c Normoglycemia c Dysglycemia c Symptomatic
c Presymptomatic c Presymptomatic

Diagnostic criteria c Multiple autoantibodies c Multiple autoantibodies c Clinical symptoms
c No IGT or IFG c Dysglycemia: IFG and/or IGT c Diabetes by standard criteria

c FPG 100–125 mg/dL (5.6–6.9 mmol/L)
c 2-h PG 140–199 mg/dL (7.8–11.0 mmol/L)
c A1C 5.7–6.4% (39–47 mmol/mol) or $10%
increase in A1C

FPG, fasting plasma glucose; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; 2-h PG, 2-h plasma glucose.

Table 2.2—Criteria for the diagnosis of diabetes
FPG $126 mg/dL (7.0 mmol/L). Fasting is defined as no caloric intake for at least 8 h.*

OR

2-h PG$200mg/dL (11.1 mmol/L) during OGTT. The test should be performed as described byWHO,
using a glucose load containing the equivalent of 75 g anhydrous glucose dissolved in water.*

OR

A1C$6.5% (48mmol/mol). The test should be performed in a laboratory using amethod that is
NGSP certified and standardized to the DCCT assay.*

OR

In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random plasma
glucose $200 mg/dL (11.1 mmol/L).

DCCT, Diabetes Control and Complications Trial; FPG, fasting plasma glucose; OGTT, oral glucose
tolerance test; WHO, World Health Organization; 2-h PG, 2-h plasma glucose. *In the absence of
unequivocal hyperglycemia, diagnosis requires twoabnormal test results from the same sampleor
in two separate test samples.
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Even in the absence of hemoglobin
variants, A1C levels may vary with race/
ethnicity independently of glycemia (28–30).
For example, African Americans may
havehigher A1C levels than non-Hispanic
Whites with similar fasting and postglu-
cose load glucose levels (31). Though
conflicting data exists, African Ameri-
cans may also have higher levels of
fructosamine and glycated albumin
and lower levels of 1,5-anhydroglucitol,
suggesting that their glycemic burden
(particularly postprandially) may be
higher (32,33). Similarly, A1C levels
may be higher for a given mean glucose
concentration when measured with
continuous glucose monitoring (34).
Despite these and other reported dif-
ferences, the association of A1C with
risk for complications appears to be
similar in African Americans and non-
Hispanic Whites (35,36).

Other Conditions Altering the Relationship

of A1C and Glycemia

In conditions associated with increased
red blood cell turnover, such as sickle cell
disease, pregnancy (second and third
trimesters), glucose-6-phosphate dehy-
drogenase deficiency (37,38), hemodial-
ysis, recent blood loss or transfusion, or
erythropoietin therapy, only plasma
blood glucose criteria should be used
to diagnose diabetes (39). A1C is less
reliable than blood glucose measurement
in other conditions such as the postpar-
tum state (40–42), HIV treated with
certain protease inhibitors (PIs) and nu-
cleoside reverse transcriptase inhibitors
(NRTIs) (23), and iron-deficient anemia
(43).

Confirming the Diagnosis
Unless there is a clear clinical diagnosis
(e.g., patient in a hyperglycemic crisis or
with classic symptoms of hyperglycemia
and a random plasma glucose$200 mg/
dL [11.1mmol/L]), diagnosis requires two
abnormal test results, either from the
same sample (44) or in two separate test
samples. If using two separate test sam-
ples, it is recommended that the second
test, which may either be a repeat of the
initial test or a different test, be per-
formedwithoutdelay. For example, if the
A1C is 7.0% (53 mmol/mol) and a repeat
result is 6.8% (51 mmol/mol), the di-
agnosis of diabetes is confirmed. If two
different tests (such as A1C and FPG) are
both above the diagnostic threshold
when analyzed from the same sample

or in two different test samples, this also
confirms the diagnosis. On the other
hand, if a patient has discordant results
from two different tests, then the test
result that is above the diagnostic cut
point should be repeated, with careful
consideration of the possibility of A1C
assay interference. The diagnosis is made
on the basis of the confirmed test. For
example, if a patient meets the diabetes
criterion of the A1C (two results $6.5%
[48 mmol/mol]) but not FPG (,126 mg/
dL [7.0 mmol/L]), that person should
nevertheless be considered to have
diabetes.
Each of the tests has preanalytic and

analytic variability, so it is possible that
a test yielding an abnormal result (i.e.,
above the diagnostic threshold), when
repeated, will produce a value below the
diagnostic cutpoint. This scenario is likely
for FPG and 2-h PG if the glucose samples
remain at room temperature and are not
centrifuged promptly. Because of the
potential for preanalytic variability, it
is critical that samples for plasma glu-
cose be spun and separated immedi-
ately after they are drawn. If patients
have test results near the margins of the
diagnostic threshold, thehealth carepro-
fessional should discuss signs and symp-
tomswith the patient and repeat the test
in 3–6 months.

Diagnosis
In a patient with classic symptoms, mea-
surement of plasma glucose is sufficient
to diagnose diabetes (symptoms of hy-
perglycemia or hyperglycemic crisis plus
a random plasma glucose $200 mg/dL
[11.1mmol/L]). In thesecases,knowingthe
plasma glucose level is critical because, in
addition to confirming that symptoms are
due todiabetes, itwill informmanagement
decisions.Someprovidersmayalsowantto
know the A1C to determine the chronicity
of the hyperglycemia. The criteria to di-
agnose diabetes are listed in Table 2.2.

TYPE 1 DIABETES

Recommendations

2.4 Screening for type 1 diabetes risk
with a panel of islet autoanti-
bodies is currently recommended
in the setting of a research trial or
can be offered as an option for
first-degree family members of a
proband with type 1 diabetes. B

2.5 Persistence of autoantibodies is
a risk factor for clinical diabetes

andmay serveas an indication for
intervention in the setting of a
clinical trial. B

Immune-Mediated Diabetes
This form, previously called “insulin-
dependent diabetes” or “juvenile-onset
diabetes,” accounts for 5–10%ofdiabetes
and is due to cellular-mediated autoim-
mune destruction of the pancreatic
b-cells.Autoimmunemarkers include islet
cell autoantibodies and autoantibodies
to GAD (GAD65), insulin, the tyrosine
phosphatases IA-2 and IA-2b, and zinc
transporter 8 (ZnT8). Numerous clinical
studies are being conducted to test
various methods of preventing type 1
diabetes in those with evidence of
islet autoimmunity (www.clinicaltrials
.gov and www.trialnet.org/our-research/
prevention-studies) (12,45–49). Stage
1 of type 1 diabetes is defined by the
presence of two or more of these auto-
immune markers. The disease has
strong HLA associations, with linkage
to the DQA and DQB genes. These HLA-
DR/DQ alleles can be either predis-
posing or protective (Table 2.1). There
are important genetic considerations,
as most of the mutations that cause
diabetes are dominantly inherited. The
importance of genetic testing is in the
genetic counseling that follows. Some
mutations are associated with other con-
ditions, which then may prompt addi-
tional screenings.
The rate of b-cell destruction is quite

variable, being rapid in some individuals
(mainly infants and children) and slow in
others (mainly adults) (50). Children and
adolescentsmay presentwith DKA as the
first manifestation of the disease. Others
have modest fasting hyperglycemia that
can rapidly change to severe hypergly-
cemia and/or DKAwith infection or other
stress. Adults may retain sufficient b-cell
function to prevent DKA for many years;
such individuals may have remission or
decreased insulin needs for months or
years and eventually become dependent
on insulin for survival and are at risk for
DKA (3–5,51,52). At this latter stage of
the disease, there is little or no insulin
secretion, as manifested by low or un-
detectable levels of plasma C-peptide.
Immune-mediated diabetes is the most
common form of diabetes in childhood
and adolescence, but it can occur at any
age, even in the 8th and 9th decades of life.
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Autoimmune destruction of b-cells
has multiple genetic predispositions and
is also related to environmental factors
that are still poorly defined. Although
patients are not typically obese when
they present with type 1 diabetes, obe-
sity is increasingly common in thegeneral
population, and there is evidence that
it may also be a risk factor for type 1
diabetes. As such, obesity should not
preclude the diagnosis. People with type
1 diabetes are also prone to other au-
toimmune disorders such as Hashimoto
thyroiditis, Graves disease, celiac dis-
ease, Addison disease, vitiligo, autoim-
mune hepatitis, myasthenia gravis, and
pernicious anemia (see Section 4 “Com-
prehensive Medical Evaluation and As-
sessment of Comorbidities,” https://doi
.org/10.2337/dc21-S004).

Idiopathic Type 1 Diabetes
Some forms of type 1 diabetes have no
known etiologies. These patients have
permanent insulinopenia and are prone
to DKA but have no evidence of b-cell
autoimmunity. However, only a minority
of patients with type 1 diabetes fall into
this category. Individuals with autoanti-
body-negative type 1 diabetes of African
orAsianancestrymaysuffer fromepisodic
DKA and exhibit varying degrees of insulin
deficiency between episodes (possibly
ketosis-prone diabetes). This form of di-
abetes is strongly inherited and is not HLA
associated. An absolute requirement for
insulin replacement therapy in affected pa-
tientsmaybeintermittent.Futureresearchis
needed to determine the cause of b-cell
destruction in this rare clinical scenario.

Screening for Type 1 Diabetes Risk
The incidence and prevalence of type 1
diabetes is increasing (53). Patients with
type 1 diabetes often present with acute
symptoms of diabetes and markedly
elevated blood glucose levels, and ap-
proximately one-third are diagnosed with
life-threateningDKA (2).Multiple studies
indicate that measuring islet autoanti-
bodies in individuals genetically at risk
for type 1 diabetes (e.g., relatives of
those with type 1 diabetes or individuals
from the general population with type 1
diabetes–associatedgenetic factors) iden-
tifies individuals who may develop type 1
diabetes (10). Such testing, coupled with
education about diabetes symptoms and
close follow-up, may enable earlier iden-
tification of type 1 diabetes onset. A

study reported the risk of progression to
type 1 diabetes from the time of sero-
conversion to autoantibody positivity in
three pediatric cohorts from Finland,
Germany,andtheU.S.Ofthe585children
who developed more than two autoanti-
bodies, nearly 70% developed type 1
diabetes within 10 years and 84% within
15 years (45). These findings are highly
significant because while the German
group was recruited from offspring of
parents with type 1 diabetes, the Finnish
and American groups were recruited
from the general population. Remark-
ably, the findings in all three groupswere
the same, suggesting that the same
sequence of events led to clinical disease
in both “sporadic” and familial cases of
type 1 diabetes. Indeed, the risk of type 1
diabetes increases as the number of rel-
evant autoantibodies detected increases
(48,54,55). In The Environmental Deter-
minants of Diabetes in the Young (TEDDY)
study, type 1 diabetes developed in 21%
of 363 subjects with at least one auto-
antibody at 3 years of age (56).
There is currently a lack of accepted

and clinically validated screening pro-
grams outside of the research setting;
thus, widespread clinical testing of asymp-
tomatic low-risk individuals is not currently
recommended due to lack of approved
therapeutic interventions. However, one
should consider referring relatives of
those with type 1 diabetes for islet au-
toantibody testing for risk assessment
in the setting of a clinical research study
(see www.trialnet.org). Individuals who
test positive should be counseled about
the risk of developing diabetes, diabetes
symptoms, and DKA prevention. Numer-
ous clinical studies are being conducted
to test various methods of preventing
and treating stage 2 type 1 diabetes in
those with evidence of autoimmunity with
promising results (see www.clinicaltrials
.gov and www.trialnet.org).

PREDIABETES AND TYPE 2
DIABETES

Recommendations

2.6 Screening for prediabetes and
type2diabeteswith an informal
assessment of risk factors or
validated tools should be consid-
ered in asymptomatic adults. B

2.7 Testing for prediabetes and/or
type 2 diabetes in asymptomatic
people should be considered in

adults of any age with over-
weight or obesity (BMI $25
kg/m2 or $23 kg/m2 in Asian
Americans) and who have one
or more additional risk factors
for diabetes (Table 2.3). B

2.8 Testing for prediabetes and/or
type 2 diabetes should be con-
sidered in women with over-
weight or obesity planning
pregnancy and/or who have
one or more additional risk fac-
tor for diabetes (Table 2.3). C

2.9 For all people, testing should
begin at age 45 years. B

2.10 If tests are normal, repeat test-
ing carried out at a minimum of
3-year intervals is reasonable,
sooner with symptoms. C

2.11 To test for prediabetes and type
2 diabetes, fasting plasma glu-
cose, 2-h plasma glucose dur-
ing 75-g oral glucose tolerance
test, and A1C are equally ap-
propriate (Table 2.2 and Table
2.5). B

2.12 Inpatientswithprediabetes and
type 2 diabetes, identify and
treat other cardiovascular dis-
ease risk factors. A

2.13 Risk-based screening for predi-
abetes and/or type 2 diabetes
should be considered after the
onset of puberty or after 10
years of age, whichever occurs
earlier, in children and adoles-
centswithoverweight (BMI$85th
percentile) or obesity (BMI$95th
percentile) and who have one or
more risk factor for diabetes. (See
Table 2.4 for evidence grading of
risk factors.) B

2.14 Patients with HIV should be
screened for diabetes and pre-
diabetes with a fasting glucose
test before starting antiretrovi-
ral therapy, at the timeofswitch-
ing antiretroviral therapy, and
326 months after starting or
switching antiretroviral therapy.
If initial screening results are
normal, fasting glucose should
be checked annually. E

Prediabetes
“Prediabetes” is the term used for indi-
vidualswhose glucose levels do notmeet
the criteria for diabetes but are too high
tobeconsiderednormal (35,36). Patients
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with prediabetes are defined by the
presence of IFG and/or IGT and/or
A1C 5.7–6.4% (39–47 mmol/mol) (Table
2.5). Prediabetes should not be viewed
as a clinical entity in its own right but
rather as an increased risk for diabetes
and cardiovascular disease (CVD). Crite-
ria for testing for diabetes or prediabetes
in asymptomatic adults is outlined in
Table 2.3. Prediabetes is associated
with obesity (especially abdominal or
visceral obesity), dyslipidemia with high
triglycerides and/or low HDL cholesterol,
and hypertension.

Diagnosis

IFG is defined as FPG levels from 100 to
125 mg/dL (from 5.6 to 6.9 mmol/L)
(57,58) and IGT as 2-h PG during 75-g
OGTT levels from 140 to 199mg/dL (from

7.8 to 11.0 mmol/L) (59). It should be
noted that the World Health Organiza-
tion (WHO) and numerous other diabe-
tes organizations define the IFG cutoff at
110 mg/dL (6.1 mmol/L).
As with the glucose measures, several

prospective studies that used A1C to
predict the progression to diabetes as
defined by A1C criteria demonstrated a
strong, continuous association between
A1C and subsequent diabetes. In a sys-
tematic reviewof44,203 individuals from
16 cohort studies with a follow-up in-
terval averaging 5.6 years (range 2.8–12
years), thosewithA1Cbetween5.5%and
6.0% (between 37 and 42 mmol/mol)
had a substantially increased risk of di-
abetes (5-year incidence from 9% to
25%). Those with an A1C range of 6.0–
6.5% (42–48mmol/mol) had a 5-year risk

of developing diabetes between 25% and
50% and a relative risk 20 times higher
compared with A1C of 5.0% (31 mmol/
mol) (60). In a community-based study
of African American and non-Hispanic
White adults without diabetes, baseline
A1C was a stronger predictor of sub-
sequent diabetes and cardiovascular
events than fasting glucose (61). Other
analyses suggest that A1C of 5.7%
(39 mmol/mol) or higher is associated
with a diabetes risk similar to that of the
high-risk participants in the Diabetes
Prevention Program (DPP) (62), and
A1C at baseline was a strong predictor of
the development of glucose-defined di-
abetes during the DPP and its follow-up
(63). Hence, it is reasonable to consider
an A1C range of 5.7–6.4% (39–47 mmol/
mol) as identifying individuals with pre-
diabetes. Similar to those with IFG and/
or IGT, individuals with A1C of 5.7–6.4%
(39–47 mmol/mol) should be informed
of their increased risk for diabetes and
CVD and counseled about effective strat-
egies to lower their risks (see Section
3 “Prevention or Delay of Type 2 Di-
abetes,” https://doi.org/10.2337/dc21-
S003). Similar to glucose measurements,
the continuum of risk is curvilinear, so as
A1C rises, the diabetes risk rises dispro-
portionately (60). Aggressive interven-
tions and vigilant follow-up should be
pursued for those consideredat veryhigh
risk (e.g., those with A1C .6.0% [42
mmol/mol]).
Table 2.5 summarizes the categories

of prediabetes and Table 2.3 the criteria
for prediabetes testing. The ADA diabe-
tes risk test is an additional option for
assessment to determine the appropriate-
ness of testing for diabetes or prediabe-
tes in asymptomatic adults (Fig. 2.1)
(diabetes.org/socrisktest). For addi-
tional background regarding risk fac-
tors and screening for prediabetes, see
SCREENING AND TESTING FOR PREDIABETES AND

TYPE 2 DIABETES IN ASYMPTOMATIC ADULTS and
also SCREENING AND TESTING FOR PREDIABETES

AND TYPE 2 DIABETES IN CHILDREN AND ADOLES-

CENTS below.

Type 2 Diabetes
Type 2 diabetes, previously referred to
as “noninsulin-dependent diabetes” or
“adult-onset diabetes,” accounts for 90–
95% of all diabetes. This form encom-
passes individuals who have relative
(rather than absolute) insulin deficiency
and have peripheral insulin resistance.

Table 2.3—Criteria for testing for diabetes or prediabetes in asymptomatic adults
1. Testing should be considered in adults with overweight or obesity (BMI$25 kg/m2 or$23
kg/m2 in Asian Americans) who have one or more of the following risk factors:
c First-degree relative with diabetes
c High-risk race/ethnicity (e.g., African American, Latino, Native American, Asian American,
Pacific Islander)

c History of CVD
c Hypertension ($140/90 mmHg or on therapy for hypertension)
c HDL cholesterol level ,35 mg/dL (0.90 mmol/L) and/or a triglyceride level .250 mg/dL
(2.82 mmol/L)

c Women with polycystic ovary syndrome
c Physical inactivity
c Other clinical conditions associated with insulin resistance (e.g., severe obesity, acanthosis
nigricans)

2. Patients with prediabetes (A1C$5.7% [39 mmol/mol], IGT, or IFG) should be tested yearly.

3. Women who were diagnosed with GDM should have lifelong testing at least every 3 years.

4. For all other patients, testing should begin at age 45 years.

5. If results are normal, testing should be repeated at a minimum of 3-year intervals, with
consideration of more frequent testing depending on initial results and risk status.

6. HIV

CVD, cardiovascular disease; GDM, gestational diabetes mellitus; IFG, impaired fasting glucose;
IGT, impaired glucose tolerance.

Table2.4—Risk-based screening for type2diabetesorprediabetes inasymptomatic
children and adolescents in a clinical setting (202)
Testing should be considered in youth* who have overweight ($85th percentile) or obesity

($95th percentile) A and who have one or more additional risk factors based on the
strength of their association with diabetes:

c Maternal history of diabetes or GDM during the child’s gestation A
c Family history of type 2 diabetes in first- or second-degree relative A
c Race/ethnicity (Native American, African American, Latino, Asian American, Pacific
Islander) A

c Signs of insulin resistance or conditions associated with insulin resistance (acanthosis
nigricans, hypertension, dyslipidemia, polycystic ovary syndrome, or small-for-gestational-
age birth weight) B

GDM, gestational diabetesmellitus. *After theonset of puberty or after 10 years of age,whichever
occurs earlier. If tests are normal, repeat testing at a minimum of 3-year intervals (or more
frequently if BMI is increasing or risk factor profile deteriorating) is recommended. Reports of
type 2 diabetes before age 10 years exist, and this can be considered with numerous risk factors.
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At least initially, and often throughout
their lifetime, these individuals may not
need insulin treatment to survive.
There are various causes of type 2

diabetes. Although the specific etiologies
are not known, autoimmune destruction
ofb-cells does not occur, and patients do
not have any of the other known causes
of diabetes. Most, but not all, patients
with type 2 diabetes have overweight or
obesity. Excess weight itself causes some
degreeof insulin resistance.Patientswho
do not have obesity or overweight by
traditional weight criteria may have an
increased percentage of body fat distrib-
uted predominantly in the abdominal
region.
DKA seldom occurs spontaneously in

type 2 diabetes; when seen, it usually
arises in association with the stress of
another illness such as infection, myo-
cardial infarction, or with the use of
certain drugs (e.g., corticosteroids, atyp-
ical antipsychotics, and sodium–glucose
cotransporter 2 inhibitors) (64,65). Type
2 diabetes frequently goes undiagnosed
for many years because hyperglycemia
develops gradually and, at earlier stages,
is oftennot severe enough for thepatient
to notice the classic diabetes symptoms
caused by hyperglycemia. Nevertheless,
even undiagnosed patients are at in-
creased risk of developingmacrovascular
and microvascular complications.
Patientswith type2diabetesmayhave

insulin levels that appear normal or el-
evated, yet the failure to normalize blood
glucose reflects a relative defect in
glucose-stimulated insulin secretion. Thus,
insulin secretion is defective in these
patients and insufficient to compensate
for insulin resistance. Insulin resistance
may improve with weight reduction, ex-
ercise, and/or pharmacologic treatment
of hyperglycemia but is seldom restored
to normal. Recent interventions with in-
tensive diet and exercise or surgical

weight loss have led to diabetes remis-
sion (66–72) (see Section 8 “Obesity
Management for the Treatment of Type
2 Diabetes,” https://doi.org/10.2337/
dc21-S008).
The risk of developing type 2 diabetes

increases with age, obesity, and lack of
physical activity. It occurs more fre-
quently in women with prior gestational
diabetes mellitus (GDM), with hyperten-
sion or dyslipidemia, with polycystic
ovary syndrome, and in certain racial/
ethnic subgroups (African American,
American Indian, Hispanic/Latino, and
Asian American). It is often associated
with a strong genetic predisposition or
family history in first-degree relatives
(more so than type1diabetes). However,
the genetics of type 2 diabetes is
poorly understood and under intense
investigation in this era of precision
medicine (13). In adults without tra-
ditional risk factors for type 2 diabetes
and/or younger age, consider islet auto-
antibody testing (e.g., GAD65 autoanti-
bodies) to exclude the diagnosis of type 1
diabetes.

Screening and Testing for Prediabetes
and Type 2 Diabetes in Asymptomatic
Adults
Screening for prediabetes and type 2 di-
abetesriskthroughaninformalassessment
of risk factors (Table 2.3) or with an
assessment tool, such as the ADA risk
test (Fig. 2.1) (online at diabetes.org/
socrisktest), is recommended to guide
providers on whether performing a di-
agnostic test (Table 2.2) is appropriate.
Prediabetes and type 2 diabetes meet
criteria for conditions in which early
detection via screening is appropriate.
Both conditions are common and im-
pose significant clinical and public
health burdens. There is often a long
presymptomatic phase before the di-
agnosis of type 2 diabetes. Simple tests

to detect preclinical disease are readily
available. The duration of glycemic bur-
den is a strong predictor of adverse
outcomes. There are effective interven-
tions that prevent progression from
prediabetes to diabetes (see Section 3
“PreventionorDelay of Type2Diabetes,”
https://doi.org/10.2337/dc21-S003) and
reduce the risk of diabetes complications
(73) (see Section 10 “Cardiovascular Dis-
ease and Risk Management,” https://doi
.org/10.2337/dc21-S010, and Section 11
“Microvascular Complications and Foot
Care,” https://doi.org/10.2337/dc21-S011).
In the most recent National Institutes
of Health (NIH) Diabetes Prevention
Program Outcomes Study (DPPOS)
report, prevention of progression from
prediabetes to diabetes (74) resulted in
lower rates of developing retinopathy
and nephropathy (75). Similar impact
on diabetes complications was reported
with screening, diagnosis, andcomprehen-
sive risk factor management in the U.K.
Clinical Practice Research Datalink data-
base (73). In that report, progression from
prediabetes to diabetes augmented risk
of complications.
Approximately one-quarter of people

with diabetes in the U.S. and nearly half
of Asian and Hispanic Americans with
diabetes are undiagnosed (57,58). Al-
though screening of asymptomatic indi-
viduals to identify thosewithprediabetes
or diabetes might seem reasonable, rig-
orous clinical trials to prove the effec-
tiveness of such screening have not been
conducted and are unlikely to occur.
Basedonapopulation estimate, diabetes
in women of childbearing age is under-
diagnosed (76). Employing a probabilistic
model, Peterson et al. (77) demonstrated
cost and health benefits of preconcep-
tion screening.
A large European randomized con-

trolled trial compared the impact of
screening for diabetes and intensive
multifactorial intervention with that of
screening and routine care (78). General
practice patients between the ages of
40 and 69 years were screened for di-
abetes and randomly assigned by prac-
tice to intensive treatment of multiple
risk factors or routine diabetes care. Af-
ter 5.3 years of follow-up, CVD risk factors
were modestly but significantly improved
with intensive treatment compared with
routine care, but the incidence of first CVD
events or mortality was not significantly
different between the groups (59). The

Table 2.5—Criteria defining prediabetes*
FPG 100 mg/dL (5.6 mmol/L) to 125 mg/dL (6.9 mmol/L) (IFG)

OR

2-h PG during 75-g OGTT 140 mg/dL (7.8 mmol/L) to 199 mg/dL (11.0 mmol/L) (IGT)

OR

A1C 5.7–6.4% (39–47 mmol/mol)

FPG, fasting plasma glucose; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; OGTT,
oral glucose tolerance test; 2-h PG, 2-h plasma glucose. *For all three tests, risk is continuous,
extending below the lower limit of the range and becoming disproportionately greater at the
higher end of the range.
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excellent care provided to patients in the
routine care group and the lack of an
unscreened control arm limited the au-
thors’ ability to determine whether
screening and early treatment improved
outcomes compared with no screening

and later treatment after clinical di-
agnoses. Computer simulation model-
ing studies suggest that major benefits
are likely to accrue from the early di-
agnosis and treatment of hyperglyce-
mia and cardiovascular risk factors in

type 2 diabetes (79); moreover, screen-
ing, beginning at age 30 or 45 years and
independent of risk factors, may be
cost-effective (,$11,000 per quality-
adjusted life year gainedd2010 mod-
eling data) (80). Cost-effectiveness of

Figure 2.1—ADA risk test (diabetes.org/socrisktest).
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screening has been reinforced in cohort
studies (81,82).
Additional considerations regarding

testing for type 2 diabetes and predia-
betes in asymptomatic patients include
the following.

Age

Age is a major risk factor for diabetes.
Testing should begin at no later than age
45years for all patients. Screening should
be considered in adults of any age with
overweight or obesity and one or more
risk factors for diabetes.

BMI and Ethnicity

In general, BMI$25 kg/m2 is a risk factor
for diabetes. However, data suggest that
the BMI cut point should be lower for the
Asian American population (83,84). The
BMI cut points fall consistently between
23 and 24 kg/m2 (sensitivity of 80%)
for nearly all Asian American subgroups
(with levels slightly lower for Japanese
Americans). This makes a rounded cut
point of 23 kg/m2 practical. An argument
can bemade to push the BMI cut point to
lower than 23 kg/m2 in favor of increased
sensitivity; however, this would lead to
an unacceptably low specificity (13.1%).
Data from WHO also suggests that a
BMI of $23 kg/m2 should be used to
define increased risk in Asian Americans
(85). The finding that one-third to one-
half of diabetes in Asian Americans is
undiagnosed suggests that testing is
not occurring at lower BMI thresholds
(86,87).
Evidence also suggests that other pop-

ulations may benefit from lower BMI cut
points. For example, in a large multieth-
nic cohort study, for an equivalent in-
cidence rate of diabetes, a BMI of 30 kg/
m2 in non-Hispanic Whites was equiva-
lent to a BMI of 26 kg/m2 in African
Americans (88).

Medications

Certain medications, such as glucocorti-
coids, thiazide diuretics, some HIV med-
ications (23), and atypical antipsychotics
(66), are known to increase the risk of
diabetes and should be considered when
deciding whether to screen.

HIV

Individuals with HIV are at higher risk
for developing prediabetes and diabe-
tes on antiretroviral (ARV) therapies, so
a screening protocol is recommended
(89). The A1C test may underestimate
glycemia in people with HIV; it is not

recommended for diagnosis and may
present challenges for monitoring (24).
In those with prediabetes, weight loss
through healthy nutrition and physical
activity may reduce the progression to-
ward diabetes. Among patients with HIV
and diabetes, preventive health care
using an approach used in patients with-
out HIV is critical to reduce the risks of
microvascular and macrovascular com-
plications. Diabetes risk is increased with
certain PIs and NRTIs. New-onset diabe-
tes is estimated to occur in more than
5% of patients infected with HIV on PIs,
whereas more than 15% may have pre-
diabetes (90). PIs are associated with
insulin resistance and may also lead to
apoptosis of pancreatic b-cells. NRTIs
also affect fat distribution (both lip-
ohypertrophy and lipoatrophy), which
is associated with insulin resistance. For
patients with HIV and ARV-associated
hyperglycemia, it may be appropriate
to consider discontinuing the problem-
atic ARV agents if safe and effective
alternatives are available (91). Before
making ARV substitutions, carefully con-
sider the possible effect on HIV virolog-
ical control and the potential adverse
effects of new ARV agents. In some
cases, antihyperglycemic agentsmay still
be necessary.

Testing Interval

The appropriate interval between screen-
ing tests is not known (92). The rationale
for the 3-year interval is that with this
interval, thenumberof false-positive tests
that require confirmatory testing will
be reduced and individuals with false-
negative tests will be retested before
substantial time elapses and complica-
tions develop (92). In especially high-
risk individuals, particularly with weight
gain, shorter intervals between screen-
ing may be useful.

Community Screening

Ideally, testing should be carried out
within a health care setting because of
the need for follow-up and treatment.
Community screening outside a health
care setting is generally not recommen-
ded because people with positive tests
may not seek, or have access to, appro-
priate follow-up testing and care. How-
ever, in specific situations where an
adequate referral system is established
beforehand for positive tests, commu-
nity screening may be considered. Com-
munitytestingmayalsobepoorlytargeted;

i.e., it may fail to reach the groups most
at risk and inappropriately test those at
very low risk or even those who have
already been diagnosed (93).

Screening in Dental Practices

Because periodontal disease is associ-
ated with diabetes, the utility of screen-
ing in a dental setting and referral to
primary care as a means to improve the
diagnosis of prediabetes and diabetes
has been explored (94–96), with one
study estimating that 30% of patients
$30 years of age seen in general dental
practices had dysglycemia (96,97). A
similar study in 1,150 dental patients.40
years old in India reported 20.69% and
14.60% meeting criteria for prediabetes
and diabetes using random blood glu-
cose. Further research is needed to dem-
onstrate the feasibility, effectiveness,
and cost-effectiveness of screening in
this setting.

Screening and Testing for Prediabetes
and Type 2 Diabetes in Children and
Adolescents
In the last decade, the incidence and
prevalence of type 2 diabetes in children
and adolescents has increased dramat-
ically, especially in racial and ethnic mi-
nority populations (53). See Table 2.4 for
recommendations on risk-based screen-
ing for type 2 diabetes or prediabetes in
asymptomatic children and adolescents
in a clinical setting (25). See Table 2.2 and
Table 2.5 for the criteria for the diagno-
sis of diabetes and prediabetes, respec-
tively,whichapply tochildren,adolescents,
and adults. See Section 13 “Children and
Adolescents” (https://doi.org/10.2337/
dc21-S013) for additional information on
type 2 diabetes in children and adolescents.
Some studies question the validity of

A1C in the pediatric population, especially
among certain ethnicities, and suggest
OGTT or FPG as more suitable diagnostic
tests (98). However, many of these stud-
ies do not recognize that diabetes di-
agnostic criteria are based on long-term
health outcomes, and validations are not
currently available in the pediatric pop-
ulation (99). The ADA acknowledges
the limited data supporting A1C for di-
agnosing type 2 diabetes in children and
adolescents. Although A1C is not recom-
mended for diagnosis of diabetes in
children with cystic fibrosis or symptoms
suggestive of acute onset of type 1 di-
abetes and only A1C assays without
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interference are appropriate for chil-
dren with hemoglobinopathies, the
ADA continues to recommend A1C
for diagnosis of type 2 diabetes in
this cohort to decrease barriers to
screening (100,101).

CYSTIC FIBROSIS–RELATED
DIABETES

Recommendations

2.15 Annual screening for cystic
fibrosis–related diabetes (CFRD)
with an oral glucose tolerance
test should begin by age 10 years
in all patients with cystic fibrosis
not previously diagnosed with
CFRD. B

2.16 A1C is not recommended as a
screening test for cystic fibrosis–
related diabetes. B

2.17 Patients with cystic fibrosis–
related diabetes should be
treated with insulin to attain
individualized glycemic goals. A

2.18 Beginning 5 years after the di-
agnosis of cysticfibrosis–related
diabetes, annual monitoring for
complications of diabetes is rec-
ommended. E

Cystic fibrosis–related diabetes (CFRD) is
themost common comorbidity in people
with cystic fibrosis, occurring in about
20%of adolescents and 40–50%of adults
(102). Diabetes in this population, com-
pared with individuals with type 1 or
type 2 diabetes, is associated with worse
nutritional status, more severe inflam-
matory lung disease, and greater mor-
tality. Insulin insufficiency is the primary
defect in CFRD. Genetically determined
b-cell function and insulin resistance
associated with infection and inflamma-
tion may also contribute to the devel-
opment of CFRD.Milder abnormalities of
glucose tolerance are even more com-
mon and occur at earlier ages than CFRD.
Whether individuals with IGT should be
treated with insulin replacement has
notcurrentlybeendetermined.Although
screening for diabetes before the age of
10 years can identify risk for progression
to CFRD in those with abnormal glucose
tolerance, no benefit has been estab-
lished with respect to weight, height,
BMI, or lung function. OGTT is the rec-
ommended screening test; however, re-
cent publications suggest that an A1C cut
point threshold of 5.5% (5.8% in a second

study) would detect more than 90%
of cases and reduce patient screening
burden (103,104). Ongoing studies are
underway to validate this approach. Re-
gardless of age, weight loss or failure of
expected weight gain is a risk for CFRD
and should prompt screening (103,104).
The Cystic Fibrosis Foundation Patient
Registry (105) evaluated 3,553 cystic
fibrosis patients and diagnosed 445
(13%) with CFRD. Early diagnosis and
treatment of CFRD was associated with
preservation of lung function. The Eu-
ropean Cystic Fibrosis Society Patient
Registry reported an increase in CFRD
with age (increased 10% per decade),
genotype, decreased lung function, and
female sex (106,107). Continuous glu-
cose monitoring or HOMA of b-cell
function (108) may be more sensitive
than OGTT to detect risk for progression
toCFRD; however, evidence linking these
results to long-term outcomes is lacking,
and these tests arenot recommended for
screening outside of the research setting
(109).
CFRD mortality has significantly de-

creased over time, and the gap in mor-
tality between cystic fibrosis patients
with and without diabetes has consid-
erably narrowed (110). There are limited
clinical trial data on therapy for CFRD. The
largest study compared three regimens:
premeal insulin aspart, repaglinide, or
oral placebo in cystic fibrosis patients
with diabetes or abnormal glucose tol-
erance. Participants all hadweight loss in
the year preceding treatment; however,
in the insulin-treated group, this pattern
was reversed, and patients gained 0.39
(6 0.21) BMI units (P 5 0.02). The
repaglinide-treated group had initial
weight gain, but this was not sustained
by 6 months. The placebo group contin-
ued to lose weight (110). Insulin remains
the most widely used therapy for CFRD
(111). The primary rationale for the use of
insulin in patients with CFRD is to induce
an anabolic state while promoting mac-
ronutrient retention and weight gain.
Additional resources for the clinical

management of CFRDcanbe found in the
position statement “Clinical Care Guide-
lines forCysticFibrosis–RelatedDiabetes:
A Position Statement of the American
Diabetes Association and a Clinical Prac-
tice Guideline of the Cystic Fibrosis Foun-
dation, Endorsed by the Pediatric Endocrine
Society” (112) and in the International
Society for Pediatric and Adolescent

Diabetes’s 2014 clinical practice consen-
sus guidelines (102).

POSTTRANSPLANTATION
DIABETES MELLITUS

Recommendations

2.19 Patients should be screened af-
ter organ transplantation for
hyperglycemia, with a formal
diagnosis of posttransplanta-
tion diabetesmellitus being best
made once a patient is stable on
an immunosuppressive regimen
and in the absence of an acute
infection. B

2.20 The oral glucose tolerance test
is the preferred test to make a
diagnosis of posttransplanta-
tion diabetes mellitus. B

2.21 Immunosuppressive regimens
shown to provide the best out-
comes for patient and graft sur-
vival should be used, irrespective
of posttransplantation diabetes
mellitus risk. E

Several terms areused in the literature to
describe the presence of diabetes fol-
lowing organ transplantation (113).
“New-onset diabetes after transplanta-
tion” (NODAT) is one such designation
that describes individuals who develop
new-onsetdiabetes following transplant.
NODAT excludes patients with pretrans-
plant diabetes that was undiagnosed
as well as posttransplant hyperglycemia
that resolves by the time of discharge
(114). Another term, “posttransplanta-
tion diabetes mellitus” (PTDM) (114,115),
describes the presence of diabetes in
the posttransplant setting irrespective
of the timing of diabetes onset.
Hyperglycemia is very common during

the early posttransplant period, with
;90% of kidney allograft recipients ex-
hibiting hyperglycemia in the first few
weeks following transplant (114–117).
In most cases, such stress- or steroid-
induced hyperglycemia resolves by the
time of discharge (117,118). Although
the use of immunosuppressive therapies
is a major contributor to the develop-
ment of PTDM, the risks of transplant
rejection outweigh the risks of PTDMand
the role of the diabetes care provider is
to treat hyperglycemia appropriately re-
gardless of the type of immunosuppres-
sion (114). Risk factors for PTDM include
both general diabetes risks (such as age,
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family history of diabetes, etc.) as well
as transplant-specific factors, such as
use of immunosuppressant agents (119).
Whereas posttransplantation hypergly-
cemia is an important risk factor for
subsequent PTDM, a formal diagnosis
of PTDM is optimally made once the
patient is stable on maintenance immu-
nosuppression and in the absence of
acute infection (117–120). In a recent
study of 152 heart transplant recipients,
38% had PTDM at 1 year. Risk factors for
PTDM included elevated BMI, discharge
from the hospital on insulin, and glucose
values in the 24 h prior to hospital
discharge (121). In an Iranian cohort, 19%
hadPTDMafterheart and lung transplant
(122). The OGTT is considered the gold
standard test for the diagnosis of PTDM
(1 year posttransplant) (114,115,123,124).
However, screening patients using fast-
ing glucose and/or A1C can identify high-
risk patients requiring further assessment
and may reduce the number of overall
OGTTs required.
Few randomized controlled studies

have reported on the short- and long-
term use of antihyperglycemic agents in
the setting of PTDM (119,125,126).Most
studies have reported that transplant
patients with hyperglycemia and PTDM
after transplantation have higher rates
of rejection, infection, and rehospitaliza-
tion (117,119,127). Insulin therapy is the
agent of choice for the management of
hyperglycemia, PTDM, and preexisting
diabetes and diabetes in the hospital
setting. After discharge, patients with
preexisting diabetes could go back on
their pretransplant regimen if they were
in good control before transplantation.
Those with previously poor control or
with persistent hyperglycemia should
continue insulin with frequent home
self-monitoring of blood glucose to de-
terminewhen insulindose reductionsmay
be needed and when it may be appropri-
ate to switch to noninsulin agents.
No studies to date have established

which noninsulin agents are safest or
most efficacious in PTDM. The choice
of agent is usually made based on the
side effect profile of the medication
and possible interactions with the pa-
tient’s immunosuppression regimen
(119). Drug dose adjustments may be
required because of decreases in the
glomerular filtration rate, a relatively
common complication in transplant
patients. A small short-term pilot study

reported that metformin was safe to
use in renal transplant recipients (128),
but its safety has not been determined
in other types of organ transplant. Thia-
zolidinediones have been used success-
fully in patients with liver and kidney
transplants, but side effects include fluid
retention, heart failure, and osteopenia
(129, 130). Dipeptidyl peptidase 4 inhib-
itors do not interact with immunosup-
pressant drugs and have demonstrated
safety in small clinical trials (131,132).
Well-designed intervention trials exam-
ining the efficacy and safety of these
and other antihyperglycemic agents in
patients with PTDM are needed.

MONOGENIC DIABETES
SYNDROMES

Recommendations

2.22 All children diagnosed with di-
abetes in the first 6 months of
life should have immediate ge-
netic testing for neonatal dia-
betes. A

2.23 Children and those diagnosed in
early adulthood who have di-
abetes not characteristic of type
1 or type 2 diabetes that occurs
in successive generations (sug-
gestive of an autosomal domi-
nantpatternof inheritance) should
have genetic testing for maturity-
onset diabetes of the young. A

2.24 In both instances, consultation
with a center specializing in di-
abetesgenetics is recommended
to understand the significance
of these mutations and how
best to approach further eval-
uation, treatment, and genetic
counseling. E

Monogenic defects that cause b-cell
dysfunction, such as neonatal diabetes
and MODY, represent a small fraction of
patients with diabetes (,5%). Table 2.6
describes the most common causes of
monogenic diabetes. For a comprehen-
sive list of causes, see Genetic Diagnosis
of Endocrine Disorders (133).

Neonatal Diabetes
Diabetes occurring under 6 months of
age is termed “neonatal” or “congenital”
diabetes, and about 80–85% of cases can
be found to have an underlying mono-
genic cause (134–137). Neonatal diabe-
tes occursmuch less often after 6months

of age, whereas autoimmune type 1 di-
abetes rarely occurs before 6 months
of age. Neonatal diabetes can either be
transient or permanent. Transient dia-
betes is most often due to overexpres-
sion of genes on chromosome 6q24, is
recurrent in about half of cases, and may
be treatablewithmedications other than
insulin. Permanent neonatal diabetes is
most commonly due to autosomal dom-
inant mutations in the genes encoding
the Kir6.2 subunit (KCNJ11) and SUR1
subunit (ABCC8) of the b-cell KATP chan-
nel. A recent report details a de novo
mutation in EIF2B1 affecting eIF2 signal-
ing associated with permanent neonatal
diabetes and hepatic dysfunction, similar
to Wolcott-Rallison syndrome but with
few severe comorbidities (138). Correct
diagnosis has critical implications be-
cause most patients with KATP-related
neonatal diabetes will exhibit improved
glycemic control when treatedwith high-
dose oral sulfonylureas instead of insu-
lin. Insulin gene (INS) mutations are the
second most common cause of perma-
nent neonatal diabetes, and, while in-
tensive insulin management is currently
the preferred treatment strategy, there
are important genetic counseling consid-
erations, as most of the mutations that
cause diabetes are dominantly inherited.

Maturity-Onset Diabetes of the Young
MODY is frequently characterized by
onset of hyperglycemia at an early age
(classically before age 25 years, although
diagnosismay occur at older ages).MODY
is characterized by impaired insulin se-
cretion with minimal or no defects in
insulin action (in the absence of coexis-
tent obesity). It is inherited in an auto-
somal dominant pattern with abnormalities
in at least 13 genes on different chromo-
somes identified to date. The most com-
monly reported forms are GCK-MODY
(MODY2), HNF1A-MODY (MODY3), and
HNF4A-MODY (MODY1).
For individuals with MODY, the treat-

ment implications are considerable and
warrant genetic testing (139,140). Clin-
ically, patients with GCK-MODY exhibit
mild, stable fasting hyperglycemia and
do not require antihyperglycemic ther-
apy except sometimes during pregnancy.
Patients with HNF1A- or HNF4A-MODY
usually respond well to low doses of
sulfonylureas,which are consideredfirst-
line therapy. Mutations or deletions in
HNF1B are associated with renal cysts
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and uterine malformations (renal cysts
and diabetes [RCAD] syndrome). Other
extremely rare formsofMODYhavebeen
reported to involve other transcription
factor genes including PDX1 (IPF1) and
NEUROD1.

Diagnosis of Monogenic Diabetes
A diagnosis of one of the three most
common forms of MODY, including GCK-
MODY, HNF1A-MODY, and HNF4A-MODY,
allows for more cost-effective therapy
(no therapy for GCK-MODY; sulfonylur-
eas asfirst-line therapy forHNF1A-MODY
and HNF4A-MODY). Additionally, diag-
nosis can lead to identification of other
affected family members. Genetic screen-
ing is increasingly available and cost-
effective (138,140).
A diagnosis of MODY should be

considered in individuals who have
atypical diabetes and multiple family
members with diabetes not characteris-
tic of type 1 or type 2 diabetes, although
admittedly “atypical diabetes” is becom-
ing increasingly difficult to precisely de-
fine in the absence of a definitive set of
tests for either type of diabetes (135–137,
139–145). In most cases, the presence of

autoantibodies for type 1 diabetes pre-
cludes further testing for monogenic
diabetes, but the presence of auto-
antibodies in patients with mono-
genic diabetes has been reported (146).
Individuals inwhommonogenic diabetes
is suspected should be referred to a
specialist for further evaluation if avail-
able, and consultation is available from
several centers. Readily available com-
mercial genetic testing following the
criteria listed below now enables a
cost-effective (147), often cost-saving,
genetic diagnosis that is increasingly
supported by health insurance. A bio-
marker screening pathway such as
the combination of urinary C-peptide/
creatinine ratio and antibody screening
may aid in determining who should get
genetic testing for MODY (148). It is
critical to correctly diagnose one of
the monogenic forms of diabetes be-
cause these patients may be incorrectly
diagnosedwith type 1 or type 2 diabetes,
leading to suboptimal, even potentially
harmful, treatment regimens and delays
in diagnosing other family members
(149). The correct diagnosis is espe-
cially critical for those with GCK-MODY

mutations where multiple studies have
shown that no complications ensue in
the absence of glucose-lowering therapy
(150). Genetic counseling is recommen-
ded to ensure that affected individuals
understand the patterns of inheri-
tance and the importance of a correct
diagnosis.
The diagnosis of monogenic diabe-

tes should be considered in children
and adults diagnosed with diabetes in
early adulthood with the following
findings:

c Diabetes diagnosed within the first 6
months of life (with occasional cases
presenting later, mostly INS and ABCC8
mutations) (134,151)

c Diabetes without typical features of
type 1 or type 2 diabetes (negative
diabetes-associated autoantibodies,
nonobese, lacking other metabolic
features, especially with strong fam-
ily history of diabetes)

c Stable, mild fasting hyperglycemia
(100–150 mg/dL [5.5–8.5 mmol/L]),
stable A1C between 5.6% and 7.6%
(between 38 and 60 mmol/mol), es-
pecially if nonobese

Table 2.6—Most common causes of monogenic diabetes (133)

Gene Inheritance Clinical features

MODY GCK AD GCK-MODY: stable, nonprogressive elevated fasting blood glucose; typically does
not require treatment; microvascular complications are rare; small rise in 2-h PG
level on OGTT (,54 mg/dL [3 mmol/L])

HNF1A AD HNF1A-MODY: progressive insulin secretory defect with presentation in
adolescence or early adulthood; lowered renal threshold for glucosuria; large rise
in 2-h PG level on OGTT (.90 mg/dL [5 mmol/L]); sensitive to sulfonylureas

HNF4A AD HNF4A-MODY: progressive insulin secretory defect with presentation in
adolescence or early adulthood; may have large birth weight and transient
neonatal hypoglycemia; sensitive to sulfonylureas

HNF1B AD HNF1B-MODY: developmental renal disease (typically cystic); genitourinary
abnormalities; atrophy of the pancreas; hyperuricemia; gout

Neonatal diabetes KCNJ11 AD Permanent or transient: IUGR; possible developmental delay and seizures;
responsive to sulfonylureas

INS AD Permanent: IUGR; insulin requiring
ABCC8 AD Permanent or transient: IUGR; rarely developmental delay; responsive to

sulfonylureas
6q24 (PLAGL1,

HYMA1)
AD for paternal
duplications

Transient: IUGR;macroglossia;umbilicalhernia;mechanisms includeUPD6,paternal
duplication or maternal methylation defect; may be treatable with medications
other than insulin

GATA6 AD Permanent: pancreatic hypoplasia; cardiac malformations; pancreatic exocrine
insufficiency; insulin requiring

EIF2AK3 AR Permanent: Wolcott-Rallison syndrome: epiphyseal dysplasia; pancreatic exocrine
insufficiency; insulin requiring

EIF2B1 AD Permanent diabetes: can be associated with fluctuating liver function (138)
FOXP3 X-linked Permanent: immunodysregulation, polyendocrinopathy; enteropathy X-linked

(IPEX) syndrome: autoimmunediabetes, autoimmune thyroid disease, exfoliative
dermatitis; insulin requiring

AD, autosomal dominant; AR, autosomal recessive; IUGR, intrauterine growth restriction; OGTT, oral glucose tolerance test; UPD6, uniparental disomy
of chromosome 6; 2-h PG, 2-h plasma glucose.
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PANCREATIC DIABETES OR
DIABETES IN THE CONTEXT OF
DISEASE OF THE EXOCRINE
PANCREAS

Pancreatic diabetes includes both struc-
tural and functional loss of glucose-
normalizing insulin secretion in the con-
text of exocrine pancreatic dysfunction
and is commonly misdiagnosed as type 2
diabetes. Hyperglycemia due to general
pancreatic dysfunction has been called
“type 3c diabetes” and, more recently,
diabetes in the context of disease of the
exocrine pancreas has been termed pan-
creoprivic diabetes (1). The diverse set
of etiologies includes pancreatitis (acute
and chronic), traumaor pancreatectomy,
neoplasia, cystic fibrosis (addressed else-
where in this chapter), hemochromato-
sis, fibrocalculous pancreatopathy, rare
genetic disorders (152), and idiopathic
forms (1), which is the preferred termi-
nology. A distinguishing feature is con-
current pancreatic exocrine insufficiency
(according to the monoclonal fecal elas-
tase 1 test or direct function tests),
pathological pancreatic imaging (endo-
scopic ultrasound, MRI, computed to-
mography), and absence of type 1
diabetes–associated autoimmunity (153–
157). There is loss of both insulin and
glucagon secretion and often higher-than-
expected insulin requirements. Risk for
microvascular complications is similar to
other forms of diabetes. In the context of
pancreatectomy, islet autotransplanta-
tion can be done to retain insulin secretion
(158,159). In some cases, autotransplant
can lead to insulin independence. In
others, it may decrease insulin require-
ments (160).

GESTATIONALDIABETESMELLITUS

Recommendations

2.25 Test for undiagnosed prediabe-
tes and diabetes at the first
prenatal visit in those with risk
factors using standard diagnos-
tic criteria. B

2.26 Test for gestational diabetes
mellitus at 24–28 weeks of ges-
tation in pregnant women not
previously found to have di-
abetes. A

2.27 Test women with gestational
diabetes mellitus for prediabe-
tes or diabetes at 4–12 weeks
postpartum, using the 75-g oral
glucosetolerancetestandclinically

appropriate nonpregnancy diag-
nostic criteria. B

2.28 Women with a history of ges-
tational diabetes mellitus should
have lifelong screening for the
development of diabetesor pre-
diabetes at least every 3 years.B

2.29 Women with a history of ges-
tational diabetes mellitus found
to have prediabetes should re-
ceive intensive lifestyle inter-
ventions and/or metformin to
prevent diabetes. A

Definition
For many years, GDMwas defined as any
degree of glucose intolerance that was
first recognized during pregnancy (60),
regardless of the degree of hyperglyce-
mia. This definition facilitated a uniform
strategy for detection and classification
of GDM, but this definition has serious
limitations (161). First, the best available
evidence reveals that many, perhaps
most, cases of GDM represent preexist-
ing hyperglycemia that is detected by
routine screening in pregnancy, as rou-
tine screening is not widely performed
in nonpregnant women of reproductive
age. It is the severity of hyperglycemia
that is clinically important with regard to
both short- and long-term maternal and
fetal risks. Universal preconception and/
or first trimester screening is hampered
by lack of data and consensus regarding
appropriate diagnostic thresholds and
outcomes and cost-effectiveness (162,163).
A compelling argument for further work
in this area is the fact that hyperglyce-
mia that would be diagnostic of diabetes
outside of pregnancy and is present at
the time of conception is associated with
an increased risk of congenital malfor-
mations that is not seen with lower
glucose levels (164,165).
The ongoing epidemic of obesity and

diabetes has led to more type 2 diabetes
in women of reproductive age, with an
increase in the number of pregnant
women with undiagnosed type 2 diabe-
tes in early pregnancy (166–169). Be-
cause of the number of pregnant women
with undiagnosed type 2 diabetes, it is
reasonable to test women with risk fac-
tors for type 2 diabetes (170) (Table 2.3)
at their initial prenatal visit, using stan-
dard diagnostic criteria (Table 2.2).
Women found to have diabetes by the
standard diagnostic criteria used outside

of pregnancy should be classified as
having diabetes complicating pregnancy
(most often type 2 diabetes, rarely type
1 diabetes or monogenic diabetes) and
managed accordingly.Womenwhomeet
the lower glycemic criteria for GDM
should be diagnosed with that condition
andmanaged accordingly. Other women
should be rescreened for GDM between
24and28weeksof gestation (see Section
14 “Management of Diabetes in Preg-
nancy,” https://doi.org/10.2337/dc21-
S014). The International Association of
the Diabetes and Pregnancy Study Groups
(IADPSG) GDM diagnostic criteria for the
75-g OGTT as well as the GDM screening
anddiagnostic criteriaused in the two-step
approach were not derived from data in
the first half of pregnancy, so the diagnosis
ofGDMinearlypregnancybyeither FPGor
OGTT values is not evidence based (171)
and further work is needed.
GDM is often indicative of underlying

b-cell dysfunction (172), which confers
marked increased risk for later develop-
ment of diabetes, generally but not al-
ways type 2 diabetes, in themother after
delivery (173,174). As effective preven-
tion interventions are available (175,176),
women diagnosed with GDM should re-
ceive lifelong screening for prediabetes to
allow interventions to reduce diabetes risk
and for type 2 diabetes to allow treatment
at the earliest possible time (177).

Diagnosis
GDM carries risks for the mother, fetus,
and neonate. The Hyperglycemia and
Adverse Pregnancy Outcome (HAPO)
study (178), a large-scale multinational
cohort study completed by more than
23,000 pregnant women, demonstrated
that risk of adverse maternal, fetal,
and neonatal outcomes continuously in-
creased as a function of maternal glyce-
mia at 24–28 weeks of gestation, even
within ranges previously considered
normal for pregnancy. For most compli-
cations, there was no threshold for
risk. These results have led to careful
reconsideration of the diagnostic criteria
for GDM.
GDM diagnosis (Table 2.7) can be ac-

complishedwith either of two strategies:

1. The “one-step” 75-g OGTT derived
from the IADPSG criteria, or

2. The older “two-step” approachwith a
50-g (nonfasting) screen followed by
a 100-g OGTT for those who screen
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positive, based on the work of Car-
penter and Coustan’s interpretation
of the older OʼSullivan (179) criteria.

Different diagnostic criteria will iden-
tify different degrees of maternal hyper-
glycemia andmaternal/fetal risk, leading
someexperts to debate, and disagree on,
optimal strategies for the diagnosis of
GDM.

One-Step Strategy

The IADPSGdefineddiagnostic cut points
for GDM as the average fasting, 1-h, and
2-h PG values during a 75-g OGTT in
women at 24–28weeks of gestation who
participated in the HAPO study at which
odds for adverse outcomes reached 1.75
times the estimated odds of these out-
comes at the mean fasting, 1-h, and 2-h
PG levels of the study population. This
one-step strategy was anticipated to sig-
nificantly increase the incidence of GDM
(from 5–6% to 15–20%), primarily be-
cause only one abnormal value, not two,
became sufficient to make the diagno-
sis (180). Many regional studies have
investigated the impact of adopting the
IADPSG criteria on prevalence and have
seen a roughly one- to threefold increase
(181). The anticipated increase in the
incidence of GDM could have a substan-
tial impact on costs and medical infra-
structure needs and has the potential to

“medicalize” pregnancies previously cat-
egorized as normal. A recent follow-up
studyofwomenparticipating in ablinded
study of pregnancy OGTTs found that
11 years after their pregnancies, women
who would have been diagnosed with
GDM by the one-step approach, as
compared with those without, were at
3.4-fold higher risk of developing pre-
diabetes and type 2 diabetes and had
childrenwith a higher risk of obesity and
increased body fat, suggesting that the
larger group ofwomen identified by the
one-step approach would benefit from
increased screening for diabetes and
prediabetes that would accompany a
history of GDM (182,183). The ADA rec-
ommends the IADPSG diagnostic crite-
riawiththe intentofoptimizinggestational
outcomes because these criteria are
the only ones based on pregnancy out-
comes rather than end points such as
prediction of subsequent maternal
diabetes.
The expected benefits of using IADPSG

to the offspring are inferred from inter-
vention trials that focused on women
with lower levels of hyperglycemia than
identified using older GDM diagnostic
criteria. Those trials found modest ben-
efits including reduced rates of large-for-
gestational-age births and preeclampsia
(184,185). It is important tonote that 80–
90% of women being treated for mild

GDMin these two randomized controlled
trials could be managed with lifestyle
therapy alone. The OGTT glucose cutoffs
in these two trials overlapped with the
thresholds recommended by the IADPSG,
and in one trial (185), the 2-h PG thresh-
old (140 mg/dL [7.8 mmol/L]) was lower
than the cutoff recommended by the
IADPSG (153 mg/dL [8.5 mmol/L]). No
randomized controlled trials of treating
versus not treating GDM diagnosed by
the IADPSG criteria but not the Carpenter-
Coustan criteria have been published
to date. Data are also lacking on how
the treatment of lower levels of hyper-
glycemiaaffects amother’s future risk for
the development of type 2 diabetes and
her offspring’s risk for obesity, diabetes,
and other metabolic disorders. Addi-
tional well-designed clinical studies are
needed to determine the optimal in-
tensity of monitoring and treatment of
womenwith GDMdiagnosed by the one-
step strategy (186,187).

Two-Step Strategy

In 2013, the NIH convened a consensus
development conference to consider di-
agnostic criteria for diagnosing GDM
(188). The 15-member panel had repre-
sentatives from obstetrics and gynecol-
ogy, maternal-fetal medicine, pediatrics,
diabetes research, biostatistics, and other
related fields. The panel recommended a
two-stepapproachtoscreeningthatuseda
1-h 50-g glucose load test (GLT) followed
by a 3-h 100-g OGTT for those who
screened positive. The American College
of Obstetricians and Gynecologists (ACOG)
recommends any of the commonly used
thresholds of 130, 135, or 140 mg/dL
for the 1-h 50-g GLT (189). A systematic
review for the U.S. Preventive Services
Task Force compared GLT cutoffs of 130
mg/dL (7.2 mmol/L) and 140 mg/dL (7.8
mmol/L) (190). The higher cutoff yielded
sensitivity of 70–88% and specificity of
69–89%, while the lower cutoff was 88–
99% sensitive and 66–77% specific. Data
regarding a cutoff of 135 mg/dL are
limited. As for other screening tests,
choice of a cutoff is based upon the
trade-off between sensitivity and spec-
ificity. The use of A1C at 24–28weeks of
gestation as a screening test for GDM
does not function as well as the GLT
(191).
Key factors cited by the NIH panel in

their decision-making process were the
lack of clinical trial data demonstrating

Table 2.7—Screening for and diagnosis of GDM
One-step strategy

Perform a 75-g OGTT, with plasma glucose measurement when patient is fasting and at 1 and
2 h, at 24–28 weeks of gestation in women not previously diagnosed with diabetes.

The OGTT should be performed in the morning after an overnight fast of at least 8 h.

The diagnosis of GDM is made when any of the following plasma glucose values are met or
exceeded:

c Fasting: 92 mg/dL (5.1 mmol/L)
c 1 h: 180 mg/dL (10.0 mmol/L)
c 2 h: 153 mg/dL (8.5 mmol/L)

Two-step strategy

Step 1: Perform a 50-g GLT (nonfasting), with plasma glucose measurement at 1 h, at
24–28 weeks of gestation in women not previously diagnosed with diabetes.

If the plasma glucose level measured 1 h after the load is$130, 135, or 140 mg/dL (7.2, 7.5, or
7.8 mmol/L, respectively), proceed to a 100-g OGTT.

Step 2: The 100-g OGTT should be performed when the patient is fasting.

The diagnosis of GDM is made when at least two* of the following four plasma glucose levels
(measuredfastingandat1,2, and3hduringOGTT)aremetorexceeded (Carpenter-Coustan
criteria [193]):

c Fasting: 95 mg/dL (5.3 mmol/L)
c 1 h: 180 mg/dL (10.0 mmol/L)
c 2 h: 155 mg/dL (8.6 mmol/L)
c 3 h: 140 mg/dL (7.8 mmol/L)

GDM, gestational diabetes mellitus; GLT, glucose load test; OGTT, oral glucose tolerance test.
*American College of Obstetricians and Gynecologists notes that one elevated value can be used
for diagnosis (189).
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the benefits of the one-step strategy and
the potential negative consequences of
identifying a large group of women with
GDM, including medicalization of preg-
nancy with increased health care utiliza-
tion and costs. Moreover, screening with
a 50-g GLT does not require fasting and is
therefore easier to accomplish for many
women. Treatment of higher-threshold
maternal hyperglycemia, as identi-
fied by the two-step approach, reduces
rates of neonatal macrosomia, large-for-
gestational-age births (192), and shoulder
dystocia, without increasing small-for-
gestational-age births. ACOG currently
supports the two-step approach but
notes that one elevated value, as op-
posed to two, may be used for the di-
agnosis of GDM (189). If this approach is
implemented, the incidence of GDM by
the two-step strategy will likely increase
markedly. ACOG recommends either of
two sets of diagnostic thresholds for the
3-h 100-g OGTTdCarpenter-Coustan or
National Diabetes Data Group (193,194).
Each is based on different mathematical
conversions of the original recommen-
ded thresholds byO’Sullivan (179),which
used whole blood and nonenzymatic
methods for glucose determination. A
secondary analysis of data from a ran-
domized clinical trial of identification and
treatment of mild GDM (195) demon-
strated that treatment was similarly ben-
eficial in patients meeting only the lower
thresholds per Carpenter-Coustan (193)
and in those meeting only the higher
thresholds per National Diabetes Data
Group (194). If the two-step approach is
used, it would appear advantageous to
use the Carpenter-Coustan lower diag-
nostic thresholds as shown in step 2 in
Table 2.7.

Future Considerations

The conflicting recommendations from
expert groups underscore the fact that
there are data to support each strategy. A
cost-benefit estimation comparing the
two strategies concluded that the one-
step approach is cost-effective only if
patients with GDM receive postdelivery
counseling and care to prevent type 2
diabetes (196). The decision of which
strategy to implement must therefore
be made based on the relative values
placed on factors that have yet to be
measured (e.g.,willingness tochangeprac-
tice based on correlation studies rather
than intervention trial results, available

infrastructure, and importance of cost
considerations).
As the IADPSG criteria (“one-step

strategy”) have been adopted interna-
tionally, further evidencehas emerged to
support improved pregnancy outcomes
with cost savings (197), and IADPSG may
be the preferred approach. Data com-
paring population-wide outcomes with
one-step versus two-step approaches
have been inconsistent to date (198,199).
In addition, pregnancies complicated by
GDM per the IADPSG criteria, but not
recognized as such, have outcomes com-
parable to pregnancies with diagnosed
GDM by the more stringent two-step
criteria (200,201). There remains strong
consensus that establishing a uniform
approach to diagnosing GDMwill benefit
patients, caregivers, and policy makers.
Longer-term outcome studies are cur-
rently underway.
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Effects of a lifestyle intervention during preg-
nancy and first postpartum year: findings from
the RADIEL study. J Clin Endocrinol Metab 2018;
103:1669–1677
162. Yefet E, Jeda E, Tzur A, Nachum Z. Markers
for undiagnosed type 2 diabetes mellitus during
pregnancy-A population-based retrospective co-
hort study. J Diabetes 2020;12:205–214
163. Kattini R, Hummelen R, Kelly L. Early ges-
tational diabetes mellitus screening with glycated
hemoglobin: a systematic review. J Obstet Gy-
naecol Can. 5 April 2020 [Epub ahead of print].
DOI: 10.1016/j.jogc.2019.12.015

S32 Classification and Diagnosis of Diabetes Diabetes Care Volume 44, Supplement 1, January 2021
©Am

er
ica

n D
iabet

es
 A

sso
cia

tio
n

https://www.diabetesgenes.org/mody-probability-calculator/
https://www.diabetesgenes.org/mody-probability-calculator/


164. RosennB,MiodovnikM, Combs CA, Khoury
J, Siddiqi TA. Glycemic thresholds for spontane-
ous abortion and congenital malformations in
insulin-dependent diabetes mellitus. Obstet Gy-
necol 1994;84:515–520
165. Schaefer UM, Songster G, Xiang A,
Berkowitz K, Buchanan TA, Kjos SL. Congenital
malformations in offspring of women with hy-
perglycemia first detected during pregnancy. Am
J Obstet Gynecol 1997;177:1165–1171
166. Poltavskiy E, KimDJ, BangH. Comparison of
screening scores for diabetes and prediabetes.
Diabetes Res Clin Pract 2016;118:146–153
167. Feig DS, Hwee J, Shah BR, Booth GL,
Bierman AS, Lipscombe LL. Trends in incidence
of diabetes in pregnancy and serious perinatal
outcomes: a large, population-based study in
Ontario, Canada, 1996–2010. Diabetes Care
2014;37:1590–1596
168. Peng TY, Ehrlich SF, Crites Y, et al. Trends
and racial andethnicdisparities in theprevalence
of pregestational type 1 and type 2 diabetes in
Northern California: 1996-2014. Am J Obstet
Gynecol 2017;216:177.e1–177.e8
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3. Prevention or Delay of Type 2
Diabetes: Standards of Medical
Care in Diabetesd2021
Diabetes Care 2021;44(Suppl. 1):S34–S39 | https://doi.org/10.2337/dc21-S003

The American Diabetes Association (ADA) “Standards of Medical Care in Diabetes” in-
cludes the ADA’s current clinical practice recommendations and is intended to provide
the components of diabetes care, general treatment goals and guidelines, and tools to
evaluate quality of care. Members of the ADA Professional Practice Committee, a mul-
tidisciplinary expert committee (https://doi.org/10.2337/dc21-SPPC), are responsible for
updating the Standards of Care annually, or more frequently as warranted. For a detailed
description of ADA standards, statements, and reports, as well as the evidence-grading
systemforADA’sclinicalpractice recommendations,please refer totheStandardsofCare
Introduction (https://doi.org/10.2337/dc21-SINT). Readers who wish to comment on
the Standards of Care are invited to do so at professional.diabetes.org/SOC.

For guidelines related to screening for increased risk for type 2 diabetes (prediabetes),
please refer to Section 2 “ClassificationandDiagnosis ofDiabetes” (https://doi.org/10
.2337/dc21-S002). For guidelines related to screening, diagnosis, and management
of type 2 diabetes in youth, please refer to Section 13 “Children andAdolescents” (https://
doi.org/10.2337/dc21-S013).

Recommendation

3.1 At least annual monitoring for the development of type 2 diabetes in those
with prediabetes is suggested. E

Screening for prediabetes and type 2diabetes risk through an informal assessment of risk
factors (Table 2.3) or with an assessment tool, such as the American Diabetes Asso-
ciation risk test (Fig. 2.1), is recommended to guide providers on whether performing a
diagnostic test for prediabetes (Table 2.5) and previously undiagnosed type 2 diabetes
(Table2.2) isappropriate (seeSection2“ClassificationandDiagnosisofDiabetes,”https://
doi.org/10.2337/dc21-S002). Testing high-risk patients for prediabetes is warranted
because the laboratory assessment is safe and reasonable in cost, substantial time exists
before the development of type 2 diabetes and its complications during which one can
intervene, and there is an effective means of preventing type 2 diabetes in those
determined to have prediabetes with an A1C 5.7–6.4% (39–47 mmol/mol), impaired
glucose tolerance, or impaired fasting glucose.UsingA1C to screen forprediabetesmaybe
problematic in the presence of certain hemoglobinopathies or conditions that affect red
bloodcell turnover.SeeSection2“ClassificationandDiagnosisofDiabetes” (https://doi.org/
10.2337/dc21-S002)andSection6“GlycemicTargets” (https://care.diabetesjournals.org/
lookup/doi/10.2337/dc21-S006) for additional details on the appropriate use of the A1C
test.

LIFESTYLE BEHAVIOR CHANGE FOR DIABETES PREVENTION

Recommendations

3.2 Refer patients with prediabetes to an intensive lifestyle behavior change
programmodeledontheDiabetesPreventionProgramtoachieveandmaintain

Suggested citation: American Diabetes Associa-
tion. 3. Prevention or delay of type 2 diabetes:
Standards of Medical Care in Diabetesd2021.
Diabetes Care 2021;44(Suppl. 1):S34–S39

© 2020 by the American Diabetes Association.
Readersmayuse this article as longas thework is
properly cited, the use is educational and not for
profit, and the work is not altered. More infor-
mation is availableathttps://www.diabetesjournals
.org/content/license.
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7% loss of initial body weight and
increase moderate-intensity physical
activity (such as brisk walking) to at
least 150 min/week. A

3.3 A variety of eating patterns can be
considered to prevent diabetes in
individuals with prediabetes. B

3.4 Based on patient preference, cer-
tified technology-assisted diabetes
prevention programsmay be effec-
tive in preventing type 2 diabetes
and should be considered. B

3.5 Given the cost-effectiveness of
lifestyle behavior modification
programs for diabetes preven-
tion A, such diabetes prevention
programs should be covered by
third-party payers.

The Diabetes Prevention Program
Several major randomized controlled tri-
als, including the Diabetes Prevention
Program (DPP) (1), the Finnish Diabetes
Prevention Study (DPS) (2), and the Da
Qing Diabetes Prevention Study (DaQing
study) (3), demonstrate that lifestyle/
behavioral therapy featuring an individ-
ualized reduced-calorie meal plan is
highly effective in preventing type 2 di-
abetes and improving other cardiome-
tabolic markers (such as blood pressure,
lipids, and inflammation) (4). The stron-
gest evidence for diabetes prevention in
theU.S. comes from theDPP trial (1). The
DPP demonstrated that an intensive life-
style intervention could reduce the riskof
incident type 2 diabetes by 58% over
3 years. Follow-up of three large studies
of lifestyle intervention for diabetes pre-
ventionhas shownsustained reduction in
the risk of conversion to type 2 diabetes:
39% reduction at 30 years in the Da Qing
study (5), 43% reduction at 7 years in the
Finnish DPS (2), and 34% reduction at
10 years (6) and 27% reduction at 15 years
(7) in the U.S. Diabetes Prevention Pro-
gram Outcomes Study (DPPOS).
Thetwomajorgoalsof theDPP intensive

lifestyle intervention were to achieve and
maintain aminimumof 7%weight loss and
150 min of physical activity per week
similar in intensity to brisk walking. The
DPP lifestyle interventionwas a goal-based
intervention: all participants were given
the same weight loss and physical activity
goals, but individualization was permitted
in the specificmethodsused toachieve the
goals (8). Although weight loss was the
most important factor to reduce the risk of

incident diabetes, it was also found that
achieving the target behavioral goal of at
least 150min of physical activity per week,
even without weight loss, reduced the
incidence of type 2 diabetes by 44% (9).
The 7% weight loss goal was selected

because it was feasible to achieve and
maintain and likely to lessen the risk of
developing diabetes. Participants were
encouraged to achieve the 7% weight
loss during the first 6 months of the
intervention. However, longer-term (4-
year) data reveal maximal prevention of
diabetes observed at about 7–10% weight
loss (9). The recommended pace of weight
loss was 1–2 lb/week. Calorie goals were
calculated by estimating the daily calories
needed tomaintain the participant’s initial
weight and subtracting 500–1,000 calories/
day (dependingon initial bodyweight). The
initial focus was on reducing total dietary
fat. After several weeks, the concept of
calorie balance and the need to restrict
calories as well as fat was introduced (8).
The goal for physical activity was se-

lected to approximate at least 700 kcal/
week expenditure from physical activity.
For ease of translation, this goal was de-
scribed as at least 150 min of moderate-
intensity physical activity per week similar
in intensity to brisk walking. Participants
were encouraged to distribute their activ-
ity throughout the week with a minimum
frequency of three times per week and at
least10minper session.Amaximumof75
min of strength training could be ap-
plied toward the total 150 min/week
physical activity goal (8).
To implement the weight loss and

physical activity goals, the DPP used an
individual model of treatment rather than
a group-based approach. This choice was
based on a desire to intervene before
participants had the possibility of devel-
oping diabetes or losing interest in the
program. The individual approach also
allowed for tailoring of interventions to
reflect the diversity of the population (8).

The DPP intervention was adminis-
tered as a structured core curriculum
followed by a more flexible maintenance
program of individual sessions, group clas-
ses, motivational campaigns, and restart
opportunities. The 16-session core curric-
ulum was completed within the first 24
weeks of the program and included sec-
tions on lowering calories, increasing phys-
ical activity, self-monitoring, maintaining
healthy lifestyle behaviors, and psycholog-
ical, social, and motivational challenges.

Further details are available regarding the
core curriculum sessions (8).

Nutrition
The dietary counseling for weight loss in
the DPP intervention included a reduc-
tion of total dietary fat and calories to
prevent diabetes for those at high risk for
developing type 2 diabetes with an over-
weight or obese BMI (1,8,9). However,
evidence suggests that there is not an
ideal percentage of calories from carbo-
hydrate, protein, and fat for all people to
prevent diabetes; therefore, macronutri-
ent distribution should be based on an
individualized assessment of current eat-
ing patterns, preferences, and metabolic
goals (10). Based on other intervention
trials, a variety of eating patterns char-
acterized by the totality of food and
beverages consumed (10,11) may also
be appropriate for patients with predi-
abetes (10), including Mediterranean-
style and low-carbohydrate eating plans
(12–15). Observational studies have also
shown that vegetarian, plant-based (may
include some animal products), and Di-
etary Approaches to Stop Hypertension
(DASH) eating patterns are associated
with a lower risk of developing type 2
diabetes (16–19). Evidence suggests that
the overall quality of food consumed (as
measured by the Healthy Eating Index,
Alternative Healthy Eating Index, and
DASH score), with an emphasis on whole
grains, legumes, nuts, fruits, and vegetables
and minimal refined and processed foods,
is also associatedwith a lower risk of type2
diabetes(18,20–23).As is thecaseforthose
with diabetes, individualized medical nu-
trition therapy (see Section 5 “Facilitating
Behavior Change and Well-being to
Improve Health Outcomes,” https://doi
.org/10.2337/dc21-S005, for more de-
tailed information) is effective in lower-
ing A1C in individuals diagnosed with
prediabetes (24).

Physical Activity
Just as 150min/week ofmoderate-intensity
physical activity, such as brisk walking,
showed beneficial effects in those with
prediabetes(1),moderate-intensityphysical
activity has been shown to improve in-
sulin sensitivity and reduce abdominal
fat in children and young adults (25,26).
On the basis of these findings, providers
are encouraged to promote a DPP-style
program, including a focus on physical
activity, to all individuals who have been
identified to be at an increased risk of
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type 2 diabetes. In addition to aerobic
activity, an exercise regimen designed to
prevent diabetes may include resistance
training (8,27,28). Breaking upprolonged
sedentary time may also be encouraged,
as it is associated with moderately lower
postprandial glucose levels (29,30). The
preventive effects of exercise appear to
extend to the prevention of gestational
diabetes mellitus (GDM) (31).

Delivery andDissemination of Lifestyle
Behavior Change for Diabetes
Prevention
Because the intensive lifestyle intervention
in the DPP was effective in preventing
type 2 diabetes for those at high risk for
the disease and lifestyle behavior change
programs for diabetes prevention were
shown to be cost-effective, broader efforts
to disseminate scalable lifestyle behavior
change programs for diabetes prevention
with coverageby third-partypayers ensued
(32–36). Group delivery of DPP content in
community or primary care settings has
demonstratedthepotential to reduceover-
all program costs while still producingweight
loss and diabetes risk reduction (37–41).
The Centers for Disease Control and

Prevention (CDC)developed theNational
Diabetes Prevention Program (National
DPP), a resource designed to bring such
evidence-based lifestyle change pro-
grams for preventing type 2 diabetes
to communities (www.cdc.gov/diabetes/
prevention/index.htm). This online re-
source includes locations of CDC-recognized
diabetes prevention lifestyle change pro-
grams (available at https://nccd.cdc.gov/
DDT_DPRP/Programs.aspx). To be eligi-
ble for this program, patients must have a
BMI in the overweight range andbe at risk
for diabetes based on laboratory testing
or a positive risk test (available at www
.cdc.gov/prediabetes/takethetest/). Results
from the CDC’s National DPP during the
first 4 years of implementation are prom-
ising and demonstrate cost-efficacy (42).
The CDChas also developed theDiabetes
Prevention Impact Tool Kit (available at
https://nccd.cdc.gov/toolkit/diabetesimpact)
to help organizations assess the econom-
ics of providing or covering the National
DPP lifestyle change program (43). In an
effort to expand preventive services
using a cost-effective model that began
in April 2018, the Centers forMedicare &
Medicaid Services expanded Medicare re-
imbursement coverage for the National
DPP lifestyle intervention toorganizations

recognizedby theCDC that becomeMedi-
care suppliers for this service (online at
https://innovation.cms.gov/innovation-
models/medicare-diabetes-prevention-
program). The locations ofMedicare DPPs
are available online at https://innovation
.cms.gov/innovation-models/medicare-
diabetes-prevention-program/mdpp-map.
To qualify for Medicare coverage, patients
must have a BMI in the overweight range
and laboratory testing consistent with pre-
diabetes in the last year. Medicaid cover-
age of the DPP lifestyle intervention is also
expanding on a state-by-state basis.
While CDC-recognized lifestyle change

programs and Medicare DPP services
have the advantages of having met min-
imum quality standards and being re-
imbursed by various payers, there have
been lower retention rates in such pro-
grams reported for younger adults and
racial/ethnic minority populations (44).
Therefore, other programs and modali-
ties of lifestyle behavior changes for
achieving the goals for diabetes preven-
tion may also be appropriate and effica-
cious based on patient preferences and
availability. The use of community health
workers to support DPP efforts has been
shown to be effective with cost savings
(45,46) (see Section 1 “Improving Care and
Promoting Health in Populations,” https://
doi.org/10.2337/dc21-S001, for more in-
formation). Theuseof community health
workers may facilitate adoption of life-
style behavior changes for diabetes pre-
ventionwhile bridging barriers related to
social determinants of health, though
coverage by third-party payers some-
times remains problematic. Registered
dietitian nutritionists (RDN) can help
individuals with prediabetes reach their
goals of improving eating habits, increas-
ing moderate-intensity physical activity,
and achieving 7–10% loss of initial body
weight (10,47–49). Individualized me-
dical nutrition therapy (see Section 5
“Facilitating Behavior Change and Well-
being to Improve Health Outcomes,”
https://doi.org/10.2337/dc21-S005, for
more detailed information) is also effec-
tive in improving glycemia in individuals
diagnosed with prediabetes (24,47). Fur-
thermore, these trials involving medical
nutrition therapy for patients with predia-
betes found significant reductions in
weight, waist circumference, and gly-
cemia. Individuals with prediabetes
can benefit from being referred to an
RDN for individualized medical nutrition

therapy upon diagnosis and at regular
intervals throughout their treatment
regimen (49,50). Other allied health
professionals, like pharmacists and di-
abetes care and education specialists,
also have the capability of delivering
lifestyle behavior change programs and
may be considered for diabetes preven-
tion efforts (51,52).
Technology-assisted programsmay ef-

fectively deliver the DPP lifestyle pro-
gram, reducing weight and, therefore,
diabetes risk (53–58). Such technology-
assisted programs may deliver content
through smartphone, web-based appli-
cations, and telehealth, and may be an
acceptable and efficacious option to
bridge barriers particularly for low-
income and rural patients; however,
not all programs are effective in helping
people reach targets for diabetes pre-
vention (53,59–61). The CDC Diabe-
tes Prevention Recognition Program
(DPRP) (www.cdc.gov/diabetes/prevention/
requirements-recognition.htm) certifies
technology-assistedmodalities as effec-
tive vehicles for DPP-based programs;
such programs must use an approved
curriculum, include interaction with a
coach, and attain the DPRP outcomes
of participation, physical activity report-
ing, and weight loss. Therefore, providers
should consider referring patients with
prediabetes to certified technology–
assisted DPP programs based on patient
preference.

PHARMACOLOGIC
INTERVENTIONS

Recommendations

3.6 Metformin therapy for preven-
tion of type 2 diabetes should be
considered in those with predia-
betes, especially for those with
BMI$35 kg/m2, those aged,60
years, and women with prior
gestational diabetes mellitus. A

3.7 Long-term use of metforminmay
be associated with biochemical
vitamin B12 deficiency; consider
periodic measurement of vita-
min B12 levels in metformin-
treated patients, especially in
those with anemia or peripheral
neuropathy. B

Because weight loss through behavior
changes in diet and exercise alone can be
difficult tomaintain long term (6), people
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being treated with weight loss therapy
may benefit from support and addi-
tional pharmacotherapeutic options,
if needed. Various pharmacologic agents
used to treat diabetes have been eval-
uated for diabetes prevention. Metfor-
min, a-glucosidase inhibitors, liraglutide,
thiazolidinediones, and insulin have
been shown to lower the risk of diabetes in
those with prediabetes (62–67); whereas
diabetes prevention was not seen with
nateglinide (68). In addition, several
weight loss medications like orlistat and
phenteramine-topiramate have also been
shown in research studies to decrease the
incidence of diabetes to various degrees in
those with prediabetes (69,70). Studies of
other pharmacologic agents have shown
some efficacy in diabetes prevention with
valsartan but no efficacy with ramipril,
anti-inflammatory drugs, or vitamin D in
preventingdiabetes (71–75).However,no
pharmacologic agent has been approved
by the U.S. Food and Drug Administration
specifically for diabetes prevention. The
risk versus benefit of each medication
must be weighed. Metformin has the
strongest evidence base (1) and dem-
onstrated long-term safety as pharmaco-
logic therapy for diabetes prevention (76).
For other drugs, cost, side effects, and
durable efficacy require consideration.
Metformin was overall less effective

than lifestyle modification in the DPP,
though group differences declined over
time in the DPPOS (7), and metformin
may be cost-saving over a 10-year period
(34). During initial follow-up in the DPP,
metformin was as effective as lifestyle
modification in participants with BMI$35
kg/m2 and in younger participants aged
25–44 years (1). In the DPP, for women
with a history of GDM, metformin and
intensive lifestyle modification led to an
equivalent 50% reduction in diabetes risk
(77), and both interventions remained
highly effective during a 10-year follow-up
period (78). By the time of the 15-year
follow-up (DPPOS), exploratory analyses
demonstrated that participants with a
higher baseline fasting glucose ($110 mg/
dL vs. 95–109 mg/dL) and women with a
historyofGDM(vs.womenwithoutahistory
of GDM) experienced higher risk reductions
withmetformin (comparedwith theplacebo
arm) (79). In the Indian Diabetes Prevention
Programme (IDPP-1), metformin and the
lifestyle intervention reduced diabetes risk
similarly at 30 months; of note, the lifestyle
intervention in IDPP-1 was less intensive

than that in theDPP (80). Basedonfindings
from the DPP, metformin should be rec-
ommended as an option for high-risk indi-
viduals (e.g., those with a history of GDM or
those with BMI$35 kg/m2). Considermon-
itoring vitamin B12 levels in those taking
metformin chronically to check for possible
deficiency (81,82) (see Section 9 “Pharmaco-
logic Approaches to Glycemic Treatment,”
https://doi.org/10.2337/dc21-S009, for more
details).

PREVENTION OF VASCULAR
DISEASE AND MORTALITY

Recommendation

3.8 Prediabetes is associated with
heightened cardiovascular risk;
therefore, screening for and treat-
ment of modifiable risk factors
for cardiovascular disease are
suggested. B

People with prediabetes often have
other cardiovascular risk factors, includ-
ing hypertension and dyslipidemia (83),
and are at increased risk for cardio-
vascular disease (84,85). Evaluation for
tobacco use and referral for tobacco
cessation, if indicated, should be part of
routine care for those at risk for diabetes.
Of note, the years immediately following
smoking cessation may represent a time
of increased risk for diabetes (86–88), a
time when patients should be monitored
for diabetes development and receive
the concurrent evidence-based lifestyle
behavior change for diabetes prevention
described in this section. See Section 5
“Facilitating Behavior Change and Well-
being to Improve Health Outcomes”
(https://doi.org/10.2337/dc21-S005) for
more detailed information. The lifestyle
interventions for weight loss in study
populations at risk for type 2 diabetes
have shown a reduction in cardiovascular
risk factors and the need for medications
used to treat these cardiovascular risk
factors (89,90). In longer-term follow-
up, lifestyle interventions for diabetes
prevention also prevented the develop-
ment of microvascular complications
among women enrolled in the DPPOS
and in the study population enrolled
in the China Da Qing Diabetes Preven-
tion Outcome Study (7,91). The lifestyle
intervention in the latter study was also
efficacious in preventing cardiovascular
disease and mortality at 23 and 30 years
of follow-up (3,5). Treatment goals and

therapies for hypertension and dyslipidemia
in the primary prevention of cardiovas-
cular disease for peoplewith prediabetes
should be based on their level of cardio-
vascular risk, and increased vigilance is
warranted to identify and treat these and
other cardiovascular risk factors (92).
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Sjöström L. XENical in the prevention of Diabetes
inObese Subjects (XENDOS) study: a randomized
study of orlistat as an adjunct to lifestyle changes
for the prevention of type 2 diabetes in obese
patients. Diabetes Care 2004;27:155–161
70. Garvey WT, Ryan DH, Henry R, et al. Pre-
vention of type 2 diabetes in subjects with
prediabetes and metabolic syndrome treated
with phentermine and topiramate extended re-
lease. Diabetes Care 2014;37:912–921
71. McMurray JJ, Holman RR, Haffner SM, et al.;
NAVIGATOR Study Group. Effect of valsartan on
the incidence of diabetes and cardiovascular
events. N Engl J Med 2010;362:1477–1490
72. Bosch J, Yusuf S,GersteinHC, et al.;DREAMTrial
Investigators. Effect of ramipril on the incidence of
diabetes. N Engl J Med 2006;355:1551–1562
73. Everett BM, Donath MY, Pradhan AD, Thuren
T, Pais P, Nicolau JC, et al. Anti-inflammatory
therapy with canakinumab for the prevention
and management of diabetes. J Am Coll Cardiol
2018;29:2392–2401
74. Pittas AG, Dawson-Hughes B, Sheehan P,
et al.; D2d Research Group. Vitamin D supple-
mentation and prevention of type 2 diabetes. N
Engl J Med 2019;381:520–530
75. Ray KK, Colhoun HM, Szarek M, et al.; OD-
YSSEY OUTCOMES Committees and Investiga-
tors. Effects of alirocumab on cardiovascular and
metabolic outcomes after acute coronary syn-
drome in patients with or without diabetes:
a prespecified analysis of the ODYSSEY OUT-
COMES randomised controlled trial. Lancet Di-
abetes Endocrinol 2019;7:618–628
76. Diabetes Prevention Program Research
Group. Long-term safety, tolerability, andweight
loss associated with metformin in the Diabetes
Prevention Program Outcomes Study. Diabetes
Care 2012;35:731–737
77. Ratner RE, Christophi CA, Metzger BE, et al.;
Diabetes Prevention Program Research Group.
Prevention of diabetes in women with a history
of gestational diabetes: effects of metformin
and lifestyle interventions. J Clin Endocrinol
Metab 2008;93:4774–4779
78. Aroda VR, Christophi CA, Edelstein SL, et al.;
Diabetes Prevention Program Research Group.
The effect of lifestyle intervention and metfor-
min on preventing or delaying diabetes among
women with and without gestational diabetes:
the Diabetes Prevention Program Outcomes
Study 10-year follow-up. J Clin EndocrinolMetab
2015;100:1646–1653
79. Diabetes Prevention Program Research
Group. Long-term effects of metformin on di-
abetes prevention: identification of subgroups
that benefited most in the Diabetes Prevention
Program and Diabetes Prevention Program Out-
comes Study. Diabetes Care 2019;42:601–608
80. Ramachandran A, Snehalatha C, Mary S,
Mukesh B, Bhaskar AD, Vijay V; Indian Diabetes
Prevention Programme (IDPP). The Indian Di-
abetes Prevention Programme shows that life-
stylemodification andmetformin prevent type 2
diabetes in Asian Indian subjects with impaired

glucose tolerance (IDPP-1). Diabetologia 2006;
49:289–297
81. Griffin SJ, Bethel MA, Holman RR, et al.
Metformin in non-diabetic hyperglycaemia:
the GLINT feasibility RCT. Health Technol Assess
2018;22:1–64
82. Aroda VR, Edelstein SL, Goldberg RB, et al.;
Diabetes Prevention Program Research Group.
Long-term metformin use and vitamin B12 de-
ficiency in the Diabetes Prevention Program
Outcomes Study. J Clin Endocrinol Metab 2016;
101:1754–1761
83. Ali MK, Bullard KM, Saydah S, Imperatore G,
Gregg EW. Cardiovascular and renal burdens of
prediabetes in the USA: analysis of data from
serial cross-sectional surveys, 1988-2014. Lancet
Diabetes Endocrinol 2018;6:392–403
84. Pan Y, Chen W, Wang Y. Prediabetes and
outcomeof ischemic stroke or transient ischemic
attack: a systematic review and meta-analysis. J
Stroke Cerebrovasc Dis 2019;28:683–692
85. Huang Y, Cai X, Mai W, Li M, Hu Y. Association
between prediabetes and risk of cardiovascular
disease and all cause mortality: systematic re-
view and meta-analysis. BMJ 2016;355:i5953
86. Yeh H-C, Duncan BB, Schmidt MI, Wang N-Y,
Brancati FL. Smoking, smoking cessation, and risk
for type 2 diabetes mellitus: a cohort study. Ann
Intern Med 2010;152:10–17
87. Oba S, Noda M, Waki K, et al.; Japan Public
Health Center-based Prospective Study Group.
Smoking cessation increases short-term risk of
type 2 diabetes irrespective of weight gain: the
Japan Public Health Center-Based Prospective
Study [published correction appears in PLoS One
2013;8:10.1371/annotation/23aa7c42-9a4d-
42a7-8f50-9d0ac4b85396]. PLoS One 2012;7:
e17061
88. HuY, ZongG, LiuG,WangM,RosnerB, PanA,
et al. Smoking cessation, weight change, type 2
diabetes, and mortality. N Engl J Med. 2018 16;
379:623–632
89. Orchard TJ, TemprosaM, Barrett-Connor E,
et al.; Diabetes Prevention Program Outcomes
Study Research Group. Long-term effects of the
Diabetes Prevention Program interventions on
cardiovascular risk factors: a report from the
DPP Outcomes Study. Diabet Med 2013;30:46–
55
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4. Comprehensive Medical
Evaluation and Assessment of
Comorbidities: Standards of
Medical Care in Diabetesd2021
Diabetes Care 2021;44(Suppl. 1):S40–S52 | https://doi.org/10.2337/dc21-S004

The American Diabetes Association (ADA) “Standards of Medical Care in Diabetes”
includes the ADA’s current clinical practice recommendations and is intended to
provide the components of diabetes care, general treatment goals and guidelines,
and tools to evaluate quality of care. Members of the ADA Professional Practice
Committee, a multidisciplinary expert committee (https://doi.org/10.2337/dc21-
SPPC), are responsible for updating the Standards of Care annually, or more
frequently as warranted. For a detailed description of ADA standards, statements,
and reports, as well as the evidence grading system for ADA’s clinical practice
recommendations, please refer to the Standards of Care Introduction (https://doi
.org/10.2337/dc21-SINT). Readers who wish to comment on the Standards of Care
are invited to do so at professional.diabetes.org/SOC.

PATIENT-CENTERED COLLABORATIVE CARE

Recommendations

4.1 A patient-centered communication style that uses person-centered and
strength-based language and active listening; elicits patient preferences and
beliefs; and assesses literacy, numeracy, and potential barriers to care
should be used to optimize patient health outcomes and health-related
quality of life. B

4.2 People with diabetes can benefit from a coordinated multidisciplinary team
that may draw from diabetes care and education specialists, primary care
providers, subspecialty providers, nurses, dietitians, exercise specialists,
pharmacists, dentists, podiatrists, and mental health professionals. E

A successful medical evaluation depends on beneficial interactions between the
patient and the care team. The Chronic Care Model (1–3) (see Section 1 “Improving
Care and Promoting Health in Populations,” https://doi.org/10.2337/dc21-S001) is a
patient-centered approach to care that requires a closeworking relationship between
thepatient and clinicians involved in treatment planning. Peoplewith diabetes should
receive health care from a coordinated interdisciplinary team that may include
diabetes care and education specialists, physicians, nurse practitioners, physician
assistants, nurses, dietitians, exercise specialists, pharmacists, dentists, podiatrists,
and mental health professionals. Individuals with diabetes must assume an active
role in their care. The patient, family or support people, physicians, and health care
team should together formulate the management plan, which includes lifestyle

Suggested citation: American Diabetes Associa-
tion. 4. Comprehensive medical evaluation and
assessment of comorbidities: Standards of Med-
ical Care in Diabetesd2021. Diabetes Care
2021;44(Suppl. 1):S40–S52
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management (see Section 5 “Facilitating
Behavior Change and Well-being to Im-
proveHealthOutcomes,”https://doi.org/
10.2337/dc21-S005).
Thegoals of treatment fordiabetes are

to prevent or delay complications and
optimize quality of life (Fig. 4.1). Treat-
ment goals and plans should be created
with patients based on their individual
preferences, values, and goals. This in-
dividualized management plan should
take into account the patient’s age, cog-
nitiveabilities, school/work schedule and
conditions, health beliefs, support sys-
tems, eating patterns, physical activity,
social situation, financial concerns, cultural
factors, literacy and numeracy (mathemat-
ical literacy), diabetes history (duration,
complications, current use of medica-
tions), comorbidities, health priorities,
other medical conditions, preferences for
care, and life expectancy. Various strate-
gies and techniques should be used to
support patients’ self-management ef-
forts, including providing education on
problem-solving skills for all aspects of
diabetes management.

Provider communicationwith patients
and families should acknowledge that
multiple factors impact glycemic man-
agement but also emphasize that collab-
oratively developed treatment plans
and a healthy lifestyle can significantly
improve disease outcomes and well-
being (4–7). Thus, the goal of provider-
patient communication is to establish a
collaborative relationship and to assess
and address self-management barriers
without blaming patients for “noncom-
pliance” or “nonadherence” when the
outcomes of self-management are not
optimal (8). The familiar terms “noncom-
pliance” and “nonadherence” denote a
passive, obedient role for a person with
diabetes in “following doctor’s orders”
that is at oddswith the active role people
with diabetes take in directing the day-
to-day decision-making, planning, mon-
itoring, evaluation, and problem-solving
involved in diabetes self-management.
Using a nonjudgmental approach that
normalizes periodic lapses in self-man-
agement may help minimize patients’
resistance to reporting problems with

self-management. Empathizing and us-
ing active listening techniques, such as
open-ended questions, reflective state-
ments, andsummarizingwhat thepatient
said, can help facilitate communication.
Patients’ perceptions about their own
ability, or self-efficacy, to self-manage
diabetes are one important psychosocial
factor related to improved diabetes self-
management and treatmentoutcomes in
diabetes (9–13) and should be a target of
ongoing assessment, patient education,
and treatment planning.
Language has a strong impact on per-

ceptions and behavior. The use of em-
powering language in diabetes care and
education can help to inform and moti-
vate people, yet language that shames
and judges may undermine this effort.
The American Diabetes Association (ADA)
and the Association of Diabetes Care &
Education Specialists (formerly called
American Association of Diabetes Edu-
cators) joint consensus report, “The Use
of Language in Diabetes Care and Edu-
cation,” provides the authors’ expert
opinion regarding the use of language by

Figure 4.1—Decision cycle for patient-centered glycemic management in type 2 diabetes. Reprinted from Davies et al. (101).
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health care professionals when speaking
orwriting about diabetes for peoplewith
diabetes or for professional audiences
(14). Although further research is needed
to address the impact of language on
diabetes outcomes, the report includes
five key consensus recommendations for
language use:

c Use language that is neutral, nonjudg-
mental, and based on facts, actions, or
physiology/biology.

c Use language free from stigma.
c Use language that is strength based,

respectful, and inclusive and that
imparts hope.

c Use language that fosters collabora-
tion between patients and providers.

c Use language that is person centered
(e.g., “person with diabetes” is pre-
ferred over “diabetic”).

COMPREHENSIVE MEDICAL
EVALUATION

Recommendations

4.3 A complete medical evaluation
should be performed at the initial
visit to:

c Confirm thediagnosis and classify
diabetes. A

c Evaluate for diabetes complica-
tions and potential comorbid
conditions. A

c Review previous treatment and
risk factor control in patients with
established diabetes. A

c Begin patient engagement in the
formulation of a care manage-
ment plan. A

c Develop a plan for continuing
care. A

4.4 A follow-up visit should include
most components of the initial
comprehensive medical evalua-
tion (see Table 4.1). A

4.5 Ongoing management should be
guided by the assessment of
overallhealthstatus,diabetescom-
plications, cardiovascular risk (see
THE RISK CALCULATOR, Section 10 “Car-
diovascular Disease and Risk Man-
agement,” https://doi.org/10.2337/
dc21-010), hypoglycemia risk, and
shared decision-making to set
therapeutic goals. B

The comprehensive medical evaluation in-
cludes the initial and follow-up evaluations,
assessment of complications, psychosocial

assessment, management of comorbid
conditions, and engagement of the pa-
tient throughout the process. While a
comprehensive list is provided in Table
4.1, in clinical practice the provider may
need to prioritize the components of the
medical evaluation given the available
resources and time. The goal is to provide
the health care team information so it can
optimally support a patient. In addition to
themedicalhistory,physical examination,
and laboratory tests, providers should
assess diabetes self-management be-
haviors, nutrition, social determinants
of health, and psychosocial health (see
Section 5 “Facilitating Behavior Change
and Well-being to Improve Health Out-
comes,”https://doi.org/10.2337/dc21-S005)
and give guidance on routine immuniza-
tions. The assessment of sleep pattern
andduration should be considered; ameta-
analysis found that poor sleep quality,
short sleep, and long sleep were associ-
ated with higher A1C in people with
type 2 diabetes (15). Interval follow-up
visits should occur at least every 3–
6 months individualized to the patient,
and then at least annually.
Lifestyle management and psychoso-

cial care are the cornerstones of diabetes
management. Patients should be re-
ferred for diabetes self-management ed-
ucation and support, medical nutrition
therapy, and assessment of psychosocial/
emotional health concerns if indicated.
Patients should receive recommended pre-
ventive care services (e.g., immunizations,
cancer screening, etc.); smoking cessation
counseling; and ophthalmological, dental,
and podiatric referrals.
The assessment of risk of acute and

chronic diabetes complications and treat-
ment planning are key components of
initial and follow-upvisits (Table4.2). The
risk of atherosclerotic cardiovascular dis-
ease and heart failure (see Section 10
“Cardiovascular Disease and Risk Man-
agement,” https://doi.org/10.2337/dc21-
S010), chronic kidney disease staging (see
Section 11 “Microvascular Complications
and Foot Care,” https://doi.org/10.2337/
dc21-S011), presence of retinopathy, and
risk of treatment-associated hypoglyce-
mia (Table 4.3) should be used to in-
dividualize targets for glycemia (see
Section 6 “Glycemic Targets,” https://
doi.org/10.2337/dc21-S006), blood pres-
sure, and lipids and to select specific
glucose-lowering medication (see Sec-
tion 9 “Pharmacologic Approaches to

Glycemic Treatment,”https://doi.org/10
.2337/dc21-S009), antihypertensionmed-
ication, and statin treatment intensity.
Additional referrals should be arranged

as necessary (Table 4.4). Clinicians should
ensure that individuals with diabetes are
appropriately screened for complications
and comorbidities. Discussing and imple-
menting an approach to glycemic control
with the patient is a part, not the sole goal,
of the patient encounter.

IMMUNIZATIONS

Recommendation

4.6 Provide routinely recommended
vaccinationsforchildrenandadults
with diabetes as indicated by age
(see Table 4.5 for highly recom-
mended vaccinations for adults
with diabetes). A

The importance of routine vaccinations
for people living with diabetes has been
elevated by the coronavirus disease
2019 (COVID-19) pandemic. Preventing
avoidable infections not only directly
preventsmorbidity but also reduces hos-
pitalizations, which may additionally re-
duce risk of acquiring infections such as
COVID-19. Children and adults with di-
abetes should receive vaccinations accord-
ing to age-appropriate recommendations
(16,17). The Centers for Disease Control
and Prevention (CDC) provides vaccination
schedules specifically for children, adoles-
cents, andadultswith diabetes (seehttps://
www.cdc.gov/vaccines/). The CDC Advisory
Committee on Immunization Practices
(ACIP) makes recommendations based on
its own review and rating of the evidence,
provided in Table 4.5 for selected vaccina-
tions. TheACIPevidencereviewhasevolved
over time with the adoption of Grading
of Recommendations Assessment, De-
velopment and Evaluation (GRADE) in
2010 and then the Evidence to Decision
or Evidence to Recommendation (EtR)
frameworks in 2018 (18). Here we dis-
cuss the particular importance of specific
vaccines.

Influenza
Influenza is a common, preventable in-
fectious disease associated with high
mortality and morbidity in vulnerable
populations, includingyouth,olderadults,
and people with chronic diseases. Influ-
enza vaccination in people with diabetes
has been found to significantly reduce
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influenza and diabetes-related hospital
admissions (19).Given thebenefits of the
annual influenza vaccination, it is recom-
mended for all individuals $6 months
of age who do not have a contraindica-
tion. Influenza vaccination is critically
important in the next year as the severe
acute respiratory syndrome coronavirus
2 (SARS-CoV-2) and influenza viruses will
both be active in the U.S. during the
2020–2021 season (20). The live atten-
uated influenza vaccine (LAIV), which is
delivered by nasal spray, is an option for
patients beginning at age 2 years through
age 49 years, for those who are not
pregnant, but patients with chronic

conditions such as diabetes are cautioned
against taking the LAIV and are instead
recommended to receive the inactive or
recombinant influenza vaccination. For in-
dividuals $65 years of age, there may be
additional benefit from the high-dose quad-
rivalent inactivated influenza vaccine (20).

Pneumococcal Pneumonia
Like influenza, pneumococcal pneumo-
nia is a common, preventable disease.
Peoplewith diabetes are at increased risk
for the bacteremic form of pneumococ-
cal infection and have been reported to
have a high risk of nosocomial bacter-
emia,with amortality rate as high as 50%

(21). There are twovaccination types, the
23-valent pneumococcal polysaccharide
vaccine (PPSV23) and the 13-valent pneu-
mococcal conjugate vaccine (PCV13), with
distinct schedules for children and adults.
All children are recommended to re-

ceive a four-dose series of PCV13 by 15
months of age. For children with diabe-
tes who have incomplete series by ages
2–5 years, the CDC recommends a
catch-up schedule to ensure that these
children have four doses. Children with
diabetes between 6–18 years of age
are also advised to receive one dose
of PPSV23, preferably after receipt of
PCV13.
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For adults with diabetes, one dose of
PPSV23 is recommended between the
ages of 19–64 years and another dose
at $65 years of age. The PCV13 is no
longer routinely recommended for pa-
tients over 65 years of age because of
the declining rates of pneumonia due to
these strains (22). Older patients should
have a shared decision-making discus-
sion with their provider to determine
individualized risks and benefits. PCV13
is recommended for patients with immu-
nocompromising conditions such as as-
plenia, advanced kidney disease, cochlear
implants, or cerebrospinal fluid leaks (23).
Some older patients residing in assisted
living facilitiesmay also consider PCV13. If
the PCV13 is to be administered, it should
be given prior to the next dose of PPSV23.

Hepatitis B
Compared with the general population,
people with type 1 or type 2 diabetes
have higher rates of hepatitis B. This
may be due to contact with infected

blood or through improper equipment
use (glucose monitoring devices or in-
fected needles). Because of the higher
likelihood of transmission, hepatitis B
vaccine is recommended for adults with
diabetes aged,60 years. For adults aged
$60 years, hepatitis B vaccine may be
administered at the discretion of the
treating clinician based on the patient’s
likelihood of acquiring hepatitis B infection.

COVID-19
During the coming year, it is expected
that vaccines for COVID-19 will become
available and that people with diabe-
tes should be a priority population. The
COVID-19 vaccine will likely become a
routine part of the annual preventive
schedule for people with diabetes.

ASSESSMENT OF COMORBIDITIES

Besides assessing diabetes-related compli-
cations, clinicians and their patients need
to be aware of common comorbidities

that affect people with diabetes andmay
complicate management (24–28). Dia-
betes comorbidities are conditions that
affect people with diabetes more often
than age-matched people without dia-
betes. This section discusses many of the
common comorbidities observed in pa-
tientswith diabetes but is not necessarily
inclusive of all the conditions that have
been reported.

Autoimmune Diseases

Recommendations

4.7 Patients with type 1 diabetes
should be screened for autoim-
mune thyroid disease soon after
diagnosis and periodically there-
after. B

4.8 Adult patients with type 1 diabe-
tes should be screened for celiac
disease in the presence of gas-
trointestinal symptoms, signs, or
laboratory manifestations sugges-
tive of celiac disease. B

People with type 1 diabetes are at in-
creased risk for other autoimmune
diseases, with thyroid disease, celiac
disease, and pernicious anemia (vitamin
B12 deficiency) being among the most
common (29). Other associated condi-
tions include autoimmune hepatitis, pri-
mary adrenal insufficiency (Addison
disease), dermatomyositis, andmyasthe-
nia gravis (30–33). Type 1 diabetes may
also occur with other autoimmune dis-
eases in the context of specific genetic
disorders or polyglandular autoimmune
syndromes (34). Given the high preva-
lence, nonspecific symptoms, and insid-
ious onset of primary hypothyroidism,
routine screening for thyroid dysfunc-
tion is recommended for all patientswith
type 1 diabetes. Screening for celiac dis-
ease should be considered in adult pa-
tients with suggestive symptoms (e.g.,
diarrhea, malabsorption, abdominal pain)
or signs (e.g., osteoporosis, vitamin de-
ficiencies, iron deficiency anemia) (35,36).
Measurement of vitamin B12 levels should
be considered for patients with type 1
diabetes and peripheral neuropathy or
unexplained anemia.

Cancer
Diabetes is associatedwith increased risk
of cancers of the liver, pancreas, endo-
metrium, colon/rectum, breast, and blad-
der (37). The association may result from

Table 4.2—Assessment and treatment plan*
Assessing risk of diabetes complications

c ASCVD and heart failure history
c ASCVD risk factors and 10-year ASCVD risk assessment
c Staging of chronic kidney disease (see Table 11.1)
c Hypoglycemia risk (see Table 4.3)

Goal setting
c Set A1C/blood glucose target
c If hypertension is present, establish blood pressure target
c Diabetes self-management goals

Therapeutic treatment plans
c Lifestyle management
c Pharmacologic therapy: glucose lowering
c Pharmacologic therapy: cardiovascular disease risk factors and renal
c Use of glucose monitoring and insulin delivery devices
c Referral to diabetes education and medical specialists (as needed)

ASCVD, atherosclerotic cardiovascular disease. *Assessment and treatment planning are essential
components of initial and all follow-up visits.

Table 4.3—Assessment of hypoglycemia risk
Factors that increase risk of treatment-associated hypoglycemia

c Use of insulin or insulin secretagogues (i.e., sulfonylureas, meglitinides)
c Impaired kidney or hepatic function
c Longer duration of diabetes
c Frailty and older age
c Cognitive impairment
c Impaired counterregulatory response, hypoglycemia unawareness
c Physical or intellectual disability that may impair behavioral response to hypoglycemia
c Alcohol use
c Polypharmacy (especially ACE inhibitors, angiotensin receptor blockers, nonselective
b-blockers)

Inaddition to individual risk factors, consideruseof comprehensive riskpredictionmodels (102).

See references 103–107.
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shared risk factors between type 2 di-
abetes and cancer (older age, obesity,
and physical inactivity) but may also be
due to diabetes-related factors (38), such
as underlying disease physiology or di-
abetes treatments, although evidence
for these links is scarce. Patients with di-
abetes should be encouraged to undergo
recommended age- and sex-appropriate
cancer screenings and to reduce their
modifiable cancer risk factors (obesity,
physical inactivity, and smoking). New
onset of atypical diabetes (lean body
habitus, negative family history) in a
middle-aged or older patient may pre-
cede the diagnosis of pancreatic adeno-
carcinoma (39). However, in the absence
of other symptoms (e.g., weight loss,
abdominal pain), routine screening of all
suchpatients is not currently recommended.

Cognitive Impairment/Dementia

Recommendation

4.9 In the presence of cognitive im-
pairment, diabetes treatment
regimens should be simplified
as much as possible and tailored
to minimize the risk of hypogly-
cemia. B

Diabetes is associatedwith a significantly
increased risk and rate of cognitive de-
cline and an increased risk of dementia
(40,41). A recent meta-analysis of pro-
spective observational studies in people
with diabetes showed 73% increased risk
of all types of dementia, 56% increased
risk of Alzheimer dementia, and 127%
increased risk of vascular dementia com-
pared with individuals without diabetes
(42). The reverse is also true: peoplewith
Alzheimer dementia are more likely to
develop diabetes than people without
Alzheimer dementia. In a 15-year pro-
spective study of community-dwelling
people.60 years of age, the presence of
diabetes at baseline significantly increased
the age- and sex-adjusted incidence of

all-cause dementia, Alzheimer dementia,
and vascular dementia compared with
rates in those with normal glucose tol-
erance (43). See Section 12 “Older
Adults” (https://doi.org/10.2337/dc21-S012)
for a more detailed discussion regarding
screening for cognitive impairment.

Hyperglycemia
In those with type 2 diabetes, the degree
and duration of hyperglycemia are re-
lated to dementia. More rapid cognitive
decline is associated with both increased
A1C and longer duration of diabetes (42).
TheAction to Control Cardiovascular Risk
in Diabetes (ACCORD) study found that
each 1% higher A1C level was associated
with lower cognitive function in individ-
uals with type 2 diabetes (44). However,
the ACCORD study found no difference in
cognitive outcomes in participants ran-
domlyassigned to intensiveandstandard
glycemic control, supporting the recom-
mendation that intensive glucose control
should not be advised for the improve-
ment of cognitive function in individuals
with type 2 diabetes (45).

Hypoglycemia
In type2diabetes, severehypoglycemia is
associated with reduced cognitive func-
tion, and those with poor cognitive func-
tionhavemore severehypoglycemia. In a
long-term study of older patients with
type 2 diabetes, individuals with one or
more recorded episodes of severe hypo-
glycemia had a stepwise increase in risk
of dementia (46). Likewise, the ACCORD
trial found that as cognitive function
decreased, the risk of severe hypoglyce-
mia increased (47). Tailoring glycemic
therapy may help to prevent hypoglyce-
mia in individuals with cognitive dys-
function. See Section 12 “Older Adults”
(https://doi.org/10.2337/dc21-S012) for
more detailed discussion of hypoglyce-
mia in older patients with type 1 and
type 2 diabetes.

Nutrition
In one study, adherence to the Mediter-
ranean diet correlated with improved
cognitive function (48). However, a re-
cent Cochrane review found insufficient
evidence to recommend any specific di-
etary change for the prevention or treat-
ment of cognitive dysfunction (49).

Statins
A systematic review has reported that
data do not support an adverse effect of
statins on cognition (50). The U.S. Food
and Drug Administration postmarketing
surveillance databases have also revealed
a low reporting rate for cognitive-related
adverse events, including cognitive dys-
function or dementia, with statin ther-
apy, similar to rates seen with other
commonly prescribed cardiovascularmed-
ications (50). Therefore, fear of cognitive
decline should not be a barrier to statin
use in individuals with diabetes and a
high risk for cardiovascular disease.

Nonalcoholic Fatty Liver Disease

Recommendation

4.10 Patients with type 2 diabetes or
prediabetes and elevated liver
enzymes (ALT) or fatty liver on
ultrasound should be evaluated
for presence of nonalcoholic stea-
tohepatitis and liver fibrosis. C

Diabetes is associated with the develop-
ment of nonalcoholic fatty liver disease,
including its more severe manifestations
of nonalcoholic steatohepatitis, liver fibro-
sis, cirrhosis, and hepatocellular carcinoma
(51). Elevations of hepatic transaminase
concentrations are associatedwith higher
BMI,waistcircumference,andtriglyceride
levels and lower HDL cholesterol levels.
Noninvasive tests, such as elastography
or fibrosis biomarkers, may be used to
assess risk of fibrosis, but referral to a
liver specialist and liver biopsy may
be required for definitive diagnosis
(52). Interventions that improve meta-
bolic abnormalities in patients with di-
abetes (weight loss, glycemic control,
and treatmentwith specific drugs for hy-
perglycemia or dyslipidemia) are also
beneficial for fatty liver disease (53,54).
Pioglitazone, vitamin E treatment, and
liraglutide treatment of biopsy-proven
nonalcoholic steatohepatitis have each
been shown to improve liver histol-
ogy, but effects on longer-term clinical

Table 4.4—Referrals for initial care management
c Eye care professional for annual dilated eye exam

c Family planning for women of reproductive age

c Registered dietitian nutritionist for medical nutrition therapy

c Diabetes self-management education and support

c Dentist for comprehensive dental and periodontal examination

c Mental health professional, if indicated

c Audiology, if indicated
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Table 4.5—Highly recommended immunizations for adult patients with diabetes (Advisory Committee on Immunization
Practices, Centers for Disease Control and Prevention)

Vaccination Age-group recommendations Frequency
GRADE evidence

type* Reference

Hepatitis B ,60 years of age; $60 years
of age discuss with doctor

Two- or three-dose
series

2 Centers for Disease Control
and Prevention (CDC). Use
of hepatitis B vaccination
for adults with diabetes
mellitus: recommendations
of the Advisory Committee
on Immunization Practices
(ACIP). MMWR 2011;60:
1709–1711

Human papilloma
virus (HPV)

#26 years of age; 27–45 years
of age may also be
vaccinated against HPV after
a discussion with their health
care provider

Three doses over
6 months

2 for females,
3 for males

Meites E, Szilagyi PG, Chesson
HW, Unger ER, Romero JR,
Markowitz LE. Human
papillomavirus vaccination
for adults: updated
recommendations of the
Advisory Committee on
Immunization Practices.
MMWR 2019;68:698–702

Influenza All patients; advised not to
receive live attenuated
influenza vaccine

Annual – Demicheli V, Jefferson T, Di
Pietrantonj C, Ferroni E,
Thorning S, Thomas RE,
Rivetti A. Vaccines for
preventing influenza in the
elderly. Cochrane Database
Syst Rev 2018;2:CD004876

Pneumonia (PPSV23
[Pneumovax])

19–64 years of age, vaccinate
with Pneumovax

One dose 2 CDC.Updated recommendations
for prevention of invasive
pneumococcal disease
among adults using the
23-valent pneumococcal
polysaccaride vaccine
(PPSV23). MMWR
2010;59:1102–1106

$65 years of age, obtain
second dose of Pneumovax,
at least 5 years from prior
Pneumovax vaccine

One dose; if PCV13 has been
given, then give PPSV23$1
year after PCV13 and $5
years after any PPSV23 at
age ,65 years

2 Falkenhorst G, Remschmidt C,
Harder T, Hummers-Pradier
E, Wichmann O, Bogdan C.
Effectiveness of the
23-valent pneumococcal
polysaccharide vaccine
(PPV23) against
pneumococcal disease in
the elderly: systematic
review and meta-analysis.
PLoS ONE 2017;12:e0169368

Pneumonia
(PCV13
[Prevnar])

19–64 years of age, no
recommendation

None

$65 years of age, without an
immunocompromising condition
(e.g., chronic renal failure),
cochlear implant, or cerebrospinal
fluid leak, have shared decision-
making discussion with doctor

One dose 3 Matanock A, Lee G, Gierke R,
Kobayashi M, Leidner A,
Pilishvili T. Use of 13-valent
pneumococcal conjugate
vaccine and 23-valent
pneumococcal polysac-
charide vaccine among
adults aged $65 years:
updated recommendations
of the Advisory Committee
on Immunization Practices.
MMWR 2019;68:1069–1075

Continued on p. S48

care.diabetesjournals.org Comprehensive Medical Evaluation and Assessment of Comorbidities S47
©Am

er
ica

n D
iabet

es
 A

sso
cia

tio
n

http://care.diabetesjournals.org


outcomes are not known (55–57).
Treatment with other glucagon-like
peptide 1 receptor agonists and with
sodium–glucose cotransporter 2 inhib-
itors has shown promise in preliminary
studies, although benefits may be me-
diated, at least in part, by weight loss
(57–59).

Hepatitis C Infection
Infection with hepatitis C virus (HCV) is
associated with a higher prevalence of
type 2 diabetes, which is present in up
to one-third of individuals with chronic
HCV infection. HCV may impair glucose
metabolism by several mechanisms, in-
cluding directly via viral proteins and
indirectly by altering proinflammatory
cytokine levels (60). The use of newer
direct-acting antiviral drugs produces a
sustained virological response (cure)
in nearly all cases and has been re-
ported to improve glucose metabo-
lism in individuals with diabetes (61).
A meta-analysis of mostly observa-
tional studies found a mean reduction
in A1C levels of 0.45% (95% CI 20.60
to 20.30) and reduced requirement
for glucose-lowering medication use
following successful eradication of
HCV infection (62).

Pancreatitis
Diabetes is linked to diseases of the
exocrine pancreas such as pancreatitis,

which may disrupt the global architecture
or physiology of the pancreas, often
resulting in both exocrine and endocrine
dysfunction. Up to half of patients with
diabetes may have some degree of im-
paired exocrine pancreas function (63).
People with diabetes are at an approx-
imately twofold higher risk of developing
acute pancreatitis (64).
Conversely, prediabetes and/or diabe-

tes has been found to develop in ap-
proximately one-third of patients after
an episode of acute pancreatitis (65);
thus, the relationship is likely bidirec-
tional. Postpancreatitis diabetes may in-
clude either new-onset disease or previously
unrecognized diabetes (66). Studies of
patients treated with incretin-based ther-
apies for diabetes have also reported that
pancreatitis may occur more frequently
with these medications, but results have
been mixed and causality has not been
established (67–69).

Islet autotransplantation should be
considered for patients requiring total
pancreatectomy for medically refractory
chronic pancreatitis to prevent postsur-
gical diabetes. Approximately one-third
of patients undergoing total pancreatec-
tomy with islet autotransplantation are
insulin free 1 year postoperatively, and
observational studies fromdifferent cen-
ters have demonstrated islet graft func-
tion up to a decade after the surgery in
some patients (70–74). Both patient and

disease factors should be carefully con-
sidered when deciding the indications
and timing of this surgery. Surgeries
should be performed in skilled facilities
that have demonstrated expertise in islet
autotransplantation.

Fractures
Age-specific hip fracture risk is signifi-
cantly increased in both people with
type 1 diabetes (relative risk 6.3) and
those with type 2 diabetes (relative risk
1.7) in both sexes (75). Type 1 diabetes
is associated with osteoporosis, but in
type 2 diabetes, an increased risk of hip
fracture is seen despite higher bone
mineral density (BMD) (76). In three large
observational studies of older adults,
femoral neckBMDT-score and theWorld
HealthOrganizationFractureRiskAssess-
ment Tool (FRAX) score were associated
withhip andnonspine fractures. Fracture
risk was higher in participants with di-
abetes compared with those without
diabetes for a given T-score and age or
for a given FRAX score (77). Providers
should assess fracture history and risk
factors in older patients with diabetes
and recommendmeasurement of BMD if
appropriate for the patient’s age and sex.
Fractureprevention strategies for people
with diabetes are the same as for the
general population and may include vi-
tamin D supplementation. For patients
with type 2 diabetes with fracture risk

Table 4.5—Continued

Vaccination Age-group recommendations Frequency
GRADE evidence

type* Reference

Tetanus, diphtheria,
pertussis (TDAP)

All adults; pregnant women
should have an extra dose

Booster every 10 years 2 for
effectiveness,
3 for safety

Havers FP, Moro PL, Hunter P,
Hariri S, Bernstein H. Use of
tetanus toxoid, reduced
diphtheria toxoid, and
acellular pertussis vaccines:
updated recommendations
of the Advisory Committee
on Immunization
PracticesdUnited States,
2019. MMWR 2020;69:
77–83

Zoster $50 years of age Two-dose Shingrix, even if
previously vaccinated

1 Dooling KL, Guo A, Patel M,
et al. Recommendations of
the Advisory Committee on
Immunization Practices for
use of herpes zoster
vaccines. MMWR
2018;67:103–108

GRADE, Grading of Recommendations Assessment, Development and Evaluation; PCV13, 13-valent pneumococcal conjugate vaccine; PPSV23,
23-valent pneumococcal polysaccharide vaccine. *Evidence type: 1 5 randomized controlled trials (RCTs), or overwhelming evidence from
observational studies; 25 RCTs with important limitations, or exceptionally strong evidence from observational studies; 35 observational studies, or
RCTswithnotable limitations; and45 clinical experienceandobservations, observational studieswith important limitations,orRCTswith severalmajor
limitations. For a comprehensive list, refer to the Centers for Disease Control and Prevention at https://www.cdc.gov/vaccines/.
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factors, thiazolidinediones (78) and sodium–

glucose cotransporter 2 inhibitors (79)
should be used with caution.

Sensory Impairment
Hearing impairment, both in high-frequency
and low- to midfrequency ranges, is
more common in people with diabetes
than in those without, with stronger
associations found in studies of younger
people (80). Proposed pathophysiologic
mechanisms include the combined con-
tributions of hyperglycemia and oxida-
tive stress to cochlear microangiopathy
and auditory neuropathy (81). In a Na-
tional Health and Nutrition Examination
Survey (NHANES) analysis, hearing im-
pairment was about twice as prevalent
in people with diabetes compared with
thosewithout, after adjusting for age and
other risk factors for hearing impairment
(82). Low HDL cholesterol, coronary heart
disease, peripheral neuropathy, and gen-
eral poor health have been reported as
risk factors for hearing impairment for
people with diabetes, but an association
of hearing loss with blood glucose levels
has not been consistently observed (83).
In the Diabetes Control andComplications
Trial/ Epidemiology of Diabetes Interven-
tions and Complications (DCCT/EDIC)
cohort, time-weighted mean A1C was
associated with increased risk of hear-
ing impairment when tested after long-
term (.20 years) follow-up (84). Impair-
ment in smell, but not taste, has also
been reported in individuals with di-
abetes (85).

Low Testosterone in Men

Recommendation

4.11 In men with diabetes who have
symptoms or signs of hypogo-
nadism, such as decreased sex-
ual desire (libido) or activity, or
erectile dysfunction, consider
screening with a morning se-
rum testosterone level. B

Mean levels of testosterone are lower in
men with diabetes compared with age-
matched men without diabetes, but
obesity is a major confounder (86,87).
Testosterone replacement in men with
symptomatic hypogonadism may have
benefits including improved sexual
function, well-being, muscle mass and
strength, and bone density (88). In men
with diabetes who have symptoms or

signs of low testosterone (hypogonad-
ism), a morning total testosterone level
should be measured using an accurate
and reliable assay (89). In men who
have total testosterone levels close to
the lower limit, it is reasonable to de-
termine free testosterone concentra-
tions either directly from equilibrium
dialysis assays or by calculations that
use total testosterone, sex hormone
binding globulin, and albumin concen-
trations (89). Please see the Endocrine
Society Clinical Practice Guideline for
detailed recommendations (89). Further
tests (such as luteinizing hormone and
follicle-stimulating hormone levels) may
be needed to determine if the patient
has hypogonadism. Testosterone replace-
ment in older men with hypogonadism
has been associated with increased
coronary artery plaque volume, with no
conclusive evidence that testosterone
supplementation is associated with in-
creased cardiovascular risk in hypogona-
dal men (89).

Obstructive Sleep Apnea
Age-adjusted rates of obstructive sleep
apnea, a risk factor for cardiovascular
disease, are significantly higher (4- to
10-fold) with obesity, especially with
central obesity (90). The prevalence of
obstructive sleep apnea in the popula-
tion with type 2 diabetes may be as high
as 23%, and the prevalence of any sleep-
disordered breathing may be as high as
58% (91,92). In obese participants en-
rolled in the Action for Health in Diabetes
(Look AHEAD) trial, it exceeded 80% (93).
Patients with symptoms suggestive of
obstructive sleep apnea (e.g., excessive
daytime sleepiness, snoring, witnessed
apnea) should be considered for screen-
ing (94). Sleep apnea treatment (lifestyle
modification, continuous positive airway
pressure, oral appliances, and surgery)
significantly improves quality of life and
blood pressure control. The evidence
for a treatment effect on glycemic con-
trol is mixed (95).

Periodontal Disease
Periodontal disease is more severe, and
may be more prevalent, in patients with
diabetes than in those without and has
been associated with higher A1C levels
(96–98). Longitudinal studies suggest
that people with periodontal disease
have higher rates of incident diabetes.

Current evidence suggests that peri-
odontal disease adversely affects diabe-
tes outcomes, although evidence for
treatmentbenefits remains controversial
(28,99). In a randomized clinical trial, in-
tensive periodontal treatment was associ-
ated with better glycemic control (A1C
8.3% vs. 7.8% in control subjects and the
intensive-treatment group, respectively)
and reduction in inflammatory markers
after 12 months of follow-up (100).
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5. Facilitating Behavior Change
and Well-being to Improve Health
Outcomes: Standards of Medical
Care in Diabetesd2021
Diabetes Care 2021;44(Suppl. 1):S53–S72 | https://doi.org/10.2337/dc21-S005

The American Diabetes Association (ADA) “Standards of Medical Care in Diabetes”
includes the ADA’s current clinical practice recommendations and is intended to
provide the components of diabetes care, general treatment goals and guidelines,
and tools to evaluate quality of care. Members of the ADA Professional Practice
Committee, a multidisciplinary expert committee (https://doi.org/10.2337/dc21-
SPPC), are responsible for updating the Standards of Care annually, or more
frequently as warranted. For a detailed description of ADA standards, statements,
and reports, as well as the evidence-grading system for ADA’s clinical practice
recommendations, please refer to the Standards of Care Introduction (https://doi
.org/10.2337/dc21-SINT). Readers who wish to comment on the Standards of Care
are invited to do so at professional.diabetes.org/SOC.

Effective behavior management and psychological well-being are foundational to
achieving treatment goals for people with diabetes (1,2). Essential to achieving these
goals are diabetes self-management education and support (DSMES),medical nutrition
therapy (MNT), routine physical activity, smoking cessation counseling when needed,
and psychosocial care. Following an initial comprehensive medical evaluation (see
Section 4 “Comprehensive Medical Evaluation and Assessment of Comorbidities,”
https://doi.org/10.2337/dc21-S004), patients and providers are encouraged to engage
in person-centered collaborative care (3–6), which is guided by shared decision-making
in treatment regimen selection, facilitation of obtaining needed medical and psycho-
social resources, and shared monitoring of agreed-upon regimen and lifestyle (7).
Reevaluation during routine care should include not only assessment ofmedical health,
but also behavioral and mental health outcomes, especially during times of de-
terioration in health and well-being.

DIABETES SELF-MANAGEMENT EDUCATION AND SUPPORT

Recommendations

5.1 In accordance with the national standards for diabetes self-management
education and support, all peoplewith diabetes should participate in diabetes
self-management education and receive the support needed to facilitate
the knowledge, decision-making, and skills mastery necessary for diabetes
self-care. A

5.2 There are four critical times to evaluate the need for diabetes self-manage-
ment education to promote skills acquisition in support of regimen imple-
mentation, medical nutrition therapy, and well-being: at diagnosis, annually
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and/or when not meeting treat-
ment targets, when complicating
factors develop (medical, physi-
cal, psychosocial), andwhen tran-
sitions in life and care occur. E

5.3 Clinical outcomes, health status,
and well-being are key goals of
diabetes self-management edu-
cation and support that should
be measured as part of routine
care. C

5.4 Diabetes self-management edu-
cation and support should be pa-
tient centered, may be given in
group or individual settings and/
or use technology, and should be
communicated with the entire
diabetes care team. A

5.5 Because diabetes self-management
education and support can improve
outcomes and reduce costs B, re-
imbursement by third-party payers
is recommended. C

5.6 Barrierstodiabetesself-management
education and support exist at
thehealth system,payor, provider,
and patient levels A and efforts
need to be made to identify and
address them. E

5.7 Some barriers to diabetes self-
management education and support
access may be mitigated through
telemedicine approaches. B

DSMES services facilitate the knowledge,
decision-making, and skills mastery nec-
essary for optimal diabetes self-care and
incorporate the needs, goals, and life
experiencesof thepersonwithdiabetes.
The overall objectives of DSMES are to
support informed decision-making, self-
care behavior, problem-solving, and ac-
tive collaboration with the health care
team to improve clinical outcomes, health
status, and well-being in a cost-effective
manner (2). Providers are encouraged to
consider the burden of treatment and the
patient’s level of confidence/self-efficacy
for management behaviors as well as the
level of social and family support when
providing DSMES. Patient performance of
self-management behaviors, including its
effect on clinical outcomes, health status,
and quality of life, as well as the psycho-
social factors impacting the person’s abil-
ity to self-manage, should be monitored
as part of routine clinical care. A random-
ized controlled trial testing a decision-
making education and skill-building

program (8) showed that addressing these
targets improved health outcomes in a
population in need of health care resour-
ces. Furthermore, following a DSMES cur-
riculum improves quality of care (9).
In addition, in response to the growing

literature that associates potentially
judgmental words with increased feel-
ings of shame and guilt, providers are
encouraged to consider the impact that
language has on building therapeutic
relationships and to choose positive,
strength-based words and phrases that
put people first (4,10). Patient perfor-
mance of self-management behaviors,
as well as psychosocial factors with the
potential to impact the person’s self-
management, shouldbemonitored.Please
see Section 4 “Comprehensive Medical
Evaluation and Assessment of Comorbid-
ities” (https://doi.org/10.2337/dc21-S004)
for more on use of language.
DSMES and the current national stand-

ards guiding it (2,11) are based on evi-
dence of benefit. Specifically, DSMES
helps people with diabetes to identify
and implement effective self-management
strategies and cope with diabetes at
four critical time points (see below) (2).
Ongoing DSMES helps people with diabe-
tes tomaintain effective self-management
throughout a lifetime of diabetes as they
face new challenges and as advances in
treatment become available (12).
Four critical time points have been

definedwhen theneed forDSMES is tobe
evaluated by the medical care provider
and/or multidisciplinary team, with re-
ferrals made as needed (2):

1. At diagnosis
2. Annually and/or when not meeting

treatment targets
3. When complicating factors (health

conditions, physical limitations, emo-
tional factors, or basic living needs)
develop that influence self-management

4. When transitions in life and care
occur

DSMES focuses on supporting patient
empowerment by providing people with
diabetes the tools tomake informed self-
management decisions (13). Diabetes
care requires an approach that places
the person with diabetes and his or her
family/support system at the center of
the care model, working in collabora-
tion with health care professionals.
Patient-centered care is respectful of
and responsive to individual patient

preferences, needs, and values. It ensures
that patient values guide all decision-
making (14).

Evidence for the Benefits
Studies have found that DSMES is asso-
ciated with improved diabetes knowl-
edge and self-care behaviors (14,15),
lower A1C (14,16–19), lower self-reported
weight (20,21), improved quality of life
(17,22), reduced all-cause mortality risk
(23), healthy coping (5,24), and reduced
health care costs (25–27). Better out-
comes were reported for DSMES inter-
ventions that were more than 10 h over
the course of 6–12months (18), included
ongoing support (12,28), were culturally
(29,30) and age appropriate (31,32),
were tailored to individual needs and
preferences, and addressed psychoso-
cial issues and incorporated behavioral
strategies (13,24,33,34). Individual and
group approaches are effective (21,35,
36), with a slight benefit realized by those
who engage in both (18).
Emerging evidence demonstrates the

benefit of telemedicine or internet-
based DSMES services for diabetes pre-
vention and the management of type 2
diabetes (37–43). Technology-enabled di-
abetes self-management solutions im-
prove A1C most effectively when there
is two-way communication between the
patient and the health care team, in-
dividualized feedback, use of patient-
generated health data, and education
(39).
Current research supports diabetes care

and education specialists including nurses,
dietitians, and pharmacists as providers
of DSMESwhomay also tailor curriculum
to the person’s needs (44–46). Members
of the DSMES team should have special-
ized clinical knowledge in diabetes and
behavior change principles. Certification
as adiabetes careandeducationspecialist
(see https://www.cbdce.org/) and/or
board certification in advanced diabetes
management (see www.diabeteseducator
.org/education/certification/bc_adm)
demonstrates an individual’s specialized
training in and understanding of diabetes
management and support (11), and en-
gagement with qualified providers has
been shown to improve disease-related
outcomes. Additionally, there is growing
evidence for the role of community
health workers (47,48), as well as peer
(47–51) and lay leaders (52), in providing
ongoing support.
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Evidence suggests people with diabe-
tes who completed more than 10 hours
of DSMES over the course of 6–12 months
and those who participated on an ongo-
ing basis had significant reductions in
mortality (23) and A1C (decrease of
0.57%) (18) compared with those who
spent less time with a diabetes care and
education specialist. Given individual
needs and access to resources, a variety
of culturally adapted DSMES programs
need tobeoffered in a variety of settings.
Use of technology to facilitate access to
DSMESservices, support self-management
decisions, and decrease therapeutic in-
ertia suggests that these approaches need
broader adoption.
DSMES is associated with an increased

use of primary care and preventive serv-
ices (25,53,54) and less frequent use of
acute care and inpatient hospital services
(20). Patients who participate in DSMES
are more likely to follow best practice
treatment recommendations, particularly
among the Medicare population, and
have lowerMedicare and insurance claim
costs (26,53). Despite these benefits, re-
ports indicate that only 5–7% of individ-
uals eligible for DSMES throughMedicare
oraprivate insuranceplanactually receive
it (55,56). Barriers to DSMES exist at the
health system, payor, provider, and pa-
tient levels. This low participationmay be
due to lack of referral or other identified
barriers such as logistical issues (accessi-
bility, timing, costs) and the lack of a
perceived benefit (56). Health system,
programmatic, and payor barriers include
lack of administrative leadership support,
limited numbers of DSMES providers, not
having referral to DSMES services effec-
tively embedded in the health system
service structure, and limited reimburse-
ment rates (57). Thus, in addition to
educating referring providers about the
benefitsofDSMESand thecritical times to
refer, efforts need to be made to identify
and address all of the various potential
barriers (2). Alternative and innovative
models of DSMES delivery need to be
explored and evaluated, including the
integration of technology-enabled diabe-
tes and cardiometabolic health services
(58,59).

Reimbursement
Medicare reimburses DSMES when that
service meets the national standards
(2,11) and is recognized by the American
Diabetes Association (ADA) or Association

of Diabetes Care & Education Specialists
(ADCES). DSMES is also covered by most
health insurance plans. Ongoing support
has been shown to be instrumental for
improving outcomes when it is imple-
mented after the completion of educa-
tionservices.DSMES is frequently reimbursed
when performed in person. However,
although DSMES can also be provided
via phone calls and telehealth, these
remote versions may not always be re-
imbursed.Somebarriers toDSMESaccess
may be mitigated through telemedicine
approaches. Changes in reimbursement
policies that increase DSMES access and
utilization will result in a positive im-
pact to beneficiaries’ clinical outcomes,
quality of life, health care utilization,
and costs (60–62). During the time of
the coronavirus disease 2019 (COVID-
19) pandemic, reimbursement policies
have changed (https://professional
.diabetes.org/content-page/dsmes-and-
mnt-during-covid-19-national-pandemic),
and these changes may provide a new
reimbursement paradigm for future
provision of DSMES through telehealth
channels.

MEDICAL NUTRITION THERAPY

Please refer to the ADA consensus report
“Nutrition Therapy for Adults With Di-
abetes or Prediabetes: A Consensus Re-
port” for more information on nutrition
therapy (46). For many individuals with
diabetes, themost challengingpartof the
treatmentplan isdeterminingwhattoeat.
There is not a “one-size-fits-all” eating
pattern for individuals with diabetes, and
meal planning should be individualized.
Nutrition therapy plays an integral role in
overall diabetes management, and each
person with diabetes should be actively
engaged in education, self-management,
and treatment planning with his or her
health care team, including the collabo-
rative development of an individualized
eating plan (46,63). All providers should
refer people with diabetes for individu-
alized MNT provided by a registered di-
etitian nutritionist (RD/RDN) who is
knowledgeable and skilled in providing
diabetes-specific MNT (64) at diagnosis
and as needed throughout the life span,
similar to DSMES. MNT delivered by an
RD/RDN is associated with A1C absolute
decreases of 1.0–1.9% for people with
type 1 diabetes (65) and 0.3–2.0% for
people with type 2 diabetes (65). See

Table 5.1 for specific nutrition recommen-
dations. Because of the progressive nature
of type 2 diabetes, behavior modification
alone may not be adequate to maintain
euglycemiaovertime.However,aftermed-
ication is initiated, nutrition therapy con-
tinuesto bean important component and
RD/RDNs providingMNT in diabetes care
should assess and monitor medication
changes in relation to the nutrition care
plan (46,63).

Goals of Nutrition Therapy for Adults
With Diabetes
1. To promote and support healthful

eating patterns, emphasizing a variety
of nutrient-dense foods in appropriate
portionsizes, to improveoverall health
and:
c achieve and maintain body weight

goals
c attain individualized glycemic, blood

pressure, and lipid goals
c delay or prevent the complications

of diabetes
2. To address individual nutrition needs

based on personal and cultural prefer-
ences, health literacy and numeracy,
access to healthful foods, willingness
and ability to make behavioral changes,
and existing barriers to change

3. To maintain the pleasure of eating by
providing nonjudgmental messages
about food choices while limiting
food choices only when indicated
by scientific evidence

4. To provide an individual with diabetes
the practical tools for developing healthy
eating patterns rather than focusing
on individual macronutrients, micro-
nutrients, or single foods

Eating Patterns and Meal Planning
Evidence suggests that there is not an
ideal percentage of calories from carbo-
hydrate, protein, and fat for people with
diabetes. Therefore, macronutrient dis-
tribution should be based on an individ-
ualized assessment of current eating
patterns,preferences,andmetabolicgoals.
Consider personal preferences (e.g., tra-
dition, culture, religion, health beliefs and
goals, economics) as well as metabolic
goals when working with individuals to
determine the best eating pattern for
them (46,66,67). Members of the health
care team should complement MNT
by providing evidence-based guidance
that helps people with diabetes make
healthy food choices that meet their
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Table 5.1—Medical nutrition therapy recommendations

Topic Recommendation

Effectiveness of nutrition therapy 5.8 An individualizedmedical nutrition therapyprogramas needed to achieve treatment goals,
provided by a registered dietitian nutritionist (RD/RDN), preferably one who has
comprehensive knowledge and experience in diabetes care, is recommended for all people
with type 1 or type 2 diabetes, prediabetes, and gestational diabetes mellitus. A

5.9 Because diabetes medical nutrition therapy can result in cost savings B and improved
outcomes (e.g., A1C reduction, reduced weight, decrease in cholesterol) A, medical
nutrition therapy should be adequately reimbursed by insurance and other payers. E

Energy balance 5.10 For all patients with overweight or obesity, lifestyle modification to achieve and maintain
a minimum weight loss of 5% is recommended for all patients with diabetes and
prediabetes. A

Eating patterns and macronutrient distribution 5.11 There is no single ideal dietary distribution of calories among carbohydrates, fats, and
proteins for people with diabetes; therefore, meal plans should be individualized while
keeping total calorie and metabolic goals in mind. E

5.12 A variety of eating patterns can be considered for the management of type 2 diabetes and
to prevent diabetes in individuals with prediabetes. B

Carbohydrates 5.13 Carbohydrate intake should emphasize nutrient-dense carbohydrate sources that are high
in fiber and minimally processed. Eating plans should emphasize nonstarchy vegetables,
minimal added sugars, fruits, whole grains, as well as dairy products. B

5.14 Reducing overall carbohydrate intake for individuals with diabetes has demonstrated the
most evidence for improving glycemia and may be applied in a variety of eating patterns
that meet individual needs and preferences. B

5.15 For people with diabetes who are prescribed a flexible insulin therapy program, education
on how to use carbohydrate countingA and on dosing for fat and protein content B should
be used to determine mealtime insulin dosing.

5.16 For adults using fixed insulin doses, consistent pattern of carbohydrate intakewith respect
to time and amount, while considering the insulin action time, can result in improved
glycemia and reduce the risk for hypoglycemia. B

5.17 People with diabetes and those at risk are advised to replace sugar-sweetened beverages
(including fruit juices) with water as much as possible in order to control glycemia and
weightand reduce their risk for cardiovascular diseaseand fatty liverBand shouldminimize
the consumption of foods with added sugar that have the capacity to displace healthier,
more nutrient-dense food choices. A

Protein 5.18 In individuals with type 2 diabetes, ingested protein appears to increase insulin response
without increasingplasmaglucoseconcentrations. Therefore, carbohydrate sourceshigh in
protein should be avoided when trying to treat or prevent hypoglycemia. B

Dietary fat 5.19 An eating plan emphasizing elements of a Mediterranean-style eating pattern rich in
monounsaturated and polyunsaturated fats may be considered to improve glucose
metabolism and lower cardiovascular disease risk. B

5.20 Eating foods rich in long-chain n-3 fatty acids, such as fatty fish (EPA andDHA) and nuts and
seeds (ALA), is recommended to prevent or treat cardiovascular disease. B

Micronutrients and herbal supplements 5.21 There is no clear evidence that dietary supplementation with vitamins, minerals (such as
chromium and vitamin D), herbs, or spices (such as cinnamon or aloe vera) can improve
outcomes in people with diabetes who do not have underlying deficiencies, and they are
not generally recommended for glycemic control. C

Alcohol 5.22 Adultswithdiabeteswhodrink alcohol shoulddo so inmoderation (nomore thanonedrink
per day for adult women and no more than two drinks per day for adult men). C

5.23 Educating people with diabetes about the signs, symptoms, and self-management of
delayed hypoglycemia after drinking alcohol, especially when using insulin or insulin
secretagogues, is recommended. The importance of glucose monitoring after drinking
alcoholic beverages to reduce hypoglycemia risk should be emphasized. B

Sodium 5.24 As for the general population, people with diabetes and prediabetes should limit sodium
consumption to ,2,300 mg/day. B

Nonnutritive sweeteners 5.25 The use of nonnutritive sweeteners may have the potential to reduce overall calorie and
carbohydrate intake if substituted for caloric (sugar) sweetenersandwithoutcompensation
by intake of additional calories from other food sources. For those who consume sugar-
sweetened beverages regularly, a low-calorie or nonnutritive-sweetened beverage may
serve as a short-termreplacement strategy, but overall, people are encouraged todecrease
bothsweetenedandnonnutritive-sweetenedbeveragesanduseotheralternatives,withan
emphasis on water intake. B
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individualized needs and improve over-
all health. A variety of eating patterns
are acceptable for the management of
diabetes (46,66,68,69). Until the evi-
dence surrounding comparative bene-
fits of different eating patterns in specific
individuals strengthens, health care pro-
viders should focus on the key factors
that are common among the patterns: 1)
emphasize nonstarchyvegetables,2)min-
imize added sugars and refined grains,
and 3) choose whole foods over highly
processed foods to the extent possible
(46). An individualized eating pattern also
considers the individual’s health status,
skills, resources, food preferences, and
health goals. Referral to an RD/RDN is
essential to assess the overall nutrition
status of, and to work collaboratively
with, the patient to create a personal-
ized meal plan that coordinates and
aligns with the overall treatment plan,
includingphysical activity andmedication
use. The Mediterranean-style (67,70–72),
low-carbohydrate (73–75), and vegetarian
or plant-based (71,72,76,77) eating pat-
terns are all examples of healthful eating
patterns that have shownpositive results
in research, but individualizedmeal plan-
ning should focus on personal preferen-
ces, needs, and goals.
Reducing overall carbohydrate intake

for individuals with diabetes has dem-
onstrated the most evidence for improv-
ing glycemia and may be applied in
a variety of eating patterns that meet
individual needs and preferences (46).
For individuals with type 2 diabetes not
meeting glycemic targets or for whom
reducing glucose-lowering drugs is a
priority, reducing overall carbohydrate
intakewitha low-or very-low-carbohydrate
eating pattern is a viable option (73–75).
As research studies on low-carbohydrate
eating plans generally indicate chal-
lenges with long-term sustainability, it
is important to reassess and individualize
meal plan guidance regularly for those
interested in this approach, recognizing
that insulin and other diabetes medica-
tions may need to be adjusted to prevent
hypoglycemia and blood pressure will need
to bemonitored. Very-low-carbohydrate
eating patterns are not recommended
at this time for women who are pregnant
or lactating, people with or at risk for
disordered eating, or people who have
renal disease, and they should be used
with caution in patients taking sodium–

glucose cotransporter 2 inhibitors due to

the potential risk of ketoacidosis (78,79).
There is inadequate research in type 1
diabetes to support one eating pattern
over another at this time.
A randomized controlled trial found

that twomeal planning approaches were
effective in helping achieve improved
A1C, particularly for individuals with
an A1C between 7% and 10% (80). The
diabetes plate method is a commonly
used visual approach for providing basic
meal planning guidance. This simple
graphic (featuring a 9-inch plate) shows
how to portion foods (1/2 of the plate for
nonstarchy vegetables, 1/4 of the plate
for protein, and 1/4 of the plate for
carbohydrates). Carbohydrate counting
is a more advanced skill that helps plan
for and track how much carbohydrate is
consumed at meals and snacks. Meal
planning approaches should be custom-
ized to the individual, including their
numeracy level (80).

Weight Management
Management and reduction of weight is
important for people with type 1 diabe-
tes, type 2 diabetes, or prediabetes and
overweight or obesity. To supportweight
loss and improve A1C, cardiovascular
disease (CVD) risk factors, andwell-being
in adults with overweight/obesity and
prediabetes or diabetes,MNT andDSMES
services should include an individualized
eating plan in a format that results in an
energy deficit in combination with en-
hanced physical activity (46). Lifestyle
intervention programs should be inten-
sive and have frequent follow-up to
achieve significant reductions in excess
body weight and improve clinical indica-
tors. There is strong and consistent ev-
idence that modest persistent weight
loss can delay the progression from pre-
diabetes to type 2 diabetes (66,81,82)
(see Section 3 “Prevention or Delay of
Type 2 Diabetes,” https://doi.org/10
.2337/dc20-S003) and is beneficial to
the management of type 2 diabetes
(see Section 8 “Obesity Management
for the Treatment of Type 2 Diabetes,”
https://doi.org/10.2337/dc20-S008).
In prediabetes, the weight loss goal is

7–10% for preventing progression to type
2 diabetes (83). In conjunction with
support for healthy lifestyle behaviors,
medication-assisted weight loss can
be considered for people at risk for
type 2 diabetes when needed to achieve
and sustain 7–10% weight loss (84,85).

People with prediabetes at a healthy
weight should also be considered for
behavioral interventions to help estab-
lish routine aerobic and resistance exer-
cise (83,86,87) as well as to establish
healthy eating patterns. Services deliv-
ered by practitioners familiar with diabe-
tes and its management, such as an RD/
RDN, have been found to be effective
(64).
For many individuals with overweight

and obesity with type 2 diabetes, 5%
weight loss is needed to achieve bene-
ficial outcomes inglycemic control, lipids,
and blood pressure (88). It should be
noted, however, that the clinical benefits
of weight loss are progressive, and more
intensiveweight lossgoals (i.e., 15%)may
be appropriate to maximize benefit de-
pending on need, feasibility, and safety
(89,90). In select individuals with type 2
diabetes, an overall healthy eating plan
that results in energy deficit in conjunc-
tion with weight lossmedications and/or
metabolic surgery should be considered
to help achieve weight loss and mainte-
nance goals, lower A1C, and reduce CVD
risk (84,91,92). Overweight and obesity
are also increasingly prevalent in people
with type 1 diabetes and present clinical
challenges regarding diabetes treatment
and CVD risk factors (93,94). Sustaining
weight loss canbechallenging (88,95)but
has long-term benefits; maintaining weight
loss for 5 years is associated with sus-
tained improvements in A1C and lipid
levels (96). MNT guidance from an RD/
RDNwithexpertise indiabetesandweight
management, throughout the course of
a structured weight loss plan, is strongly
recommended.
People with diabetes and prediabetes

should be screened and evaluated dur-
ing DSMES and MNT encounters for
disordered eating, and nutrition therapy
should be individualized to accommo-
date disorders (46). Disordered eating
can make following an eating plan chal-
lenging, and individuals should be re-
ferred to a mental health professional
as needed. Studies have demonstrated
that a variety of eating plans, varying
in macronutrient composition, can be
used effectively and safely in the short
term (1–2 years) to achieveweight loss in
peoplewith diabetes. This includes struc-
tured low-calorie meal plans with meal
replacements (89,96,97), theMediterranean-
style eating pattern (98), and low-
carbohydrate meal plans with additional
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support (99,100). However, no single
approach has been proven to be consis-
tently superior (46,101–103), and more
data are needed to identify and validate
those meal plans that are optimal with
respect to long-term outcomes and pa-
tient acceptability. The importance of
providing guidance on an individualized
meal plan containing nutrient-dense foods,
such as vegetables, fruits, legumes, dairy,
lean sources of protein (including plant-
based sources as well as lean meats, fish,
and poultry), nuts, seeds, and whole grains,
cannot be overemphasized (102), as well
as guidance on achieving the desired
energy deficit (104–107). Any approach
tomealplanning shouldbe individualized
considering the health status, personal
preferences, and ability of the person
with diabetes to sustain the recommen-
dations in the plan.

Carbohydrates
Studies examining the ideal amount of
carbohydrate intake for people with di-
abetes are inconclusive, although monitor-
ingcarbohydrate intakeandconsidering the
blood glucose response to dietary car-
bohydrate are key for improving post-
prandial glucosemanagement (108,109).
The literature concerning glycemic index
and glycemic load in individuals with
diabetes is complex, often with varying
definitions of low and high glycemic in-
dex foods (110,111). The glycemic index
ranks carbohydrate foods on their post-
prandial glycemic response, and glyce-
mic load takes into account both the
glycemic index of foods and the amount
of carbohydrate eaten. Studies have
found mixed results regarding the effect
of glycemic index and glycemic load on
fasting glucose levels and A1C, with one
systematic review finding no significant
impact on A1C (112), while two others
demonstrated A1C reductions of 0.15%
(110) to 0.5% (113).
Reducing overall carbohydrate intake

for individuals with diabetes has dem-
onstrated evidence for improving glyce-
mia and may be applied in a variety of
eating patterns that meet individual
needs and preferences (46). For people
with type 2 diabetes, low-carbohydrate
and very-low-carbohydrate eating pat-
terns, in particular, have been found to
reduce A1C and the need for antihyper-
glycemic medications (46,67,114,115).
Systematic reviews and meta-analyses
of randomized controlled trials found

carbohydrate-restricted eating patterns,
particularly those considered very low
carbohydrate (,26% total energy), were
effective in reducing A1C in the short term
(,6 months), with less difference in eating
patterns beyond 1 year (73,74,103,115).
Part of the challenge in interpreting low-
carbohydrate research has been due to
the wide range of definitions for a low-
carbohydrate eating plan (75,113). Weight
reduction was also a goal in many low-
carbohydrate studies, which further com-
plicates evaluating the distinct contribution
of the eating pattern (40,99,103,116). As
research studies on low-carbohydrate
eating plans generally indicate challenges
with long-term sustainability (115), it is
important to reassess and individualize
meal plan guidance regularly for those
interested in this approach. Providers
should maintain consistent medical over-
sight and recognize that insulin and other
diabetes medications may need to be
adjusted to prevent hypoglycemia and
bloodpressurewill need to bemonitored.
In addition, very-low-carbohydrate eating
plans are not currently recommended for
women who are pregnant or lactating,
children, people who have renal disease,
or people with or at risk for disordered
eating, and these plans should be used with
caution in those taking sodium–glucose
cotransporter 2 inhibitors because of the
potential risk of ketoacidosis (78,79). There
is inadequate research about dietary pat-
terns for type 1 diabetes to support one
eating plan over another at this time (117).
Most individuals with diabetes report a

moderate intake of carbohydrate (44–
46% of total calories) (66). Efforts to
modify habitual eating patterns are of-
ten unsuccessful in the long term; peo-
ple generally go back to their usual
macronutrient distribution (66). Thus,
the recommended approach is to individ-
ualize meal plans with a macronutrient
distribution that is more consistent with
personal preference and usual intake to
increase the likelihood for long-term
maintenance.
As for all individuals in developed coun-

tries, both children and adults with di-
abetes are encouraged tominimize intake
of refined carbohydrates and added sug-
ars and instead focus on carbohydrates
from vegetables, legumes, fruits, dairy
(milk and yogurt), and whole grains.
People with diabetes and those at risk
for diabetes are encouraged to consume
at least the amount of dietary fiber

recommended for the general public.
The Dietary Guidelines for Americans
recommend a minimum of 14 g of fi-
ber/1,000 kcal, with at least half of grain
consumption being whole, intact grains
(118). Regular intake of sufficient dietary
fiber is associated with lower all-cause mor-
tality in people with diabetes (119,120), and
prospective cohort studies have found
dietaryfiber intake is inversely associated
with risk of type 2 diabetes (121,122).
The consumption of sugar-sweetened
beverages and processed food products
with high amounts of refined grains and
added sugars is strongly discouraged
(118,123,124).
Individuals with type 1 or type 2 di-

abetes taking insulin at mealtime should
be offered intensive and ongoing edu-
cation on the need to couple insulin
administrationwith carbohydrate intake.
For people whose meal schedule or
carbohydrate consumption is variable,
regular counseling to help them under-
stand the complex relationship between
carbohydrate intake and insulin needs is
important. In addition, education on
using the insulin-to-carbohydrate ratios
for meal planning can assist them with
effectively modifying insulin dosing from
meal to meal and improving glycemic
management (66,108,125–128). Results
from recent high-fat and/or high-protein
mixed meals studies continue to sup-
port previous findings that glucose re-
sponse to mixed meals high in protein
and/or fat along with carbohydrate
differs among individuals; therefore,
a cautious approach to increasing insulin
doses for high-fat and/or high-protein
mixed meals is recommended to ad-
dress delayed hyperglycemia that may
occur 3 h or more after eating (46).
Checking glucose 3 h after eating may
help to determine if additional insulin
adjustments are required (129,130).
Continuous glucose monitoring or self-
monitoring of blood glucose should
guidedecision-making foradministration
of additional insulin. For individuals on
a fixed daily insulin schedule, meal
planning should emphasize a relatively
fixed carbohydrate consumption pattern
with respect to both time and amount,
while considering insulin action time
(46).

Protein
There is no evidence that adjusting the
daily level of protein intake (typically
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1–1.5 g/kg body wt/day or 15–20% total
calories) will improve health, and re-
search is inconclusive regarding the ideal
amount of dietary protein to optimize
either glycemic management or CVD
risk (111,131). Therefore, protein intake
goals should be individualized based on
current eating patterns. Some research
has found successful management of
type 2 diabetes with meal plans including
slightly higher levels of protein (20–30%),
which may contribute to increased
satiety (132).
Historically, low-protein eating plans

wereadvised for individualswithdiabetic
kidney disease (DKD) (with albuminuria
and/or reduced estimated glomerular
filtration rate); however, new evidence
does not suggest that people with DKD
need to restrict protein to less than the
generally recommended protein intake
(46). Reducing the amount of dietary
protein below the recommended daily
allowance of 0.8 g/kg is not recommen-
ded because it does not alter glycemic
measures, cardiovascular risk measures,
or the rate at which glomerular filtration
rate declines and may increase risk for
malnutrition (133,134).
In individuals with type 2 diabetes,

protein intake may enhance or increase
the insulin response to dietary carbohy-
drates (135). Therefore, use of carbohy-
drate sources high in protein (such asmilk
and nuts) to treat or prevent hypoglyce-
mia should be avoided due to the poten-
tial concurrent rise in endogenous insulin.

Fats
The ideal amount of dietary fat for in-
dividuals with diabetes is controversial.
New evidence suggests that there is not
an ideal percentage of calories from fat
for peoplewith or at risk for diabetes and
that macronutrient distribution should
be individualized according to the pa-
tient’s eating patterns, preferences, and
metabolic goals (46). The type of fats
consumed is more important than total
amount of fat when looking at metabolic
goals and CVD risk, and it is recommen-
ded that the percentage of total calories
from saturated fats should be limited
(98,118,136–138). Multiple randomized
controlled trials including patients with
type 2 diabetes have reported that a
Mediterranean-style eating pattern (98,
139–144), rich in polyunsaturated and
monounsaturated fats, can improveboth
glycemic management and blood lipids.

Evidence does not conclusively support
recommending n-3 (eicosapentaenoic acid
[EPA] and docosahexaenoic acid [DHA])
supplements for all people with diabetes
for the prevention or treatment of cardio-
vascular events (46,145,146). In individuals
with type 2 diabetes, two systematic re-
viewswithn-3andn-6fattyacidsconcluded
that the dietary supplements did not im-
prove glycemic management (111,147). In
the ASCEND trial (A Study of Cardiovas-
cular Events iNDiabetes),whencompared
with placebo, supplementation with n-3
fatty acids at the dose of 1 g/day did not
lead to cardiovascular benefit in people
with diabetes without evidence of CVD
(148). However, results from the Reduc-
tion of Cardiovascular Events With Icosa-
pent Ethyl–Intervention Trial (REDUCE-IT)
did find that supplementation with 4 g/
day of pure EPA significantly lowered the
risk of adverse cardiovascular events. This
trial of 8,179 participants, in which over
50% had diabetes, found a 5% absolute
reduction in cardiovascular events for in-
dividuals with established atherosclerotic
CVD taking a preexisting statin with re-
sidual hypertriglyceridemia (135–499 mg/
dL) (149). See Section 10 “Cardiovascular
Disease and Risk Management” (https://
doi.org/10.2337/dc21-S010) for more in-
formation. People with diabetes should be
advised to follow the guidelines for the
general population for the recommended
intakesofsaturatedfat,dietarycholesterol,
and trans fat (118). Trans fats should be
avoided. In addition, as saturated fats are
progressively decreased in the diet, they
shouldbereplacedwithunsaturatedfatsand
not with refined carbohydrates (143).

Sodium
As for the general population, people
with diabetes are advised to limit their
sodium consumption to,2,300 mg/day
(46). Restriction below 1,500 mg, even
for those with hypertension, is generally
not recommended (150–152). Sodium
recommendations should take into account
palatability, availability, affordability, and
the difficulty of achieving low-sodium rec-
ommendations in a nutritionally adequate
diet (153).

Micronutrients and Supplements
There continues to be no clear evidence
of benefit from herbal or nonherbal (i.e.,
vitamin or mineral) supplementation for
people with diabetes without underlying
deficiencies (46). Metformin is associated

with vitamin B12 deficiency per a report
from the Diabetes Prevention Program
Outcomes Study (DPPOS), suggesting
that periodic testing of vitamin B12 levels
should be considered in patients taking
metformin, particularly in those with ane-
miaorperipheralneuropathy(154).Routine
supplementationwith antioxidants, such as
vitaminsEandCandcarotene, isnotadvised
due to lack of evidence of efficacy and
concern related to long-term safety. In
addition, there is insufficient evidence to
support the routine use of herbal supple-
ments and micronutrients, such as cinna-
mon (155), curcumin, vitamin D (156), aloe
vera,orchromium, to improveglycemia in
people with diabetes (46,157). However,
for special populations, including preg-
nant or lactating women, older adults,
vegetarians, and people following very-
low-calorie or low-carbohydrate diets, a
multivitamin may be necessary.

Alcohol
Moderate alcohol intake does not have
major detrimental effects on long-term
blood glucose management in people
with diabetes. Risks associated with alco-
hol consumption include hypoglycemia
and/or delayed hypoglycemia (particu-
larly for those using insulin or insulin
secretagogue therapies), weight gain,
and hyperglycemia (for those consuming
excessive amounts) (46,157). People
with diabetes should be educated about
these risks and encouraged to monitor
blood glucose frequently after drinking
alcohol to minimize such risks. People
with diabetes can follow the same guide-
lines as those without diabetes if they
choosetodrink. Forwomen,nomore than
one drink per day, and for men, no more
than two drinks per day is recommended
(one drink is equal to a 12-oz beer, a 5-oz
glass of wine, or 1.5 oz of distilled spirits).

Nonnutritive Sweeteners
The U.S. Food and Drug Administration
has approved many nonnutritive sweet-
eners for consumption by the general
public, including people with diabetes
(46,158). For some people with diabetes
who are accustomed to regularly con-
suming sugar-sweetened products, non-
nutritive sweeteners (containing few or
no calories) may be an acceptable sub-
stitute for nutritive sweeteners (those
containing calories, such as sugar, honey,
and agave syrup) when consumed in
moderation (159,160). Use of nonnutritive
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sweeteners does not appear to have a
significant effect on glycemic management
(66,66a), but they can reduce overall
calorie and carbohydrate intake (66), as
long as individuals are not compensating
with additional calories from other food
sources (46). There ismixed evidence from
systematic reviews and meta-analyses
for nonnutritive sweetener use with re-
gard to weight management, with some
finding benefit in weight loss (161,162),
while other research suggests an associ-
ation with weight gain (163). The addition
of nonnutritive sweeteners to diets poses
no benefit for weight loss or reduced
weight gain without energy restriction
(163a). Low-calorie or nonnutritive-sweet-
ened beverages may serve as a short-term
replacement strategy; however, people
with diabetes should be encouraged to
decrease both sweetened and nonnutri-
tive-sweetened beverages, with an em-
phasis on water intake (160). Additionally,
some research has found that higher non-
nutritive-sweetened beverage and sugar-
sweetened beverage consumptionmay
be positively associated with the devel-
opment of type 2 diabetes, although
substantial heterogeneity makes inter-
preting the results difficult (164–166).

PHYSICAL ACTIVITY

Recommendations

5.26 Children and adolescents with
type 1 or type 2 diabetes or pre-
diabetes shouldengage in60min/
day or more of moderate- or
vigorous-intensity aerobic activity,
withvigorousmuscle-strengthening
and bone-strengthening activi-
ties at least 3 days/week. C

5.27 Most adults with type 1 C and
type 2B diabetes should engage
in150minormoreofmoderate-
to vigorous-intensity aerobic ac-
tivityperweek,spreadoveratleast
3 days/week, with nomore than
2 consecutive days without ac-
tivity.Shorterdurations(minimum
75min/week)ofvigorous-intensity
or interval training may be suffi-
cient for younger and more phys-
ically fit individuals.

5.28 Adultswith type1C and type2B
diabetes should engage in 2–3
sessions/week of resistance ex-
ercise on nonconsecutive days.

5.29 All adults, and particularly those
with type 2 diabetes, should

decrease the amount of time
spent in daily sedentary behav-
ior. B Prolonged sitting should
be interrupted every 30 min for
blood glucose benefits. C

5.30 Flexibility training and balance
training are recommended 2–3
times/week for older adults with
diabetes. Yoga and tai chi may
be included based on individual
preferences to increase flexibil-
ity, muscular strength, and bal-
ance. C

5.31 Evaluate baseline physical activ-
ity and sedentary time. Promote
increase innonsedentaryactivities
above baseline for sedentary in-
dividuals with type 1 E and type
2 B diabetes. Examples include
walking, yoga, housework, gar-
dening, swimming, anddancing.

Physical activity is a general term that
includes all movement that increases
energy use and is an important part of
the diabetes management plan. Exercise
is amore specific formof physical activity
that is structured and designed to im-
prove physical fitness. Both physical ac-
tivity and exercise are important. Exercise
has been shown to improve blood glucose
control, reducecardiovascular risk factors,
contribute to weight loss, and improve
well-being (167). Physical activity is as
important for those with type 1 diabetes
as it is for the general population, but its
specific role in the prevention of diabetes
complications and the management of
blood glucose is not as clear as it is for
thosewith type 2 diabetes. A recent study
suggested that the percentage of people
with diabetes who achieved the recom-
mendedexercise level perweek (150min)
varied by race. Objective measurement
by accelerometer showed that 44.2%,
42.6%, and 65.1%ofWhites, AfricanAmer-
icans, and Hispanics, respectively, met
the threshold (168). It is important for
diabetes care management teams to
understand the difficulty that many
patients have reaching recommended
treatment targets and to identify in-
dividualized approaches to improve
goal achievement.
Moderate to high volumes of aerobic

activity are associated with substan-
tially lower cardiovascular and overall
mortality risks in both type 1 and type
2 diabetes (169). A recent prospective

observational study of adults with
type 1 diabetes suggested that higher
amounts of physical activity led to re-
duced cardiovascular mortality after a
mean follow-up time of 11.4 years for
patients with and without chronic kid-
ney disease (170). Additionally, struc-
tured exercise interventions of at least
8 weeks’ duration have been shown to
lower A1C by an average of 0.66% in
people with type 2 diabetes, even
without a significant change in BMI
(171). There are also considerable data
for the health benefits (e.g., increased
cardiovascular fitness, greater muscle
strength, improved insulin sensitivity,
etc.) of regular exercise for those with
type 1 diabetes (172). A recent study
suggested that exercise training in
type 1 diabetes may also improve several
important markers such as triglyceride
level, LDL, waist circumference, and
body mass (173). In adults with type 2
diabetes, higher levels of exercise inten-
sity are associated with greater improve-
ments in A1C and in cardiorespiratory
fitness (174); sustained improvements
in cardiorespiratory fitness and weight
loss have also been associated with a
lower risk of heart failure (175). Other
benefits include slowing the decline in
mobility among overweight patients with
diabetes (176). The ADA position state-
ment “Physical Activity/Exercise and Di-
abetes” reviews the evidence for the
benefits of exercise in people with
type 1 and type 2 diabetes and offers
specific recommendations (177). Physical
activity and exercise should be recom-
mended and prescribed to all individuals
with diabetes as part of management of
glycemia and overall health. Specific rec-
ommendations and precautions will vary
by the typeof diabetes, age, activity done,
and presence of diabetes-related health
complications. Recommendations should
be tailored to meet the specific needs of
each individual (177).

Exercise and Children
All children, including children with di-
abetes or prediabetes, should be encour-
aged toengage in regular physical activity.
Children shouldengage in at least 60min
of moderate to vigorous aerobic activ-
ity every day, with muscle- and bone-
strengthening activities at least 3 days
per week (178). In general, youth with
type 1 diabetes benefit from being
physically active, and an active lifestyle
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should be recommended to all (179).
Youth with type 1 diabetes who engage
in more physical activity may have
better health outcomes and health-
related quality of life (180,181).

Frequency and Type of Physical
Activity
People with diabetes should perform
aerobic and resistance exercise regularly
(177). Aerobic activity bouts should ide-
ally last at least 10 min, with the goal of
;30 min/day or more, most days of the
week for adults with type 2 diabetes. Daily
exercise, or at least not allowing more
than 2 days to elapse between exercise
sessions, is recommended to decrease
insulin resistance, regardless of diabetes
type (182,183). A study in adults with
type 1 diabetes found a dose-response
inverse relationship between self-reported
bouts of physical activity per week with
A1C, BMI, hypertension, dyslipidemia, and
diabetes-related complications, such as
hypoglycemia, diabetic ketoacidosis, reti-
nopathy andmicroalbuminuria (184).Over
time, activities shouldprogress in intensity,
frequency, and/or duration to at least
150 min/week of moderate-intensity ex-
ercise. Adults able to run at 6 miles/h
(9.7 km/h) for at least 25 min can benefit
sufficiently from shorter-intensity activity
(75 min/week) (177). Many adults, includ-
ing most with type 2 diabetes, may be
unable or unwilling to participate in such
intense exercise and should engage in
moderate exercise for the recommen-
ded duration. Adults with diabetes should
engage in2–3 sessions/weekof resistance
exercise on nonconsecutive days (185).
Although heavier resistance training with
free weights and weight machines may
improve glycemic control and strength
(186), resistancetrainingofany intensity is
recommended to improve strength, bal-
ance, and theability toengage in activities
of daily living throughout the life span.
Providers and staff should help patients
set stepwise goals toward meeting the
recommended exercise targets. As indi-
viduals intensify their exercise program,
medical monitoring may be indicated to
ensure safety and evaluate the effects on
glucose management. (See the section
PHYSICAL ACTIVITY AND GLYCEMIC CONTROL below)
Recent evidence supports that all in-

dividuals, including those with diabetes,
should be encouraged to reduce the
amount of time spent being sedentaryd
waking behaviors with low energy

expenditure (e.g.,workingata computer,
watching television)dby breaking up
bouts of sedentary activity (.30 min)
by briefly standing, walking, or per-
forming other light physical activities
(187,188). Participating in leisure-time
activity and avoiding extended seden-
tary periods may help prevent type 2
diabetes for those at risk (189,190) and
may also aid in glycemic control for
those with diabetes.
A systematic review andmeta-analysis

found higher frequency of regular leisure-
time physical activity was more effec-
tive in reducing A1C levels (191). A
wide range of activities, including
yoga, tai chi, and other types, can
have significant impacts on A1C, flex-
ibility, muscle strength, and balance
(167,192–194). Flexibility and balance
exercises may be particularly impor-
tant in older adults with diabetes to
maintain range of motion, strength,
and balance (177).

Physical Activity andGlycemic Control
Clinical trials have provided strong evi-
dence for the A1C-lowering value of
resistance training in older adults with
type 2 diabetes (195) and for an additive
benefit of combined aerobic and resis-
tanceexercise inadultswith type2diabetes
(196). If not contraindicated, patients
with type 2 diabetes should be encour-
aged to do at least two weekly sessions
of resistance exercise (exercisewith free
weights or weight machines), with each
session consisting of at least one set
(group of consecutive repetitive exer-
cise motions) of five or more different
resistance exercises involving the large
muscle groups (195).
For type 1 diabetes, although exercise

in general is associated with improve-
ment in disease status, care needs to be
taken in titrating exercise with respect to
glycemic management. Each individual
with type 1 diabetes has a variable gly-
cemic response toexercise. This variability
should be taken into consideration when
recommending the type and duration
of exercise for a given individual
(172).
Women with preexisting diabetes,

particularly type 2 diabetes, and those
at risk for or presenting with gestational
diabetes mellitus should be advised to
engage in regular moderate physical ac-
tivityprior toandduring their pregnancies
as tolerated (177).

Pre-exercise Evaluation
As discussed more fully in Section 10
“Cardiovascular Disease and Risk Manage-
ment” (https://doi.org/10.2337/dc21-S010),
the best protocol for assessing asymp-
tomatic patients with diabetes for cor-
onary artery disease remains unclear.
The ADA consensus report “Screening
for Coronary Artery Disease in Patients
With Diabetes” (197) concluded that
routine testing is not recommended.
However, providers should perform a
careful history, assess cardiovascular risk
factors, and be aware of the atypical pre-
sentation of coronary artery disease, such as
recent patient-reported or tested decrease
in exercise tolerance, in patients with
diabetes. Certainly, high-risk patients
should be encouraged to start with short
periods of low-intensity exercise and slowly
increase the intensity and duration as
tolerated. Providers should assess patients
for conditions that might contraindicate
certain types of exercise or predispose to
injury, such as uncontrolled hypertension,
untreated proliferative retinopathy, auto-
nomic neuropathy, peripheral neuropathy,
and a history of foot ulcers or Charcot foot.
The patient’s age and previous physical
activity level should be considered when
customizing the exercise regimen to the
individual’s needs. Those with complica-
tionsmay need amore thorough evaluation
prior to starting an exercise program (198).

Hypoglycemia
In individuals taking insulinand/or insulin
secretagogues, physical activity may
cause hypoglycemia if the medication
dose or carbohydrate consumption is
not adjusted for the exercise bout and
post-bout impact on glucose. Individuals
on these therapies may need to ingest
some added carbohydrate if pre-exercise
glucose levels are,90mg/dL (5.0mmol/
L),dependingonwhether theyareable to
lower insulin doses during the workout
(such aswith an insulin pumpor reduced
pre-exercise insulin dosage), the time of
day exercise is done, and the intensity
and duration of the activity (172,198).
In some patients, hypoglycemia after
exercise may occur and last for several
hours due to increased insulin sensi-
tivity. Hypoglycemia is less common in
patients with diabetes who are not
treated with insulin or insulin secreta-
gogues, and no routine preventive
measures for hypoglycemia are usually
advised in these cases. Intense activities
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may actually raise blood glucose levels
instead of lowering them, especially if
pre-exercise glucose levels are elevated
(172). Because of the variation in glycemic
response to exercise bouts, patients need
to be educated to check blood glucose
levels before and after periods of exercise
and about the potential prolonged effects
(depending on intensity and duration) (see
thesectionDIABETES SELF-MANAGEMENT EDUCATION

AND SUPPORT above).

Exercise in the Presence of
Microvascular Complications
See Section 11 “Microvascular Compli-
cations and Foot Care” (https://doi.org/
10.2337/dc21-S011) for more informa-
tion on these long-term complications.

Retinopathy

If proliferative diabetic retinopathy or
severe nonproliferative diabetic retinop-
athy is present, then vigorous-intensity
aerobic or resistance exercise may be
contraindicated because of the risk of
triggering vitreous hemorrhage or ret-
inal detachment (199). Consultationwith
an ophthalmologist prior to engaging
in an intense exercise regimen may be
appropriate.

Peripheral Neuropathy

Decreased pain sensation and a higher
pain threshold in the extremities can re-
sult inan increasedriskofskinbreakdown,
infection, and Charcot joint destruction
with some forms of exercise. Therefore, a
thorough assessment should be done to
ensure that neuropathy does not alter
kinesthetic or proprioceptive sensation
during physical activity, particularly in
thosewithmoresevereneuropathy.Stud-
ies have shown that moderate-intensity
walking may not lead to an increased risk
of foot ulcers or reulceration in thosewith
peripheral neuropathy who use proper
footwear (200). Inaddition,150min/week
of moderate exercise was reported to
improve outcomes in patients with pre-
diabetic neuropathy (201). All individ-
uals with peripheral neuropathy should
wear proper footwear and examine
their feet daily to detect lesions early.
Anyone with a foot injury or open sore
should be restricted to non–weight-
bearing activities.

Autonomic Neuropathy

Autonomic neuropathy can increase the
risk of exercise-induced injury or ad-
verse events through decreased cardiac
responsiveness to exercise, postural

hypotension, impaired thermoregula-
tion, impaired night vision due to im-
paired papillary reaction, and greater
susceptibility tohypoglycemia (202). Car-
diovascular autonomic neuropathy is
also an independent risk factor for
cardiovascular death and silent myo-
cardial ischemia (203). Therefore, in-
dividuals with diabetic autonomic
neuropathy should undergo cardiac
investigation before beginning physical
activity more intense than that to which
they are accustomed.

Diabetic Kidney Disease

Physical activity can acutely increase uri-
nary albumin excretion. However, there
is no evidence that vigorous-intensity
exercise accelerates the rate of progres-
sion of DKD, and there appears to be no
need for specific exercise restrictions for
people with DKD in general (199).

SMOKING CESSATION: TOBACCO
AND E-CIGARETTES

Recommendations

5.32 Advise all patients not to use
cigarettes and other tobacco
products or e-cigarettes. A

5.33 After identification of tobacco or
e-cigarette use, include smoking
cessation counseling and other
forms of treatment as a routine
component of diabetes care. A

5.34 Address smoking cessation as
part of diabetes education pro-
grams for those in need. B

Results from epidemiologic, case-
control, and cohort studies provide con-
vincing evidence to support the causal
link between cigarette smoking and
health risks (204). Recent data show
tobacco use is higher among adults
with chronic conditions (205) as well
as in adolescents and young adults with
diabetes (206). People with diabetes
who smoke (and people with diabetes
exposed to second-hand smoke) have a
heightened risk of CVD, premature death,
microvascular complications, and worse
glycemic control when compared with
thosewhodonot smoke (207–209). Smok-
ing may have a role in the development
of type 2 diabetes (210–213).
The routine and thorough assessment

of tobacco use is essential to prevent
smoking or encourage cessation. Nu-
merous large randomized clinical trials
have demonstrated the efficacy and

cost-effectiveness of brief counseling
in smoking cessation, including the use
of telephone quit lines, in reducing to-
bacco use. Pharmacologic therapy to
assist with smoking cessation in people
with diabetes has been shown to be
effective (214), and for the patient mo-
tivated to quit, the addition of pharma-
cologic therapy to counseling is more
effective than either treatment alone
(215). Special considerations should
include assessment of level of nicotine
dependence, which is associated with
difficulty in quitting and relapse (216).
Although some patients may gain weight
in the period shortly after smoking ces-
sation (217), recent research has demon-
strated that this weight gain does not
diminish the substantial CVD benefit re-
alized from smoking cessation (218). One
study in people who smoke who had
newly diagnosed type 2 diabetes found
that smoking cessation was associated
with amelioration of metabolic param-
eters and reduced blood pressure and
albuminuria at 1 year (219).
In recent years, e-cigarettes have

gained public awareness and popularity
because of perceptions that e-cigarette
use is less harmful than regular cigarette
smoking (220,221). However, in light of
recent Centers for Disease Control and
Prevention evidence (222) of deaths re-
lated to e-cigarette use, no persons
should be advised to use e-cigarettes,
either as a way to stop smoking tobacco
or as a recreational drug.
Diabetes education programs offer

potential to systematically reach and
engage individuals with diabetes in
smoking cessation efforts. A cluster
randomized trial found statistically sig-
nificant increases in quit rates and long-
term abstinence rates (.6 months)
when smoking cessation interventions
were offered through diabetes educa-
tion clinics, regardless of motivation to
quit at baseline (223).

PSYCHOSOCIAL ISSUES

Recommendations

5.35 Psychosocial care should be in-
tegrated with a collaborative,
patient-centered approach and
provided to all people with di-
abetes, with the goals of opti-
mizing health outcomes and
health-related quality of life. A
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5.36 Psychosocial screening and follow-
upmayinclude,butarenot limited
to,attitudesaboutdiabetes,expect-
ations for medical management
and outcomes, affect or mood,
general and diabetes-related
quality of life, available resour-
ces (financial, social, and emo-
tional), andpsychiatric history.E

5.37 Providers should consider as-
sessment for symptoms of diabe-
tes distress, depression, anxiety,
disordered eating, and cognitive
capacities using appropriate stan-
dardizedandvalidatedtoolsat the
initial visit, at periodic intervals,
and when there is a change in
disease, treatment, or life circum-
stance. Including caregivers and
family members in this assess-
ment is recommended. B

5.38 Consider screening older adults
(aged$65 years) with diabetes
for cognitive impairment and
depression. B

Please refer to the ADA position state-
ment “Psychosocial Care for PeopleWith
Diabetes” for a list of assessment tools
and additional details (1).
Complex environmental, social, be-

havioral, and emotional factors, known
as psychosocial factors, influence living
with diabetes, both type 1 and type 2,
and achieving satisfactory medical out-
comes and psychological well-being.
Thus, individuals with diabetes and
their families are challenged with com-
plex, multifaceted issues when inte-
grating diabetes care into daily life
(128).
Emotional well-being is an important

part of diabetes care and self-management.
Psychological and social problems can
impair the individual’s (11,224–228) or
family’s (227) ability to carry out di-
abetes care tasks and therefore poten-
tially compromise health status. There
are opportunities for the clinician to rou-
tinely assess psychosocial status in a
timely and efficient manner for referral
to appropriate services (229,230). A sys-
tematic reviewandmeta-analysis showed
that psychosocial interventions modestly
but significantly improved A1C (standard-
izedmean difference –0.29%) andmental
health outcomes (231). However, there
was a limited association between the
effects on A1C and mental health, and no

intervention characteristics predicted ben-
efit on both outcomes.

Screening
Key opportunities for psychosocial
screening occur at diabetes diagnosis,
during regularly scheduled management
visits, during hospitalizations, with new
onset of complications, during significant
transitions in care such as from pediatric
to adult care teams (232), or when
problemswith achieving A1C goals, qual-
ity of life, or self-management are iden-
tified (2). Patients are likely to exhibit
psychological vulnerability at diagnosis,
when their medical status changes (e.g.,
end of the honeymoon period),when the
need for intensified treatment is evident,
and when complications are discovered.
Significant changes in life circumstances,
often called social determinants of health,
are known to considerably affect a person’s
ability to self-manage their illness. Thus,
screening for social determinants of health
(e.g., lossofemployment, birth of a child,
or other family-based stresses) should
also be incorporated into routine care
(233).
Providers can start with informal ver-

bal inquires, for example, by asking
whether there have been persistent
changes inmood during the past 2weeks
or since the patient’s last visit and
whether the person can identify a trig-
gering event or change in circumstances.
Providers should also ask whether there
are new or different barriers to treat-
ment and self-management, such as feel-
ing overwhelmed or stressed by having
diabetes (see the section DIABETES DISTRESS

below), changes in finances, or competing
medical demands (e.g., the diagnosis of a
comorbid condition). In circumstances
where persons other than the patient
are significantly involved in diabetesman-
agement, these issues should be explored
with nonmedical care providers (232).
Standardized and validated tools for psy-
chosocial monitoring and assessment can
alsobeusedbyproviders (1),withpositive
findings leading to referral to a mental
healthprovider specializing indiabetes for
comprehensive evaluation, diagnosis, and
treatment.

Diabetes Distress

Recommendation

5.39 Routinely monitor people with
diabetes for diabetes distress,

particularly when treatment
targets are not met and/or at
the onset of diabetes complica-
tions. B

Diabetes distress is very common and is
distinct from other psychological disor-
ders (227,234,235). Diabetes distress re-
fers to significant negative psychological
reactions related to emotional burdens
and worries specific to an individual’s
experience in having tomanage a severe,
complicated, and demanding chronic
disease such as diabetes (234–236).
The constant behavioral demands (med-
ication dosing, frequency, and titration;
monitoring blood glucose, food intake,
eating patterns, and physical activity) of
diabetes self-management and the po-
tential or actuality of disease progression
are directly associated with reports of
diabetesdistress (234).Theprevalenceof
diabetes distress is reported to be 18–
45% with an incidence of 38–48% over
18 months in persons with type 2 di-
abetes (236). In the second Diabetes
Attitudes, Wishes and Needs (DAWN2)
study, significant diabetes distress was
reported by 45% of the participants, but
only 24% reported that their health care
teams asked themhowdiabetes affected
their lives (227). High levels of diabetes
distress significantly impact medication-
taking behaviors and are linked to higher
A1C, lower self-efficacy, and poorer di-
etary and exercise behaviors (5,234,236).
DSMES has been shown to reduce di-
abetes distress (5). It may be helpful to
provide counseling regarding expected
diabetes-related versus generalized psy-
chological distress, both at diagnosis and
when disease state or treatment changes
occur (237).
A randomized controlled trial tested

the effects of participation in a standard-
ized 8-week mindful self-compassion
program versus a control group among
patients with type 1 and type 2 diabetes.
Mindful self-compassion training increased
self-compassion, reduced depression and
diabetes distress, and improved A1C in the
intervention group (238).
Diabetes distress should be routinely

monitored (239) using person-based
diabetes-specific validated measures (1).
If diabetes distress is identified, the
person should be referred for specific
diabetes education to address areas of
diabetes self-care causing the patient
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distress and impacting clinical manage-
ment. People whose self-care remains
impaired after tailored diabetes educa-
tion should be referred by their care
team to a behavioral health provider
for evaluation and treatment.
Other psychosocial issues known to

affect self-management and health out-
comes includeattitudesabout the illness,
expectations for medical management
and outcomes, available resources (fi-
nancial, social, and emotional) (240), and
psychiatric history.

Referral to a Mental Health Specialist
Indications for referral to a mental
health specialist familiar with diabetes
management may include positive screen-
ing for overall stress related to work-
life balance, diabetes distress, diabetes
management difficulties, depression,
anxiety, disordered eating, and cogni-
tive dysfunction (see Table 5.2 for a
complete list). It is preferable to in-
corporate psychosocial assessment
and treatment into routine care rather
than waiting for a specific problem or
deterioration in metabolic or psycho-
logical status to occur (33,227). Pro-
viders should identify behavioral and
mental health providers, ideally those
who are knowledgeable about diabetes
treatment and the psychosocial aspects
ofdiabetes,towhomtheycanreferpatients.
The ADA provides a list of mental health
providers who have received additional
education in diabetes at the ADAMental
Health Provider Directory (professional
.diabetes.org/mhp_listing). Ideally, psycho-
social care providers should be embed-
ded in diabetes care settings. Although
the provider may not feel qualified to
treat psychological problems (241), op-
timizing the patient-provider relationship
as a foundation may increase the likeli-
hood of the patient accepting referral for

other services. Collaborative care inter-
ventions and a team approach have
demonstrated efficacy in diabetes self-
management, outcomes of depression,
and psychosocial functioning (5,6).

Psychosocial/Emotional Distress
Clinically significant psychopathologic
diagnoses are considerablymore prev-
alent in people with diabetes than in
those without (242,243). Symptoms,
both clinical and subclinical, that in-
terfere with the person’s ability to
carry out daily diabetes self-manage-
ment tasks must beaddressed. Inaddition
to impacting a person’s ability to carry out
self-management, and the association of
mental health diagnosis and poorer short-
term glycemic stability, symptoms of emo-
tional distress are associated withmortality
risk (242). Providers should consider an
assessment of symptoms of depression,
anxiety, disordered eating, and cognitive
capacities using appropriate standardized/
validated tools at the initial visit, at periodic
intervalswhenpatient distress is suspected,
and when there is a change in health,
treatment, or life circumstance. Inclusion
of caregivers and family members in this
assessment is recommended. Diabetes dis-
tress is addressed as an independent con-
dition(seethesectionDIABETESDISTRESSabove),
as this state is very common and expected
and is distinct from the psychological dis-
orders discussed below (1). A list of age-
appropriate screening and evaluation mea-
sures is provided in the ADA position state-
ment “Psychosocial Care for People with
Diabetes” (1).

Anxiety Disorders

Recommendations

5.40 Consider screening for anxiety
in people exhibiting anxiety or

worries regarding diabetes com-
plications, insulin administration,
and takingofmedications, aswell
as fear of hypoglycemia and/or
hypoglycemia unawareness that
interferes with self-management
behaviors, and in those who ex-
press fear, dread, or irrational
thoughts and/or show anxiety
symptoms such as avoidance be-
haviors, excessive repetitive be-
haviors, or social withdrawal.
Refer for treatment if anxiety is
present. B

5.41 People with hypoglycemia un-
awareness, which can co-occur
with fear of hypoglycemia, should
be treated using blood glucose
awareness training (or other evi-
dence-based intervention) to help
re-establish awareness of symp-
toms of hypoglycemia and reduce
fear of hypoglycemia. A

Anxiety symptoms and diagnosable dis-
orders (e.g., generalized anxiety disorder,
body dysmorphic disorder, obsessive-
compulsive disorder, specific phobias,
and posttraumatic stress disorder) are
common in people with diabetes (244).
The Behavioral Risk Factor Surveillance
System (BRFSS) estimated the lifetimeprev-
alence of generalized anxiety disorder to
be 19.5% in people with either type 1 or
type2diabetes (245). Commondiabetes-
specific concerns include fears related to
hypoglycemia (246,247), not meeting
blood glucose targets (244), and insulin
injections or infusion (248). Onset of
complications presents another critical
point in the disease course when anxiety
can occur (1). People with diabetes who
exhibit excessive diabetes self-manage-
ment behaviors well beyond what is
prescribedorneeded toachieveglycemic

Table 5.2—Situations that warrant referral of a person with diabetes to a mental health provider for evaluation and treatment
c If self-care remains impaired in a person with diabetes distress after tailored diabetes education

c If a person has a positive screen on a validated screening tool for depressive symptoms

c In the presence of symptoms or suspicions of disordered eating behavior, an eating disorder, or disrupted patterns of eating

c If intentional omission of insulin or oral medication to cause weight loss is identified

c If a person has a positive screen for anxiety or fear of hypoglycemia

c If a serious mental illness is suspected

c In youth and families with behavioral self-care difficulties, repeated hospitalizations for diabetic ketoacidosis, or significant distress

c If a person screens positive for cognitive impairment

c Declining or impaired ability to perform diabetes self-care behaviors

c Before undergoing bariatric or metabolic surgery and after surgery if assessment reveals an ongoing need for adjustment support
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targets may be experiencing symptoms
of obsessive-compulsive disorder (249).
General anxiety is a predictor of in-

jection-related anxiety and associated
with fear of hypoglycemia (247,250).
Fear of hypoglycemia and hypoglycemia
unawareness often co-occur. Interven-
tions aimed at treating one often benefit
both (251). Fear of hypoglycemia may
explain avoidance of behaviors associ-
ated with lowering glucose such as in-
creasing insulin doses or frequency of
monitoring. If fear of hypoglycemia is
identified and a person does not have
symptoms of hypoglycemia, a structured
program of blood glucose awareness
training delivered in routine clinical prac-
tice can improve A1C, reduce the rate of
severe hypoglycemia, and restore hypo-
glycemiaawareness (252,253). Ifnotavail-
ablewithin thepractice setting, a structured
program targeting both fear of hypoglyce-
mia and unawareness should be sought out
and implemented by a qualified behavioral
practitioner (251,253–255).

Depression

Recommendations

5.42 Providers should consider annual
screening of all patients with di-
abetes,especiallythosewithaself-
reportedhistoryofdepression, for
depressive symptoms with age-
appropriate depression screening
measures, recognizingthat further
evaluation will be necessary for
individuals who have a positive
screen. B

5.43 Beginning at diagnosis of compli-
cations or when there are signif-
icant changes in medical status,
consider assessment for depres-
sion. B

5.44 Referrals for treatment of depres-
sion should be made to mental
health providers with experience
using cognitivebehavioral therapy,
interpersonal therapy, or other
evidence-based treatment ap-
proaches in conjunction with
collaborative care with the pa-
tient’sdiabetes treatment team.A

History of depression, current depres-
sion, and antidepressant medication
use are risk factors for the development
of type 2 diabetes, especially if the
individual has other risk factors such
as obesity and family history of type 2

diabetes (256–258). Elevated depressive
symptoms and depressive disorders af-
fect one in four patients with type 1 or
type 2 diabetes (226). Thus, routine
screening for depressive symptoms is
indicated in this high-risk population in-
cluding people with type 1 or type 2
diabetes, gestational diabetes mellitus,
and postpartum diabetes. Regardless of
diabetes type, women have significantly
higher rates of depression than men
(259).
Routine monitoring with appropriate

validated measures (1) can help to iden-
tify if referral iswarranted. Adult patients
with a history of depressive symptoms or
disorder need ongoing monitoring of
depression recurrencewithin thecontext
of routine care (256). Integrating mental
and physical health care can improve out-
comes. When a patient is in psychological
therapy (talk or cognitive behavioral ther-
apy), themental health provider should be
incorporated into the diabetes treatment
team (260). As with DSMES, person-
centered collaborative care approaches
have been shown to improve both de-
pression and medical outcomes (261).
Various randomized controlled trials have

shown improvements in diabetes and de-
pression health outcomes when depres-
sion is simultaneously treated (261,262).
It is importanttonotethatmedicalregimen
should also be monitored in response to
reduction in depressive symptoms. Peo-
ple may agree to or adopt previously re-
fused treatment strategies (improving
ability to follow recommended treatment
behaviors), which may include increased
physical activity and intensification of reg-
imen behaviors and monitoring, resulting
in changed glucose profiles.

Disordered Eating Behavior

Recommendations

5.45 Providers should consider reeval-
uating the treatment regimen
of people with diabetes who
present with symptoms of dis-
ordered eating behavior, an eat-
ingdisorder, or disruptedpatterns
of eating. B

5.46 Consider screening for disordered
or disrupted eating using vali-
dated screeningmeasureswhen
hyperglycemia and weight loss
are unexplained based on self-
reported behaviors related to
medication dosing, meal plan,

and physical activity. In addition, a
review of the medical regimen is
recommended to identify poten-
tial treatment-related effects on
hunger/caloric intake. B

Estimated prevalence of disordered
eating behavior and diagnosable eat-
ing disorders in people with diabetes
varies (263–265). For people with
type 1 diabetes, insulin omission caus-
ing glycosuria in order to lose weight is
the most commonly reported disor-
dered eating behavior (266,267); in
people with type 2 diabetes, bingeing
(excessive food intake with an accom-
panying sense of loss of control) is most
commonly reported. For people with
type 2 diabetes treated with insulin,
intentional omission is also frequently
reported (268). Peoplewith diabetes and
diagnosable eating disorders have high
rates of comorbid psychiatric disorders
(269). People with type 1 diabetes and
eating disorders have high rates of di-
abetes distress and fear of hypoglycemia
(270).
When evaluating symptoms of disor-

dered or disrupted eating (when the
individual exhibits eating behavior
that is nonvolitional and maladaptive)
in people with diabetes, etiology and
motivation for the behavior should
be considered (265,271). Mixed inter-
vention results point to the need for
treatment of eating disorders and dis-
ordered eating behavior in context.
More rigorous methods to identify un-
derlying mechanisms of action that
drive change in eating and treatment
behaviors as well as associated mental
distress are needed (272). Adjunctive
medication such as glucagon-like pep-
tide 1 receptor agonists (273) may help
individuals not only to meet glycemic
targets but also to regulate hunger and
food intake, thus having the potential
to reduce uncontrollable hunger and
bulimic symptoms.

Serious Mental Illness

Recommendations

5.47 Incorporate active monitoring
of diabetes self-care activities
into treatment goals for people
with diabetes and serious men-
tal illness. B

5.48 In peoplewhoareprescribedatyp-
ical antipsychotic medications,
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screen for prediabetes and di-
abetes 4 months after medica-
tion initiation and at least annually
thereafter. B

5.49 If a second-generation antipsy-
chotic medication is prescribed
for adolescents or adults with
diabetes, changes in weight, gly-
cemic control, and cholesterol
levels should be carefully mon-
itored and the treatment regi-
men should be reassessed. C

Studiesof individualswith seriousmental
illness, particularly schizophrenia and
other thought disorders, show signifi-
cantly increased rates of type 2 diabetes
(274). People with schizophrenia should
bemonitored for type2diabetesbecause
of the known comorbidity. Disordered
thinking and judgment can be expected
to make it difficult to engage in behavior
that reduces risk factors for type 2 di-
abetes, such as restrained eating for
weight management. Coordinated man-
agement of diabetes or prediabetes and
seriousmental illness is recommended to
achieve diabetes treatment targets. In
addition, those takingsecond-generation
(atypical) antipsychotics, such as olanza-
pine, require greater monitoring be-
cause of an increase in risk of type 2
diabetes associated with this medica-
tion (275–277). Because of this increased
risk, people should be screened for pre-
diabetes or diabetes 4 months after
medication initiation and at least annu-
ally thereafter. Serious mental illness is
often associated with the inability to
evaluate and utilize information to
make judgments about treatment op-
tions. When a person has an established
diagnosis of a mental illness that impacts
judgment, activities of daily living, and
ability to establish a collaborative rela-
tionship with care providers, it is wise to
include a nonmedical caretaker in de-
cision-making regarding themedical reg-
imen. This person can help improve the
patient’s ability to follow the agreed-
upon regimen through both monitoring
and caretaking functions (278).
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6. Glycemic Targets: Standards of
Medical Care in Diabetesd2021
Diabetes Care 2021;44(Suppl. 1):S73–S84 | https://doi.org/10.2337/dc21-S006

The American Diabetes Association (ADA) “Standards of Medical Care in Diabetes”
includes the ADA’s current clinical practice recommendations and is intended to
provide the components of diabetes care, general treatment goals and guidelines,
and tools to evaluate quality of care. Members of the ADA Professional Practice
Committee, a multidisciplinary expert committee (https://doi.org/10.2337/dc21-
SPPC), are responsible for updating the Standards of Care annually, or more
frequently as warranted. For a detailed description of ADA standards, statements,
and reports, as well as the evidence-grading system for ADA’s clinical practice
recommendations, please refer to the Standards of Care Introduction (https://doi
.org/10.2337/dc21-SINT). Readers who wish to comment on the Standards of Care
are invited to do so at professional.diabetes.org/SOC.

ASSESSMENT OF GLYCEMIC CONTROL

Glycemic control is assessed by the A1C measurement, continuous glucose monitoring
(CGM), and self-monitoring of blood glucose (SMBG). A1C is the metric used to date
in clinical trials demonstrating the benefits of improved glycemic control. Patient
SMBG can be used with self-management and medication adjustment, partic-
ularly in individuals taking insulin. CGM serves an important role in assessing the
effectiveness and safety of treatment in many patients with type 1 diabetes, including
prevention of hypoglycemia, and in selected patients with type 2 diabetes, such as
in those on intensive insulin regimens and in those on regimens associated with
hypoglycemia.

Glycemic Assessment

Recommendations

6.1 Assess glycemic status (A1C or other glycemic measurement) at least two
times a year in patients who are meeting treatment goals (and who have
stable glycemic control). E

6.2 Assess glycemic status at least quarterly, and as needed, in patients whose
therapy has recently changed and/or who are not meeting glycemic goals. E

A1C reflects average glycemia over approximately 3 months. The performance of the
test is generally excellent for National Glycohemoglobin Standardization Program
(NGSP)-certified assays (see www.ngsp.org). The test is the primary tool for assessing
glycemic control and has strong predictive value for diabetes complications (1–3).
Thus, A1C testing should be performed routinely in all patients with diabetes at initial
assessment and as part of continuing care. Measurement approximately every
3 months determines whether patients’ glycemic targets have been reached and
maintained. The frequency of A1C testing should depend on the clinical situation, the
treatment regimen, and the clinician’s judgment. The use of point-of-care A1C testing
may provide an opportunity for more timely treatment changes during encounters

Suggested citation: American Diabetes Associa-
tion. 6. Glycemic targets: Standards of Medical
Care in Diabetesd2021. Diabetes Care 2021;
44(Suppl. 1):S73–S84
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between patients and providers. Pa-
tients with type 2 diabetes with stable
glycemia well within target may do well
with A1C testing or other glucose as-
sessment only twice per year. Unstable
or intensively managed patients or
people not at goal with treatment ad-
justments may require testing more
frequently (every 3months with interim
assessments as needed) (4).

A1C Limitations
The A1C test is an indirect measure of
average glycemia and, as such, is subject
to limitations. As with any laboratory
test, there is variability in the measure-
ment of A1C. Although A1C variability is
lower on an intraindividual basis than
that of blood glucose measurements,
clinicians should exercise judgment when
using A1C as the sole basis for assess-
ing glycemic control, particularly if the
result is close to the threshold that
might prompt a change in medication
therapy. For example, conditions that
affect red blood cell turnover (hemolytic
and other anemias, glucose-6-phosphate
dehydrogenase deficiency, recent blood
transfusion, use of drugs that stimulate
erythropoesis, end-stage kidneydisease,
and pregnancy) may result in discrep-
ancies between the A1C result and the
patient’s truemean glycemia. Hemoglo-
bin variants must be considered, par-
ticularly when the A1C result does not
correlate with the patient’s CGM or
SMBG levels. However, most assays in
use in theU.S. are accurate in individuals
heterozygous for the most common
variants (see www.ngsp.org/interf.asp).
Other measures of average glycemia
such as fructosamine and 1,5-anhydro-
glucitolareavailable,but their translation
into average glucose levels and their
prognostic significance are not as clear
as for A1C and CGM. Though some
variability in the relationship between
average glucose levels and A1C exists
among different individuals, generally
the association between mean glucose
and A1C within an individual correlates
over time (5).
A1C does not provide a measure of

glycemic variability or hypoglycemia. For
patients prone to glycemic variability,
especially patientswith type 1 diabetes or
type 2 diabetes with severe insulin de-
ficiency, glycemic control is best evaluated
by the combination of results from SMBG
or CGM and A1C. A1Cmay also inform the

accuracy of the patient’s CGM or meter
(or the patient’s reported SMBG re-
sults) and the adequacy of the SMBG
monitoring.

Correlation Between SMBG and A1C
Table 6.1 shows the correlation be-
tween A1C levels and mean glucose
levels based on the international A1C-
Derived Average Glucose (ADAG) study,
which assessed the correlation between
A1C and frequent SMBG and CGM in
507 adults (83% non-Hispanic Whites)
with type 1, type 2, and no diabetes (6),
and an empirical study of the average
blood glucose levels at premeal, post-
meal, and bedtime associated with spec-
ifiedA1C levels usingdata fromtheADAG
trial (7). The American Diabetes Associa-
tion (ADA) and the American Association
for Clinical Chemistry have determined
that the correlation (r 5 0.92) in the
ADAG trial is strong enough to justify
reporting both the A1C result and the
estimated average glucose (eAG) result
when a clinician orders the A1C test.
Clinicians should note that the mean
plasma glucose numbers in Table 6.1
are based on ;2,700 readings per A1C
in the ADAG trial. In a recent report,
mean glucose measured with CGM versus
central laboratory–measured A1C in 387
participants in three randomized trials
demonstrated that A1C may underesti-
mate or overestimate mean glucose in
individuals (5). Thus, as suggested, a pa-
tient’s SMBG or CGM profile has consid-
erable potential for optimizing his or
her glycemic management (5).

A1C Differences in Ethnic Populations
and Children
In the ADAG study, there were no sig-
nificantdifferencesamongracial andethnic
groups in the regression lines between
A1Candmeanglucose,althoughthestudy
was underpowered to detect a difference
and therewas a trend toward a difference
betweentheAfricanandAfricanAmerican
and the non-HispanicWhite cohorts, with
higher A1C values observed in Africans
andAfricanAmericans comparedwith non-
Hispanic Whites for a given mean glucose.
Other studies have also demonstrated
higher A1C levels in African Americans
than in Whites at a given mean glucose
concentration (8,9).
A1C assays are available that do not

demonstrate a statistically significant
difference in individuals with hemoglobin

variants. Other assays have statistically
significant interference, but the differ-
ence is not clinically significant. Use of an
assay with such statistically significant
interference may explain a report that
for any level of mean glycemia, African
Americans heterozygous for the com-
mon hemoglobin variant HbS had lower
A1C by about 0.3 percentage points
when compared with those without the
trait (10,11). Another genetic variant,
X-linked glucose-6-phosphate dehydro-
genase G202A, carried by 11% of African
Americans, was associated with a de-
crease in A1C of about 0.8% in hemi-
zygous men and 0.7% in homozygous
women compared with those without
the trait (12).
A small study comparing A1C to CGM

data in children with type 1 diabetes
found a highly statistically significant
correlation between A1C and mean
blood glucose, although the correlation
(r 5 0.7) was significantly lower than in
the ADAG trial (13). Whether there are
clinically meaningful differences in how
A1Crelates toaverageglucose in children
or in different ethnicities is an area for
further study (8,14,15). Until further
evidence is available, it seems prudent
to establish A1C goals in these popula-
tions with consideration of individual-
ized CGM, SMBG, and A1C results. This
limitation does not interfere with the
usefulness of CGM for insulin dose
adjustments.

Table 6.1—Estimated average glucose
(eAG)

A1C (%) mg/dL* mmol/L

5 97 (76–120) 5.4 (4.2–6.7)

6 126 (100–152) 7.0 (5.5–8.5)

7 154 (123–185) 8.6 (6.8–10.3)

8 183 (147–217) 10.2 (8.1–12.1)

9 212 (170–249) 11.8 (9.4–13.9)

10 240 (193–282) 13.4 (10.7–15.7)

11 269 (217–314) 14.9 (12.0–17.5)

12 298 (240–347) 16.5 (13.3–19.3)

Data in parentheses are 95% CI. A calculator
for converting A1C results into eAG, in
either mg/dL or mmol/L, is available at
professional.diabetes.org/eAG. *These
estimates are based onADAGdata of;2,700
glucose measurements over 3 months per
A1C measurement in 507 adults with type 1,
type 2, or no diabetes. The correlation
between A1C and average glucose was 0.92
(6,7). Adapted from Nathan et al. (6).
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Glucose Assessment by Continuous
Glucose Monitoring

Recommendations

6.3 Standardized, single-page glucose
reports from continuous glucose
monitoring (CGM) devices with
visual cues, such as the ambula-
tory glucose profile (AGP), should
be considered as a standard print-
out for all CGM devices. E

6.4 Time in range (TIR) is associated
with the risk of microvascular
complications, should be an ac-
ceptable end point for clinical
trialsmoving forward, and can be
used for assessment of glycemic
control. Additionally, time below
target (,70 and,54 mg/dL [3.9
and 3.0mmol/L]) and time above
target (.180mg/dL [10.0mmol/L])
are useful parameters for reeval-
uation of the treatment regimen. C

CGM is rapidly improving diabetesman-
agement. As stated in the recommen-
dations, time in range (TIR) is a useful
metric of glycemic control and glucose
patterns and it correlates well with A1C
in most studies (16–21). New data sup-
port that increased TIR correlates with
the risk of complications. The studies
supporting this assertion are reviewed
in more detail in Section 7 “Diabetes
Technology” (https://doi.org/10.2337/
dc21-S007); they include cross-sectional
data and cohort studies (22–24) dem-
onstrating TIR as an acceptable end point
for clinical trials moving forward and
that it can be used for assessment of
glycemic control. Additionally, time be-
low target (,70and,54mg/dL [3.9 and
3.0 mmol/L]) and time above target
(.180 mg/dL [10.0 mmol/L]) are useful
parameters for reevaluation of the treat-
ment regimen.
For many people with diabetes, glu-

cose monitoring is key for achieving
glycemic targets. Major clinical trials of
insulin-treated patients have included
SMBG as part of multifactorial inter-
ventions to demonstrate the benefit of
intensive glycemic control on diabetes
complications (25). SMBG is thus an in-
tegral component of effective therapy of
patients taking insulin. In recent years,
CGM has emerged as a complementary
method for assessing glucose levels. Both
approaches to glucose monitoring allow
patients to evaluate individual response

to therapy and assess whether glycemic
targets are being safely achieved. The
international consensus on TIR provides
guidance on standardized CGM metrics
(see Table 6.2) and considerations for
clinical interpretation and care (26). To
make these metrics more actionable,
standardized reports with visual cues,
such as the ambulatory glucose profile
(see Fig. 6.1), are recommended (26) and
may help the patient and the provider
better interpret the data to guide treat-
ment decisions (16,19). SMBG and CGM
can be useful to guide medical nutrition
therapy and physical activity, prevent
hypoglycemia, and aid medication man-
agement. While A1C is currently the
primary measure to guide glucose man-
agement and a valuable risk marker for
developing diabetes complications, the
glucose management indicator (GMI)
along with the other CGM metrics pro-
vide for a more personalized diabetes
management plan. The incorporation of
these metrics into clinical practice is in
evolution, and optimization and harmo-
nization of CGM terminology will evolve
to suit patient and provider needs. The
patient’s specific needs and goals should
dictate SMBG frequency and timing and
consideration of CGM use. Please refer to
Section 7 “Diabetes Technology” (https://
doi.org/10.2337/dc21-S007) for a ful-
ler discussion of the use of SMBG and
CGM.
With the advent of new technology,

CGMhasevolved rapidly inbothaccuracy
and affordability. As such, many patients
have these data available to assist with
both self-management and assessment
by providers. Reports can be generated
from CGM that will allow the provider to
determine TIR and to assess hypoglyce-
mia, hyperglycemia, and glycemic vari-
ability. As discussed in a recent consensus
document,a report formattedasshown in
Fig. 6.1 can be generated (26). Published
data suggest a strong correlationbetween
TIR and A1C, with a goal of 70% TIR
aligning with an A1C of ;7% in two
prospective studies (18,27).

GLYCEMIC GOALS

For glycemic goals in older adults, please
refer to Section12, “OlderAdults” (https://
doi.org/10.2337/dc21-S012). For glycemic
goals in children, please refer to Section 13
“Children and Adolescents” (https://doi
.org/10.2337/dc21-S013). For glycemic

goals in pregnant women, please refer
to Section 14 “Management of Diabetes
in Pregnancy” (https://doi.org/10.2337/
dc21-S014). Overall, regardless of the
population being served, it is critical for
the glycemic targets to bewoven into the
overall patient-centered strategy. For ex-
ample, in a very young child safety and
simplicity may outweigh the need for
perfect control in the short run. Simpli-
fication may decrease parental anxiety
and build trust and confidence, which
could support further strengthening of
glycemic targets and self-efficacy. Simi-
larly, in healthy older adults, there is no
empiric need to loosencontrol. However,
the provider needs to work with an
individual and should consider adjusting
targets or simplifying the regimen if this
change is needed to improve safety and
adherence.

Recommendations

6.5a An A1C goal for many nonpreg-
nantadultsof,7%(53mmol/mol)
without significant hypoglycemia
is appropriate. A

6.5b If using ambulatory glucose pro-
file/glucose management indica-
tor to assess glycemia, a parallel
goal is a time in range of.70%
with time below range ,4%
(Fig. 6.1). B

6.6 On the basis of provider judg-
ment and patient preference,
achievement of lower A1C lev-
els than the goal of 7% may be
acceptable, and even beneficial,
if it can be achieved safely with-
out significant hypoglycemia or
other adverse effects of treat-
ment. C

6.7 Less stringent A1C goals (such
as,8% [64mmol/mol]) may be
appropriate for patients with
limited life expectancy, or where
theharmsof treatmentaregreater
than the benefits. B

6.8 Reassess glycemic targets over
time based on the criteria in Fig.
6.2 and in older adults (Table
12.1). E

A1C and Microvascular Complications
Hyperglycemia defines diabetes, and gly-
cemic control is fundamental to diabetes
management. The Diabetes Control and
Complications Trial (DCCT) (25), a pro-
spective randomized controlled trial of in-
tensive(meanA1Cabout7%[53mmol/mol])
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versus standard (mean A1C about 9%
[75 mmol/mol]) glycemic control in pa-
tients with type 1 diabetes, showed de-
finitively that better glycemic control is
associated with 50–76% reductions in
rates of development and progression of
microvascular (retinopathy, neuropathy,
and diabetic kidney disease) complica-
tions. Follow-up of the DCCT cohorts in
the Epidemiology of Diabetes Interven-
tions and Complications (EDIC) study
(28,29) demonstrated persistence of

these microvascular benefits over two
decades despite the fact that the glycemic
separation between the treatment groups
diminished and disappeared during
follow-up.
The Kumamoto Study (30) and UK

Prospective Diabetes Study (UKPDS) (31,32)
confirmed that intensive glycemic con-
trol significantly decreased rates of mi-
crovascular complications in patientswith
short-duration type2 diabetes. Long-term
follow-up of the UKPDS cohorts showed

enduring effects of early glycemic con-
trol on most microvascular complications
(33).
Therefore, achieving A1C targets of

,7% (53 mmol/mol) has been shown
to reduce microvascular complications
of type 1 and type 2 diabetes when
instituted early in the course of disease
(1,34). Epidemiologic analyses of the
DCCT (25) andUKPDS (35) demonstrate a
curvilinear relationship between A1C and
microvascular complications. Such anal-
yses suggest that, on a population level,
the greatest number of complications
will be averted by taking patients from
very poor control to fair/good control.
These analyses also suggest that further
lowering of A1C from 7% to 6% [53 mmol/
mol to 42 mmol/mol] is associated with
further reduction in the risk of microvas-
cular complications, although the abso-
lute risk reductionsbecomemuchsmaller.
The implication of these findings is that
there is noneed todeintensify therapy for
an individualwithanA1Cbetween6%and
7% and low hypoglycemia risk with a long
life expectancy. There are now newer
agents that do not cause hypoglycemia,
making it possible to maintain glucose
control without risk of hypoglycemia (see
Section 9 “Pharmacologic Approaches to
Glycemic Treatment,” https://doi.org/10
.2337/dc21-S009).

Table 6.2—Standardized CGM metrics for clinical care

1. Number of days CGMdevice isworn (recommend 14 days)

2. Percentage of time CGM device is active
(recommend 70% of data from 14 days)

3. Mean glucose

4. Glucose management indicator

5. Glycemic variability (%CV) target #36%*

6. TAR: % of readings and time .250 mg/dL
(.13.9 mmol/L) Level 2 hyperglycemia

7. TAR: % of readings and time 181–250 mg/dL
(10.1–13.9 mmol/L) Level 1 hyperglycemia

8. TIR: % of readings and time 70–180 mg/dL (3.9–10.0 mmol/L) In range

9. TBR: % of readings and time 54–69 mg/dL (3.0–3.8 mmol/L) Level 1 hypoglycemia

10. TBR: % of readings and time,54 mg/dL (,3.0 mmol/L) Level 2 hypoglycemia

CGM, continuous glucose monitoring; CV, coefficient of variation; TAR, time above range; TBR,
time below range; TIR, time in range. *Some studies suggest that lower %CV targets (,33%)
provide additional protection against hypoglycemia for those receiving insulin or sulfonylureas.
Adapted from Battelino et al. (26).

Figure 6.1—Key points included in standard ambulatory glucose profile (AGP) report. Adapted from Battelino et al. (26).
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Given the substantially increased risk
of hypoglycemia in type 1 diabetes and
with polypharmacy in type 2 diabetes,
the risks of lower glycemic targets may
outweigh the potential benefits on micro-
vascular complications. Three landmark
trials (Action to Control Cardiovascular
Risk in Diabetes [ACCORD], Action in
Diabetes and Vascular Disease: Preterax
and DiamicronMR Controlled Evaluation
[ADVANCE], and Veterans Affairs Diabe-
tes Trial [VADT]) were conducted to test
theeffects ofnearnormalizationofblood
glucose on cardiovascular outcomes in
individuals with long-standing type 2 di-
abetes and either known cardiovascular
disease (CVD) or high cardiovascular risk.
These trials showed that lowerA1C levels
were associated with reduced onset or
progression of some microvascular com-
plications (36–38).
The concerning mortality findings in

the ACCORD trial (39), discussed below,
and the relatively intense efforts required
to achieve near euglycemia should alsobe
considered when setting glycemic targets
for individuals with long-standing diabe-
tes, such as those studied in ACCORD,
ADVANCE, andVADT. Findings from these
studies suggest caution is needed in treat-
ing diabetes aggressively to near-normal

A1C goals in people with long-standing
type2diabeteswithorat significant riskof
CVD. These landmark studies need to be
considered with an important caveat; glu-
cagon like peptide 1 (GLP-1) receptor ago-
nists and sodium–glucose cotransporter
2 (SGLT2) inhibitorswerenotapprovedat
the time of these trials. As such, these
agents with established cardiovascular and
renal benefit appear tobe safe in this group
ofhigh-riskpatients.Clinical trialsexamining
these agents for cardiovascular safety were
notdesignedtotesthigherversuslowerA1C;
therefore, beyondpost hoc analysis of these
trials, we do not have evidence that it is the
glucose lowering by these agents that con-
fers the CVD and renal benefit (40). As such,
on the basis of physician judgment and
patient preferences, select patients, es-
pecially those with little comorbidity and
long life expectancy, may benefit from
adopting more intensive glycemic targets
if they can achieve them safely without
hypoglycemia or significant therapeutic
burden.

A1C and Cardiovascular Disease
Outcomes

Cardiovascular Disease and Type 1 Diabetes

CVD is a more common cause of death
than microvascular complications in

populations with diabetes. There is ev-
idence for a cardiovascular benefit of
intensive glycemic control after long-
term follow-up of cohorts treated early
in the course of type 1 diabetes. In the
DCCT, there was a trend toward lower risk
ofCVDeventswith intensivecontrol. In the
9-year post-DCCT follow-up of the EDIC
cohort, participants previously random-
ized to the intensive armhadasignificant
57% reduction in the risk of nonfatal
myocardial infarction (MI), stroke, or
cardiovascular death compared with
those previously randomized to the stan-
dard arm (41). The benefit of intensive
glycemic control in this cohortwith type1
diabetes has been shown to persist for
several decades (42) and tobe associated
with a modest reduction in all-cause
mortality (43).

Cardiovascular Disease and Type 2 Diabetes

In type 2 diabetes, there is evidence that
more intensive treatment of glycemia in
newly diagnosed patients may reduce
long-term CVD rates. In addition, data
from the Swedish National Diabetes Reg-
istry (44) and the Joint Asia Diabetes
Evaluation (JADE) demonstrate greater
proportions of people with diabetes be-
ing diagnosed at,40 years of age and a
demonstrably increased burden of heart
disease and years of life lost in people
diagnosed at a younger age (45–48).
Thus, for prevention of both microvas-
cular andmacrovascular complicationsof
diabetes, there is a major call to over-
come therapeutic inertia and treat to
target for an individual patient (47,49).
During the UKPDS, there was a 16%
reduction in CVD events (combined fatal
or nonfatal MI and sudden death) in the
intensive glycemic control arm that did
not reach statistical significance (P 5
0.052), and there was no suggestion of
benefit on other CVD outcomes (e.g.,
stroke). Similar to the DCCT/EDIC, after
10 years of observational follow-up,
those originally randomized to intensive
glycemic control had significant long-term
reductions in MI (15% with sulfonylurea
or insulin as initial pharmacotherapy,
33% with metformin as initial pharma-
cotherapy) and in all-cause mortality (13%
and 27%, respectively) (33).
ACCORD, ADVANCE, and VADT sug-

gested no significant reduction in CVD
outcomes with intensive glycemic con-
trol in participants followed for shorter
durations (3.5–5.6 years) and who had

Figure 6.2—Patient and disease factors used to determine optimal glycemic targets. Character-
istics and predicaments toward the left justify more stringent efforts to lower A1C; those toward
the right suggest less stringent efforts. A1C 7%5 53 mmol/mol. Adapted with permission from
Inzucchi et al. (59).
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more advanced type 2 diabetes than
UKPDS participants. All three trials were
conducted in relatively older participants
with longer known duration of diabetes
(mean duration 8–11 years) and either
CVD or multiple cardiovascular risk fac-
tors. The target A1C among intensive-
control subjects was,6% (42mmol/mol)
in ACCORD, ,6.5% (48 mmol/mol) in
ADVANCE, and a 1.5% reduction in A1C
compared with control subjects in VADT,
with achieved A1C of 6.4% vs. 7.5%
(46 mmol/mol vs. 58 mmol/mol) in AC-
CORD, 6.5% vs. 7.3% (48 mmol/mol vs.
56mmol/mol) in ADVANCE, and 6.9% vs.
8.4% (52 mmol/mol vs. 68 mmol/mol) in
VADT. Details of these studies are re-
viewed extensively in the joint ADA po-
sition statement, “Intensive Glycemic
Control and the Prevention of Cardio-
vascular Events: Implications of the
ACCORD, ADVANCE, and VA Diabetes
Trials” (50).
The glycemic control comparison in

ACCORD was halted early due to an in-
creased mortality rate in the intensive
compared with the standard treatment
arm (1.41% vs. 1.14% per year; hazard
ratio 1.22 [95% CI 1.01–1.46]), with a
similar increase in cardiovascular deaths.
Analysis of the ACCORD data did not
identify a clear explanation for the
excess mortality in the intensive treat-
ment arm (39).
Longer-term follow-up has shown no

evidence of cardiovascular benefit or harm
in the ADVANCE trial (51). The end-stage
renaldisease ratewas lower in the intensive
treatment group over follow-up. However,
10-year follow-up of the VADT cohort (52)
showed a reduction in the risk of cardio-
vascularevents(52.7[controlgroup]vs.44.1
[intervention group] events per 1,000person-
years) with no benefit in cardiovascular or
overallmortality. Heterogeneity ofmortality
effects across studies was noted, which
may reflect differences in glycemic targets,
therapeutic approaches, and, importantly,
population characteristics (53).
Mortality findings in ACCORD (39) and

subgroup analyses of VADT (54) suggest
that the potential risks of intensive glyce-
mic control may outweigh its benefits
in higher-risk patients. In all three trials,
severehypoglycemiawas significantlymore
likely in participants who were randomly
assigned to the intensive glycemic control
arm. Those patients with long duration of
diabetes, a knownhistory of hypoglycemia,
advanced atherosclerosis, or advanced

age/frailty may benefit from less aggres-
sive targets (55,56).
As discussed further below, severe

hypoglycemia is a potent marker of high
absolute risk of cardiovascular events and
mortality (57). Providers should be vigilant in
preventing hypoglycemia and should not
aggressivelyattempttoachievenear-normal
A1C levels in patients in whom such
targets cannot be safely and reasonably
achieved.Asdiscussed inSection9 “Phar-
macologic Approaches to Glycemic Treat-
ment” (https://doi.org/10.2337/dc21-S009),
addition of specific (SGLT2) inhibitors or
GLP-1 receptor agonists that have dem-
onstrated CVD benefit is recommended
for use in patients with established CVD,
chronic kidney disease, and heart failure.
As outlined in more detail in Section 9
“Pharmacologic Approaches to Glycemic
Treatment” (https://doi.org/10.2337/dc21-
S009) and Section 10 “Cardiovascular Dis-
ease and Risk Management” (https://doi
.org/10.2337/dc21-S010), the cardiovas-
cular benefits of SGLT2 inhibitors orGLP-1
receptor agonists are not dependent upon
A1C lowering; therefore, initiation canbe
considered in peoplewith type 2 diabetes
and CVD independent of the current A1C
or A1C goal or metformin therapy. Based
on these considerations, the following
two strategies are offered (58):

1. If already on dual therapy or multiple
glucose-lowering therapies and not on
an SGLT2 inhibitor or GLP-1 receptor
agonist, consider switching to one of
these agents with proven cardiovas-
cular benefit.

2. Introduce SGLT2 inhibitors or GLP-1
receptor agonists in patients with CVD
at A1C goal (independent ofmetformin)
for cardiovascular benefit, independent
of baseline A1C or individualized A1C
target.

Setting and Modifying A1C Goals
Numerous factors must be considered
when setting glycemic targets. The ADA
proposes general targets appropriate for
many patients but emphasizes the im-
portance of individualization based on
key patient characteristics. Glycemic tar-
getsmust be individualized in the context
of shared decision-making to address the
needs and preferences of each patient
and the individual characteristics that
influence risks andbenefits of therapy for
each patient in order to optimize patient
engagement and self-efficacy.

The factors to consider in individual-
izing goals are depicted in Fig. 6.2. This
figure is notdesigned tobeapplied rigidly
but to be used as a broad construct to
guide clinical decision-making (59) and
engage in shared decision-making in
people with type 1 and type 2 diabetes.
More stringent targets may be recom-
mended if they can be achieved safely
and with acceptable burden of therapy
and if life expectancy is sufficient to reap
benefits of stringent targets. Less strin-
gent targets (A1C up to 8% [64 mmol/
mol]) may be recommended if the life
expectancy of the patient is such that the
benefits of an intensive goal may not be
realized, or if the risks and burdens
outweigh the potential benefits. Severe
or frequent hypoglycemia is an absolute
indication for the modification of treat-
ment regimens, including setting higher
glycemic goals.
Diabetes is a chronic disease that pro-

gresses over decades. Thus, a goal that
might be appropriate for an individual
early in the course of their diabetes may
change over time. Newly diagnosed pa-
tients and/or thosewithout comorbidities
that limit lifeexpectancymaybenefit from
intensive control proven to prevent mi-
crovascular complications. Both DCCT/
EDIC andUKPDS demonstratedmetabolic
memory, or a legacy effect, in which a
finite period of intensive control yielded
benefits that extended for decades after
that control ended. Thus, a finite period
of intensive control to near-normal A1C
may yield enduring benefits even if con-
trol is subsequently deintensified as pa-
tient characteristics change. Over time,
comorbidities may emerge, decreasing
life expectancy and thereby decreasing
the potential to reap benefits from in-
tensive control. Also, with longer dura-
tion of disease, diabetes may become
more difficult to control, with increasing
risks and burdens of therapy. Thus, A1C
targets should be reevaluated over time
to balance the risks and benefits as patient
factors change.
Recommended glycemic targets for

many nonpregnant adults are shown in
Table 6.3. The recommendations include
blood glucose levels that appear to cor-
relate with achievement of an A1C
of ,7% (53 mmol/mol). Pregnancy rec-
ommendations are discussed in more
detail in Section 14 “Management
of Diabetes in Pregnancy” (https://doi
.org/10.2337/dc21-S014).
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The issue of preprandial versus post-
prandial SMBG targets is complex (60).
Elevated postchallenge (2-h oral glucose
tolerance test) glucose values have been
associated with increased cardiovascular
risk independent of fasting plasma glu-
cose in some epidemiologic studies,
whereas intervention trials havenot shown
postprandial glucose to be a cardiovas-
cular risk factor independent of A1C. In
peoplewithdiabetes, surrogatemeasures
of vascular pathology, such as endothelial
dysfunction, are negatively affected by
postprandial hyperglycemia. It is clear
that postprandial hyperglycemia, like pre-
prandial hyperglycemia, contributes to
elevated A1C levels, with its relative
contribution being greater at A1C levels
that are closer to 7% (53 mmol/mol).
However, outcome studies have clearly
shownA1C to be theprimary predictor of
complications, and landmark trials of
glycemic control such as the DCCT and
UKPDS relied overwhelmingly on pre-
prandial SMBG. Additionally, a random-
ized controlled trial in patients with
known CVD found no CVD benefit of
insulin regimens targeting postprandial
glucose compared with those targeting
preprandial glucose (61). Therefore, it is
reasonable for postprandial testing to be
recommended for individuals who have
premeal glucose values within target but
A1C values above target. In addition,
when intensifying insulin therapy, mea-
suring postprandial plasma glucose 1–
2 h after the start of a meal and using
treatments aimed at reducing post-
prandial plasma glucose values to
,180 mg/dL (10.0 mmol/L) may help
to lower A1C.
An analysis of data from 470 partici-

pants in the ADAG study (237with type 1
diabetes and 147 with type 2 diabetes)
found that the glucose ranges highlighted
in Table 6.1 are adequate tomeet targets
and decrease hypoglycemia (7,62). These

findings support that premeal glucose
targets may be relaxed without under-
mining overall glycemic control as mea-
sured by A1C. These data prompted the
revision in the ADA-recommended pre-
meal glucose target to 80–130 mg/dL
(4.4–7.2 mmol/L) but did not affect the
definition of hypoglycemia.

HYPOGLYCEMIA

Recommendations

6.9 Occurrence and risk for hypo-
glycemia should be reviewed at
every encounter and investigated
as indicated. C

6.10 Glucose (approximately 15–20g)
is the preferred treatment for
theconscious individualwithblood
glucose,70mg/dL(3.9mmol/L],
although any form of carbohy-
drate that contains glucose may
be used. Fifteen minutes after
treatment, if self-monitoring of
blood glucose (SMBG) shows
continued hypoglycemia, the
treatment should be repeated.
Once the SMBGor glucosepattern
is trending up, the individual
should consume a meal or snack
to prevent recurrence of hypogly-
cemia. B

6.11 Glucagon should be prescribed
for all individuals at increased
risk of level 2 or 3 hypoglycemia
so that it is available should it be
needed. Caregivers, school per-
sonnel, or family members of
these individuals should know
where it is andwhen and how to
administer it. Glucagon admin-
istration is not limited to health
care professionals. E

6.12 Hypoglycemia unawareness or
one or more episodes of level 3
hypoglycemia should trigger hy-
poglycemia avoidance education

and reevaluation of the treat-
ment regimen. E

6.13 Insulin-treatedpatientswithhy-
poglycemia unawareness, one
level 3 hypoglycemic event, or
a pattern of unexplained level 2
hypoglycemia should be advised
to raise their glycemic targets to
strictly avoid hypoglycemia for
at least several weeks in order
to partially reverse hypoglyce-
mia unawareness and reduce
risk of future episodes. A

6.14 Ongoing assessment of cogni-
tive function is suggested with
increased vigilance for hypogly-
cemia by the clinician, patient,
and caregivers if low cognition
ordeclining cognition is found.B

Hypoglycemia is the major limiting fac-
tor in the glycemicmanagement of type1
and type 2 diabetes. Recommendations
regarding the classification of hypogly-
cemia are outlined in Table 6.4 (63–68).
Level 1 hypoglycemia is defined as a
measurable glucose concentration ,70
mg/dL (3.9 mmol/L) but $54 mg/dL (3.0
mmol/L). A blood glucose concentra-
tion of 70 mg/dL (3.9 mmol/L) has been
recognized as a threshold for neuroendo-
crine responses to falling glucose in peo-
ple without diabetes. Because many
people with diabetes demonstrate im-
paired counterregulatory responses to
hypoglycemia and/or experience hypo-
glycemia unawareness, a measured glu-
cose level ,70 mg/dL (3.9 mmol/L) is
considered clinically important (indepen-
dentof the severityofacutehypoglycemic
symptoms). Level 2 hypoglycemia (de-
fined as a blood glucose concentration
,54 mg/dL [3.0 mmol/L]) is the thresh-
old at which neuroglycopenic symptoms
begin to occur and requires immediate
action to resolve the hypoglycemic event.
If a patient has level 2 hypoglycemia
without adrenergic or neuroglycopenic
symptoms, they likely have hypoglyce-
mia unawareness (discussed further
below). This clinical scenario warrants
investigation and review of the medical
regimen. Lastly, level 3 hypoglycemia is
defined as a severe event characterized
by altered mental and/or physical func-
tioning that requires assistance from
another person for recovery.
Symptoms of hypoglycemia include,

but are not limited to, shakiness,

Table 6.3—Summary of glycemic recommendations for many nonpregnant
adults with diabetes
A1C ,7.0% (53 mmol/mol)*#

Preprandial capillary plasma glucose 80–130 mg/dL* (4.4–7.2 mmol/L)

Peak postprandial capillary plasma glucose† ,180 mg/dL* (10.0 mmol/L)

*More or less stringent glycemic goals may be appropriate for individual patients. #CGMmay be
used to assess glycemic target as noted in Recommendation 6.5b and Fig. 6.1. Goals should be
individualized based on duration of diabetes, age/life expectancy, comorbid conditions, known
CVDor advancedmicrovascular complications, hypoglycemia unawareness, and individual patient
considerations (as per Fig. 6.2). †Postprandial glucose may be targeted if A1C goals are not met
despite reaching preprandial glucose goals. Postprandial glucose measurements should be made
1–2 h after the beginning of the meal, generally peak levels in patients with diabetes.
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irritability, confusion, tachycardia, and
hunger. Hypoglycemia may be inconve-
nient or frightening to patients with di-
abetes. Level 3 hypoglycemia may be
recognized or unrecognized and can
progress to loss of consciousness, sei-
zure, coma, or death. Hypoglycemia is
reversedbyadministrationof rapid-acting
glucose or glucagon. Hypoglycemia can
cause acute harm to the person with
diabetes or others, especially if it causes
falls, motor vehicle accidents, or other
injury. Recurrent level 2 hypoglycemia
and/or level 3 hypoglycemia is an urgent
medical issue and requires interven-
tion with medical regimen adjustment,
behavioral intervention, and, in some
cases, use of technology to assist with
hypoglycemia prevention and identifica-
tion (64,69–72). A large cohort study
suggested that among older adults with
type 2 diabetes, a history of level 3 hy-
poglycemia was associated with greater
risk of dementia (73). Conversely, in a
substudy of the ACCORD trial, cognitive
impairment at baseline or decline in
cognitive function during the trial was
significantly associated with subsequent
episodes of level 3 hypoglycemia (74).
Evidence from DCCT/EDIC, which in-
volved adolescents and younger adults
with type 1 diabetes, found no associa-
tion between frequency of level 3 hypo-
glycemia and cognitive decline (75).
Studiesof ratesof level3hypoglycemia

that rely on claims data for hospitaliza-
tion, emergency department visits, and
ambulance use substantially underesti-
mate rates of level 3 hypoglycemia (76)
yet reveal a high burden of hypoglycemia
in adults over 60 years of age in the
community (77). African Americans are
at substantially increased risk of level
3 hypoglycemia (77,78). In addition to
age and race, other important risk factors
found in a community-based epidemio-
logic cohort of older Black and White
adults with type 2 diabetes include

insulin use, poor or moderate versus
good glycemic control, albuminuria, and
poor cognitive function (77). Level 3 hy-
poglycemiawas associatedwithmortality
in participants in both the standard and
the intensive glycemia arms of the AC-
CORD trial, but the relationships between
hypoglycemia, achieved A1C, and treat-
ment intensity were not straightforward.
An association of level 3 hypoglycemia
with mortality was also found in the
ADVANCE trial (79). An association be-
tween self-reported level 3 hypoglycemia
and 5-year mortality has also been re-
ported in clinical practice (80).
Young children with type 1 diabetes

and the elderly, including those with
type 1 and type 2 diabetes (73,81), are
noted as particularly vulnerable to hypo-
glycemia because of their reduced ability
to recognize hypoglycemic symptoms and
effectively communicate their needs. In-
dividualized glucose targets, patient ed-
ucation,dietary intervention (e.g.,bedtime
snack to prevent overnight hypoglycemia
when specifically needed to treat low
blood glucose), exercise management,
medication adjustment, glucose moni-
toring, and routine clinical surveillance
may improve patient outcomes (82).
CGM with automated low glucose sus-
pend has been shown to be effective in
reducinghypoglycemia in type1diabetes
(83). For patients with type 1 diabetes
with level 3 hypoglycemia and hypogly-
cemia unawareness that persists despite
medical treatment, human islet trans-
plantation may be an option, but the
approach remains experimental (84,85).
In 2015, the ADA changed its prepran-

dial glycemic target from 70–130 mg/dL
(3.9–7.2 mmol/L) to 80–130 mg/dL (4.4–
7.2 mmol/L). This change reflects the
results of the ADAG study, which dem-
onstrated that higher glycemic targets
corresponded to A1C goals (7). An ad-
ditional goal of raising the lower range
of the glycemic target was to limit

overtreatment and provide a safety mar-
gin in patients titrating glucose-lowering
drugs such as insulin to glycemic targets.

Hypoglycemia Treatment
Providers should continue to counsel pa-
tients to treat hypoglycemia with fast-
acting carbohydrates at the hypoglycemia
alert value of 70 mg/dL (3.9 mmol/L) or
less. This should be reviewed at each
patient visit. Hypoglycemia treatment re-
quires ingestionof glucose- or carbohydrate-
containing foods (86–88). The acute
glycemic response correlates better
with the glucose content of food than
with the carbohydrate content of food.
Pure glucose is the preferred treatment,
but any form of carbohydrate that con-
tains glucose will raise blood glucose.
Added fat may retard and then prolong
the acute glycemic response. In type 2
diabetes, ingested protein may increase
insulin response without increasing
plasmaglucoseconcentrations (89). There-
fore, carbohydrate sources high in protein
should not be used to treat or prevent
hypoglycemia. Ongoing insulin activity or
insulin secretagogues may lead to recur-
rent hypoglycemia unless more food is
ingestedafter recovery.Once theglucose
returns to normal, the individual should
be counseled to eat a meal or snack to
prevent recurrent hypoglycemia.

Glucagon

The use of glucagon is indicated for the
treatment of hypoglycemia in people
unable or unwilling to consume carbo-
hydrates by mouth. Those in close con-
tact with, or having custodial care of,
people with hypoglycemia-prone diabetes
(family members, roommates, school
personnel, childcare providers, correc-
tional institution staff, or coworkers)
should be instructed on the use of glu-
cagon, including where the glucagon
product is kept and when and how to
administer it. An individual does not need
to be a health care professional to safely
administer glucagon. In addition to
traditional glucagon injection powder
that requires reconstitution prior to
injection, intranasal glucagon and glu-
cagon solution for subcutaneous injec-
tion are available. Care should be taken
to ensure that glucagon products are
not expired.

Hypoglycemia Prevention
Hypoglycemia prevention is a critical
component of diabetes management.

Table 6.4—Classification of hypoglycemia

Glycemic criteria/description

Level 1 Glucose ,70 mg/dL (3.9 mmol/L) and $54 mg/dL
(3.0 mmol/L)

Level 2 Glucose ,54 mg/dL (3.0 mmol/L)

Level 3 A severe event characterized by altered mental and/or
physical status requiring assistance for treatment of
hypoglycemia

Reprinted from Agiostratidou et al. (63).
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SMBG and, for some patients, CGM are
essential tools to assess therapy and
detect incipient hypoglycemia. Patients
should understand situations that in-
crease their risk of hypoglycemia, such as
when fasting for tests or procedures,when
meals are delayed, during and after the
consumption of alcohol, during and after
intense exercise, and during sleep. Hypo-
glycemia may increase the risk of harm to
self or others, such as with driving. Teach-
ing people with diabetes to balance insulin
use and carbohydrate intake and exercise
are necessary, but these strategies are not
always sufficient for prevention.
In type 1 diabetes and severely insulin-

deficient type 2 diabetes, hypoglycemia
unawareness (or hypoglycemia-associ-
ated autonomic failure) can severely
compromise stringent diabetes control
and quality of life. This syndrome is
characterized by deficient counterregu-
latory hormone release, especially in
older adults, andadiminishedautonomic
response, which are both risk factors for,
and caused by, hypoglycemia. A corollary
to this “vicious cycle” is that several
weeks of avoidance of hypoglycemia has
been demonstrated to improve counter-
regulation and hypoglycemia awareness
in many patients (90). Hence, patients
with one or more episodes of clinically
significant hypoglycemia may benefit
from at least short-term relaxation of
glycemic targets and availability of glu-
cagon (91).

Use of CGM Technology in Hypoglycemia

Prevention

With the advent of CGM and CGM-
assisted pump therapy, there has been
a promise of alarm-based prevention of
hypoglycemia (92,93). To date, there
have been a number of randomized
controlled trials in adults with type 1
diabetes and studies in adults and chil-
drenwith type 1 diabetes using real-time
CGM (see Section 7 “Diabetes Technol-
ogy,” https://doi.org/10.2337/dc21-S007).
These studies had differing A1C at entry
and differing primary end points and thus
must be interpreted carefully. Real-time
CGM studies can be divided into studies
with elevated A1C with the primary end
point of A1C reduction and studies with
A1Cnear targetwith theprimary endpoint
of reduction in hypoglycemia (93–109). In
peoplewithtype1andtype2diabeteswith
A1C above target, CGM improved A1C
between 0.3% and 0.6%. For studies

targetinghypoglycemia,moststudiesdem-
onstrated a significant reduction in time
spent between 54 and 70 mg/dL. A recent
report in people with type 1 diabetes
over the age of 60 years revealed a small
but statistically significant decrease in hy-
poglycemia (110). No study to date has
reported a decrease in level 3 hypogly-
cemia. In a single study using intermit-
tently scanned CGM, adults with type 1
diabeteswithA1Cnear goal and impaired
awareness of hypoglycemia demonstrated
no change in A1C and decreased level
2 hypoglycemia (100). For people with
type 2 diabetes, studies examining the
impact of CGM on hypoglycemic events
are limited; a recent meta-analysis does
not reflect a significant impact on hypo-
glycemic events in type 2 diabetes (111),
whereas improvements in A1C were
observed inmost studies (111–117).Over-
all, real-time CGM appears to be a useful
tool for decreasing time spent in a hypo-
glycemic range in people with impaired
awareness. For type 2 diabetes, other
strategies to assist patients with insulin
dosing can improve A1C with minimal
hypoglycemia (118).

INTERCURRENT ILLNESS

For further information on management
of patients with hyperglycemia in the
hospital, see Section 15 “Diabetes Care
in theHospital” (https://doi.org/10.2337/
dc21-S015).
Stressful events (e.g., illness, trauma,

surgery, etc.) may worsen glycemic con-
trol and precipitate diabetic ketoacidosis
or nonketotic hyperglycemic hyperosmolar
state, life-threatening conditions that re-
quire immediate medical care to prevent
complications and death. Any condition
leading to deterioration in glycemic control
necessitates more frequent monitoring
of blood glucose; ketosis-prone patients
also require urine or blood ketone moni-
toring. If accompanied by ketosis, vomiting,
or alteration in the level of consciousness,
marked hyperglycemia requires tempo-
rary adjustment of the treatment regi-
men and immediate interaction with the
diabetes care team. The patient treated
with noninsulin therapies or medical nu-
trition therapy alone may require insulin.
Adequate fluid and caloric intake must be
ensured. Infection or dehydration is more
likely to necessitate hospitalization of
individuals with diabetes versus those
without diabetes.

A physician with expertise in diabetes
management should treat the hospital-
ized patient. For further information on
themanagement ofdiabetic ketoacidosis
and thenonketotic hyperglycemic hyper-
osmolar state, please refer to the ADA
consensus report “Hyperglycemic Crises
in Adult Patients With Diabetes” (119).
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7. Diabetes Technology: Standards
ofMedical Care inDiabetesd2021
Diabetes Care 2021;44(Suppl. 1):S85–S99 | https://doi.org/10.2337/dc21-S007

The American Diabetes Association (ADA) “Standards of Medical Care in Diabetes”
includes the ADA’s current clinical practice recommendations and is intended to
provide the components of diabetes care, general treatment goals and guidelines,
and tools to evaluate quality of care. Members of the ADA Professional Practice
Committee, a multidisciplinary expert committee (https://doi.org/10.2337/dc21-
SPPC), are responsible for updating the Standards of Care annually, or more
frequently as warranted. For a detailed description of ADA standards, statements,
and reports, as well as the evidence-grading system for ADA’s clinical practice
recommendations, please refer to the Standards of Care Introduction (https://doi
.org/10.2337/dc21-SINT). Readers who wish to comment on the Standards of Care
are invited to do so at professional.diabetes.org/SOC.

Diabetes technology is the termused to describe the hardware, devices, and software
that people with diabetes use to help manage their condition, from lifestyle to blood
glucose levels. Historically, diabetes technology has been divided into two main
categories: insulin administered by syringe, pen, or pump, and blood glucose
monitoring as assessed by meter or continuous glucose monitor. More recently,
diabetes technology has expanded to include hybrid devices that both monitor
glucose and deliver insulin, some automatically, as well as software that serves as a
medical device, providing diabetes self-management support. Diabetes technology,
when coupled with education and follow-up, can improve the lives and health of
people with diabetes; however, the complexity and rapid change of the diabetes
technology landscape can also be a barrier to patient and provider implementation.

Recommendation

7.1 Useof technology shouldbe individualizedbasedonapatient’s needs, desires,
skill level, and availability of devices. E

Technology is rapidly changing, but there is no “one-size-fits-all” approach to
technology use in people with diabetes. Insurance coverage can lag behind device
availability, patient interest in devices and willingness to change can vary, and
providers may have trouble keeping up with newly released technology. Not-for-profit
websites can help providers and patients make decisions as to the initial choice of
devices.Other sources, including health care providers anddevicemanufacturers, can
help people troubleshoot when difficulties arise.

SELF-MONITORING OF BLOOD GLUCOSE

Recommendations

7.2 People who are on insulin using self-monitoring of blood glucose should be
encouraged to testwhenappropriate basedon their insulin regimen. Thismay

Suggested citation: American Diabetes Associa-
tion. 7. Diabetes technology: Standards ofMedical
Care in Diabetesd2021. Diabetes Care 2021;
44(Suppl. 1):S85–S99
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include testingwhenfasting,prior
to meals and snacks, at bedtime,
prior to exercise, when low blood
glucose is suspected, after treat-
ing low blood glucose until they
are normoglycemic, and prior
to and while performing critical
tasks such as driving. B

7.3 Providers should be aware of the
differences in accuracy amongglu-
cosemetersdonlyU.S. Foodand
DrugAdministration–approvedme-
ters with proven accuracy should
be used, with unexpired strips,
purchased from a pharmacy or
licensed distributor. E

7.4 When prescribed as part of a
diabetes self-management edu-
cationandsupportprogram, self-
monitoring of blood glucosemay
help to guide treatment decisions
and/or self-management for pa-
tients taking less frequent insulin
injections. B

7.5 Although self-monitoring of blood
glucose in patients on noninsulin
therapies has not consistently
shown clinically significant reduc-
tions in A1C, it may be helpful
when altering diet, physical ac-
tivity, and/or medications (par-
ticularly medications that can
cause hypoglycemia) in conjunc-
tion with a treatment adjustment
program. E

7.6 Whenprescribing self-monitoring
of blood glucose, ensure that
patients receive ongoing instruc-
tion and regular evaluation of
technique, results, and their abil-
ity to use data, including upload-
ing/sharing data (if applicable),
from self-monitoring of blood glu-
cose devices to adjust therapy. E

7.7 Health care providers should be
aware of medications and other
factors, such as high-dose vita-
min C and hypoxemia, that can
interfere with glucose meter ac-
curacy and provide clinical man-
agement as indicated. E

Major clinical trials of insulin-treated pa-
tients have included self-monitoring of
blood glucose (SMBG) as part of multi-
factorial interventions to demonstrate
the benefit of intensive glycemic con-
trol on diabetes complications (1). SMBG
is thusan integral componentof effective

therapy of patients taking insulin. In recent
years, continuous glucosemonitoring (CGM)
hasemergedasamethodfortheassessment
of glucose levels (discussed below). Glucose
monitoring allows patients to evaluate their
individual response to therapy and assess
whether glycemic targets are being safely
achieved. Integrating results into diabetes
management canbeauseful tool for guiding
medical nutrition therapy and physical ac-
tivity, preventing hypoglycemia, or adjusting
medications (particularly prandial insulin
doses). The patient’s specific needs and
goals should dictate SMBG frequency and
timing or the consideration of CGM use.

Meter Standards
Glucose meters meeting U.S. Food and
Drug Administration (FDA) guidance for
meter accuracy provide themost reliable
data for diabetes management. There
are several current standards for accu-
racy of blood glucose monitors, but the
two most used are those of the Inter-
national Organization for Standardization
(ISO) (ISO 15197:2013) and the FDA. The
current ISO and FDA standards are com-
pared in Table 7.1. In Europe, currently
marketedmonitorsmustmeet current ISO
standards. In the U.S., currently marketed
monitors must meet the standard under
which theywere approved, whichmay not
be the current standard. Moreover, the
monitoringof current accuracy is left to the
manufacturer and not routinely checked
by an independent source.
Patients assume their glucosemonitor

is accurate because it is FDA cleared, but
often that is not the case. There is sub-
stantial variation in the accuracy of widely
used blood glucose monitoring systems
(2,3). The Diabetes Technology Society
Blood Glucose Monitoring System Sur-
veillance Program provides information
on the performance of devices used for
SMBG (https://diabetestechnology.org/
surveillance). In one analysis, only 6 of the
top 18 glucose meters met the accuracy
standard (4).
There are single-meter studies in which

benefits have been found with individual
meter systems, but few that compare
meters in a head-to-head manner. Cer-
tainmeter systemcharacteristics, suchas
the use of lancing devices that are less
painful (5) and the ability to reapply blood
to a stripwith an insufficient initial sample,
may also be beneficial to patients (6) and
may make SMBG less burdensome for
patients to perform.

Counterfeit Strips

Patients should be advised against pur-
chasing or reselling preowned or second-
handtest strips,as thesemaygive incorrect
results. Only unopened and unexpired
vials of glucose test strips should be used
to ensure SMBG accuracy.

Optimizing SMBG Monitor Use
SMBG accuracy is dependent on the in-
strument and user, so it is important to
evaluate each patient’s monitoring tech-
nique, both initially and at regular intervals
thereafter. Optimal use of SMBG requires
proper review and interpretation of the
data, by both the patient and the provider,
to ensure that data are used in an effective
and timely manner. In patients with type 1
diabetes, there is a correlation between
greater SMBG frequency and lower A1C
(7). Among patients who check their blood
glucose at least once daily, many report
taking no action when results are high or
low (8). Patients should be taught how to
use SMBG data to adjust food intake,
exercise, or pharmacologic therapy to
achieve specific goals. Somemeters now
provide advice to the user in real time,
when monitoring glucose levels (9), while
others can be used as a part of integrated
health platforms (10).
Theongoing need for and frequency of

SMBG should be reevaluated at each rou-
tine visit to avoid overuse, particularly if
SMBG is not being used effectively for
self-management (8,11,12).

Patients on Intensive Insulin Regimens

SMBG is especially important for insulin-
treated patients to monitor for and pre-
vent hypoglycemia and hyperglycemia.
Most patients using intensive insulin regi-
mens (multiple daily injections or insulin
pump therapy) should be encouraged to
assess glucose levels using SMBG (and/or
CGM) prior to meals and snacks, at bed-
time, occasionally postprandially, prior to
exercise, when they suspect low blood
glucose, after treating low blood glucose
until they are normoglycemic, and prior
to and while performing critical tasks
such as driving. Formany patients using
SMBG, this will require checking up to
6–10 times daily, although individual
needs may vary. A database study of
almost 27,000 children and adolescents
with type 1 diabetes showed that, after
adjustment for multiple confounders, in-
creased daily frequency of SMBG was
significantly associated with lower A1C
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(20.2% per additional check per day) and
with fewer acute complications (13).

Patients Using Basal Insulin and/or Oral

Agents

The evidence is insufficient regarding
when to prescribe SMBG and how often
monitoring is needed for insulin-treated
patients who do not use intensive insulin
regimens, such as those with type 2 di-
abetes using basal insulin with or without
oral agents. However, for patients using
basal insulin, assessing fasting glucose
with SMBG to inform dose adjustments
to achieve blood glucose targets results
in lower A1C (14,15).
In people with type 2 diabetes not

using insulin, routine glucose monitoring
may be of limited additional clinical
benefit. By itself, even when combined
with education, it has showed limited
improvement inoutcomes (16–19).How-
ever, for some individuals, glucose mon-
itoring can provide insight into the
impact of diet, physical activity, and
medication management on glucose
levels. Glucose monitoring may also be
useful in assessing hypoglycemia, glu-
cose levels during intercurrent illness,
or discrepancies between measured
A1C and glucose levels when there is
concern anA1C resultmaynot be reliable
in specific individuals. It may be useful
when coupled with a treatment adjust-
ment program. In a year-long study of
insulin-naive patients with suboptimal ini-
tial glycemic stability, a group trained in
structured SMBG (a paper toolwas used at
least quarterly to collect and interpret
seven-point SMBGprofiles taken on 3 con-
secutive days) reduced their A1C by 0.3%
more than thecontrol group (20).A trial of
once-daily SMBG that included en-
hanced patient feedback through mes-
saging found no clinically or statistically
significant change in A1C at 1 year (19).
Meta-analyses have suggested that

SMBG can reduce A1C by 0.25–0.3%
at 6 months (21–23), but the effect was
attenuatedat12months inoneanalysis (21).
Reductions in A1C were greater (20.3%) in
trialswherestructuredSMBGdatawereused
to adjust medications, but A1C was not
changedsignificantlywithoutsuchstructured
diabetes therapy adjustment (23). A key
consideration is thatperformingSMBGalone
does not lower blood glucose levels. To be
useful, the information must be integrated
into clinical and self-management plans.

Glucose Meter Inaccuracy

Although many meters function well
under a variety of circumstances, providers
andpeoplewithdiabetesneed tobeaware
of factors thatcan impairmeteraccuracy.A
meter reading that seems discordant with
clinical reality needs to be retested or
tested in a laboratory. Providers in inten-
sive care unit settings need to be partic-
ularly aware of the potential for abnormal
meter readings, and laboratory-based val-
ues should be used if there is any doubt.
Somemeters give error messages if meter
readings are likely to be false (24).
Oxygen. Currently available glucose
monitors utilize an enzymatic reaction
linked to an electrochemical reaction, ei-
ther glucose oxidase or glucose dehydro-
genase (25). Glucose oxidase monitors
are sensitive to the oxygen available and
should only be usedwith capillary blood in
patients with normal oxygen saturation.
Higher oxygen tensions (i.e., arterial blood
or oxygen therapy) may result in false low
glucose readings, and low oxygen tensions
(i.e.,highaltitude,hypoxia,orvenousblood
readings) may lead to false high glucose
readings. Glucose dehydrogenase–based
monitors are not sensitive to oxygen.
Temperature.Because the reaction is sen-
sitive to temperature, all monitors have
an acceptable temperature range (25).
Mostwill showanerror if the temperature
is unacceptable, but a fewwill provide a

readingandamessage indicating that the
value may be incorrect.
Interfering Substances. There are a few
physiologic and pharmacologic factors
that interfere with glucose readings. Most
interfere only with glucose oxidase sys-
tems (25). They are listed in Table 7.2.

CONTINUOUS GLUCOSE
MONITORING DEVICES

See Table 7.3 for definitions of types of
CGM devices.

Recommendations

7.8 Whenprescribing continuous glu-
cosemonitoring (CGM)devices,
robust diabetes education, train-
ing, and support are required for
optimal CGMdevice implementa-
tionandongoinguse.Peopleusing
CGM devices need to have the
ability to perform self-monitoring
of blood glucose in order to
calibrate their monitor and/or
verify readings if discordant from

their symptoms. B
7.9 When used properly, real-time

continuous glucose monitors in
conjunction with multiple daily
injections and continuous subcu-
taneous insulin infusion A and
other forms of insulin therapy C
are a useful tool to lower and/or
maintainA1C levels and/or reduce

Table 7.1—Comparison of ISO 15197:2013 and FDA blood glucose meter accuracy standards

Setting FDA (206,207) ISO 15197:2013 (208)

Home use 95% within 15% for all BG in the usable BG range† 95% within 15% for BG $100 mg/dL
99% within 20% for all BG in the usable BG range† 95% within 15 mg/dL for BG ,100 mg/dL

Hospital use 95% within 12% for BG $75 mg/dL
99% in A or B region of consensus error grid‡

95% within 12 mg/dL for BG ,75 mg/dL
98% within 15% for BG $75 mg/dL
98% within 15 mg/dL for BG ,75 mg/dL

BG, blood glucose; FDA, U.S. Food and Drug Administration; ISO, International Organization for Standardization. To convert mg/dL to mmol/L,
see http://endmemo.com/medical/unitconvert/Glucose.php. †The range of blood glucose values forwhich themeter has been proven accurate
and will provide readings (other than low, high, or error). ‡Values outside of the “clinically acceptable” A and B regions are considered “outlier”
readings and may be dangerous to use for therapeutic decisions (209).

Table 7.2—Interfering substances for
glucose readings

Glucose oxidase monitors
Uric acid
Galactose
Xylose
Acetaminophen
L-DOPA
Ascorbic acid

Glucose dehydrogenase monitors
Icodextrin (used in peritoneal dialysis)
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hypoglycemia in adults and youth
with diabetes.

7.10 When used properly, intermit-
tentlyscannedcontinuousglucose
monitors in conjunctionwithmul-
tiple daily injections and continu-
ous subcutaneous insulin infusion
B and other forms of insulin ther-
apyCcanbeuseful andmay lower
A1C levels and/or reduce hypo-
glycemia inadultsandyouthwith
diabetes to replace self-monitor-
ing of blood glucose.

7.11 In patients on multiple daily
injections and continuous subcu-
taneous insulin infusion, real-time
continuous glucose monitoring
(CGM)devices shouldbeusedas
close to daily as possible for
maximal benefit.A Intermittently
scanned CGM devices should be
scanned frequently, at aminimum
once every 8 h.

7.12 Whenused as an adjunct to pre-
and postprandial self-monitor-
ing of blood glucose, continu-
ous glucose monitoring can help
to achieveA1C targets in diabetes
and pregnancy. B

7.13 Use of professional continuous
glucosemonitoring (CGM) and/or
intermittent real-time or intermit-
tentlyscannedCGMcanbehelpful
in identifying and correcting pat-
terns of hyper- and hypoglycemia
and improving A1C levels in peo-
plewith diabetes on noninsulin as
well as basal insulin regimens. C

7.14 Skin reactions, either due to irri-
tation or allergy, should be as-
sessed and addressed to aid in
successful use of devices. E

7.15 People who have been using
continuous glucose monitors
should have continued access
across third-party payers. E

CGM measures interstitial glucose (which
correlates well with plasma glucose, al-
thoughat times can lag if glucose levels are
rising or falling rapidly). There are two
basic types of CGM devices: those that
are owned by the user, unblinded, and
intended for frequent/continuous use
(real-time [rt]CGM and intermittently
scanned [is]CGM) and those that are
ownedandapplied in/by the clinic,which
provide data that is blinded or unblinded
for a discrete periodof time (professional
CGM). Table 7.3 provides the definitions
for the types of CGMdevices. For devices
that provide patients unblinded data,
most of the published randomized con-
trolled trials (RCTs) havebeen performed
using rtCGM devices that have alarms
and alerts. The RCT results have largely
been positive, in terms of reducing either
A1C levels and/or episodes of hypogly-
cemia, as long as participants regularly
wear the devices (26–29). These devices
provide glucose readings continuously
to a smartphone or reader that can be
viewed by the patient and/or a care-
giver. It is difficult to determine how
much the need to swipe a device to
obtain a result, combined with a lack of
alarms and alerts, matters in terms of
outcomes, although results from these
devices (isCGM) have not shown con-
sistent improvements in glycemic out-
comes (30).However, data from longitudinal
trials (without a control group for com-
parison) show improvement inA1C levels
(31). There is one small study in patients
at risk for hypoglycemia that compared
rtCGMwith isCGM (32). The study showed
improvement in time spent in hypoglyce-
mia with rtCGM compared with isCGM.
The newest version of the isCGM system
has an optional alert for a high or low
glucose value (without the capacity for
providing predictive alerts), but it still
requires that the device be swiped to
reveal theglucose level and trendarrows,
and RCT data are lacking in terms of

added benefit. This device (FreeStyle
Libre 2) and one rtCGM (Dexcom G6)
have both been designated as integrated
continuous glucose monitoring (iCGM)
devices (https://www.accessdata.fda.gov/
scripts/cdrh/cfdocs/cfpcd/classification
.cfm?id5682). This is a higher standard,
set by the FDA, so these devices can be
reliably integratedwith other digitally con-
nected devices, including automated in-
sulin dosing systems.
Some real-time systems require cali-

bration by the user, which varies in fre-
quencydependingonthedevice.Additionally,
for some CGMsystems, the FDA suggests
SMBG for making treatment decisions.
Devices that require SMBG confirmation
are called “adjunctive,” while those that
do not are called “nonadjunctive.” An
RCT of 226 adults suggested that a CGM
device could be used safely and effec-
tivelywithout regular confirmatory SMBG
in patients with well-controlled type 1
diabetes at low risk of severe hypoglyce-
mia (33). Two CGM devices are approved
by the FDA for making treatment deci-
sions without SMBG calibration or con-
firmation (34,35). For patients with
type 1 diabetes using rtCGM, an impor-
tant predictor of A1C lowering for all age-
groupswas frequencyof sensoruse (26). In
this study, overall use was highest in those
aged $25 years (who had the most im-
provement in A1C) and lower in younger
age-groups.
The abundance of data provided by

CGM offers opportunities to analyze
patient data more granularly than was
previously possible, providing additional
information to aid in achieving glycemic
targets. A variety of metrics have been
proposed (27) and are discussed in Sec-
tion 6 “Glycemic Targets” (https://doi
.org/10.21337/dc21-S006). CGM is es-
sential for creating the ambulatory glu-
cose profile (AGP) and providing data on
time in range, percentage of time spent
above and below range, and variability

Table 7.3—Continuous glucose monitoring (CGM) devices

Type of CGM Description

Real-time CGM (rtCGM) CGM systems that measure and display glucose levels continuously

Intermittently scanned CGM (isCGM) CGM systems that measure glucose levels continuously but only display glucose values when swiped
by a reader or a smartphone

Professional CGM CGMdevices thatareplacedonthepatient in theprovider’soffice (orwith remote instruction)andworn
for a discrete period of time (generally 7–14 days). Data may be blinded or visible to the person
wearing the device. The data are used to assess glycemic patterns and trends. These devices are not
fully ownedby the patientdthey are a clinic-based device, as opposed to the patient-owned rtCGM/
isCGM devices.
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(36). Access to CGM devices should be
considered from the outset of the di-
agnosis of diabetes that requires insulin
management (37,38). This allows for
close tracking of glucose levels with
adjustments of insulin dosing and life-
style modifications and removes the
burden of frequent SMBG monitoring.
Interruption of access to CGM is asso-
ciated with a worsening of outcomes
(39); therefore, it is important for indi-
viduals on CGM to have consistent access
to the devices.

Education and Training
In general, no device used in diabetes
management works optimally without
education, training, and follow-up. De-
vice companies offer online tutorials and
training videos aswell aswrittenmaterial
on their use. Patients vary in terms of
comfort level with technology, and some
prefer in-person training and support.
Programs that involve training and
support have been shown to improve
outcomes in both adults and children
using isCGM (40–42). Individuals using
CGM should also be trained on how to
use SMBG, for use with devices that re-
quire calibration, for testing if CGMvalues
seemincongruentwiththepatient’ssense
of their glucose levels, and if the CGM
device fails or is not available.

Real-time CGM Device Use in Adults
and Children With Diabetes
Data exist to support the use of real-time
CGM in adults and children, both those
on multiple daily injections (MDI) and
those on continuous subcutaneous in-
sulin infusion (CSII). This is true in studies
both in people with type 1 diabetes and
thosewith type2diabetes, althoughdata
in individuals with type 2 diabetes is
primarily in adults.
In terms of RCTs in people with type 1

diabetes, there are four studies in adults
with A1C as the primary outcome
(28,29,43–45), three studies in adults
with hypoglycemia as the primary out-
come (46–48), four studies in adults
and children with A1C as the primary
outcome (26,49–51), and three studies
in adults and children with hypoglyce-
mia as a primary outcome (52–54).

Primary Outcome: A1C ReductiondAdults

In general, A1C reduction was shown in
studies where the baseline A1C was
higher. In two larger studies in adults
with type 1 diabetes that assessed the

benefit of rtCGM in patients on MDI,
there were significant reductions in A1C:
20.6% in one (28,43) and20.43% in the
other (29). No reduction in A1C was seen
in a small study performed in under-
served, less well-educated adults with
type 1 diabetes (44). In the adult subset
of the JDRF CGM study, there was a
significant reduction in A1C of 20.53%
(55) in patients who were primarily trea-
ted with insulin pump therapy. Better
adherence in wearing the rtCGM device
resulted in a greater likelihood of an
improvement in glycemic control (26,45).

Primary Outcome: HypoglycemiadAdults

In studies in adults where reduction in
episodes of hypoglycemia was the pri-
mary end point, significant reductions
were seen in individuals with type 1
diabetes on MDI or CSII (46–48). In
one study in patients who were at higher
risk for episodes of hypoglycemia (48),
therewas a reduction in rates of all levels
of hypoglycemia (see Section 6 “Glycemic
Targets,” https://doi.org/10.2337/dc21-
S006, for hypoglycemia definitions). rtCGM
may be particularly useful in insulin-
treated patients with hypoglycemia
unawareness and/or frequent hypogly-
cemic episodes, although studies have
not been powered to show consistent
reductions in severe (level 3) hypogly-
cemia (26,49,50).

Impact on Glycemic ControldChildren

When data from adult and pediatric
participants are analyzed together,
rtCGM use in RCTs has been associated
with reduction in A1C levels (49–51). Yet,
in the JDRF CGM trial, when youth were
analyzedbyage-group (8- to14-year-olds
and 15- to 24-year-olds), no change in
A1C was seen, likely due to poor rtCGM
adherence (26). Indeed, in a secondary
analysis of that RCT’s data in both pedi-
atric cohorts, those who used the sensor
$6days/week had an improvement in their
glycemic control (56). One critical com-
ponent to success with CGM is near-
daily wearing of the device (49,55,
57–59). One RCT showed no improve-
ment in glycemic outcomes in children aged
4–10 years of age, regardless of howoften it
was worn (60).
Though data from small observational

studies demonstrate that rtCGM can be
worn by patients,8 years old and the use
of rtCGM provides insight to glycemic pat-
terns (61,62), an RCT in children aged 4–9
years did not demonstrate improvements

in glycemic control following 6 months of
rtCGM use (60). However, observational
feasibility studies of toddlers demonstrated
a high degree of parental satisfaction and
sustained use of the devices despite the
inability to change the degree of glycemic
control attained (63).
Registry data have also shown an

association between rtCGM use and
lower A1C levels (55,64), even when
limiting assessment of rtCGM use to
participants on injection therapy (64).

Impact on HypoglycemiadChildren

There are no studies solely including
pediatric patients that assess rates of
hypoglycemia as the primary outcome.
Some of the studies where pediatric and
adult patients were combined together
did show potential reductions in hypo-
glycemia (16,65,66).

Real-time CGM Use in Type 2 Diabetes
Studies inpeoplewith type2diabetes are
heterogeneous in design: in two, partic-
ipants were using basal insulin with oral
agents or oral agents alone (67,68); in
one, individuals were on MDI alone (69).
The findings in studies with MDI alone
(69) and in two studies in people using
oral agents with or without insulin
(67,68) showed significant reductions
in A1C levels. The Multiple Daily Injec-
tions and Continuous Glucose Monitor-
ing in Diabetes (DIAMOND) study in
people with type 2 diabetes on MDI
showed a reduction in A1C but no re-
duction in hypoglycemia (69). Studies in
individuals with type 2 diabetes on oral
agents with or without insulin did not
showreductions in ratesof hypoglycemia
(67,68).

Intermittently Scanned CGM Device
Use in Adults and Children With
Diabetes
The original isCGM device (to which the
majority of the published data applies)
didnotprovidealarmsandalerts but is an
option used by many patients. There are
relatively few RCT data proving benefit
in people with diabetes, but there are
multiple longitudinal and observational
studies. One RCT, designed to show a
reduction in episodes of hypoglycemia in
patients with type 1 diabetes at higher
risk for hypoglycemia, showed a signif-
icant benefit in terms of time spent in a
hypoglycemic range (P , 0.0001) (46).
Another RCT, assessing the ability of
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isCGM to prevent episodes of recurrent,
severe hypoglycemia, showed no benefit
(70). In one RCT of isCGM in people with
type 2 diabetes on a variety of insulin
regimens and with an initial A1C of
;8.8%, no reduction in A1C was seen;
however, the time spent in a hypogly-
cemic range was reduced by 43% (71).
In a study of isCGM in individuals with
type 2 diabetes on MDI, the A1C was
reduced by 0.82% in the intervention
group and 0.33% in the control group
(P 5 0.005) with no change in rates of
hypoglycemia (72). Multiple observa-
tional studies have shown benefit in
terms of A1C reduction, reductions in
hypoglycemia, and/or improvements in
quality of life in both children and adults
(31,41,73–78). An observational study
from Belgium showed no improvements
in A1C or quality of life after a year of
isCGM use, with a reduction in episodes
of severe hypoglycemia and time absent
from work compared with patient recall
of events during the 6 months prior to
starting CGM (79).
There are several published reviews of

data available on isCGM (80–83). The
Norwegian Institute of Public Health
conducted an assessment of isCGM
clinical effectiveness, cost-effectiveness,
and safety for individuals with type 1
and type 2 diabetes, based on data avail-
able to January 2017 (80). The authors
concluded that, although there were
few quality data available at the time
of the report, isCGMmay increase treat-
ment satisfaction, increase time in range,
and reduce frequency of nocturnal hy-
poglycemia, without differences in A1C
or quality of life or serious adverse
events. The Canadian Agency for Drugs
and Technologies in Health reviewed
existing data on isCGM performance
and accuracy, hypoglycemia, effect on
A1C, and patient satisfaction and quality
of life and concluded that the system
could replace SMBG, particularly in pa-
tients who require frequent monitoring
(81). A 2020 systematic review of RCTs
assessing efficacy and patient satisfac-
tionwith isCGMrevealed improvements
in A1C levels in some subgroups of
patients (e.g., those with type 2 diabe-
tes) but concluded that additional ben-
efit in terms of time in range, glycemic
variability, and hypoglycemia was un-
clear (30). Benefit was enhanced in
individuals with type 1 diabetes when
combined with a structured education

program. Another review showed some
benefits in terms of A1C reduction as well
as improvement in quality of life (84). A
review that included studies conducted
using a variety of trial designs, including
prospective and retrospective cohort stud-
ies, showed overall a reduction in A1C
(20.26%) in people with type 1 and
type 2 diabetes, but there was no differ-
ence in time in range or hypoglycemic
episodes (83).
Other benefits are discussed in a re-

view (82) that supported the use of isCGM
as a more affordable alternative to rtCGM
systems for individuals with diabetes who
are on intensive insulin therapy. In many
cases, isCGM is the preferred alternative
compared with SMBG (85,86). It can also
improveadherencetomonitoring inpatients
who are in extremely poor control (87).

Real-time CGM Device Use in
Pregnancy
One well-designed RCT showed a reduc-
tion in A1C levels in adult women with
type 1 diabetes onMDI or CSII who were
pregnant using CGM in addition to stan-
dard care, including optimization of pre-
and postprandial glucose targets (88). It
demonstrated the value of CGM in
pregnancy complicated by type 1 di-
abetes by showing a mild improvement
in A1C without an increase in hypogly-
cemia as well as reductions in large-for-
gestational-age births, length of stay,
and neonatal hypoglycemia (88). An
observational cohort study that evalu-
ated the glycemic variables reported
using CGM found that lower mean
glucose, lower standard deviation,
and a higher percentage of time in
target range were associated with
lower risk of large-for-gestational-age
births and other adverse neonatal out-
comes (89). Use of the CGM-reported
mean glucose is superior to use of
estimated A1C, glucose management
indicator, and other calculations to es-
timate A1C given the changes toA1C that
occur in pregnancy (90). Two studies
employing intermittent use of rtCGM
showed no difference in neonatal out-
comes in women with type 1 diabetes
(91) or gestational diabetes mellitus (92).

Use of Professional and Intermittent
CGM
Professional CGMdevices, which provide
retrospective data, either blinded or un-
blinded, for analysis, can be used to

identify patterns of hypo- and hypergly-
cemia (93). Professional CGM can be
helpful to evaluate patients when either
rtCGM or isCGM is not available to the
patient or the patient prefers a blinded
analysis or a shorter experience with
unblinded data. It can be particularly
useful to evaluate periods of hypoglyce-
mia in patients on agents that can cause
hypoglycemia in order to make medica-
tion dose adjustments. It can also be
useful to evaluate patients for periods of
hyperglycemia.
There are some data showing benefit

of intermittent use of CGM (rtCGM
or isCGM) in individuals with type 2
diabetes on noninsulin and/or basal
insulin therapies (68,94). In these RCTs,
patients with type 2 diabetes not on
intensive insulin regimens used CGM
intermittently compared with patients
randomized to SMBG.Bothearly (68) and
late improvements in A1C were found
(68,94).
Useof professional or intermittent CGM

should always be coupled with analysis
and interpretation for the patient,
along with education as needed to
adjust medication and change lifestyle
behaviors.

Side Effects of CGM Devices
Contact dermatitis (both irritant and
allergic) has been reported with all
devices that attach to the skin
(95–97). In some cases this has been
linked to the presence of isobornyl
acrylate, which is a skin sensitizer and
can cause an additional spreading allergic
reaction (98–100). Patch testing can be
done to identify the cause of the contact
dermatitis in some cases (101). Identify-
ing and eliminating tape allergens is
important to ensure comfortable use
of devices and enhance patient adher-
ence (102–105). In some instances, use of
an implanted sensor can help avoid skin
reactions in those who are sensitive to
tape (106,107).

INSULIN DELIVERY

Insulin Syringes and Pens

Recommendations

7.16 For people with diabetes who re-
quire insulin, insulin syringes or
insulin pens may be used for
insulin delivery with consider-
ation of patient preference, in-
sulin type and dosing regimen,
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cost, and self-management ca-
pabilities. B

7.17 Insulinpensor insulin injectionaids
may be considered for patients
with dexterity issues or vision
impairment to facilitate the ad-
ministration of accurate insulin
doses. C

7.18 Smartpensmaybeusefulforsome
patients to helpwith dose capture
and dosing recommendations. E

7.19 U.S.FoodandDrugAdministration–
approved insulin dose calcula-
tors/decision support systems
maybehelpful for titrating insulin
doses. E

Injecting insulin with a syringe or pen is
the insulin deliverymethod used bymost
peoplewithdiabetes (108,109), although
inhaled insulin is also available. Others
use insulin pumps or automated insulin
delivery devices (see sections on those
topics below). For patients with diabetes
whouse insulin, insulin syringes andpens
are both able to deliver insulin safely and
effectively for the achievement of glyce-
mic targets. When choosing among de-
livery systems, patient preferences, cost,
insulin typeanddosing regimen, and self-
management capabilities should be con-
sidered. It is important to note that while
many insulin types are available for pur-
chase as either pens or vials, others may
only be available in one formor the other
and there may be significant cost differ-
ences between pens and vials (see Table
9.3 for a list of insulin product costs with
dosage forms). Insulin pens may allow
people with vision impairment or dex-
terity issues to dose insulin accurately
(110–112),while insulin injectionaids are
also available to help with these issues.
(For a helpful list of injection aids, see
http://main.diabetes.org/dforg/pdfs/
2018/2018-cg-injection-aids.pdf.) In-
haled insulin can be useful in people
who have an aversion to injections.
The most common syringe sizes are

1mL, 0.5mL, and 0.3mL, allowing doses of
up to 100 units, 50 units, and 30 units of
U-100 insulin, respectively. In a few parts
of the world, insulin syringes still have
U-80 and U-40 markings for older insu-
lin concentrations and veterinary insulin,
and U-500 syringes are available for the
use of U-500 insulin. Syringes are gen-
erally used once but may be reused by
the same individual in resource-limited

settings with appropriate storage and
cleansing (113).
Insulin pens offer added convenience

by combining the vial and syringe into
a single device. Insulin pens, allowing
push-button injections, come as dispos-
able pens with prefilled cartridges or re-
usable insulinpenswith replaceable insulin
cartridges.Pensvarywith respect todosing
increment and minimal dose, which can
range from half-unit doses to 2-unit dose
increments.U-500penscome in5-unitdose
increments. Some reusable pens include a
memory function, which can recall dose
amountsandtiming.“Smart”pens that can
be programmed to calculate insulin doses
and provide downloadable data reports are
alsoavailable.Thesepensareuseful toassist
patient insulin dosing in real time as well as
for allowing clinicians to retrospectively re-
view the insulin doses that were given and
make insulin dose adjustments (114).
Needle thickness (gauge) and length is

another consideration. Needle gauges
range from 22 to 33, with higher gauge
indicating a thinner needle. A thicker
needle can give a dose of insulin more
quickly,while a thinner needlemay cause
less pain. Needle length ranges from 4 to
12.7mm,with someevidence suggesting
shorter needles may lower the risk of
intramuscular injection.Whenreused,nee-
dlesmay be duller and thus injectionmore
painful. Proper insulin injection technique
is a requisite for obtaining the full benefits
of insulintherapy.Concernswithtechnique
and use of the proper technique are out-
lined in Section 9 “Pharmacologic Ap-
proaches to Glycemic Treatment” (https://
doi.org/10.2337/dc21-S009).
Bolus calculatorshavebeendeveloped

to aid in dosing decisions (115–119). These
are subject to FDA approval to ensure
safety in terms of dosing recommenda-
tions. People who are interested in using
these systems should be encouraged to
use those that are FDA approved. Pro-
vider input and education can be helpful
for setting the initial dosing calculations
with ongoing follow-up for adjustments
as needed.

Insulin Pumps

Recommendations

7.20 Insulin pump therapymay be con-
sidered as an option for all adults
and youth with type 1 diabetes
who are able to safely manage
the device. A

7.21 Insulin pump therapymay be con-
sidered as an option for adults and
youth with type 2 diabetes and
otherformsofdiabeteswhoareon
multiple daily injections who are
abletosafelymanagethedevice.B

7.22 Individualswithdiabeteswhohave
been successfully using contin-
uous subcutaneous insulin infu-
sion should have continued access
across third-party payers. E

CSII, or insulin pumps, have been avail-
able in the U.S. for over 40 years. These
devices deliver rapid-acting insulin through-
out the day to help manage blood glucose
levels. Most insulin pumps use tubing to
deliver insulin through a cannula, while a
few attach directly to the skin, without
tubing.
Most studies comparing MDI with CSII

have been relatively small and of short
duration. However, a recent systematic
review andmeta-analysis concluded that
pump therapy has modest advantages
for lowering A1C (20.30% [95%CI20.58
to 20.02]) and for reducing severe hy-
poglycemia rates in children and adults
(120). There is no consensus to guide
choosing which form of insulin adminis-
tration is best for a given patient, and
research to guide this decision-making is
needed (121). Thus, the choice of MDI or
an insulin pump is often based upon the
individual characteristics of the patient
andwhich ismost likely to benefit them.
Newersystems, suchas sensor-augmented
pumps and automatic insulin delivery
systems, are discussed elsewhere in this
section.
Adoption of pump therapy in the U.S.

shows geographical variations, which may
be related toproviderpreferenceor center
characteristics (122,123) and socioeco-
nomic status, as pump therapy is more
common in individuals of higher socio-
economic status as reflected by race/
ethnicity, private health insurance, fam-
ily income, and education (123,124).
Given the additional barriers to optimal
diabetes care observed in disadvantaged
groups (125), addressing the differences
in access to insulin pumps and other
diabetes technology may contribute to
fewer health disparities.
Pumptherapycanbesuccessfully started

at the time of diagnosis (126,127). Practical
aspects of pump therapy initiation in-
clude assessment of patient and family
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readiness (although there is no consen-
sus onwhich factors to consider in adults
[128] or pediatric patients), selection of
pump type and initial pump settings,
patient/family education of potential
pump complications (e.g., diabetic ke-
toacidosis [DKA] with infusion set failure),
transition from MDI, and introduction of
advanced pump settings (e.g., temporary
basal rates, extended/square/dual wave
bolus).
Older individuals with type 1 diabetes

benefit from ongoing insulin pump ther-
apy. There are no data to suggest that
measurement of C-peptide levels or anti-
bodies predicts success with insulin pump
therapy (129,130). Additionally, frequency
of follow-up does not influence outcomes.
Access to insulin pump therapy should be
allowed/continued in older adults as it is in
younger people.
Complications of the pump can be

caused by issues with infusion sets (dis-
lodgement, occlusion), which place pa-
tients at risk for ketosis andDKA and thus
must be recognized and managed early
(131); lipohypertrophy or, less frequently,
lipoatrophy (132,133); and pump site
infection (134). Discontinuation of pump
therapy is relatively uncommon today;
the frequency has decreased over the
past few decades, and its causes have
changed (134,135). Current reasons for
attrition are problems with cost, wear-
ability, dislike for the pump, suboptimal
glycemic control, ormooddisorders (e.g.,
anxiety or depression) (136).

Insulin Pumps in Youth
The safety of insulin pumps in youth has
been established for over 15 years (137).
Studying the effectiveness of CSII in low-
ering A1C has been challenging because
of the potential selection bias of obser-
vational studies. Participants on CSII may
have a higher socioeconomic status that
may facilitate better glycemic control
(138) versus MDI. In addition, the fast
pace of development of new insulins and
technologies quickly renders compari-
sons obsolete. However, RCTs compar-
ing CSII and MDI with insulin analogs
demonstrate a modest improvement in
A1C in participants on CSII (139,140). Ob-
servational studies, registry data, and
meta-analysis have also suggested an im-
provement of glycemic control in partic-
ipants on CSII (141–143). Although
hypoglycemia was a major adverse ef-
fect of intensified insulin regimen in the

Diabetes Control and Complications Trial
(DCCT) (144), data suggest that CSII may
reduce the rates of severe hypoglycemia
compared with MDI (143,145–147).
There is also evidence that CSII may

reduce DKA risk (143,148) and diabetes
complications, in particular, retinopathy
and peripheral neuropathy in youth,
compared with MDI (65). Finally, treat-
ment satisfaction and quality-of-life mea-
sures improved on CSII compared with
MDI (149,150). Therefore, CSII can be
used safely and effectively in youth with
type 1 diabetes to assist with achieving
targeted glycemic control while reduc-
ing the risk of hypoglycemia and DKA,
improving quality of life, and prevent-
ing long-term complications. Based on
patient–provider shared decision-making,
insulin pumps may be considered in all
pediatric patients with type 1 diabetes.
In particular, pump therapy may be
the preferred mode of insulin delivery
for children under 7 years of age (66).
Because of a paucity of data in adoles-
cents and youth with type 2 diabetes,
there is insufficient evidence to make
recommendations.
Common barriers to pump therapy

adoption in children and adolescents are
concerns regarding the physical interfer-
ence of the device, discomfort with the
idea of having a device on the body,
therapeutic effectiveness, and financial
burden (141,151).

Insulin Pumps in Patients With Type 2
and Other Types of Diabetes
Traditional insulin pumps can be consid-
ered for the treatment of people with
type2diabeteswhoare onMDI aswell as
those who have other types of diabetes
resulting in insulin deficiency, for in-
stance, those who have had a pancrea-
tectomy and/or individuals with cystic
fibrosis (152–156). Similar to data on
insulin pump use in people with type 1
diabetes, reductions in A1C levels are not
consistently seen in individuals with
type 2 diabetes when compared with
MDI, although they have been in some
studies (154,157).Useof insulinpumps in
insulin-requiring patients with any type
of diabetes may improve patient satis-
faction and simplify therapy (130,152).
Forpatients judgedtobeclinically insulin

deficient who are treated with an in-
tensive insulin regimen, the presence or
absence of measurable C-peptide levels
does not correlate with response to

therapy (130). Another pump option in
people with type 2 diabetes is a dispos-
able patchlike device, which provides a
continuous, subcutaneous infusion of
rapid-acting insulin (basal) as well as
2-unit increments of bolus insulin at
the press of a button (153,155,158).
Use of an insulin pump as a means for
insulin delivery is an individual choice for
people with diabetes and should be
considered an option in patients who
are capable of safely using the device.

Combined Insulin Pump and Sensor
Systems

Recommendations

7.23 Sensor-augmentedpumptherapy
with automatic low glucose sus-
pend may be considered for
adults and youth with diabetes
to prevent/mitigate episodes of
hypoglycemia. B

7.24 Automated insulin delivery sys-
temsmaybe considered in youth
and adults with type 1 diabetes
to improve glycemic control. A

7.25 Individual patients may be using
systemsnot approvedby theU.S.
Food and Drug Administration,
suchasdo-it-yourself closed-loop
systems and others; providers
cannot prescribe these systems
but should provide safety infor-
mation/troubleshooting/backup
advice for the individual devices
to enhance patient safety. E

Sensor-Augmented Pumps

Sensor-augmented pumps that suspend
insulin when glucose is low or predicted
to go low within the next 30 min have
been approved by the FDA. The Auto-
mation to Simulate Pancreatic Insulin
Response (ASPIRE) trial of 247 patients
with type 1 diabetes and documented
nocturnal hypoglycemia showed that
sensor-augmented insulin pump therapy
with a low glucose suspend function sig-
nificantly reduced nocturnal hypoglyce-
mia over 3 months without increasing
A1C levels (51). In a different sensor-
augmentedpump,predictive lowglucose
suspend reduced timespentwithglucose
,70mg/dL from3.6%atbaseline to2.6%
(3.2% with sensor-augmented pump
therapy without predictive low glucose
suspend) without rebound hyperglyce-
mia during a 6-week randomized cross-
over trial (159). These devices may offer
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the opportunity to reduce hypoglycemia
for those with a history of nocturnal hy-
poglycemia. Additional studies have been
performed, in adults and children, showing
the benefits of this technology (160–162).

Automated Insulin Delivery Systems

Automated insulin delivery systems in-
crease and decrease insulin delivery
based on sensor-derived glucose level
to begin to approximate physiologic in-
sulin delivery. These systems consist of
three components: an insulin pump, a
continuous glucose sensor, and an algo-
rithm that determines insulin delivery.
With these systems, insulin delivery can
not only be suspended but also increased
or decreased based on sensor glucose
values. While eventually insulin delivery
in closed-loop systems may be truly
automated, currently meals must be an-
nounced. A so-called hybrid approach,
hybrid closed-loop, has been adopted
in first-generation closed-loop systems
and requires users to bolus for meals
andsnacks.Multiplestudies,usingavariety
of systems with varying algorithms, pump,
and sensors, have been performed in
adults and children (163–173). Evidence
suggests such systems may reduce A1C
levels and improve time in range (174–
178). They may lower the risk of exercise-
related hypoglycemia (179) and may have
psychosocial benefits (180–183). Use of
these systems depends on patient prefer-
ence and selection of patients (and/or
caregivers) who are capable of safely and
effectively using the devices.
Some people with type 1 diabetes

have been using “do-it-yourself” (DIY)
systems that combine a pump and an
rtCGMwith a controller and an algorithm
designed to automate insulin delivery
(184–187). These systems are not ap-
proved by the FDA, although there are
efforts underway to obtain regulatory
approval for them. The information on
how to set up andmanage these systems
is freely available on the internet, and
there are internet groups where people
inform each other as to how to set up and
use them. Although these systems cannot
be prescribed by providers, it is important
to keep patients safe if they are using
these methods for automated insulin de-
livery. Part of this entails making sure
people have a “backup plan” in case of
pump failure. Additionally, in most DIY
systems, insulin doses are adjusted based
on the pump settings for basal rates,

carbohydrate ratios, correction doses,
and insulin activity. Therefore, these set-
tings canbeevaluatedand changedbased
on the patient’s insulin requirements.

Digital Health Technology

Recommendation

7.26 Systems that combine technology
and online coaching can be ben-
eficial in treating prediabetes and
diabetes for some individuals. B

Increasingly, people are turning to the
internet for advice, coaching, connec-
tion, and health care. Diabetes, in part
because it is both common and numeric,
lends itself to the development of apps
and online programs. The FDA approves
and monitors clinically validated, digital,
usually online, health technologies in-
tended to treat a medical or psycholog-
ical condition; these are known as digital
therapeutics or “digiceuticals” (188).Other
applications, such as those that assist in
displaying or storing data, encourage a
healthy lifestyle or provide limited clinical
data support. Therefore, it is possible to
find apps that have been fully reviewed
and approved and others designed and
promoted by peoplewith relatively little
skill or knowledge in the clinical treat-
ment of diabetes.
An area of particular importance is

that of online privacy and security. There
are established cloud-based data collec-
tion programs, such as Tidepool, Glooko,
and others, that have been developed
with appropriate data security features
and are compliant with the U.S. Health
Insurance Portability and Accountability
Act of 1996. These programs can be
useful for monitoring patients, both by
the patients themselves as well as their
health care team (189). Consumers should
read the policy regarding data privacy and
sharing before entering data into an ap-
plication and learn how they can control
the way their data will be used (some
programs offer the ability to sharemore or
less information, such as being part of a
registry or data repository or not).
There are many online programs that

offer lifestyle counseling to aidwithweight
loss and increase physical activity (190).
Many of these include a health coach and
can create small groups of similar patients
in socialnetworks.Thereareprogramsthat
aim to treat prediabetes and prevent pro-
gression to diabetes, often following the
model of theDiabetes PreventionProgram

(191,192). Others assist in improving di-
abetes outcomes by remotely monitoring
patient clinical data (for instance, wireless
monitoring of glucose levels, weight, or
blood pressure) and providing feedback
and coaching (193–198). There are text
messaging approaches that tie into a va-
riety of different types of lifestyle and
treatment programs, which vary in terms
of their effectiveness (199,200). For many
of these interventions, there are limited
RCT data and long-term follow-up is lack-
ing. But for an individual patient, opting
into one of these programs can be helpful
and, for many, is an attractive option.

Inpatient Care

Recommendation

7.27 Patients using diabetes devices
should be allowed to use them
in an inpatient setting when
proper supervision is available. E

Patients who are comfortable using their
diabetes devices, such as insulin pumps
andsensors, shouldbegiventhechanceto
use them in an inpatient setting if they are
competent to do so (201,202). Patients
who are familiar with treating their own
glucose levels can often adjust insulin
doses more knowledgably than inpatient
staff who do not personally know the
patient or their management style. How-
ever, this should occur based on the
hospital’s policies for diabetes manage-
ment, and there should be supervision to
be sure that the individual can adjust their
insulin doses in a hospitalized setting
where factors such as infection, certain
medications, immobility, changes in diet,
and other factors can impact insulin sen-
sitivity and the response to insulin.
With the advent of the coronavirus

disease 2019 pandemic, the FDA has
allowed CGM use in the hospital for
patient monitoring (203). This approach
has been employed to reduce the use of
personal protective equipment and more
closely monitor patients, so that medical
personnel do not have to go into a patient
roomsolely for thepurposeofmeasuring a
glucose level. Studies are underway to
assess the effectiveness of this approach,
whichmay ultimately lead to the routine
use of CGM for monitoring hospitalized
patients (204,205).

The Future
The pace of development in diabetes
technology is extremely rapid. New
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approaches and tools are available each
year. It is hard for research to keep up
with these advances because by the
time a study is completed, newer ver-
sions of the devices are already on the
market. The most important component
in all of these systems is the patient.
Technology selection must be appropri-
ate for the individual. Simply having a
device or application does not change
outcomes unless the human being en-
gages with it to create positive health
benefits. This underscores the need for
the health care team to assist the
patient in device/program selection and
to support its use through ongoing ed-
ucation and training. Expectations must
be tempered by realitydwe do not yet
have technology that completely elimi-
nates the self-care tasks necessary for
treating diabetes, but the tools described
in this section can make it easier to
manage.

References
1. Diabetes Control and Complications Trial Re-
search Group; Nathan DM, Genuth S, Lachin J,
et al. The effect of intensive treatment of diabetes
on the development and progression of long-
term complications in insulin-dependent diabe-
tes mellitus. N Engl J Med 1993;329:977–986
2. King F, Ahn D, Hsiao V, Porco T, Klonoff DC. A
review of blood glucose monitor accuracy.
Diabetes Technol Ther 2018;20:843–856
3. Brazg RL, Klaff LJ, Parkin CG. Performance
variability of seven commonly used self-moni-
toring of blood glucose systems: clinical consid-
erations for patients and providers. J Diabetes
Sci Technol 2013;7:144–152
4. Klonoff DC, Parkes JL, Kovatchev BP, et al.
Investigation of the accuracy of 18 marketed
blood glucose monitors. Diabetes Care 2018;41:
1681–1688
5. Grady M, Lamps G, Shemain A, Cameron H,
MurrayL. Clinical evaluationofanew, lowerpain,
one touch lancing device for people with di-
abetes: virtually pain-free testing and improved
comfort compared to current lancing systems.
J Diabetes Sci Technol. 17 July 2019 [Epub ahead
of print]. DOI: 10.1177/1932296819856665
6. Harrison B, Brown D. Accuracy of a blood
glucose monitoring system that recognizes in-
sufficient sample blood volume and allows ap-
plication of more blood to the same test strip.
Expert Rev Med Devices 2020;17:75–82
7. Miller KM, Beck RW, Bergenstal RM, et al.;
T1D Exchange Clinic Network. Evidence of a
strong association between frequency of self-
monitoring of blood glucose and hemoglobin A1c
levels inT1Dexchangeclinic registryparticipants.
Diabetes Care 2013;36:2009–2014
8. Grant RW,Huang ES,Wexler DJ, et al. Patients
who self-monitor blood glucoseand their unused
testing results. Am J Manag Care 2015;21:e119–
e129
9. Katz LB, Stewart L, Guthrie B, Cameron H.
Patient satisfaction with a new, high accuracy

blood glucose meter that provides personalized
guidance, insight, and encouragement. J Diabe-
tes Sci Technol 2020;14:318–323
10. Shaw RJ, Yang Q, Barnes A, et al. Self-
monitoring diabetes withmultiplemobile health
devices. J Am Med Inform Assoc 2020;27:667–
676
11. GelladWF,ZhaoX,ThorpeCT,MorMK,Good
CB, FineMJ. Dual use of Department of Veterans
Affairs and Medicare benefits and use of test
strips in veterans with type 2 diabetes mellitus.
JAMA Intern Med 2015;175:26–34
12. Endocrine Society and ChoosingWisely. Five
things physicians and patients should question.
Accessed 1 November 2020. Available from http://
www.choosingwisely.org/societies/endocrine-
society/
13. Ziegler R, Heidtmann B, Hilgard D, Hofer S,
Rosenbauer J, Holl R; DPV-Wiss-Initiative. Fre-
quency of SMBG correlates with HbA1c and
acute complications in children and adolescents
with type 1 diabetes. Pediatr Diabetes 2011;12:
11–17
14. Rosenstock J, Davies M, Home PD, Larsen J,
Koenen C, Schernthaner G. A randomised,
52-week, treat-to-target trial comparing insulin
detemir with insulin glargine when administered
as add-on to glucose-lowering drugs in insulin-
naive people with type 2 diabetes. Diabetologia
2008;51:408–416
15. Garber AJ. Treat-to-target trials: uses, in-
terpretation and review of concepts. Diabetes
Obes Metab 2014;16:193–205
16. Farmer A,Wade A, Goyder E, et al. Impact of
self monitoring of blood glucose in the manage-
ment of patients with non-insulin treated di-
abetes: open parallel group randomised trial.
BMJ 2007;335:132
17. O’Kane MJ, Bunting B, Copeland M, Coates
VE; ESMON study group. Efficacy of self moni-
toring of blood glucose in patients with newly
diagnosed type 2 diabetes (ESMON study): rand-
omised controlled trial. BMJ 2008;336:1174–1177
18. Simon J, Gray A, Clarke P, Wade A, Neil A,
Farmer A; Diabetes Glycaemic Education and
Monitoring Trial Group. Cost effectiveness of self
monitoringof bloodglucose inpatientswithnon-
insulin treated type 2 diabetes: economic eval-
uation of data from the DiGEM trial. BMJ 2008;
336:1177–1180
19. Young LA, Buse JB, Weaver MA, et al.;
Monitor Trial Group. Glucose self-monitoring
in non-insulin-treated patients with type 2 di-
abetes in primary care settings: a randomized
trial. JAMA Intern Med 2017;177:920–929
20. Polonsky WH, Fisher L, Schikman CH, et al.
Structured self-monitoring of blood glucose sig-
nificantly reducesA1C levels in poorly controlled,
noninsulin-treated type 2 diabetes: results from
the Structured Testing Program study. Diabetes
Care 2011;34:262–267
21. Malanda UL, Welschen LMC, Riphagen II,
Dekker JM, Nijpels G, Bot SDM. Self-monitoring
of blood glucose in patients with type 2 diabetes
mellitus who are not using insulin. Cochrane
Database Syst Rev 2012;1:CD005060
22. Willett LR. ACP Journal Club. Meta-analysis:
self-monitoring in non-insulin-treated type 2 di-
abetes improved HbA1c by 0.25%. Ann Intern
Med 2012;156:JC6–JC12
23. Mannucci E, Antenore A, Giorgino F, Scavini
M. Effects of structured versus unstructured self-

monitoringofbloodglucoseonglucosecontrol in
patients with non-insulin-treated type 2 diabe-
tes: a meta-analysis of randomized controlled
trials. J Diabetes Sci Technol 2018;12:183–189
24. Sai S, Urata M, Ogawa I. Evaluation of
linearity and interference effect on SMBG and
POCT devices, showing drastic high values, low
values, or error messages. J Diabetes Sci Technol
2019;13:734–743
25. Ginsberg BH. Factors affecting bloodglucose
monitoring: sources of errors in measurement.
J Diabetes Sci Technol 2009;3:903–913
26. Juvenile Diabetes Research Foundation Con-
tinuousGlucoseMonitoringStudyGroup;Tamborlane
WV, Beck RW, Bode BW, et al. Continuous
glucose monitoring and intensive treatment of
type 1 diabetes. N Engl J Med 2008;359:1464–
1476
27. Danne T, Nimri R, Battelino T, et al. Interna-
tional consensus on use of continuous glucose
monitoring. Diabetes Care 2017;40:1631–1640
28. Beck RW, Riddlesworth T, Ruedy K, et al.;
DIAMOND Study Group. Effect of continuous
glucose monitoring on glycemic control in adults
with type 1 diabetes using insulin injections: the
DIAMOND randomized clinical trial. JAMA 2017;
317:371–378
29. Lind M, Polonsky W, Hirsch IB, et al. Con-
tinuous glucosemonitoring vs conventional ther-
apy for glycemic control in adults with type 1
diabetes treated with multiple daily insulin in-
jections: the GOLD randomized clinical trial.
JAMA 2017;317:379–387
30. Cowart K, Updike W, Bullers K. Systematic
reviewof randomized controlled trials evaluating
glycemic efficacy and patient satisfaction of in-
termittent-scannedcontinuousglucosemonitor-
ing in patients with diabetes. Diabetes Technol
Ther 2020;22:337–345
31. Evans M, Welsh Z, Ells S, Seibold A. The
impact of flash glucose monitoring on glycaemic
controlasmeasuredbyHbA1c:ameta-analysisof
clinical trials and real-world observational stud-
ies. Diabetes Ther 2020;11:83–95
32. ReddyM, JugneeN, El LaboudiA, Spanudakis
E, Anantharaja S, Oliver N. A randomized con-
trolled pilot study of continuous glucose mon-
itoring and flash glucose monitoring in people
with type 1 diabetes and impaired awareness of
hypoglycaemia. Diabet Med 2018;35:483–490
33. Aleppo G, Ruedy KJ, Riddlesworth TD, et al.;
REPLACE-BG Study Group. REPLACE-BG: a ran-
domized trial comparing continuous glucose
monitoring with and without routine blood
glucosemonitoring in adultswithwell-controlled
type 1 diabetes. Diabetes Care 2017;40:538–545
34. U.S. Food and Drug Administration. FDA news
release: FDA expands indication for continuous
glucose monitoring system, first to replace fin-
gerstick testing for diabetes treatment decisions.
2016.Accessed1November2020.Available from
https://www.fda.gov/newsevents/newsroom/
pressannouncements/ucm534056.htm
35. U.S. Food and Drug Administration. FDA
news release:. FDA approves first continuous
glucose monitoring system for adults not requi-
ringbloodsamplecalibration.2017.Accessed1Nov-
ember 2020. Available from https://www.fda.gov/
NewsEvents/Newsroom/PressAnnouncements/
ucm577890.htm
36. Battelino T, Danne T, Bergenstal RM, et al.
Clinical targets for continuous glucosemonitoring

S94 Diabetes Technology Diabetes Care Volume 44, Supplement 1, January 2021
©Am

er
ica

n D
iabet

es
 A

sso
cia

tio
n

http://www.choosingwisely.org/societies/endocrine-society/
http://www.choosingwisely.org/societies/endocrine-society/
http://www.choosingwisely.org/societies/endocrine-society/
https://www.fda.gov/newsevents/newsroom/pressannouncements/ucm534056.htm
https://www.fda.gov/newsevents/newsroom/pressannouncements/ucm534056.htm
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm577890.htm
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm577890.htm
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm577890.htm


data interpretation: recommendations from the
internationalconsensusontime inrange.Diabetes
Care 2019;42:1593–1603
37. Prahalad P, Addala A, Scheinker D, Hood KK,
Maahs DM. CGM initiation soon after type 1
diabetes diagnosis results in sustained CGM use
and wear time. Diabetes Care 2020;43:e3–e4
38. Patton SR, Noser AE, Youngkin EM, Majidi S,
ClementsMA. Early initiation of diabetes devices
relates to improved glycemic control in children
with recent-onset type 1 diabetes mellitus. Di-
abetes Technol Ther 2019;21:379–384
39. Addala A, Maahs DM, Scheinker D, Chertow
S, Leverenz B, Prahalad P. Uninterrupted con-
tinuous glucose monitoring access is associated
with a decrease in HbA1c in youth with type 1
diabetes and public insurance. Pediatr Diabetes
2020;21:1301–1309
40. HermannsN, EhrmannD, SchipferM, Kröger
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8. Obesity Management for the
Treatment of Type 2 Diabetes:
Standards of Medical Care in
Diabetesd2021
Diabetes Care 2021;44(Suppl. 1):S100–S110 | https://doi.org/10.2337/dc21-S008

The American Diabetes Association (ADA) “Standards of Medical Care in Diabetes”
includes the ADA’s current clinical practice recommendations and is intended to
provide the components of diabetes care, general treatment goals and guide-
lines, and tools to evaluate quality of care. Members of the ADA Professional
Practice Committee, a multidisciplinary expert committee (https://doi.org/10
.2337/dc21-SPPC), are responsible for updating the Standards of Care annually,
or more frequently as warranted. For a detailed description of ADA standards,
statements, and reports, as well as the evidence-grading system for ADA’s
clinical practice recommendations, please refer to the Standards of Care
Introduction (https://doi.org/10.2337/dc21-SINT). Readers who wish to com-
ment on the Standards of Care are invited to do so at professional.diabetes.org/
SOC.

There is strong and consistent evidence that obesity management can delay the
progression from prediabetes to type 2 diabetes (1–5) and is highly beneficial in the
treatment of type 2 diabetes (6–17). In patients with type 2 diabetes who also have
overweight or obesity, modest and sustained weight loss has been shown to improve
glycemic control and reduce the need for glucose-loweringmedications (6–8). Several
studies have demonstrated that in patients with type 2 diabetes and obesity, more
intensive dietary energy restriction with very-low-calorie diets can substantially
reduce A1C and fasting glucose and promote sustained diabetes remission through at
least 2 years (10,18–21). The goal of this section is to provide evidence-based
recommendations for obesity management, including dietary, behavioral, pharma-
cologic, and surgical interventions, in patients with type 2 diabetes. This section
focuses on obesity management in adults. Further discussion on obesity in older
individuals and children can be found in Section 12 “Older Adults” (https://doi.org/10
.2337/dc21-S012) and Section 13 “Children and Adolescents” (https://doi.org/10
.2337/dc21-S013), respectively.

ASSESSMENT

Recommendations

8.1 Use patient-centered, nonjudgmental language that fosters collaboration
betweenpatients andproviders, including people-first language (e.g., “person
with obesity” rather than “obese person”). E

8.2 Measure height and weight and calculate BMI at annual visits or more
frequently. Assess weight trajectory to inform treatment considerations. E

Suggested citation: American Diabetes Associa-
tion. 8. Obesity management for the treatment
of type 2 diabetes: Standards of Medical Care in
Diabetesd2021. Diabetes Care 2021;44(Suppl.
1):S100–S110

© 2020 by the American Diabetes Association.
Readersmayuse this article as longas thework is
properly cited, the use is educational and not for
profit, and the work is not altered. More infor-
mation is availableathttps://www.diabetesjournals
.org/content/license.
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8.3 Based on clinical considerations,
such as the presence of comorbid
heart failure or significant unex-
plainedweightgainor loss,weight
may need to be monitored and
evaluated more frequently. B If
deterioration of medical status is
associated with significant weight
gain or loss, inpatient evaluation
should be considered, especially
focused on associations between
medication use, food intake, and
glycemic status. E

8.4 Accommodations should bemade
toprovideprivacyduringweighing.E

A patient-centered communication style
that uses inclusive and nonjudgmental
language and active listening, elicits pa-
tient preferences and beliefs, and as-
sesses potential barriers to care should
be used to optimize patient health out-
comes and health-related quality of life.
Use people-first language (e.g., “person
with obesity” rather than “obese per-
son”) to avoid defining patients by their
condition (22,23,23a).
Height andweight should bemeasured

and used to calculate BMI at annual visits
or more frequently when appropriate
(19). BMI, calculated as weight in kilo-
grams divided by the square of height in
meters (kg/m2), will be calculated auto-
matically by most electronic medical re-
cords. Use BMI to document weight status
(overweight: BMI25–29.9 kg/m2; obesity
class I: BMI 30–34.9 kg/m2; obesity class II:
BMI 35–39.9 kg/m2; obesity class III: BMI
$40 kg/m2). Note that misclassification
can occur, particularly in very muscular
or frail individuals. In some populations,
notably Asian and Asian American pop-
ulations, the BMI cut points to define
overweight and obesity are lower than in
other populations due to differences in
body composition and cardiometabolic
risk (Table 8.1) (24,25). Clinical considera-
tions, such as the presence of comorbid
heart failure or unexplainedweight change,
may warrant more frequent weight mea-
surement and evaluation (26,27). If weigh-
ing is questioned or refused, the practitioner
should be mindful of possible prior stigma-
tizing experiences and query for concerns,
and the value of weight monitoring should
be explained as a part of the medical eval-
uation process that helps to inform treat-
ment decisions (28,29). Accommodations
should be made to ensure privacy during

weighing, particularly for those patients
who report or exhibit a high level of
weight-related distress or dissatisfaction.
Scales should be situated in a private area
or room.Weight should bemeasured and
reported nonjudgmentally. Care should
be taken to regard a patient’s weight (and
weight changes) and BMI as sensitive
health information. Additionally, assessing
weight gain pattern and trajectory can
further inform risk stratificationand treat-
ment options (30). Providers should ad-
vise patients with overweight or obesity
and those with increasing weight trajec-
tories that, in general, higher BMIs increase
the risk of diabetes, cardiovascular disease,
and all-cause mortality, as well as other
adverse healthandqualityof lifeoutcomes.
Providers shouldassess readiness toengage
in behavioral changes for weight loss and
jointly determine behavioral and weight-
loss goals andpatient-appropriate interven-
tion strategies (31). Strategies may include
dietarychanges,physicalactivity,behavioral
therapy, pharmacologic therapy, medical
devices, and metabolic surgery (Table
8.1). The latter three strategies may be
prescribed for carefully selected patients
as adjuncts to dietary changes, physical
activity, and behavioral counseling.

DIET, PHYSICAL ACTIVITY, AND
BEHAVIORAL THERAPY

Recommendations

8.5 Diet, physical activity, and behav-
ioral therapy designed to achieve
and maintain$5% weight loss is
recommended for most patients
with type 2 diabetes who have
overweight or obesity and are
ready to achieve weight loss.
Greater benefits in control of
diabetes and cardiovascular risk
maybegained fromevengreater
weight loss. B

8.6 Such interventions should in-
clude a high frequency of coun-
seling ($16 sessions in 6months)
and focus on dietary changes,
physical activity, and behavioral
strategies to achieve a 500–750
kcal/day energy deficit. A

8.7 An individual’s preferences, mo-
tivation, and life circumstances
shouldbeconsidered, alongwith
medical status, when weight loss
interventions are recommended.C

8.8 Behavioral changes that create
an energy deficit, regardless of

macronutrient composition, will
result in weight loss. Dietary
recommendations should be in-
dividualized tothepatient’spref-
erences and nutritional needs. A

8.9 Evaluate systemic, structural, and
socioeconomic factors that may
impact dietary patterns and food
choices, such as food insecurity
and hunger, access to healthful
foodoptions,cultural circumstan-
ces, and social determinants of
health. C

8.10 For patients who achieve short-
termweight-loss goals, long-term
($1 year) weight-maintenance
programsarerecommendedwhen
available. Such programs should,
atminimum,providemonthly con-
tact and support, recommend on-
going monitoring of body weight
(weekly or more frequently) and
other self-monitoring strategies,
and encourage high levels of
physical activity (200–300 min/
week). A

8.11 Short-term dietary intervention
usingstructured,very-low-calorie
diets (800–1,000 kcal/day) may
be prescribed for carefully se-
lected patients by trained practi-
tioners in medical settings with
closemonitoring.Long-term,com-
prehensiveweight-maintenance
strategies and counseling should
be integrated to maintain weight
loss. B

Among patients with both type 2 diabe-
tes and overweight or obesity who have
inadequate glycemic, blood pressure,
and lipid control and/or other obesity-
related medical conditions, modest and
sustained weight loss improves glycemic
control, blood pressure, and lipids and
may reduce the need for medications to
control these risk factors (6–8,32).
Greater weight loss may produce even
greater benefits (20,21). For a more de-
taileddiscussionof lifestylemanagement
approaches and recommendations see
Section 5 “Facilitating Behavior Change
and Well-being to Improve Health
Outcomes” (https://doi.org/10.2337/
dc21-S005). For a detailed discussion
of nutrition interventions, please also
refer to “Nutrition Therapy for Adults
With Diabetes or Prediabetes: A Con-
sensus Report” (33).
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Look AHEAD Trial
Although the Action for Health in Di-
abetes (Look AHEAD) trial did not show
that the intensive lifestyle intervention
reduced cardiovascular events in adults
with type 2 diabetes and overweight or
obesity (34), it did confirm the feasibility
of achieving and maintaining long-term
weight loss in patients with type 2 di-
abetes. In the intensive lifestyle inter-
vention group, mean weight loss was
4.7% at 8 years (35). Approximately
50% of intensive lifestyle intervention
participants lost and maintained $5% of
their initial body weight, and 27% lost and
maintained $10% of their initial body
weight at 8 years (35). Participants as-
signed to the intensive lifestyle group
required fewer glucose-, blood pressure–,
and lipid-loweringmedications than those
randomly assigned to standard care. Sec-
ondary analyses of the Look AHEAD trial
and other large cardiovascular outcome
studies document additional benefits of
weight loss in patients with type 2 di-
abetes, including improvements in mobil-
ity, physical and sexual function, and
health-related quality of life (26). More-
over, several subgroups had improved
cardiovascular outcomes, including those
who achieved .10% weight loss (36)
and those with moderately or poorly
controlled diabetes (A1C.6.8%) at base-
line (37).

Lifestyle Interventions
Significant weight loss can be attained
with lifestyle programs that achieve a
500–750kcal/day energydeficit,which in
most cases is approximately 1,200–1,500
kcal/day for women and 1,500–1,800 kcal/
day for men, adjusted for the individual’s
baseline body weight. Clinical benefits
typicallybeginuponachieving3–5%weight
loss (19,38), and thebenefits ofweight loss
are progressive; more intensive weight-
loss goals (.5%,.7%,.15%, etc.)maybe
pursuedifneededtoachievefurtherhealth
improvements and/or if the patient is more

motivated and more intensive goals can
be feasibly and safely attained.
Dietary interventions may differ by

macronutrient goals and food choices
as longas theycreatethenecessaryenergy
deficit to promote weight loss (19,39–41).
Use ofmeal replacement plans prescribed
by trained practitioners, with close patient
monitoring, can be beneficial. Within the
intensive lifestyle intervention group of
the LookAHEAD trial, for example, use of a
partial meal replacement plan was asso-
ciated with improvements in diet quality
and weight loss (38). The diet choice
should be based on the patient’s health
status and preferences, including a de-
termination of food availability and other
cultural circumstances that could affect
dietary patterns (42).
Intensive behavioral lifestyle interven-

tions should include $16 sessions in
6 months and focus on dietary changes,
physical activity, and behavioral strategies
to achieve an ;500–750 kcal/day energy
deficit. Interventions should be provided
by trained interventionists in either in-
dividual or group sessions (38). Assessing
an individual’s motivation level, life cir-
cumstances, andwillingness to implement
lifestyle changes to achieve weight loss
should be considered along with medical
status when weight-loss interventions are
recommended and initiated (31,43).
Patients with type 2 diabetes and over-

weight or obesity who have lost weight
should be offered long-term ($1 year)
comprehensive weight-loss maintenance
programs that provide at least monthly
contact with trained interventionists
and focus on ongoing monitoring of
body weight (weekly or more frequently)
and/or other self-monitoring strategies
such as tracking intake, steps, etc.; con-
tinued focus on dietary and behavioral
changes; andparticipation inhigh levelsof
physical activity (200–300 min/week)
(44). Some commercial and proprietary
weight-loss programs have shown prom-
isingweight-loss results, thoughmost lack

evidence of effectiveness, many do not
satisfy guideline recommendations, and
some promote unscientific and possibly
dangerous practices (45,46).
When provided by trained practitioners

in medical settings with ongoing monitor-
ing, short-term (generally up to 3months)
intensive dietary intervention may be
prescribed for carefully selected patients,
such as those requiring weight loss prior
to surgery and persons needing greater
weight loss and glycemic improvements.
When integrated with behavioral support
and counseling, structured very-low-calorie
diets, typically 800–1,000 kcal/day utilizing
high-protein foods and meal replacement
products, may increase the pace and/or
magnitudeofinitialweightlossandglycemic
improvements compared with standard
behavioral interventions (20,21). As weight
regain is common, such interventions
should include long-term, comprehensive
weight-maintenance strategies and coun-
seling to maintain weight loss and behav-
ioral changes (47,48).
Health disparities adversely affect

groups of people who have systemati-
cally experienced greater obstacles to
health based on their race or ethnicity,
socioeconomic status, gender, disability,
or other factors. Overwhelming research
shows that these disparities may signif-
icantly affect health outcomes, including
increasing the risk for diabetes and
diabetes-related complications. Health
care providers should evaluate systemic,
structural, and socioeconomic factors
that may impact food choices, access
to healthful foods, and dietary patterns;
other behavioral patterns, such as neigh-
borhood safety and availability of safe
outdoor spaces for physical activity; en-
vironmental exposures; access to health
care; social contexts; and, ultimately,
diabetes risk and outcomes. For a de-
tailed discussion of social determinants
of health, please refer to “Social Deter-
minants of Health: A Scientific Review”
(49).

Table 8.1—Treatment options for overweight and obesity in type 2 diabetes

BMI category (kg/m2)

Treatment 25.0–26.9 (or 23.0–24.9*) 27.0–29.9 (or 25.0–27.4*) $30.0 (or $27.5*)

Diet, physical activity, and behavioral therapy † † †

Pharmacotherapy † †

Metabolic surgery †

*Recommended cut points for Asian American individuals (expert opinion). †Treatment may be indicated for select motivated patients.
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PHARMACOTHERAPY

Recommendations

8.12 Whenchoosingglucose-lowering
medications for patients with
type 2 diabetes and overweight
or obesity, consider the medica-
tion’s effect on weight. B

8.13 Whenever possible, minimize
medications for comorbid con-
ditions that are associated with
weight gain. E

8.14 Weight-loss medications are ef-
fective as adjuncts to diet, phys-
ical activity, and behavioral
counseling for selected patients
with type 2 diabetes and BMI
$27 kg/m2. Potential benefits
and risks must be considered. A

8.15 If a patient’s response toweight-
lossmedication is effective (typ-
ically defined as.5%weight loss
after 3 months’ use), further
weight loss is likely with contin-
ued use. When early response
is insufficient (typically ,5%
weight loss after 3 months’
use), or if there are significant
safety or tolerability issues, con-
sider discontinuationof themed-
ication and evaluate alternative
medications or treatment ap-
proaches. A

Glucose-Lowering Therapy
A meta-analysis of 227 randomized
controlled trials of glucose-lowering
treatments in type 2 diabetes found
that A1C changes were not associated
with baseline BMI, indicating that pa-
tients with obesity can benefit from the
same types of treatments for diabetes
as normal-weight patients (50). As nu-
merous effective medications are ava-
ilable, when considering medication
regimens health care providers should
consider each medication’s effect on
weight. Agents associated with varying
degrees of weight loss include metfor-
min, a-glucosidase inhibitors, sodium–

glucose cotransporter 2 inhibitors, glu-
cagon-like peptide 1 receptor agonists,
and amylin mimetics. Dipeptidyl pepti-
dase 4 inhibitors are weight neutral. In
contrast, insulin secretagogues, thiazoli-
dinediones, and insulin are often asso-
ciated with weight gain (see Section
9 “Pharmacologic Approaches to Gly-
cemicTreatment,”https://doi.org/10.2337/
dc21-s009).

Concomitant Medications
Providers should carefully review the pa-
tient’s concomitant medications and,
whenever possible,minimize or provide
alternatives for medications that pro-
mote weight gain. Examples of medi-
cations associated with weight gain
include antipsychotics (e.g., clozapine,
olanzapine, risperidone, etc.), some
antidepressants (e.g., tricyclic antide-
pressants, some selective serotonin reup-
take inhibitors, and monoamine oxidase
inhibitors), glucocorticoids, injectable pro-
gestins, some anticonvulsants (e.g., gaba-
pentin, pregabalin), and possibly sedating
antihistamines and anticholinergics (51).

Approved Weight-Loss Medications
The U.S. Food and Drug Administration
(FDA) has approvedmedications for both
short-term and long-term weight man-
agement as adjuncts to diet, exercise,
and behavioral therapy. Nearly all FDA-
approved medications for weight loss
have been shown to improve glycemic
control in patients with type 2 diabetes
and delay progression to type 2 diabetes
in patients at risk (52). Phentermine and
other older adrenergic agents are indi-
cated for short-term (#12 weeks) treat-
ment (53). Four weight-loss medications
are FDA approved for long-term use (.12
weeks) in patients with BMI $27 kg/m2

with one or more obesity-associated co-
morbid condition (e.g., type 2 diabetes,
hypertension, and/or dyslipidemia) who
are motivated to lose weight (52). Med-
ications approved by the FDA for the
treatment of obesity are summarized in
Table 8.2. The rationale for weight-loss
medication use is to help patients adhere
todietary recommendations, inmost cases
by modulating appetite or satiety. Pro-
viders should be knowledgeable about
the product label and should balance the
potential benefits of successful weight
loss against the potential risks of the
medication for each patient. These med-
ications are contraindicated in women
who are pregnant or actively trying to
conceive and not recommended for use
in women who are nursing. Women of
reproductive potential should receive
counseling regarding the use of reliable
methods of contraception.

Assessing Efficacy and Safety
Upon initiating weight-loss medication,
assess efficacy and safety at leastmonthly
for the first 3 months and at least quarterly

thereafter. Modeling from published clin-
ical trials consistently shows that early
respondershave improved long-termout-
comes(54–56).Unless clinical circumstan-
ces (such as poor tolerability) or other
considerations (such as financial expense
or patient preference) suggest otherwise,
those who achieve sufficient early weight
loss upon starting a chronic weight-loss
medication (typically defined as .5%
weight loss after 3 months’ use) should
continue the medication. When early use
appears ineffective (typically ,5% weight
loss after3months’use), it is unlikely that
continued use will improve weight out-
comes; as such, it should be recommen-
ded to discontinue the medication and
consider other treatment options.

MEDICAL DEVICES FOR WEIGHT
LOSS

Several minimally invasive medical de-
vices have been approved by the FDA for
short-termweight loss (57,58). It remains
to be seen how these are used for obesity
treatment. Given the high cost, limited
insurance coverage, and paucity of data
in people with diabetes at this time,
medical devices for weight loss are cur-
rently not considered to be the standard
of care for obesity management in peo-
ple with type 2 diabetes.

METABOLIC SURGERY

Recommendations

8.16 Metabolic surgery should be a
recommended option to treat
type 2 diabetes in screened sur-
gical candidates with BMI $40
kg/m2 (BMI$37.5kg/m2 inAsian
Americans) and in adults with
BMI 35.0–39.9 kg/m2 (32.5–
37.4 kg/m2 in Asian Americans)
who do not achieve durable
weight loss and improvement
in comorbidities (including hy-
perglycemia) with nonsurgical
methods. A

8.17 Metabolic surgery may be con-
sidered as an option to treat
type 2 diabetes in adults with
BMI 30.0–34.9 kg/m2 (27.5–
32.4 kg/m2 in Asian Americans)
who do not achieve durable
weight loss and improvement
in comorbidities (including hy-
perglycemia) with nonsurgical
methods. A
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8.18 Metabolic surgery should be
performed in high-volume cen-
ters with multidisciplinary teams
knowledgeable about and expe-
rienced in the management of
diabetes and gastrointestinal
surgery. E

8.19 Long-term lifestyle support and
routine monitoring of micronu-
trientandnutritional statusmust
be provided to patients after
surgery, according to guidelines
for postoperative management
of metabolic surgery by national
and international professional
societies. C

8.20 People being considered for
metabolic surgery should be
evaluated for comorbid psycho-
logical conditions and social and
situational circumstances that
have the potential to interfere
with surgery outcomes. B

8.21 People who undergo metabolic
surgery should routinely be eval-
uated to assess the need for
ongoing mental health services
to help with the adjustment to
medical andpsychosocial changes
after surgery. C

Several gastrointestinal (GI) operations,
including partial gastrectomies and bari-
atric procedures (44), promote dramatic
and durable weight loss and improve-
ment of type2diabetes inmany patients.
Given the magnitude and rapidity of the
effectofGI surgeryonhyperglycemiaand
experimental evidence that rearrange-
ments of GI anatomy similar to those in
some metabolic procedures directly af-
fect glucose homeostasis (45), GI inter-
ventions have been suggested as
treatments for type 2 diabetes, and in
that context they are termed “metabolic
surgery.”
A substantial body of evidence has

now been accumulated, including data
from numerous randomized controlled
(nonblinded) clinical trials, demonstrat-
ing that metabolic surgery achieves su-
perior glycemic control and reduction of
cardiovascular risk factors in patients
with type 2 diabetes and obesity com-
pared with various lifestyle/medical
interventions (17). Improvements in
microvascular complications of diabetes,
cardiovascular disease, and cancer have
been observed only in nonrandomized

observational studies (59–70). Cohort
studies attempting to match surgical
and nonsurgical subjects suggest that
the procedure may reduce longer-term
mortality (60,71).
While several surgical options are avail-

able, the overwhelming majority of pro-
cedures in the U.S. are vertical sleeve
gastrectomy and Roux-en-Y gastric bypass
(RYGB). Both procedures result in an an-
atomically smaller stomach pouch and
often robust changes in enteroendocrine
hormones. On the basis of this mounting
evidence, several organizations and gov-
ernment agencies have recommended ex-
panding the indications for metabolic
surgery to include patients with type 2
diabetes who do not achieve durable
weight loss and improvement in comor-
bidities (includinghyperglycemia)with rea-
sonable nonsurgical methods at BMIs as
low as 30 kg/m2 (27.5 kg/m2 for Asian
Americans) (72–79). Randomized con-
trolled trials have documented diabetes
remission during postoperative follow-up
ranging from 1 to 5 years in 30–63% of
patients with RYGB, which generally
leads to greater degrees and lengths
of remission compared with other bari-
atric surgeries (17,80). Available data
suggest an erosion of diabetes remis-
sion over time (81): 35–50% or more of
patients who initially achieve remission
of diabetes eventually experience re-
currence. However, the median disease-
free period among such individuals follow-
ing RYGB is 8.3 years (82,83). With or
without diabetes relapse, themajority of
patients who undergo surgery maintain
substantial improvement of glycemic
control from baseline for at least 5 years
(84,85) to 15 years (60,61,83,86–88).
Exceedingly fewpresurgical predictors

of success have been identified, but
younger age, shorter duration of diabe-
tes (e.g., ,8 years) (89), nonuse of in-
sulin, maintenance of weight loss, and
better glycemic control are consistently
associated with higher rates of diabetes
remission and/or lower risk of weight
regain (60,87,89,90). Greater baseline
visceral fat areamay also help to predict
better postoperative outcomes, espe-
cially among Asian American patients
with type2diabetes,who typically have
more visceral fat compared with Cau-
casians with diabetes of the same BMI
(91). Beyond improving glycemia, met-
abolic surgery has been shown to
confer additional health benefits in

randomized controlled trials, including
substantial reductions in cardiovascular
disease risk factors (17), reductions in
incidence ofmicrovascular disease (92),
and enhancements in quality of life
(84,89,93).
Although metabolic surgery has been

shown to improve the metabolic profiles
of patients with type 1 diabetes and
morbid obesity, establishing the role of
metabolic surgery in such patients will
require larger and longer studies (94).
Metabolic surgery is more expensive

than nonsurgical management strategies,
but retrospective analyses and modeling
studies suggest that metabolic surgery
may be cost-effective or even cost-saving
for patients with type 2 diabetes. How-
ever, results are largely dependent on
assumptions about the long-term effec-
tiveness and safety of the procedures
(95,96).

Adverse Effects
The safety of metabolic surgery has
improved significantly over the past sev-
eral decades, with continued refinement
of minimally invasive approaches (lapa-
roscopic surgery), enhanced training and
credentialing, and involvement of mul-
tidisciplinary teams. Mortality rates with
metabolic operations are typically 0.1–
0.5%, similar to cholecystectomy or hys-
terectomy (97–101). Morbidity has also
dramatically declined with laparoscopic
approaches. Major complications and
need for operative reintervention occur
in 2–6% of those undergoing bariatric
surgery, with other minor complications
in up to 15% (97–106). These rates
compare favorably with those for other
commonly performed elective operations
(101). Empirical data suggest that pro-
ficiency of the operating surgeon is an
important factor for determining mor-
tality, complications, reoperations, and
readmissions (107). Accordingly, meta-
bolic surgery should be performed in
high-volume centers with multidisci-
plinary teams knowledgeable about
and experienced in the management
of diabetes and GI surgery.
Longer-termconcerns includedumping

syndrome (nausea, colic, and diarrhea),
vitamin andmineral deficiencies, anemia,
osteoporosis, and severe hypoglycemia
(108). Long-term nutritional and micro-
nutrient deficiencies and related compli-
cations occur with variable frequency
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depending on the type of procedure and
require lifelong vitamin/nutritional supple-
mentation;thus, long-termlifestylesupport
and routine monitoring of micronutrient
andnutritional statusshouldbeprovidedto
patients after surgery (109,110). Postprandial
hypoglycemia is most likely to occur with
RYGB (110,111). The exact prevalence of
symptomatic hypoglycemia is unknown. In
onestudy, itaffected11%of450patientswho
had undergone RYGB or vertical sleeve gas-
trectomy (108). Patients who undergo met-
abolic surgery may be at increased risk for
substanceuse, includingdrugandalcoholuse
and cigarette smoking. Additional potential
risks of metabolic surgery that have been
described include worsening or new-onset
depressionand/oranxiety,needforadditional
GI surgery, and suicidal ideation (112–115).
People with diabetes presenting for

metabolic surgery also have increased
rates of depression and other major psy-
chiatric disorders (116). Candidates for
metabolicsurgerywithhistoriesofalcohol,
tobacco, or substance abuse or significant
depression, suicidal ideation, or other
mental health conditions should therefore
first be assessed by a mental health pro-
fessional with expertise in obesity man-
agementprior to consideration for surgery
(117). Surgery should be postponed in
patients with alcohol or substance abuse
disorders, significant depression, suicidal
ideation, or other mental health condi-
tionsuntil these conditionshavebeen fully
addressed. Individuals with preoperative
psychopathology should be assessed reg-
ularly following metabolic surgery to op-
timize mental health management and to
ensure that psychiatric symptoms do not
interfere with weight loss and lifestyle
changes.
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115. JakobsenGS,SmåstuenMC,SandbuR,etal.
Association of bariatric surgery vs medical obe-
sity treatment with long-term medical compli-
cations and obesity-related comorbidities. JAMA
2018;319:291–301
116. Young-Hyman D, Peyrot M. Psychosocial
Care for PeoplewithDiabetes. 1st ed. Alexandria,
VA, American Diabetes Association, 2012
117. Greenberg I, Sogg S, M Perna F. Behavioral
and psychological care in weight loss surgery:
best practice update. Obesity (Silver Spring)
2009;17:880–884
118. Truven Health Analytics. Introduction to RED
BOOKOnline. Accessed13October 2020.Available
fromhttps://www.micromedexsolutions.com/
micromedex2/4.34.0/WebHelp/RED_BOOK/
Introduction_to_REDB_BOOK_Online.htm
119. Data.Medicaid.gov. NADAC (National Av-
erage Drug Acquisition Cost), 2019. Accessed
13 October 2020. Available from https://data
.medicaid.gov/Drug-Pricing-and-Payment/NADAC-
National-Average-Drug-Acquisition-Cost-/a4y5-
998d
120. U.S. National Library of Medicine. Phen-
termine – phentermine hydrochloride capsule.
Accessed13October2020.Available fromhttps://
dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?
setid5737eef3b-9a6b-4ab3-a25c-49d84d2a0197

care.diabetesjournals.org Obesity Management for the Treatment of Type 2 Diabetes S109
©Am

er
ica

n D
iabet

es
 A

sso
cia

tio
n

https://www.micromedexsolutions.com/micromedex2/4.34.0/WebHelp/RED_BOOK/Introduction_to_REDB_BOOK_Online.htm
https://www.micromedexsolutions.com/micromedex2/4.34.0/WebHelp/RED_BOOK/Introduction_to_REDB_BOOK_Online.htm
https://www.micromedexsolutions.com/micromedex2/4.34.0/WebHelp/RED_BOOK/Introduction_to_REDB_BOOK_Online.htm
https://data.medicaid.gov/Drug-Pricing-and-Payment/NADAC-National-Average-Drug-Acquisition-Cost-/a4y5-998d
https://data.medicaid.gov/Drug-Pricing-and-Payment/NADAC-National-Average-Drug-Acquisition-Cost-/a4y5-998d
https://data.medicaid.gov/Drug-Pricing-and-Payment/NADAC-National-Average-Drug-Acquisition-Cost-/a4y5-998d
https://data.medicaid.gov/Drug-Pricing-and-Payment/NADAC-National-Average-Drug-Acquisition-Cost-/a4y5-998d
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=737eef3b-9a6b-4ab3-a25c-49d84d2a0197
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=737eef3b-9a6b-4ab3-a25c-49d84d2a0197
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=737eef3b-9a6b-4ab3-a25c-49d84d2a0197
http://care.diabetesjournals.org


121. Nalpropion Pharmaceuticals. Contrave (nal-
trexone HCl/bupropion HCl) Extended-Release
Tablets. Accessed 13 October 2020. Available from
https://contrave.com
122. CHEPLAPHARM and H2-Pharma. Xenical
(orlistat). Accessed 13October 2020. Available
from https://xenical.com
123. VIVUS, Inc. Qsymia (phentermine and top-
iramate extended-release) capsules. Accessed 13
October 2020. Available from https://qsymia.com

124. Novo Nordisk. Saxenda (liraglutide injection
3 mg). Accessed 13 October 2020. Available from
https://www.saxenda.com
125. Aronne LJ, Wadden TA, Peterson C, Winslow
D, Odeh S, Gadde KM. Evaluation of phentermine
and topiramate versus phentermine/topiramate
extended-release in obese adults. Obesity (Silver
Spring) 2013;21:2163–2171
126. Gadde KM, Allison DB, Ryan DH, et al.
Effects of low-dose, controlled-release, phen-

termine plus topiramate combination on weight
and associated comorbidities in overweight
and obese adults (CONQUER): a randomised,
placebo-controlled, phase 3 trial. Lancet 2011;
377:1341–1352
127. Marso SP, Daniels GH, Brown-Frandsen K,
et al.; LEADER Steering Committee; LEADER Trial
Investigators. Liraglutide and cardiovascular out-
comes in type 2 diabetes. N Engl JMed2016;375:
311–322

S110 Obesity Management for the Treatment of Type 2 Diabetes Diabetes Care Volume 44, Supplement 1, January 2021
©Am

er
ica

n D
iabet

es
 A

sso
cia

tio
n

https://contrave.com
https://xenical.com
https://qsymia.com
https://www.saxenda.com


9. Pharmacologic Approaches to
Glycemic Treatment: Standards of
Medical Care in Diabetesd2021
Diabetes Care 2021;44(Suppl. 1):S111–S124 | https://doi.org/10.2337/dc21-S009

The American Diabetes Association (ADA) “Standards of Medical Care in Diabetes”
includes the ADA’s current clinical practice recommendations and is intended to
provide the components of diabetes care, general treatment goals and guidelines,
and tools to evaluate quality of care. Members of the ADA Professional Practice
Committee, a multidisciplinary expert committee (https://doi.org/10.2337/dc21-
SPPC), are responsible for updating the Standards of Care annually, or more
frequently as warranted. For a detailed description of ADA standards, statements,
and reports, as well as the evidence-grading system for ADA’s clinical practice
recommendations, please refer to the Standards of Care Introduction (https://doi
.org/10.2337/dc21-SINT). Readers who wish to comment on the Standards of Care
are invited to do so at professional.diabetes.org/SOC.

PHARMACOLOGIC THERAPY FOR TYPE 1 DIABETES

Recommendations

9.1 Most people with type 1 diabetes should be treated with multiple daily
injections of prandial and basal insulin, or continuous subcutaneous insulin
infusion. A

9.2 Most individuals with type 1 diabetes should use rapid-acting insulin analogs
to reduce hypoglycemia risk. A

9.3 Patients with type 1 diabetes should receive education on how to match
prandial insulin doses to carbohydrate intake, premeal blood glucose, and
anticipated physical activity. C

Insulin Therapy
Because the hallmark of type 1 diabetes is absent or near-absent b-cell function,
insulin treatment is essential for individuals with type 1 diabetes. In addition to
hyperglycemia, insulinopenia can contribute to other metabolic disturbances like
hypertriglyceridemia and ketoacidosis as well as tissue catabolism that can be life
threatening. Severe metabolic decompensation can be, and was, mostly prevented
with once or twice daily injections for the six or seven decades after the discovery of
insulin. However, over the past three decades, evidence has accumulated supporting
more intensive insulin replacement, using multiple daily injections of insulin or
continuous subcutaneous administration through an insulin pump, as providing the
best combination of effectiveness and safety for people with type 1 diabetes. The
Diabetes Control andComplications Trial (DCCT) demonstrated that intensive therapy
with multiple daily injections or continuous subcutaneous insulin infusion (CSII)
reduced A1C andwas associatedwith improved long-term outcomes (1–3). The study

Suggested citation: American Diabetes Association.
9. Pharmacologic approaches to glycemic treatment:
Standards of Medical Care in Diabetesd2021.
Diabetes Care 2021;44(Suppl. 1):S111–S124

© 2020 by the American Diabetes Association.
Readersmayuse this article as longas thework is
properly cited, the use is educational and not for
profit, and the work is not altered. More infor-
mation is availableathttps://www.diabetesjournals
.org/content/license.
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was carried out with short-acting (regu-
lar) and intermediate-acting (NPH) hu-
man insulins. In this landmark trial,
lower A1C with intensive control (7%)
led to;50%reductions inmicrovascular
complications over 6 years of treatment.
However, intensive therapy was asso-
ciated with a higher rate of severe
hypoglycemia than conventional treat-
ment (62 compared with 19 episodes
per 100 patient-years of therapy). Follow-
up of subjects from the DCCT more than
10 years after the active treatment com-
ponent of the study demonstrated less
macrovascular as well as less microvas-
cular complications in the group that
received intensive treatment (2,4).
Over the last 25 years, rapid-acting and

long-acting insulin analogs have been
developed that have distinct pharma-
cokinetics compared with recombinant
human insulins: basal insulin analogs have
longer durationof actionwithflatter,more
constant plasma concentrations and activ-
ity profiles than NPH insulin; rapid-acting
analogs (RAA) have a quicker onset and
peak and shorter duration of action than
regular human insulin. In people with
type 1 diabetes, treatment with analog
insulins is associated with less hypogly-
cemia and weight gain as well as lower
A1C compared with human insulins (5–7).
More recently, two new injectable insulin
formulations with enhanced rapid action
profiles have been introduced. Inhaled
human insulin has a rapid peak and short-
ened duration of action compared with
RAA andmay cause less hypoglycemia and
weight gain (8), and faster-acting insulin
aspart and insulin lispro-aabcmay reduce
prandial excursions better than RAA
(9,9a,9b); further investigation is needed
to establish a clear place for these agents
in diabetes management. In addition, new
longer-actingbasal analogs (U-300glargine
or degludec) may confer a lower hypogly-
cemia risk compared with U-100 glargine
in patients with type 1 diabetes (10,11).
Despite the advantages of insulin analogs
in patients with type 1 diabetes, for some
patients the expense and/or intensity of
treatment required for their use is pro-
hibitive. There are multiple approaches
to insulin treatment, and the central
precept in the management of type 1
diabetes is that some form of insulin be
given in aplanned regimen tailoredtothe
individual patient to keep them safe and
out of diabetic ketoacidosis and to avoid
significant hypoglycemia, with every

effort made to reach the patient’s gly-
cemic targets.
Most studies comparing multiple daily

injections with CSII have been relatively
small and of short duration. However, a
recent systematic review and meta-
analysis concluded that pump therapy
has modest advantages for lowering A1C
(20.30% [95% CI 20.58 to 20.02]) and
for reducing severe hypoglycemia rates
in children and adults (12). However,
there is no consensus to guide the choice
of injection or pump therapy in a given
patient, and research to guide this
decision-making isneeded (13). Thearrival
of continuousglucosemonitors to clinical
practice has proven beneficial in specific
circumstances. Reduction of nocturnal
hypoglycemia in people with type 1 di-
abetes using insulin pumps with glucose
sensors is improved by automatic sus-
pension of insulin delivery at a preset
glucose level (13–15). When choosing
among insulin delivery systems, patient
preferences, cost, insulin type anddosing
regimen, and self-management capabil-
ities should be considered (See Section
7 “Diabetes Technology,” https://doi
.org/10.2337/dc21-S007).
TheU.S. FoodandDrugAdministration

(FDA) has now approved two hybrid
closed-loop pump systems. The safety
and efficacy of hybrid closed-loop sys-
temshasbeensupported in the literature
in adolescents and adults with type 1
diabetes (16,17), and recent evidence
suggests that a closed-loop system is
superior to sensor-augmented pump
therapy for glycemic control and reduc-
tion of hypoglycemia over 3 months of
comparison in children and adults with
type 1 diabetes (18). In the International
Diabetes Closed Loop (iDCL) trial, a
6-month trial in patients with type 1
diabetes at least 14 years of age, the
use of a closed-loop system was associ-
ated with a greater percentage of time
spent in the target glycemic range, re-
duced mean glucose and A1C levels, and
lower percentage of time spent in hypo-
glycemia compared with use of a sensor-
augmented pump (19).
Intensive insulin management using a

version of CSII and continuous glucose
monitoring should be considered inmost
patients. Automated insulin delivery sys-
tems may be considered in adults with
type 1 diabeteswho have the skills to use
them in order to improve time in range
and reduce A1C and hypoglycemia (19).

See Section 7 “Diabetes Technology”
(https://doi.org/10.2337/dc21-S007) for a
full discussion of insulin delivery devices.
In general, patients with type 1 di-

abetes require 50% of their daily insulin
as basal and 50% as prandial. Total daily
insulin requirements can be estimated
based on weight, with typical doses
ranging from 0.4 to 1.0 units/kg/day.
Higher amounts are required during pu-
berty, pregnancy, and medical illness.
The American Diabetes Association/
JDRF Type 1 Diabetes Sourcebook notes
0.5 units/kg/day as a typical starting dose
in patients with type 1 diabetes who are
metabolically stable, with half adminis-
tered as prandial insulin given to control
blood glucose after meals and the other
half as basal insulin to control glycemia
in the periods betweenmeal absorption
(20); this guideline provides detailed
information on intensification of ther-
apy to meet individualized needs. In
addition, the American Diabetes Asso-
ciation position statement “Type 1 Di-
abetes Management Through the Life
Span” provides a thorough overview of
type 1 diabetes treatment (21).
Typical multidose regimens for pa-

tients with type 1 diabetes combine
premeal use of shorter-acting insulins
with a longer-acting formulation, usually
at night. The long-acting basal dose is
titrated to regulate overnight, fasting
glucose. Postprandial glucose excursions
are best controlled by a well-timed in-
jectionofprandial insulin.Theoptimal time
to administer prandial insulin varies,
based on the pharmacokinetics of the
formulation (regular, RAA, inhaled), the
premeal blood glucose level, and carbo-
hydrate consumption. Recommendations
for prandial insulin dose administration
should therefore be individualized. Phys-
iologic insulin secretion varies with glyce-
mia, meal size, and tissue demands for
glucose. To approach this variability in
people using insulin treatment, strategies
have evolved to adjust prandial doses
based on predicted needs. Thus, edu-
cation of patients on how to adjust
prandial insulin to account for carbohy-
drate intake, premeal glucose levels,
and anticipated activity can be effective
and should be offered to most patients
(22,23). For individuals in whom carbo-
hydrate counting is effective, estimates
of the fat and protein content of meals
can be incorporated into their prandial
dosing for added benefit (24).
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Insulin Injection Technique

Ensuring that patients and/or caregivers
understand correct insulin injection tech-
nique is important to optimize glucose
control and insulin use safety. Thus, it is
important that insulin be delivered into
the proper tissue in the correct way.
Recommendations have been pub-
lished elsewhere outlining best practi-
ces for insulin injection (25). Proper
insulin injection technique includes in-
jecting into appropriate body areas, in-
jection site rotation, appropriate care of
injection sites to avoid infection or other
complications, and avoidance of intra-
muscular (IM) insulin delivery.
Exogenously delivered insulin should

be injected into subcutaneous tissue, not
intramuscularly. Recommended sites for
insulin injection include the abdomen,
thigh, buttock, and upper arm. Because
insulin absorption from IM sites differs
according to the activity of the muscle,
inadvertent IM injection can lead to un-
predictable insulin absorption and vari-
able effects on glucose, with IM injection
being associated with frequent and un-
explained hypoglycemia in several re-
ports. Risk for IM insulin delivery is
increased in younger, leaner patients
when injecting into the limbs rather than
truncal sites (abdomenandbuttocks) and
when using longer needles. Recent ev-
idence supports the use of short needles
(e.g., 4-mmpen needles) as effective and
well tolerated when compared with lon-
ger needles, including a study performed
in adults with obesity (26).
Injection site rotation is additionally

necessary to avoid lipohypertrophy, an
accumulation of subcutaneous fat in re-
sponse to the adipogenic actions of in-
sulin at a site of multiple injections.
Lipohypertrophy appears as soft, smooth
raised areas several centimeters in breadth
and can contribute to erratic insulin
absorption, increased glycemic variabil-
ity, and unexplained hypoglycemic epi-
sodes. Patients and/or caregivers should
receive education about proper injection
site rotation and to recognize and avoid
areas of lipohypertrophy. As noted in
Table 4.1, examination of insulin injec-
tion sites for the presence of lipohyper-
trophy, aswell as assessment of injection
device use and injection technique, are
key components of a comprehensive
diabetes medical evaluation and treat-
ment plan. Proper insulin injection tech-
nique may lead to more effective use

of this therapy and, as such, holds the
potential for improved clinical outcomes.

Noninsulin Treatments for Type 1
Diabetes
Injectable and oral glucose-lowering
drugs havebeen studied for their efficacy
as adjuncts to insulin treatment of type 1
diabetes. Pramlintide is based on the
naturally occurring b-cell peptide amylin
and is approved for use in adults with
type 1 diabetes. Results from random-
ized controlled studies show variable
reductions of A1C (0–0.3%) and body
weight (1–2 kg) with addition of pramlin-
tide to insulin (27,28). Similarly, results
have been reported for several agents
currently approved only for the treat-
ment of type 2 diabetes. The addition of
metformin in adults with type 1 diabetes
caused small reductions in body weight
and lipid levels but did not improve A1C
(29,30). The addition of the glucagon-like
peptide 1 (GLP-1) receptor agonist (RA)
liraglutideor exenatide to insulin therapy
caused small (0.2%) reductions in A1C
compared with insulin alone in people
with type 1 diabetes and also reduced
body weight by;3 kg (31). Similarly, the
addition of a sodium–glucose cotrans-
porter2 (SGLT2) inhibitor to insulin therapy
has been associated with improvements
in A1C and body weight when compared
with insulin alone (32,33); however, SGLT2
inhibitor use in type 1 diabetes is asso-
ciated with a two- to fourfold increase in
ketoacidosis. The risks and benefits of
adjunctive agents continue to be evalu-
ated,butonlypramlintide is approved for
treatment of type 1 diabetes.

SURGICAL TREATMENT FOR TYPE
1 DIABETES

Pancreas and Islet Transplantation
Successful pancreas and islet transplan-
tation can normalize glucose levels and
mitigate microvascular complications of
type 1 diabetes. However, patients re-
ceiving these treatments require lifelong
immunosuppression to prevent graft re-
jection and/or recurrence of autoimmune
islet destruction. Given the potential
adverse effects of immunosuppressive
therapy, pancreas transplantation should
be reserved for patients with type 1 dia-
betes undergoing simultaneous renal trans-
plantation, following renal transplantation,
or for those with recurrent ketoacidosis
or severe hypoglycemia despite intensive
glycemic management (34).

PHARMACOLOGIC THERAPY FOR
TYPE 2 DIABETES

Recommendations

9.4 Metformin is the preferred ini-
tial pharmacologic agent for the
treatment of type 2 diabetes. A

9.5 Once initiated,metformin should
be continued as long as it is tol-
erated and not contraindicated;
other agents, including insulin,
should be added to metformin. A

9.6 Early combination therapy can
be considered in some patients
at treatment initiation toextend
the time to treatment failure. A

9.7 The early introduction of insulin
should be considered if there is
evidence of ongoing catabolism
(weight loss), if symptoms of
hyperglycemia are present, or
when A1C levels (.10% [86
mmol/mol]) or blood glucose
levels ($300mg/dL [16.7mmol/L])
are very high. E

9.8 A patient-centered approach
should be used to guide the
choice of pharmacologic agents.
Considerations include effect
on cardiovascular and renal co-
morbidities, efficacy, hypogly-
cemia risk, impact on weight,
cost, risk for side effects, and
patient preferences (Table 9.1
and Fig. 9.1). E

9.9 Among patients with type 2 di-
abetes who have established
atherosclerotic cardiovascular
diseaseor indicators of high risk,
established kidney disease, or
heart failure, a sodium–glucose
cotransporter 2 inhibitor or
glucagon-like peptide 1 receptor
agonist with demonstrated car-
diovascular disease benefit
(Table 9.1, Table 10.3B, Table
10.3C) is recommended as part
of the glucose-lowering regi-
men independent of A1C and
in consideration of patient-spe-
cific factors (Fig. 9.1 and Section
10). A

9.10 In patients with type 2 diabetes,
a glucagon-like peptide 1 recep-
tor agonist is preferred to in-
sulin when possible. A

9.11 Recommendation for treatment
intensification for patients not
meeting treatment goals should
not be delayed. A
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9.12 The medication regimen and
medication-taking behavior
should be reevaluated at regular
intervals (every 3–6 months) and
adjusted as needed to incorpo-
rate specific factors that impact
choice of treatment (Fig. 4.1 and
Table 9.1). E

9.13 Clinicians should be aware of
the potential for overbasaliza-
tionwith insulin therapy. Clinical
signals that may prompt evalu-
ation of overbasalization include
basal dose more than ;0.5 IU/
kg, high bedtime-morning or
post-preprandial glucose differ-
ential, hypoglycemia (aware or
unaware), and high variability.
Indication of overbasalization
should prompt reevaluation to
further individualize therapy. E

The American Diabetes Association/
European Association for the Study of
Diabetes consensus report “Management
of Hyperglycemia in Type 2 Diabetes,
2018” and the 2019 update (35,36)
recommend a patient-centered approach
to choosing appropriate pharmacologic
treatment of blood glucose. This includes
consideration of efficacy and key patient
factors: 1) important comorbidities such
as atherosclerotic cardiovascular disease
(ASCVD) and indicators of high ASCVD
risk, chronic kidney disease (CKD), and
heart failure (see Section 10 “Cardiovas-
cular Disease and Risk Management,”
https://doi.org/10.2337/dc21-S010, and
Section 11 “Microvascular Complications
and Foot Care,” https://doi.org/10.2337/
dc21-S011), 2) hypoglycemia risk, 3) ef-
fects on body weight, 4) side effects, 5)
cost, and 6) patient preferences. Lifestyle
modifications that improve health (see
Section 5 “Facilitating Behavior Change
and Well-being to Improve Health
Outcomes,” https://doi.org/10.2337/
dc21-S005) should be emphasized along
with anypharmacologic therapy. Section12
“OlderAdults” (https://doi.org/10.2337/
dc21-S012) and Section 13 “Children and
Adolescents” (https://doi.org/10.2337/
dc21-S013) have recommendations spe-
cific for older adults and for children
and adolescents with type 2 diabetes,
respectively. Section 10 “Cardiovascular
Disease and Risk Management” (https://
doi.org/10.2337/dc21-S010) and Section
11 “Microvascular Complications and Foot

Care” (https://doi.org/10.2337/dc21-S011)
have recommendations for the use of
glucose-lowering drugs in the manage-
ment of cardiovascular and renal disease,
respectively.

Initial Therapy
Metformin should be started at the time
type 2 diabetes is diagnosed unless there
are contraindications; for many patients
this will be monotherapy in combination
with lifestyle modifications. Additional
and/or alternative agents may be con-
sidered in special circumstances, such
as in individuals with established or in-
creased risk of cardiovascular or renal
complications (see Section 10 “Cardio-
vascular Disease and RiskManagement,”
https://doi.org/10.2337/dc21-S010, and
Fig. 9.1). Metformin is effective and safe,
is inexpensive, and may reduce risk of
cardiovascular events and death (37).
Metformin is available in an immediate-
release form for twice-daily dosing or as
an extended-release form that can be
given once daily. Compared with sulfo-
nylureas, metformin as first-line therapy
hasbeneficial effects onA1C,weight, and
cardiovascular mortality (38); there is
little systematic data available for other
oral agents as initial therapy of type 2
diabetes.
Theprincipal side effects ofmetformin

are gastrointestinal intolerance due to
bloating, abdominal discomfort, and di-
arrhea; these canbemitigatedbygradual
dose titration. The drug is cleared by
renal filtration, and very high circulating
levels (e.g., as a result of overdose or
acute renal failure) have beenassociated
with lactic acidosis. However, the occur-
renceofthiscomplication isnowknownto
bevery rare, andmetforminmaybesafely
used in patients with reduced estimated
glomerular filtration rates (eGFR); the
FDA has revised the label for metformin
to reflect its safety in patients with
eGFR $30 mL/min/1.73 m2 (39). A ran-
domized trial confirmed previous obser-
vations that metformin use is associated
with vitamin B12 deficiency and wors-
ening of symptoms of neuropathy (40).
This is compatible with a report from the
Diabetes Prevention Program Outcomes
Study (DPPOS) suggesting periodic testing
of vitamin B12 (41).
In patients with contraindications or

intolerance to metformin, initial therapy
should be based on patient factors;

consider a drug from another class de-
picted in Fig. 9.1. When A1C is $1.5%
(12.5 mmol/mol) above the glycemic
target (see Section 6 “Glycemic Targets,”
https://doi.org/10.2337/dc21-S006,
for appropriate targets), many patients
will require dual combination therapy
to achieve their target A1C level (42).
Insulin has the advantage of being effec-
tive where other agents are not and
should be considered as part of any
combination regimen when hyperglyce-
mia is severe, especially if catabolic fea-
tures (weight loss, hypertriglyceridemia,
ketosis) arepresent. It is commonpractice
to initiate insulin therapy for patientswho
present with blood glucose levels $300
mg/dL (16.7 mmol/L) or A1C .10% (86
mmol/mol)or if thepatienthas symptoms
of hyperglycemia (i.e., polyuria or poly-
dipsia) or evidence of catabolism (weight
loss) (Fig.9.2).Asglucose toxicity resolves,
simplifying the regimen and/or changing
to oral agents is often possible. However,
there is evidence that patients with un-
controlled hyperglycemia associated with
type 2 diabetes can also be effectively
treated with a sulfonylurea (43).

Combination Therapy
Because type 2 diabetes is a progressive
disease inmanypatients,maintenanceof
glycemic targets with monotherapy is
often possible for only a few years, after
which combination therapy is necessary.
Current recommendations have been to
use stepwise addition of medications to
metformin tomaintainA1Cat target. This
allows a clearer assessment of the pos-
itive and negative effects of new drugs
and reduces patient risk and expense
(44); based on these factors, sequential
addition of oral agents to metformin has
been the standard of care. However,
there are data to support initial combi-
nation therapy for more rapid attain-
ment of glycemic goals (45,46) and later
combination therapy for longer durabil-
ity of glycemic effect (47). The VERIFY
(Vildagliptin Efficacy in combination with
metfoRmIn For earlY treatment of type 2
diabetes) trial demonstrated that initial
combination therapy is superior to se-
quential addition of medications for ex-
tending primary and secondary failure
(48). In the VERIFY trial, participants
receiving the initial combination of met-
formin and the dipeptidyl peptidase
4 (DPP-4) inhibitor vildagliptin had
a slower decline of glycemic control
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Figure9.2—Intensifying to injectable therapies.DSMES,diabetes self-managementeducationandsupport; FPG, fastingplasmaglucose;FRC,fixed-ratio
combination; GLP-1 RA, glucagon-like peptide 1 receptor agonist; max, maximum; PPG, postprandial glucose. Adapted from Davies et al. (35).
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compared with metformin alone and
with vildagliptin added sequentially to
metformin. These results have not
been generalized to oral agents other
than vildagliptin, but they suggest that
more intensive early treatment has some
benefits and should be considered through
a shared decision-making process with
patients, as appropriate.Moreover, since
the absolute effectiveness of most oral
medications rarely exceeds1%, initial com-
bination therapy should be considered in
patients presenting with A1C levels 1.5–
2.0% above target.
Recommendations for treatment in-

tensification for patients not meeting
treatment goals should not be delayed.
Shared decision-making is important in
discussions regarding treatment intensi-
fication. The choice of medication added
to metformin is based on the clinical
characteristics of the patient and their
preferences. Important clinical charac-
teristics include the presence of estab-
lished ASCVDor indicators of high ASCVD
risk, heart failure, CKD, other comorbid-
ities, and risk for specific adverse drug
effects, as well as safety, tolerability, and
cost. Although there are numerous trials
comparing dual therapy with metformin
alone, there is little evidence to support
one combination over another. A com-
parative effectiveness meta-analysis
suggests that each new class of non-
insulin agents added to initial therapy
with metformin generally lowers A1C
approximately 0.7–1.0% (49,50). If the
A1C target is not achieved after approx-
imately 3 months, metformin can be
combined with any one of the preferred
six treatment options: sulfonylurea, thia-
zolidinedione, DPP-4 inhibitor, SGLT2 in-
hibitor, GLP-1 RA, or basal insulin; the
choice of which agent to add is based on
drug-specific effects and patient factors
(Fig. 9.1 and Table 9.1).
For patients with established ASCVD

or indicators of high ASCVD risk (such as
patients$55 years of age with coronary,
carotid, or lower-extremity artery steno-
sis .50% or left ventricular hypertro-
phy), heart failure, or CKD, an SGLT2
inhibitor or GLP-1 RA with demonstrated
CVD benefit (Table 9.1, Table 10.3B,
Table 10.3C, and Section 10 “Cardiovas-
cular Disease and Risk Management,”
https://doi.org/10.2337/dc21-S010) is
recommended as part of the glucose-
lowering regimen independent of A1C,
independent of metformin use, and in

consideration of patient-specific factors
(Fig. 9.1). For patients without estab-
lished ASCVD, indicators of high ASCVD
risk, heart failure, or CKD, the choice of
a second agent to add to metformin is
not yet guided by empiric evidence com-
paring acrossmultiple classes. Rather, drug
choice is based on efficacy, avoidance
of side effects (particularly hypoglycemia
and weight gain), cost, and patient pref-
erences (51). Similar considerations are
applied in patients who require a third
agent to achieve glycemic goals. A recent
systematic review and network meta-
analysis suggests greatest reductions in
A1C levelwith insulin regimensandspecific
GLP-1RAs added tometformin-basedback-
ground therapy (52). In all cases, treatment
regimensneed tobe continuously reviewed
for efficacy, sideeffects, andpatient burden
(Table 9.1). In some instances, patients will
require medication reduction or discontin-
uation. Common reasons for this include
ineffectiveness, intolerable side effects, ex-
pense, or a change in glycemic goals (e.g., in
response to development of comorbidities
or changes in treatment goals). Section 12
“Older Adults” (https://doi.org/10.2337/
dc21-S012) has a full discussion of treat-
ment considerations in older adults, in
whom changes of glycemic goals and
de-escalation of therapy are common.
The need for the greater potency of

injectable medications is common, par-
ticularly in people with a longer duration
of diabetes. The addition of basal insulin,
either human NPH or one of the long-
acting insulin analogs, to oral agent regi-
mens is a well-established approach that
is effective formanypatients. In addition,
recent evidence supports the utility of
GLP-1 RAs in patients not at glycemic goal.
While most GLP-1 RAs are injectable, an
oral formulation of semaglutide is now com-
mercially available (53). In trials comparing
the additionof an injectable GLP-1 RA or
insulin in patients needing further glu-
cose lowering, glycemic efficacy of inject-
able GLP-1 RA was similar or greater than
that of basal insulin (54–60). GLP-1 RAs in
these trials had a lower risk of hypogly-
cemia and beneficial effects on body
weight compared with insulin, albeit
with greater gastrointestinal side effects.
Thus, trial results support GLP-1 RAs as the
preferred option for patients requiring
the potency of an injectable therapy for
glucose control (Fig. 9.2). However, high
costs and tolerability issues are impor-
tant barriers to GLP-1 RA use.

Cost for diabetes medicine has in-
creased dramatically over the past two
decades, and an increasing proportion
is now passed on to patients and their
families (61). Table 9.2 provides cost
information for currently approved
noninsulin therapies. Of note, prices
listed are average wholesale prices
(AWP) (62) and National Average Drug
Acquisition Costs (NADAC) (63), separate
measures to allow for a comparison of
drug prices, but do not account for
discounts, rebates, or other price adjust-
ments often involved in prescription
sales that affect the actual cost incurred
by the patient. Medication costs can be a
major source of stress for patients with
diabetes and contribute to worse adher-
ence to medications (64); cost-reducing
strategies may improve adherence in
some cases (65).

Cardiovascular Outcomes Trials

There arenowmultiple large randomized
controlled trials reporting statistically
significant reductions in cardiovascular
events in patients with type 2 diabetes
treated with an SGLT2 inhibitor (empa-
gliflozin, canagliflozin, dapagliflozin) or
GLP-1 RA (liraglutide, semaglutide, dula-
glutide); see Section 10 “Cardiovascular
Disease and Risk Management” (https://
doi.org/10.2337/dc21-S010) for details.
The subjects enrolled in the cardiovas-
cularoutcomes trials usingempagliflozin,
canagliflozin, dapagliflozin, liraglutide, and
semaglutide had A1C $6.5%, and more
than 70%were takingmetformin at base-
line. Thus, a practical extension of these
results to clinical practice is to use these
drugs preferentially in patients with
type 2 diabetes and established ASCVD
or indicators of high ASCVD risk. For these
patients, incorporating one of the SGLT2
inhibitors or GLP-1 RAs that have been
demonstrated to have cardiovascular dis-
ease benefit is recommended (Table 9.1).
In cardiovascular outcomes trials, em-
pagliflozin, canagliflozin, dapagliflozin,
liraglutide, semaglutide, and dulaglutide
all had beneficial effects on indices of
CKD, while dedicated renal outcomes
studies have demonstrated benefit of
specific SGLT2 inhibitors. See Section
11 “Microvascular Complications and
Foot Care” (https://doi.org/10.2337/
dc21-S011) for discussion of how CKD
may impact treatment choices. Addi-
tional large randomized trials of other
agents in these classes are ongoing.
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Insulin Therapy
Many patients with type 2 diabetes
eventually require and benefit from in-
sulin therapy (Fig. 9.2). See the section
INSULIN INJECTION TECHNIQUE, above, for guid-
ance on how to administer insulin safely
andeffectively. Theprogressivenatureof
type 2 diabetes should be regularly and
objectively explained to patients, and
providers should avoid using insulin
as a threat or describing it as a sign of
personal failure or punishment. Rather,
the utility and importance of insulin to
maintain glycemic control once progres-
sion of the disease overcomes the effect
of other agents should be emphasized.
Educating and involving patients in insulin

management is beneficial. For example,
instruction of patients in self-titration of
insulin doses based on glucose monitoring
improves glycemic control in patients with
type 2 diabetes initiating insulin (66). Com-
prehensive education regarding self-mon-
itoring of blood glucose, diet, and the
avoidance and appropriate treatment of
hypoglycemia are critically important in
any patient using insulin.

Basal Insulin

Basal insulinalone is themost convenient
initial insulin regimen and can be added
to metformin and other oral agents.
Starting doses can be estimated based
on body weight (0.1–0.2 units/kg/day)
and the degree of hyperglycemia, with

individualized titration over days to weeks
as needed. The principal action of basal
insulin is to restrain hepatic glucose pro-
duction and limit hyperglycemia overnight
and between meals (67,68). Control of
fasting glucose can be achieved with hu-
man NPH insulin or a long-acting insulin
analog. In clinical trials, long-acting basal
analogs (U-100 glargine or detemir) have
been demonstrated to reduce the risk of
symptomatic and nocturnal hypoglycemia
compared with NPH insulin (69–74), al-
though these advantages are modest and
may not persist (75). Longer-acting basal
analogs (U-300 glargine or degludec) may
convey a lower hypoglycemia risk com-
pared with U-100 glargine when used in

Table 9.2—Median monthly (30-day) AWP and NADAC of maximum approved daily dose of noninsulin glucose-lowering
agents in the U.S.

Class Compound(s)
Dosage strength/product

(if applicable)
Median AWP
(min, max)†

Median NADAC
(min, max)†

Maximum approved
daily dose*

Biguanides c Metformin 850 mg (IR) $108 ($6, $109) $3 2,550 mg
1,000 mg (IR) $87 ($4, $88) $2 2,000 mg
1,000 mg (ER) $242 ($242,

$7,214)
$188 ($188, $572) 2,000 mg

Sulfonylureas (2nd
generation)

c Glimepiride 4 mg $74 ($71, $198) $4 8 mg
c Glipizide 10 mg (IR) $75 ($67, $97) $5 40 mg (IR)

10 mg (XL) $48 $11 20 mg (XL)
c Glyburide 6 mg (micronized) $52 ($48, $71) $10 12 mg (micronized)

5 mg $93 ($63, $103) $11 20 mg

Thiazolidinediones c Pioglitazone 45 mg $348 ($283, $349) $5 45 mg
c Rosiglitazone 4 mg $407 $330 8 mg

a-Glucosidase inhibitors c Acarbose 100 mg $106 ($104, $106) $28 300 mg
c Miglitol 100 mg $241 $311 300 mg

Meglitinides (glinides) c Nateglinide 120 mg $155 $31 360 mg
c Repaglinide 2 mg $878 ($162, $897) $38 16 mg

DPP-4 inhibitors c Alogliptin 25 mg $234 $175 25 mg
c Saxagliptin 5 mg $530 $424 5 mg
c Linagliptin 5 mg $555 $444 5 mg
c Sitagliptin 100 mg $568 $456 100 mg

SGLT2 inhibitors c Ertugliflozin 15 mg $354 $284 15 mg
c Dapagliflozin 10 mg $621 $496 10 mg
c Empagliflozin 25 mg $627 $501 25 mg
c Canagliflozin 300 mg $622 $499 300 mg

GLP-1 RAs c Exenatide (extended
release)

2 mg powder for
suspension or pen

$882 $706 2 mg**

c Exenatide 10 mg pen $752 $720 20 mg
c Dulaglutide 4.5/0.5 mL pen $957 $766 4.5 mg**
c Semaglutide 1 mg pen $973 $779 1 mg**

14 mg (tablet) $927 $738 14 mg
c Liraglutide 18 mg/3 mL pen $1,161 $930 1.8 mg
c Lixisenatide 300 mg/3 mL pen $774 N/A 20 mg

Bile acid sequestrant c Colesevelam 625 mg tabs $710 ($674, $712) $105 3.75 g
3.75 g suspension $804 $318 3.75 g

Dopamine-2 agonist c Bromocriptine 0.8 mg $960 $772 4.8 mg

Amylin mimetic c Pramlintide 120 mg pen $2702 $2,097 120 mg/injection††

AWP, average wholesale price; DPP-4, dipeptidyl peptidase 4; ER and XL, extended release; GLP-1 RA, glucagon-like peptide 1 receptor agonist; IR,
immediate release; max, maximum; min, minimum; N/A, data not available; NADAC, National Average Drug Acquisition Cost; SGLT2, sodium–glucose
cotransporter 2. †Calculated for 30-day supply (AWP [62] or NADAC [63] unit price3 number of doses required to provide maximum approved daily
dose3 30 days); median AWP or NADAC listed alone when only one product and/or price. *Utilized to calculate median AWP and NADAC (min, max);
generic prices used, if available commercially. **Administered once weekly. ††AWP and NADAC calculated based on 120 mg three times daily.
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combination with oral agents (76–82).
Despite evidence for reduced hypogly-
cemia with newer, longer-acting basal
insulin analogs in clinical trial settings, in
practice these effects may be modest
compared with NPH insulin (83). Clini-
cians should be aware of the potential for
overbasalization with insulin therapy.
Clinical signals that may prompt evalu-
ation of overbasalization include basal
dosegreaterthan;0.5IU/kg,highbedtime-
morning or post-preprandial glucose differ-
ential (e.g. bedtime-morning glucose dif-
ferential $50 mg/dL), hypoglycemia
(aware or unaware), and high variability.

Indication of overbasalization should prompt

reevaluation to further individualize ther-

apy (84).
The cost of insulin has been rising

steadily over the past two decades, at a
pace several fold that of other medical
expenditures (85). This expense contrib-
utes significant burden to patients as
insulin has become a growing “out-of-
pocket” cost for people with diabetes,
and direct patient costs contribute to
treatment nonadherence (85). Therefore,
consideration of cost is an important
component of effective management.
For many patients with type 2 diabetes

(e.g., individuals with relaxed A1C goals,
low rates of hypoglycemia, and prom-
inent insulin resistance, as well as those
with cost concerns), human insulin (NPH
and regular) may be the appropriate
choice of therapy, and clinicians should
be familiar with its use (83). Human regular
insulin,NPH, and70/30NPH/regular prod-
ucts can be purchased for considerably
less than the AWP and NADAC prices
listed in Table 9.3 at select pharmacies.

Prandial Insulin

Many individuals with type 2 diabetes
require doses of insulin before meals, in

Table 9.3—Median cost of insulin products in the U.S. calculated as AWP (62) and NADAC (63) per 1,000 units of specified
dosage form/product

Insulins Compounds Dosage form/product
Median AWP
(min, max)*

Median
NADAC*

Rapid-acting c Lispro follow-on product U-100 vial $157 $125
U-100 prefilled pen $202 $161

c Lispro U-100 vial $165† $132†
U-100 cartridges $408 $326
U-100 prefilled pen $212† $170†
U-200 prefilled pen $424 $339

c Lispro-aabc U-100 vial $330 N/A
U-100 prefilled pen $424 N/A
U-200 prefilled pen $424 N/A

c Glulisine U-100 vial $341 $272
U-100 prefilled pen $439 $350

c Aspart U-100 vial $174† $139†
U-100 cartridges $215 $344
U-100 prefilled pen $223† $179†

c Aspart (“faster acting
product”)

U-100 vial $347 $278
U-100 cartridge $430 N/A
U-100 prefilled pen $447 $356

c Inhaled insulin Inhalation cartridges $924 $606

Short-acting c human regular U-100 vial $165†† $133††

Intermediate-acting c human NPH U-100 vial $165†† $133††
U-100 prefilled pen $208 $167

Concentrated human regular
insulin

c U-500 human regular
insulin

U-500 vial $178 $143
U-500 prefilled pen $229 $183

Long-acting c Glargine follow-on product U-100 prefilled pen $190 (118, 261) $210
U-100 vial $190 (118, 261) N/A

c Glargine U-100 vial; U-100 prefilled pen $340 $272
U-300 prefilled pen $340 $272

c Detemir U-100 vial; U-100 prefilled pen $370 $296
c Degludec U-100 vial; U-100 prefilled pen; U-200

prefilled pen
$407 $325

Premixed insulin products c NPH/regular 70/30 U-100 vial $165†† $133††
U-100 prefilled pen $208 $167

c Lispro 50/50 U-100 vial $342 $273
U-100 prefilled pen $424 $338

c Lispro 75/25 U-100 vial $342 $274
U-100 prefilled pen $212 $340

c Aspart 70/30 U-100 vial $180 $144
U-100 prefilled pen $224 $179

Premixed insulin/GLP-1 RA
products

c Glargine/Lixisenatide 100/33 prefilled pen $589 $471
c Degludec/Liraglutide 100/3.6 prefilled pen $874 $701

AWP, averagewholesale price; GLP-1 RA, glucagon-like peptide 1 receptor agonist; N/A, not available; NADAC, National AverageDrug Acquisition Cost.
*AWP or NADAC calculated as in Table 9.2. †Generic prices used when available. ††AWP and NADAC data presented do not include vials of regular
human insulin and NPH available at Walmart for approximately $25/vial; median listed alone when only one product and/or price.
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addition to basal insulin, to reach glyce-
mic targets. A dose of 4 units or 10% of
the amount of basal insulin at the largest
meal or the meal with the greatest post-
prandial excursion is a safe estimate for
initiating therapy. The prandial insulin
regimen can then be intensified based on
patient needs (see Fig. 9.2). People with
type 2 diabetes are generally more in-
sulin resistant than those with type 1
diabetes, require higher daily doses (;1
unit/kg), and have lower rates of hypo-
glycemia (86). Titration can be based on
home glucose monitoring or A1C. With
significant additions to the prandial in-
sulin dose, particularly with the evening
meal, consideration should be given to
decreasing basal insulin. Meta-analyses
of trials comparing rapid-acting insulin
analogs with human regular insulin in
patients with type 2 diabetes have not
reported important differences in A1C or
hypoglycemia (87,88).

Concentrated Insulins

Several concentrated insulin prepara-
tions are currently available. U-500 reg-
ular insulin is, by definition, five times
more concentrated than U-100 regular
insulin. Regular U-500 has distinct phar-
macokinetics with delayed onset and
longer duration of action, has character-
istics more like an intermediate-acting
(NPH) insulin, and can be used as two or
three daily injections (89). U-300 glargine
and U-200 degludec are three and two
times as concentrated as their U-100
formulations and allow higher doses of
basal insulin administration per volume
used. U-300 glargine has a longer dura-
tion of action than U-100 glargine but
modestly lower efficacy per unit admin-
istered (90,91). The FDA has also approved
a concentrated formulation of rapid-acting
insulin lispro, U-200 (200 units/mL) and
insulin lispro-aabc (U-200). These concen-
trated preparations may be more conve-
nient and comfortable forpatients to inject
and may improve adherence in those
with insulin resistance who require large
doses of insulin. While U-500 regular in-
sulin is available in both prefilled pens and
vials, other concentrated insulins are avail-
able only in prefilled pens to minimize the
risk of dosing errors.

Inhaled Insulin

Inhaled insulin is available as a rapid-
acting insulin; studies in people with
type 1 diabetes suggest rapid pharma-
cokinetics (8). A pilot study found

evidence that compared with injectable
rapid-acting insulin, supplemental doses
of inhaled insulin taken based on post-
prandial glucose levels may improve
blood glucose management without
additional hypoglycemia or weight gain
(92), although results from a larger study
are needed for confirmation. Inhaled
insulin is contraindicated in patients with
chronic lung disease, such as asthma and
chronic obstructive pulmonary disease,
and is not recommended in patients who
smoke or who recently stopped smoking.
All patients require spirometry (forced
expiratory volume in 1 s [FEV1]) testing to
identify potential lung disease prior to
and after starting inhaled insulin therapy.

Combination Injectable Therapy
If basal insulin has been titrated to an
acceptable fasting blood glucose level (or
if the dose is .0.5 units/kg/day with
indications of need for other therapy)
and A1C remains above target, consider
advancing to combination injectable
therapy (Fig. 9.2). This approach can use a
GLP-1 RA added to basal insulin or multi-
ple doses of insulin. The combination of
basal insulin and GLP-1 RA has potent
glucose-lowering actions and less weight
gain and hypoglycemia compared with
intensified insulin regimens (93–95),with
one study suggesting greater durability
of glycemic effect compared with addi-
tion of basal insulin alone (47). Two
different once-daily, fixed dual-combination
products containing basal insulin plus a
GLP-1 RA are available: insulin glargine
plus lixisenatide and insulin degludec
plus liraglutide.
Intensificationof insulin treatment can

be done by adding doses of prandial to
basal insulin. Starting with a single pran-
dial dose with the largest meal of the day
is simple and effective, and it can be
advanced to a regimen with multiple
prandial doses if necessary (96). Alter-
natively, in a patient on basal insulin in
whom additional prandial coverage is
desired, the regimen can be converted to
two doses of a premixed insulin. Each
approach has advantages and disadvan-
tages. For example, basal/prandial regi-
mens offer greater flexibility for patients
who eat on irregular schedules. On the
other hand, two doses of premixed in-
sulin is a simple, convenient means of
spreading insulin across the day. More-
over, human insulins, separately, self-
mixed, or as premixed NPH/regular (70/

30) formulations, are less costly alterna-
tives to insulin analogs. Figure 9.2 outlines
these options as well as recommendations
for further intensification, if needed, to
achieve glycemic goals. When initiating
combination injectable therapy, metfor-
min therapy should bemaintained, while
sulfonylureas and DPP-4 inhibitors are
typically weaned or discontinued. In pa-
tients with suboptimal blood glucose
control, especially those requiring large
insulin doses, adjunctive use of a thia-
zolidinedione or an SGLT2 inhibitor
may help to improve control and reduce
the amount of insulin needed, though
potential side effects should be consid-
ered.Once a basal/bolus insulin regimen
is initiated, dose titration is important,
with adjustments made in both mealtime
and basal insulins based on the blood
glucose levels and an understanding of
the pharmacodynamic profile of each for-
mulation (pattern control). As people with
type 2 diabetes get older, it may become
necessary to simplify complex insulin regi-
mens because of a decline in self-manage-
ment ability (see Section 12 “Older
Adults,” https://doi.org/10.2337/dc21-
S012).
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10. Cardiovascular Disease and
Risk Management: Standards of
Medical Care in Diabetesd2021
Diabetes Care 2021;44(Suppl. 1):S125–S150 | https://doi.org/10.2337/dc21-S010

The American Diabetes Association (ADA) “Standards of Medical Care in Diabetes”
includes the ADA’s current clinical practice recommendations and is intended to
provide the components of diabetes care, general treatment goals and guidelines,
and tools to evaluate quality of care. Members of the ADA Professional Practice
Committee, a multidisciplinary expert committee (https://doi.org/10.2337/dc21-
SPPC), are responsible for updating the Standards of Care annually, or more
frequently as warranted. For a detailed description of ADA standards, statements,
and reports, as well as the evidence-grading system for ADA’s clinical practice
recommendations, please refer to the Standards of Care Introduction (https://doi
.org/10.2337/dc21-SINT). Readers who wish to comment on the Standards of Care
are invited to do so at professional.diabetes.org/SOC.

For prevention and management of diabetes complications in children and adoles-
cents, please refer to Section 13 “Children andAdolescents” (https://doi.org/10.2337/
dc21-S013).

Atherosclerotic cardiovascular disease (ASCVD)ddefined as coronary heart disease
(CHD), cerebrovascular disease, or peripheral arterial disease presumed to be of
atherosclerotic origindis the leading cause ofmorbidity andmortality for individuals
with diabetes and results in an estimated $37.3 billion in cardiovascular-related
spending per year associated with diabetes (1). Common conditions coexisting with
type 2 diabetes (e.g., hypertension and dyslipidemia) are clear risk factors for ASCVD,
and diabetes itself confers independent risk. Numerous studies have shown the
efficacy of controlling individual cardiovascular risk factors in preventing or slowing
ASCVD in people with diabetes. Furthermore, large benefits are seen when multiple
cardiovascular risk factors are addressed simultaneously. Under the current paradigm
of aggressive risk factor modification in patients with diabetes, there is evidence that
measures of 10-year coronary heart disease (CHD) risk among U.S. adults with
diabetes have improved significantly over the past decade (2) and that ASCVD
morbidity and mortality have decreased (3,4).
Heart failure is anothermajor cause ofmorbidity andmortality fromcardiovascular

disease. Recent studies have found that rates of incident heart failure hospitalization
(adjusted for age and sex) were twofold higher in patients with diabetes compared
with those without (5,6). People with diabetes may have heart failure with preserved
ejection fraction (HFpEF) or with reduced ejection fraction (HFrEF). Hypertension is
oftenaprecursorofheart failureofeither type, andASCVDcancoexistwitheither type
(7), whereas prior myocardial infarction (MI) is often a major factor in HFrEF. Rates
of heart failure hospitalization have been improved in recent trials including
patients with type 2 diabetes, most of whom also had ASCVD, with sodium–glucose
cotransporter 2 (SGLT2) inhibitors (8–10).

This section has received endorsement from the
American College of Cardiology.

Suggested citation: American Diabetes Association.
10. Cardiovascular disease and risk management:
Standards of Medical Care in Diabetesd2021.
Diabetes Care 2021;44(Suppl.1):S125–S150
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For prevention and management of
both ASCVD and heart failure, cardiovas-
cular risk factors shouldbe systematically
assessed at least annually in all patients
with diabetes. These risk factors include
obesity/overweight, hypertension, dysli-
pidemia, smoking, a family history of pre-
mature coronary disease, chronic kidney
disease, and thepresenceof albuminuria.
Modifiable abnormal risk factors should
be treated as described in these guide-
lines. Notably, the majority of evidence
supporting interventions to reduce cardio-
vascular risk indiabetes comes fromtrials of
patients with type 2 diabetes. Few trials
have been specifically designed to assess
the impact of cardiovascular risk reduction
strategies in patients with type 1 diabetes.

THE RISK CALCULATOR

The American College of Cardiology/
American Heart Association ASCVD risk
calculator (Risk Estimator Plus) is gener-
ally a useful tool to estimate 10-year risk
of a first ASCVD event (available online
at tools.acc.org/ASCVD-Risk-Estimator-
Plus). The calculator includes diabetes
as a risk factor, since diabetes itself
confers increased risk for ASCVD, al-
though it should be acknowledged that
these risk calculators donot account for
the duration of diabetes or the pres-
ence of diabetes complications, such as
albuminuria. Although some variability
in calibration exists in various subgroups,
including by sex, race, and diabetes, the
overall risk prediction does not differ in
those with or without diabetes (11–14),
validating the use of risk calculators in
peoplewithdiabetes. The10-year risk of a
first ASCVD event should be assessed to
better stratify ASCVD risk and help guide
therapy, as described below.
Recently, risk scores and other cardio-

vascular biomarkershavebeendeveloped
for risk stratification of secondary pre-
vention patients (i.e., those who are al-
ready high risk because they have ASCVD)
but are not yet in widespread use (15,16).
Withnewer,moreexpensive lipid-lowering
therapies now available, use of these risk
assessments may help target these new
therapies to “higher risk” ASCVD pa-
tients in the future.

HYPERTENSION/BLOOD PRESSURE
CONTROL

Hypertension, defined as a sustained blood
pressure $140/90 mmHg, is common

among patients with either type 1 or
type 2 diabetes. Hypertension is a ma-
jor risk factor for both ASCVD and mi-
crovascular complications. Moreover,
numerous studies have shown that
antihypertensive therapy reducesASCVD
events, heart failure, and microvascular
complications. Please refer to the Amer-
ican Diabetes Association (ADA) position
statement “Diabetes and Hypertension”
for a detailed review of the epidemiol-
ogy, diagnosis, and treatment of hyper-
tension (17).

Screening and Diagnosis

Recommendations

10.1 Blood pressure should be mea-
sured at every routine clinical
visit. Patients found to have el-
evated blood pressure ($140/
90 mmHg) should have blood
pressure confirmed using multi-
ple readings, including measure-
ments on a separate day, to
diagnose hypertension. B

10.2 All hypertensive patients with
diabetes should monitor their
blood pressure at home. B

Blood pressure should be measured at
every routine clinical visit by a trained
individual and should follow the guide-
lines established for the general pop-
ulation: measurement in the seated
position, with feet on the floor and arm
supported at heart level, after 5 min of
rest. Cuff size should be appropriate for
the upper-arm circumference. Elevated
values shouldbe confirmedona separate
day. Postural changes in blood pressure
and pulse may be evidence of autonomic
neuropathy and therefore require ad-
justment of blood pressure targets. Or-
thostatic blood pressure measurements
should be checked on initial visit and as
indicated.
Home blood pressure self-monitoring

and 24-h ambulatory blood pressure
monitoring may provide evidence of
white coat hypertension, masked hyper-
tension, or other discrepancies between
office and “true” blood pressure (17). In
addition to confirming or refuting a di-
agnosis of hypertension, home blood
pressure assessment may be useful to
monitor antihypertensive treatment. Stud-
ies of individuals without diabetes found
that home measurements may better
correlate with ASCVD risk than office
measurements (18,19). Moreover, home

blood pressure monitoring may improve
patient medication adherence and thus
help reduce cardiovascular risk (20).

Treatment Goals

Recommendations

10.3 For patients with diabetes and
hypertension, blood pressure
targets should be individual-
ized through a shared decision-
making process that addresses
cardiovascular risk, potential ad-
verse effects of antihypertensive
medications, and patient prefer-
ences. C

10.4 For individuals with diabetes
and hypertension at higher car-
diovascular risk (existing athero-
sclerotic cardiovascular disease
[ASCVD] or 10-year ASCVD risk
$15%), a blood pressure target
of,130/80 mmHg may be ap-
propriate, if it can be safely
attained. C

10.5 For individualswithdiabetes and
hypertension at lower risk for
cardiovascular disease (10-year
atherosclerotic cardiovascular
disease risk ,15%), treat to a
blood pressure target of,140/
90 mmHg. A

10.6 Inpregnantpatientswithdiabetes
and preexisting hypertension, a
blood pressure target of 110–
135/85mmHgis suggested inthe
interest of reducing the risk for
accelerated maternal hyperten-
sion A and minimizing impaired
fetal growth. E

Randomized clinical trials have demon-
strated unequivocally that treatment of
hypertension to blood pressure ,140/
90 mmHg reduces cardiovascular events
as well as microvascular complications
(21–27). Therefore, patients with type 1
or type2 diabeteswhohavehypertension
should, at aminimum, be treated toblood
pressure targets of,140/90 mmHg. The
benefits and risks of intensifying anti-
hypertensive therapy to target blood
pressures lower than ,140/90 mmHg
(e.g.,,130/80 or,120/80 mmHg) have
been evaluated in large randomized clin-
ical trials and meta-analyses of clinical
trials. Notably, there is an absence of
high-quality data available toguideblood
pressure targets in type 1 diabetes.
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Randomized Controlled Trials of Intensive

Versus Standard Blood Pressure Control

TheAction to Control Cardiovascular Risk
in Diabetes Blood Pressure (ACCORD BP)
trial provides the strongest direct assess-
mentof thebenefits and risksof intensive
blood pressure control among people
with type 2 diabetes (28). In ACCORD
BP, compared with standard blood pres-
sure control (target systolic blood pres-
sure ,140 mmHg), intensive blood
pressure control (target systolic blood
pressure ,120 mmHg) did not reduce
totalmajor atherosclerotic cardiovascular
events but did reduce the risk of stroke, at
the expense of increased adverse events
(Table 10.1). The ACCORD BP results

suggest that blood pressure targets
more intensive than ,140/90 mmHg
are not likely to improve cardiovascular
outcomesamongmost peoplewith type2
diabetes but may be reasonable for pa-
tients who may derive the most benefit
and have been educated about added
treatment burden, side effects, and costs,
as discussed below.
Additional studies, such as the Systolic

Blood Pressure Intervention Trial
(SPRINT) and the Hypertension Optimal
Treatment (HOT) trial, also examined
effects of intensive versus standard con-
trol (Table 10.1), though the relevance of
their results to people with diabetes is
less clear. The Action in Diabetes and

Vascular Disease: Preterax and Diami-
cron MR Controlled Evaluation–Blood
Pressure (ADVANCE BP) trial did not
explicitly test blood pressure targets
(29); the achieved blood pressure in
the intervention group was higher
than that achieved in the ACCORD BP
intensive arm and would be consistent
with a target blood pressure of ,140/
90 mmHg. Notably, ACCORD BP and
SPRINT measured blood pressure using
automated office blood pressure mea-
surement, which yields values that are
generally lower than typical office blood
pressure readings by approximately 5–
10 mmHg (30), suggesting that imple-
menting the ACCORD BP or SPRINT

Table 10.1—Randomized controlled trials of intensive versus standard hypertension treatment strategies

Clinical trial Population Intensive Standard Outcomes

ACCORD BP (28) 4,733 participants with T2D
aged 40–79 years with
prior evidence of CVD or
multiple cardiovascular
risk factors

SBP target:
,120 mmHg

Achieved (mean)
SBP/DBP:
119.3/64.4 mmHg

SBP target:
130–140 mmHg

Achieved (mean)
SBP/DBP:
13.5/70.5 mmHg

c No benefit in primary end point:
composite of nonfatal MI,
nonfatal stroke, and CVD death

c Stroke risk reduced 41% with
intensive control, not sustained
through follow-up beyond the
period of active treatment

c Adverse events more common
in intensive group, particularly
elevated serum creatinine and
electrolyte abnormalities

ADVANCE BP (29) 11,140 participants with
T2D aged 55 years and
older with prior evidence of
CVD or multiple cardiovascular
risk factors

Intervention: a single-pill,
fixed-dose combination
of perindopril and
indapamide

Achieved (mean)
SBP/DBP:
136/73 mmHg

Control: placebo
Achieved (mean)

SBP/DBP:
141.6/75.2 mmHg

c Intervention reduced risk of
primary composite end point of
major macrovascular and
microvascular events (9%),
death fromany cause (14%), and
death from CVD (18%)

c 6-year observational follow-up
foundreduction inriskofdeath in
intervention group attenuated
but still significant (198)

HOT (199) 18,790 participants,
including 1,501
with diabetes

DBP target:
#80 mmHg

DBP target:
#90 mmHg

c In the overall trial, there was no
cardiovascular benefit with
more intensive targets

c In the subpopulation with
diabetes, an intensive DBP
target was associated with
a significantly reducedrisk (51%)
of CVD events

SPRINT (40) 9,361 participants
without diabetes

SBP target:
,120 mmHg

Achieved (mean):
121.4 mmHg

SBP target:
,140 mmHg

Achieved (mean):
136.2 mmHg

c IntensiveSBP target lowered risk
of the primary composite
outcome 25% (MI, ACS, stroke,
heart failure, and death due to
CVD)

c Intensive target reduced risk of
death 27%

c Intensive therapy increased risks
of electrolyte abnormalities and
AKI

ACCORDBP, Action to Control Cardiovascular Risk inDiabetes BloodPressure trial; ACS, acute coronary syndrome; ADVANCEBP, Action inDiabetes and
Vascular Disease: Preterax and Diamicron MR Controlled Evaluation–Blood Pressure trial; AKI, acute kidney injury; CVD, cardiovascular disease; DBP,
diastolic blood pressure; HOT, Hypertension Optimal Treatment trial; MI, myocardial infarction; SBP, systolic blood pressure; SPRINT, Systolic Blood
Pressure InterventionTrial; T2D, type2diabetes.Data fromthis table canalsobe found in theADApositionstatement “DiabetesandHypertension” (17).
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protocols in an outpatient clinic might
require a systolic blood pressure tar-
get higher than ,120 mmHg, such as
,130 mmHg.
A number of post hoc analyses have

attempted to explain the apparently di-
vergent results of ACCORD BP and
SPRINT. Some investigators have argued
that the divergent results are not due to
differences between people with and
without diabetes but rather are due to
differences in study design or to charac-
teristics other than diabetes (31–33).
Others have opined that the divergent
results are most readily explained by the
lack of benefit of intensive blood pres-
sure control on cardiovascular mortality
in ACCORD BP, which may be due to
differential mechanisms underlying car-
diovascular disease in type 2 diabetes, to
chance, or both (34). Interestingly, a post
hoc analysis has found that intensive
blood pressure lowering increased the
risk of incident chronic kidney disease in
both ACCORD BP and SPRINT, with the
absolute risk of incident chronic kidney
disease being higher in individuals with
type 2 diabetes (35).

Meta-analyses of Trials

To clarify optimal blood pressure targets
in patients with diabetes, meta-analyses
have stratified clinical trials by mean
baseline blood pressure or mean blood
pressure attained in the intervention (or
intensive treatment) arm.Basedon these
analyses, antihypertensive treatment ap-
pears to be beneficial when mean base-
line blood pressure is$140/90mmHg or
mean attained intensive blood pressure
is $130/80 mmHg (17,21,22,24–26).
Among trials with lower baseline or
attained blood pressure, antihyperten-
sive treatment reduced the risk of stroke,
retinopathy, and albuminuria, but effects
on other ASCVD outcomes and heart
failurewere not evident. Taken together,
these meta-analyses consistently show
that treating patients with baseline
blood pressure $140 mmHg to targets
,140 mmHg is beneficial, while more-
intensive targets may offer additional
(though probably less robust) benefits.

Individualization of Treatment Targets

Patients and clinicians should engage in a
shared decision-making process to de-
termine individual blood pressure tar-
gets (17). This approach acknowledges
that the benefits and risks of intensive
blood pressure targets are uncertain and

may vary across patients and is consis-
tent with a patient-focused approach to
care that values patient priorities and
provider judgment (36). Secondary anal-
yses of ACCORD BP and SPRINT suggest
that clinical factors can help determine
individualsmore likely to benefit and less
likely to be harmed by intensive blood
pressure control (37,38).
Absolute benefit from blood pressure

reduction correlated with absolute base-
line cardiovascular risk in SPRINT and in
earlier clinical trials conducted at higher
baseline blood pressure levels (11,38).
Extrapolation of these studies suggests
that patients with diabetes may also be
more likely to benefit from intensive
blood pressure control when they
have high absolute cardiovascular risk.
Therefore, itmay be reasonable to target
blood pressure ,130/80 mmHg among
patients with diabetes and either clini-
cally diagnosed cardiovascular disease
(particularly stroke, which was signifi-
cantly reduced in ACCORD BP) or
10-year ASCVD risk $15%, if it can be
attained safely. This approach is consis-
tent with guidelines from the American
College of Cardiology/American Heart
Association, which advocate a blood
pressure target ,130/80 mmHg for all
patients, with or without diabetes (39).
Potential adverse effects of antihyper-

tensive therapy (e.g., hypotension, syn-
cope, falls, acute kidney injury, and
electrolyte abnormalities) should also
be taken into account (28,35,40,41). Pa-
tients with older age, chronic kidney
disease, and frailty have been shown to
be at higher risk of adverse effects of
intensive blood pressure control (41). In
addition, patients with orthostatic hypo-
tension, substantial comorbidity, func-
tional limitations, or polypharmacy may
beathighriskofadverseeffects,andsome
patientsmaypreferhigher bloodpressure
targets to enhance quality of life. Patients
with low absolute cardiovascular risk (10-
yearASCVDrisk,15%)orwithahistoryof
adverse effects of intensive blood pres-
sure control or at high risk of such adverse
effects should have a higher blood pres-
sure target. In such patients, a blood
pressure target of ,140/90 mmHg is
recommended, if it can be safely attained.

Pregnancy and Antihypertensive

Medications

There are few randomized controlled trials
of antihypertensive therapy in pregnant

women with diabetes. A 2014 Cochrane
systematic review of antihypertensive
therapy for mild to moderate chronic
hypertension that included 49 trials and
over 4,700 women did not find any con-
clusive evidence for or against blood pres-
sure treatment to reduce the risk of
preeclampsia for the mother or effects
on perinatal outcomes such as preterm
birth, small-for-gestational-age infants, or
fetaldeath(42).ThemorerecentControlof
Hypertension in Pregnancy Study (CHIPS)
(43) enrolled mostly women with chronic
hypertension. InCHIPS, targetingadiastolic
blood pressure of 85 mmHg during preg-
nancy was associated with reduced likeli-
hood of developing accelerated maternal
hypertension and no demonstrable ad-
verse outcome for infants compared
with targeting a higher diastolic blood
pressure. Themeansystolicbloodpressure
achieved in the more intensively treated
group was 133.1 6 0.5 mmHg, and the
mean diastolic blood pressure achieved in
that groupwas85.360.3mmHg.A similar
approach is supported by the International
Society for the Study of Hypertension in
Pregnancy,which specifically recommends
use of antihypertensive therapy to main-
tain systolic blood pressure between
110 and 140 mmHg and diastolic blood
pressure between 80 and 85 mmHg (44).
Current evidence supports controlling
blood pressure to 110–135/85 mmHg to
reduce the risk of accelerated maternal
hypertension but also to minimize impair-
ment of fetal growth. During pregnancy,
treatmentwith ACE inhibitors, angiotensin
receptor blockers, and spironolactone are
contraindicated as they may cause fetal
damage. Antihypertensive drugs known to
be effective and safe in pregnancy include
methyldopa, labetalol, and long-acting ni-
fedipine, while hydralzine may be con-
sidered in the acute management of
hypertension in pregnancy or severe pre-
eclampsia (45). Diuretics are not recom-
mended for blood pressure control in
pregnancy but may be used during late-
stage pregnancy if needed for volume
control (45,46). The American College of
Obstetricians and Gynecologists also rec-
ommends that postpartum patients with
gestational hypertension, preeclampsia,
andsuperimposedpreeclampsiahavetheir
blood pressures observed for 72 h in the
hospital and for 7–10 days postpartum.
Long-term follow-up is recommended for
these women as they have increased life-
time cardiovascular risk (47). See Section
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14 “Management of Diabetes in Preg-
nancy” (https://doi.org/10.2337/dc21-S014)
for additional information.

Treatment Strategies

Lifestyle Intervention

Recommendation

10.7 For patients with blood pres-
sure .120/80 mmHg, lifestyle
intervention consists of weight
loss when indicated, a Dietary
Approaches to Stop Hyperten-
sion (DASH)-style eating pattern
including reducing sodium and
increasing potassium intake,
moderation of alcohol intake,
and increasedphysical activity.A

Lifestyle management is an important
component of hypertension treatment
because it lowers blood pressure, enhan-
ces the effectiveness of some antihyper-
tensive medications, promotes other
aspects ofmetabolic and vascular health,
and generally leads to few adverse ef-
fects. Lifestyle therapy consists of re-
ducing excess body weight through
caloric restriction (see Section 8 “Obe-
sity Management for the Treatment of
Type2Diabetes,”https://doi.org/10.2337/
dc21-S008), restricting sodium intake
(,2,300 mg/day), increasing consump-
tion of fruits and vegetables (8–10 serv-
ings per day) and low-fat dairy products
(2–3 servings per day), avoiding exces-
sive alcohol consumption (no more than
2servingsperday inmenandnomorethan
1 serving per day in women) (48), and
increasing activity levels (49).
These lifestyle interventions are rea-

sonable for individuals with diabetes and
mildly elevated blood pressure (systolic
.120 mmHg or diastolic .80 mmHg)
and should be initiated along with phar-
macologic therapy when hypertension is
diagnosed(Fig.10.1) (49).A lifestyletherapy
plan should be developed in collaboration
with the patient and discussed as part of
diabetes management.

Pharmacologic Interventions

Recommendations

10.8 Patientswith confirmedoffice-
based blood pressure $140/
90mmHgshould, inaddition to
lifestyle therapy, have prompt
initiation and timely titration
of pharmacologic therapy to
achieve blood pressure goals.A

10.9 Patients with confirmed office-
based blood pressure $160/
100 mmHg should, in addition
to lifestyle therapy, haveprompt
initiation and timely titration of
two drugs or a single-pill com-
bination of drugs demonstrated
to reduce cardiovascular events
in patients with diabetes. A

10.10 Treatment for hypertension
should includedrug classes dem-
onstrated to reduce cardiovas-
cular events in patients with
diabetes. A ACE inhibitors or
angiotensin receptor blockers
are recommendedfirst-line ther-
apy for hypertension in people
with diabetes and coronary ar-
tery disease. A

10.11 Multiple-drug therapy is gener-
ally required to achieve blood
pressure targets. However,
combinations of ACE inhibitors
andangiotensinreceptorblock-
ers and combinations of ACE
inhibitors or angiotensin recep-
tor blockers with direct renin
inhibitors should not beused.A

10.12 AnACE inhibitoror angiotensin
receptor blocker, at the max-
imum tolerated dose indicated
for blood pressure treatment,
is the recommended first-line
treatment for hypertension in
patients with diabetes and uri-
nary albumin-to-creatinine ra-
tio$300 mg/g creatinine A or
30–299 mg/g creatinine. B If
one class is not tolerated, the
other should be substituted. B

10.13 Forpatients treatedwithanACE
inhibitor, angiotensin receptor
blocker, or diuretic, serum cre-
atinine/estimated glomerular
filtration rate and serum potas-
sium levels should be moni-
tored at least annually. B

Initial Number of AntihypertensiveMedications.

Initial treatment for people with diabetes
dependsontheseverityofhypertension(Fig.
10.1). Those with blood pressure between
140/90 mmHg and 159/99 mmHg may
beginwith a single drug. For patientswith
blood pressure $160/100 mmHg, initial
pharmacologic treatment with two anti-
hypertensive medications is recommended
inorder tomoreeffectivelyachieveadequate
blood pressure control (50–52). Single-pill

antihypertensive combinations may im-
prove medication adherence in some
patients (53).

Classes of Antihypertensive Medications.

Initial treatment for hypertension should
include any of the drug classes demon-
strated to reduce cardiovascular events
in patients with diabetes: ACE inhibitors
(54,55), angiotensin receptor blockers
(ARBs) (54,55), thiazide-like diuretics (56),
or dihydropyridine calciumchannel block-
ers (57). In patients with diabetes and
established coronary artery disease, ACE
inhibitors orARBs are recommendedfirst-
line therapy for hypertension (58–60). For
patients with albuminuria (urine albumin-
to-creatinine ratio [UACR] $30 mg/g),
initial treatment should include an ACE
inhibitor or ARB in order to reduce the
risk of progressive kidney disease (17)
(Fig. 10.1). In the absence of albumin-
uria, risk of progressive kidney disease is
low, and ACE inhibitors and ARBs have not
been found to afford superior cardiopro-
tection when compared with thiazide-like
diuretics or dihydropyridine calcium channel
blockers (61).b-Blockers are indicated in the
setting of prior MI, active angina, or HfrEF
but have not been shown to reduce mor-
tality as blood pressure–lowering agents in
the absence of these conditions (23,62,63).

Multiple-Drug Therapy. Multiple-drug
therapy is often required to achieve
blood pressure targets (Fig. 10.1), par-
ticularly in the setting of diabetic kid-
ney disease. However, the use of both
ACE inhibitors and ARBs in combination,
or the combination of an ACE inhibitor or
ARB and a direct renin inhibitor, is not
recommended given the lack of added
ASCVD benefit and increased rate of ad-
verse eventsdnamely, hyperkalemia, syn-
cope, and acute kidney injury (AKI) (64–66).
Titrationofand/oradditionof furtherblood
pressure medications should be made in a
timely fashion to overcome therapeutic
inertia in achieving blood pressure targets.

Bedtime Dosing. Growing evidence sug-
gests that there is an association be-
tween the absence of nocturnal blood
pressure dipping and the incidence of
ASCVD. A meta-analysis of randomized
clinicaltrials foundasmallbenefitofevening
versus morning dosing of antihypertensive
medications with regard to blood pressure
control but had no data on clinical effects
(67). In two subgroup analyses of a sin-
gle subsequent randomized controlled
trial, moving at least one antihypertensive
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medication tobedtimesignificantly reduced
cardiovascular events, but results were
based on a small number of events (68).

Hyperkalemia and Acute Kidney Injury.

Treatment with ACE inhibitors or ARBs

can cause AKI and hyperkalemia, while
diuretics can cause AKI and either hypo-
kalemia or hyperkalemia (depending on
mechanism of action) (69,70). Detection
and management of these abnormalities

is importantbecauseAKIandhyperkalemia
each increase the risks of cardiovascular
events and death (71). Therefore, serum
creatinine and potassium should be mon-
itored during treatment with an ACE

Figure 10.1—Recommendationsfor thetreatmentofconfirmedhypertension inpeoplewithdiabetes.*AnACEinhibitor (ACEi)orangiotensinreceptorblocker (ARB)
is suggested to treat hypertension for patients with coronary artery disease (CAD) or urine albumin-to-creatinine ratio 30–299 mg/g creatinine and strongly
recommended for patientswith urine albumin-to-creatinine ratio$300mg/g creatinine. **Thiazide-like diuretic; long-acting agents shown to reduce cardiovascular
events, suchaschlorthalidoneandindapamide,arepreferred.***Dihydropyridinecalciumchannelblocker(CCB).BP,bloodpressure.AdaptedfromdeBoeretal. (17).
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inhibitor, ARB, or diuretic, particularly
among patients with reduced glomerular
filtration who are at increased risk of
hyperkalemia and AKI (69,70,72).

Resistant Hypertension

Recommendation

10.14 Patients with hypertension who
are not meeting blood pressure
targets on three classes of an-
tihypertensive medications (in-
cluding a diuretic) should be
considered for mineralocorti-
coid receptor antagonist ther-
apy. B

Resistant hypertension is defined as
blood pressure $140/90 mmHg despite
a therapeutic strategy that includes ap-
propriate lifestyle management plus a
diuretic and two other antihypertensive
drugs belonging to different classes at
adequate doses. Prior to diagnosing re-
sistant hypertension, a number of other
conditions should be excluded, including
medication nonadherence, white coat
hypertension, and secondary hyperten-
sion. In general, barriers to medication
adherence (such as cost and side effects)
should be identified and addressed (Fig.
10.1). Mineralocorticoid receptor antag-
onists are effective for management of
resistant hypertension in patients with
type 2 diabetes when added to existing
treatment with an ACE inhibitor or ARB,
thiazide-like diuretic, and dihydropyri-
dine calcium channel blocker (73). Min-
eralocorticoid receptor antagonists also
reduce albuminuria and have additional
cardiovascular benefits (74–77). How-
ever, adding a mineralocorticoid recep-
tor antagonist to a regimen including an
ACE inhibitororARBmay increase the risk
for hyperkalemia, emphasizing the im-
portanceof regularmonitoring for serum
creatinine and potassium in these pa-
tients, and long-term outcome studies
are needed to better evaluate the role of
mineralocorticoid receptor antagonists
in blood pressure management.

LIPID MANAGEMENT

Lifestyle Intervention

Recommendations

10.15 Lifestyle modification focusing
on weight loss (if indicated);
applicationofaMediterranean
style or Dietary Approaches to

Stop Hypertension (DASH) eat-
ing pattern; reduction of satu-
rated fat and trans fat; increase
of dietary n-3 fatty acids, vis-
cous fiber, and plant stanols/
sterols intake; and increased
physical activity should be rec-
ommendedto improve the lipid
profile and reduce the risk of
developing atherosclerotic car-
diovascular disease in patients
with diabetes. A

10.16 Intensify lifestyle therapy and
optimize glycemic control for
patients with elevated triglyc-
eride levels ($150 mg/dL [1.7
mmol/L]) and/or low HDL cho-
lesterol (,40 mg/dL [1.0
mmol/L] for men, ,50 mg/dL
[1.3 mmol/L] for women). C

Lifestyle intervention, including weight
loss (78), increased physical activity, and
medical nutrition therapy, allows some
patients to reduce ASCVD risk factors.
Nutrition intervention should be tailored
according to each patient’s age, diabetes
type, pharmacologic treatment, lipid lev-
els, and medical conditions.
Recommendations should focus on

application of a Mediterranean style
diet (79) or Dietary Approaches to
Stop Hypertension (DASH) eating pat-
tern, reducing saturated and trans fat
intake and increasing plant stanols/
sterols, n-3 fatty acids, and viscous fiber
(such as in oats, legumes, and citrus)
intake (80). Glycemic control may also
beneficially modify plasma lipid levels,
particularly in patients with very high
triglycerides and poor glycemic control.
See Section 5 “Facilitating Behavior
Change and Well-being to Improve
Health Outcomes” (https://doi.org/10
.2337/dc21-S005) for additional nutri-
tion information.

OngoingTherapyandMonitoringWith
Lipid Panel

Recommendations

10.17 In adults not taking statins or
other lipid-lowering therapy,
it is reasonable to obtain a
lipid profile at the time of
diabetes diagnosis, at an ini-
tial medical evaluation, and
every 5 years thereafter if un-
der the age of 40 years, or
more frequently if indicated. E

10.18 Obtain a lipid profile at initi-
ation of statins or other lipid-
lowering therapy, 4–12 weeks
after initiation or a change in
dose, and annually thereafter
as it may help to monitor the
response to therapy and in-
formmedication adherence. E

In adultswith diabetes, it is reasonable to
obtain a lipid profile (total cholesterol,
LDL cholesterol, HDL cholesterol, and
triglycerides) at the time of diagnosis,
at the initial medical evaluation, and at
least every 5 years thereafter in patients
under the age of 40 years. In younger
patients with longer duration of disease
(such as those with youth-onset type 1
diabetes), more frequent lipid profiles
may be reasonable. A lipid panel should
also be obtained immediately before
initiating statin therapy. Once a patient
is taking a statin, LDL cholesterol levels
should be assessed 4–12 weeks after
initiation of statin therapy, after any
change in dose, and on an individual
basis (e.g., to monitor for medica-
tion adherence and efficacy). If LDL
cholesterol levels are not responding
in spite of medication adherence, clin-
ical judgment is recommended to de-
termine the need for and timing of lipid
panels. In individual patients, the highly
variable LDL cholesterol–lowering re-
sponse seen with statins is poorly un-
derstood (81). Clinicians should attempt
to find a dose or alternative statin that
is tolerable if side effects occur. There
is evidence for benefit from even ex-
tremely low, less than daily statin doses
(82).

STATIN TREATMENT

Primary Prevention

Recommendations

10.19 For patients with diabetes
aged 40–75 years without ath-
erosclerotic cardiovasculardis-
ease, use moderate-intensity
statin therapy in addition to
lifestyle therapy. A

10.20 For patients with diabetes
aged 20–39 years with addi-
tional atherosclerotic cardio-
vascular disease risk factors,
itmay be reasonable to initiate
statin therapy in addition to
lifestyle therapy. C
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10.21 In patients with diabetes at
higher risk, especially those
with multiple atherosclerotic
cardiovascular disease risk fac-
tors or aged 50–70 years, it is
reasonable to use high-inten-
sity statin therapy. B

10.22 In adults with diabetes and
10-year atherosclerotic car-
diovascular disease risk of
20% or higher, it may be
reasonable to add ezetimibe
to maximally tolerated statin
therapy to reduce LDL cho-
lesterol levels by 50% or
more. C

Secondary Prevention

Recommendations

10.23 For patients of all ages with
diabetes and atherosclerotic
cardiovascular disease, high-
intensity statin therapy should
beadded to lifestyle therapy.A

10.24 For patients with diabetes
and atherosclerotic cardio-
vascular disease considered
very high risk using specific
criteria, if LDL cholesterol is
$70 mg/dL on maximally tol-
erated statin dose, consider
adding additional LDL-lowering
therapy (such as ezetimibe or
PCSK9 inhibitor). A Ezetimibe
may be preferred due to lower
cost.

10.25 For patients who do not tol-
erate the intended intensity,
the maximally tolerated statin
dose should be used. E

10.26 In adults with diabetes aged
.75 years already on statin
therapy, it is reasonable to
continue statin treatment. B

10.27 In adults with diabetes aged
.75 years, it may be reason-
able to initiate statin therapy
after discussion of potential
benefits and risks. C

10.28 Statin therapy is contraindi-
cated in pregnancy. B

Initiating Statin Therapy Based on Risk

Patients with type 2 diabetes have an
increased prevalence of lipid abnormal-
ities, contributing to their high risk of
ASCVD. Multiple clinical trials have dem-
onstrated the beneficial effects of statin
therapy on ASCVD outcomes in subjects

with and without CHD (83,84). Subgroup
analyses of patients with diabetes in
larger trials (85–89) and trials in patients
with diabetes (90,91) showed significant
primary and secondary prevention of
ASCVD events and CHD death in patients
with diabetes. Meta-analyses, including
data from over 18,000 patients with
diabetes from 14 randomized trials of
statin therapy (mean follow-up 4.3
years), demonstrate a 9% proportional
reduction in all-cause mortality and 13%
reduction in vascular mortality for each
1 mmol/L (39 mg/dL) reduction in LDL
cholesterol (92).
Accordingly, statins are the drugs of

choice for LDL cholesterol lowering and
cardioprotection. Table 10.2 shows the
two statin dosing intensities that are
recommended for use in clinical practice:
high-intensity statin therapy will achieve
approximately a $50% reduction in LDL
cholesterol, and moderate-intensity sta-
tin regimens achieve 30–49% reductions
in LDL cholesterol. Low-dose statin ther-
apy is generally not recommended in
patients with diabetes but is sometimes
the only dose of statin that a patient can
tolerate. Forpatientswhodonot tolerate
the intended intensity of statin, the
maximally tolerated statin dose should
be used.
As in those without diabetes, absolute

reductions in ASCVD outcomes (CHD
death and nonfatal MI) are greatest in
people with high baseline ASCVD risk
(known ASCVD and/or very high LDL
cholesterol levels), but the overall bene-
fits of statin therapy in people with di-
abetes at moderate or even low risk for
ASCVD are convincing (93,94). The rela-
tive benefit of lipid-lowering therapy has
been uniform across most subgroups
tested (84,92), including subgroups
that varied with respect to age and other
risk factors.

Primary Prevention (Patients Without

ASCVD)

For primary prevention, moderate-dose
statin therapy is recommended for those
40 years and older (86,93,94), though
high-intensity therapy may be consid-
ered on an individual basis in the context
of additional ASCVD risk factors. The
evidence is strong for patients with di-
abetes aged 40–75 years, an age-group
well represented in statin trials showing
benefit. Since risk is enhanced in patients
with diabetes, as noted above, patients
who also have multiple other coronary
risk factors have increased risk, equiva-
lent to that of thosewith ASCVD. As such,
recent guidelines recommend that in
patients with diabetes who are at higher
risk, especially those with multiple
ASCVD risk factors or aged 50–70 years,
it is reasonable to prescribe high-intensity
statin therapy (12,95). Furthermore,
for patients with diabetes whose ASCVD
risk is $20%, i.e., an ASCVD risk equiv-
alent, the samehigh-intensity statin ther-
apy is recommended as for those with
documented ASCVD (12). In those indi-
viduals, it may also be reasonable to add
ezetimibe to maximally tolerated statin
therapy if needed to reduce LDL choles-
terol levels by 50% or more (12). The
evidence is lower for patients aged.75
years; relatively few older patients with
diabetes have been enrolled in primary
prevention trials. However, heterogene-
ity by age has not been seen in the
relative benefit of lipid-lowering therapy
in trials that included older participants
(84,91,92), and because older age con-
fers higher risk, the absolute benefits
are actually greater (84,96). Moderate-
intensity statin therapy is recommended
inpatientswithdiabeteswhoare75years
or older. However, the risk-benefit pro-
file should be routinely evaluated in this
population, with downward titration of

Table 10.2—High-intensity and moderate-intensity statin therapy*

High-intensity statin therapy
(lowers LDL cholesterol by $50%)

Moderate-intensity statin therapy
(lowers LDL cholesterol by 30–49%)

Atorvastatin 40–80 mg Atorvastatin 10–20 mg

Rosuvastatin 20–40 mg Rosuvastatin 5–10 mg

Simvastatin 20–40 mg

Pravastatin 40–80 mg

Lovastatin 40 mg

Fluvastatin XL 80 mg

Pitavastatin 1–4 mg

*Once-daily dosing. XL, extended release.
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dose performed as needed. See Section
12 “Older Adults” (https://doi.org/10
.2337/dc21-S012) for more details on
clinical considerations for this population.

Age <40 Years and/or Type 1 Diabetes. Very
little clinical trial evidence exists for
patients with type 2 diabetes under
the age of 40 years or for patients
with type 1 diabetes of any age. For
pediatric recommendations, see Sec-
tion 13 “Children and Adolescents”
(https://doi.org/10.2337/dc21-S013). In
the Heart Protection Study (lower age
limit 40 years), the subgroup of ;600
patients with type 1 diabetes had a
proportionately similar, although not
statistically significant, reduction in risk
as patients with type 2 diabetes (86).
Even though the data are not definitive,
similar statin treatment approaches
should be considered for patients with
type 1 or type 2 diabetes, particularly in
the presence of other cardiovascular risk
factors. Patientsbelowtheageof 40have
lower risk of developing a cardiovascular
event over a 10-year horizon; however,
their lifetime risk of developing cardiovas-
culardiseaseandsufferinganMI, stroke,or
cardiovascular death is high. For patients
who are younger than 40 years of age and/
or have type 1 diabetes with other ASCVD
risk factors, it is recommended that the
patient and health care provider discuss
the relative benefits and risks and consider
the use of moderate-intensity statin ther-
apy. Please refer to “Type 1 Diabetes
Mellitus and Cardiovascular Disease: A
Scientific Statement From the American
Heart Association and American Diabetes
Association” (97) for additional discussion.

Secondary Prevention (Patients With

ASCVD)

Because risk is high in patients with
ASCVD, intensive therapy is indicated
and has been shown to be of benefit
in multiple large randomized cardiovas-
cular outcomes trials (92,96,98,99).High-
intensity statin therapy is recommended
for all patients with diabetes and ASCVD.
This recommendation is based on the
Cholesterol Treatment Trialists’ Collabora-
tion involving 26 statin trials, of which
5 compared high-intensity versus moder-
ate-intensity statins. Together, they found
reductions innonfatalcardiovascularevents
with more intensive therapy, in patients
with and without diabetes (84,88,98).
Over the past few years, there have

been multiple large randomized trials

investigating the benefits of adding non-
statin agents to statin therapy, including
those that evaluated further lowering of
LDL cholesterol with ezetimibe (96,100)
and proprotein convertase subtilisin/
kexin type 9 (PCSK9) inhibitors (99).
Each trial found a significant benefit in
the reduction of ASCVD events that was
directly related to the degree of further
LDL cholesterol lowering. These large
trials included a significant number of
participants with diabetes. For very
high-risk patients with ASCVD who are
on high-intensity (and maximally toler-
ated) statin therapy and have an LDL
cholesterol $70 mg/dL, the addition of
nonstatin LDL-lowering therapy can be
considered following a clinician-patient
discussion about the net benefit, safety,
and cost. Definition of very high-risk
patients with ASCVD includes the use
of specific criteria (major ASCVD events
and high-risk conditions); refer to the
2018 American College of Cardiology/
American Heart Association multisociety
guideline on the management of blood
cholesterol for further details regarding
this definition of risk (12).
Please see 2018 AHA/ACC/AACVPR/

AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/
NLA/PCNA Guideline on theManagement
of Blood Cholesterol: Executive Summary:
A Report of the American College of
Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines
(12) for recommendations for primary and
secondary prevention and for statin and
combination treatment in adults with di-
abetes (101).

Combination Therapy for LDL
Cholesterol Lowering

Statins and Ezetimibe

The IMProved Reduction of Outcomes:
Vytorin Efficacy International Trial (IM-
PROVE-IT) was a randomized controlled
trial in 18,144 patients comparing the
addition of ezetimibe to simvastatin
therapy versus simvastatin alone. Indi-
viduals were $50 years of age, had
experienced a recent acute coronary
syndrome (ACS) and were treated for
an average of 6 years. Overall, the
addition of ezetimibe led to a 6.4%
relative benefit and a 2% absolute re-
duction in major adverse cardiovascular
events (atherosclerotic cardiovascular
events),with thedegreeof benefit being
directly proportional to the change in
LDL cholesterol, which was 70 mg/dL in

the statin group on average and 54 mg/
dL in the combination group (96). In
those with diabetes (27% of partici-
pants), the combination of moderate-
intensity simvastatin (40 mg) and eze-
timibe (10 mg) showed a significant
reduction of major adverse cardiovas-
cular events with an absolute risk re-
duction of 5% (40% vs. 45% cumulative
incidence at 7 years) and a relative risk
reduction of 14% (hazard ratio [HR] 0.86
[95% CI 0.78–0.94]) over moderate-in-
tensity simvastatin (40 mg) alone (100).

Statins and PCSK9 Inhibitors

Placebo-controlled trials evaluating the
addition of the PCSK9 inhibitors evolo-
cumab and alirocumab to maximally
tolerated doses of statin therapy in par-
ticipants whowere at high risk for ASCVD
demonstrated an average reduction in
LDLcholesterol ranging from36%to59%.
These agents have been approved as
adjunctive therapy for patients with
ASCVD or familial hypercholesterolemia
who are receiving maximally tolerated
statin therapy but require additional
lowering of LDL cholesterol (102,103).
The effects of PCSK9 inhibition on

ASCVD outcomes was investigated in
the Further Cardiovascular Outcomes
Research With PCSK9 Inhibition in Sub-
jects With Elevated Risk (FOURIER) trial,
whichenrolled 27,564patientswithprior
ASCVD and an additional high-risk fea-
ture who were receiving their maximally
tolerated statin therapy (two-thirdswere
on high-intensity statin) but who still
had LDL cholesterol$70 mg/dL or non-
HDL cholesterol $100 mg/dL (99). Pa-
tients were randomized to receive
subcutaneous injections of evolocumab
(either 140 mg every 2 weeks or 420 mg
every month based on patient prefer-
ence) versus placebo. Evolocumab re-
duced LDL cholesterol by 59% from a
median of 92 to 30 mg/dL in the treat-
ment arm.
During the median follow-up of 2.2

years, the composite outcome of cardio-
vascular death, MI, stroke, hospitaliza-
tion for angina, or revascularization
occurred in 11.3%vs. 9.8%of the placebo
and evolocumab groups, respectively,
representing a 15% relative risk reduc-
tion (P,0.001). The combinedendpoint
of cardiovascular death, MI, or stroke
was reduced by 20%, from 7.4% to 5.9%
(P, 0.001). Importantly, similar benefits
were seen in a prespecified subgroup of
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patients with diabetes, comprising
11,031 patients (40% of the trial) (104).
In the ODYSSEY OUTCOMES trial (Eval-

uation of Cardiovascular Outcomes After
an Acute Coronary Syndrome During
Treatment With Alirocumab), 18,924 pa-
tients (28.8%ofwhomhaddiabetes)with
recent acute coronary syndrome were
randomized to the PCSK9 inhibitor alir-
ocumab or placebo every 2 weeks in ad-
dition tomaximally tolerated statin therapy,
with alirocumab dosing titrated between
75 and 150 mg to achieve LDL cholesterol
levels between 25 and 50 mg/dL (105).
Over amedian follow-upof 2.8 years, a

composite primary end point (compris-
ing death from coronary heart disease,
nonfatal MI, fatal or nonfatal ischemic
stroke, or unstable angina requiring hos-
pital admission) occurred in 903 patients
(9.5%) in the alirocumab group and in
1,052 patients (11.1%) in the placebo
group (HR 0.85 [95% CI 0.78–0.93]; P ,
0.001). Combination therapy with aliro-
cumab plus statin therapy resulted in a
greater absolute reduction in the inci-
dence of theprimary endpoint in patients
withdiabetes (2.3% [95%CI0.4–4.2]) than
in thosewith prediabetes (1.2% [0.0–2.4])
or normoglycemia (1.2% [–0.3 to 2.7])
(106).

Treatment of Other Lipoprotein
Fractions or Targets

Recommendations

10.29 Forpatientswith fasting triglyc-
eride levels$500 mg/dL, eval-
uate for secondary causes of
hypertriglyceridemia and con-
sidermedical therapy to reduce
the risk of pancreatitis. C

10.30 In adults with moderate hyper-
triglyceridemia (fasting or non-
fasting triglycerides 175–499
mg/dL),cliniciansshouldaddress
and treat lifestyle factors (obe-
sity and metabolic syndrome),
secondary factors (diabetes,
chronic liver or kidney disease
and/ornephrotic syndrome,hy-
pothyroidism), andmedications
that raise triglycerides. C

10.31 In patients with atheroscle-
rotic cardiovascular disease or
other cardiovascular risk factors
on a statin with controlled
LDL cholesterol but elevated
triglycerides (135–499 mg/dL),
the addition of icosapent ethyl

can be considered to reduce
cardiovascular risk. A

Hypertriglyceridemia should be addressed
with dietary and lifestyle changes includ-
ing weight loss and abstinence from
alcohol (107). Severe hypertriglyceride-
mia (fasting triglycerides $500 mg/dL
and especially .1,000 mg/dL) may war-
rant pharmacologic therapy (fibric acid
derivatives and/or fish oil) and reduction
in dietary fat to reduce the risk of acute
pancreatitis. Moderate- or high-intensity
statin therapy should also be used as in-
dicated to reduce risk of cardiovascular
events (see STATIN TREATMENT). In patients
with moderate hypertriglyceridemia, life-
style interventions, treatment of secondary
factors, and avoidance of medications that
might raise triglycerides are recommended.
TheReductionofCardiovascular Events

with Icosapent Ethyl–Intervention Trial
(REDUCE-IT) enrolled 8,179 adults receiv-
ing statin therapy with moderately el-
evated triglycerides (135–499 mg/dL,
median baseline of 216 mg/dL) who had
either established cardiovascular disease
(secondarypreventioncohort)ordiabetes
plus at least one other cardiovascular risk
factor (primary prevention cohort). Pa-
tientswere randomized to icosapentethyl
4 g/day (2 g twice daily with food) versus
placebo. The trial met its primary end
point, demonstrating a 25% relative risk
reduction (P, 0.001) for the primary end
point composite of cardiovascular death,
nonfatal myocardial infarction, nonfatal
stroke, coronary revascularization, or un-
stable angina. This reduction in risk was
seeninpatientswithorwithoutdiabetesat
baseline. The composite of cardiovascular
death, nonfatal myocardial infarction, or
nonfatal stroke was reduced by 26%
(P , 0.001). Additional ischemic end
points were significantly lower in the
icosapent ethyl group than in the placebo
group, including cardiovascular death,
which was reduced by 20% (P 5
0.03). The proportions of patients expe-
riencing adverse events and serious ad-
verse events were similar between the
active and placebo treatment groups. It
should benoted that data are lackingwith
other n-3 fatty acids, and results of the
REDUCE-IT trial should not be extrapo-
lated to other products (108).
Low levels of HDL cholesterol, often

associated with elevated triglyceride lev-
els, are the most prevalent pattern of

dyslipidemia in individuals with type 2 di-
abetes. However, the evidence for the use
of drugs that target these lipid fractions is
substantially less robust than that for statin
therapy (109). In a large trial in patients
withdiabetes, fenofibrate failed to reduce
overall cardiovascular outcomes (110).

Other Combination Therapy

Recommendations

10.32 Statin plusfibrate combination
therapy has not been shown to
improve atherosclerotic car-
diovascular disease outcomes
and is generally not recom-
mended. A

10.33 Statin plus niacin combination
therapy has not been shown to
provide additional cardiovas-
cular benefit above statin ther-
apy alone, may increase the
risk of stroke with additional
side effects, and is generally
not recommended. A

Statin and Fibrate Combination Therapy

Combination therapy (statin and fibrate)
is associated with an increased risk for
abnormal transaminase levels, myositis,
and rhabdomyolysis. The risk of rhabdo-
myolysis is more common with higher
doses of statins and renal insufficiency
andappears tobehigherwhenstatinsare
combined with gemfibrozil (compared
with fenofibrate) (111).
In the ACCORD study, in patients with

type 2 diabetes who were at high risk for
ASCVD, the combination of fenofibrate
andsimvastatindidnot reduce the rateof
fatal cardiovascular events, nonfatal MI,
or nonfatal stroke as compared with
simvastatin alone. Prespecified subgroup
analyses suggested heterogeneity in
treatment effects with possible benefit
for men with both a triglyceride level
$204 mg/dL (2.3 mmol/L) and an HDL
cholesterol level #34 mg/dL (0.9 mmol/L)
(112). A prospective trial of a newer fibrate
in this specific population of patients is
ongoing (113).

Statin and Niacin Combination Therapy

The Atherothrombosis Intervention in
Metabolic Syndrome With Low HDL/
High Triglycerides: Impact on Global
Health Outcomes (AIM-HIGH) trial ran-
domized over 3,000 patients (about
one-third with diabetes) with estab-
lished ASCVD, low LDL cholesterol levels
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(,180 mg/dL [4.7 mmol/L]), low HDL
cholesterol levels (men ,40 mg/dL
[1.0 mmol/L] and women ,50 mg/dL
[1.3 mmol/L]), and triglyceride levels of
150–400 mg/dL (1.7–4.5 mmol/L) to
statin therapy plus extended-release ni-
acin or placebo. The trial was halted early
due to lack of efficacy on the primary
ASCVD outcome (first event of the com-
posite of death from CHD, nonfatal MI,
ischemic stroke, hospitalization for an
ACS, or symptom-driven coronary or
cerebral revascularization) andapossible
increase in ischemic stroke in those on
combination therapy (114).
The much larger Heart Protection

Study 2–Treatment of HDL to Reduce
the Incidence of Vascular Events (HPS2-
THRIVE) trial also failed to show a benefit
of adding niacin to background statin
therapy (115). A total of 25,673 patients
withprior vascular diseasewere random-
ized to receive 2 g of extended-release
niacin and 40 mg of laropiprant (an
antagonist of the prostaglandin D2 re-
ceptor DP1 that has been shown to
improve adherence to niacin therapy)
versus a matching placebo daily and
followed for a median follow-up period
of 3.9 years. There was no significant
difference in the rate of coronary death,
MI, stroke, or coronary revascularization
with the addition of niacin–laropiprant
versus placebo (13.2% vs. 13.7%; rate
ratio 0.96; P5 0.29). Niacin–laropiprant
was associated with an increased inci-
dence of new-onset diabetes (absolute
excess, 1.3 percentage points; P, 0.001)
and disturbances in diabetes control
among those with diabetes. In addition,
there was an increase in serious adverse
events associated with the gastrointes-
tinal system, musculoskeletal system,
skin, and, unexpectedly, infection and
bleeding.
Therefore, combination therapywith a

statin and niacin is not recommended
given the lack of efficacy onmajor ASCVD
outcomes and increased side effects.

Diabetes Risk With Statin Use
Several studies have reported amodestly
increased risk of incident diabetes with
statin use (116,117), which may be lim-
ited to those with diabetes risk factors.
An analysis of one of the initial studies
suggested that although statin use was
associated with diabetes risk, the cardio-
vascular event rate reductionwith statins
far outweighed the risk of incident

diabetes even for patients at highest
risk for diabetes (118). The absolute
risk increase was small (over 5 years
of follow-up, 1.2% of participants on
placebo developed diabetes and 1.5%
on rosuvastatin developed diabetes)
(118). A meta-analysis of 13 randomized
statin trials with 91,140 participants
showed an odds ratio of 1.09 for a
new diagnosis of diabetes, so that (on
average) treatment of 255 patients with
statins for 4 years resulted in one addi-
tional case of diabetes while simulta-
neously preventing 5.4 vascular events
among those 255 patients (117).

Lipid-Lowering Agents and Cognitive
Function
Although concerns regarding a potential
adverse impact of lipid-lowering agents
on cognitive function have been raised,
several lines of evidence point against
this association, as detailed in a 2018 Eu-
ropean Atherosclerosis Society Consen-
sus Panel statement (119). First, there
are three large randomized trials of statin
versus placebo where specific cognitive
tests were performed, and no differ-
ences were seen between statin and
placebo (120–123). In addition, no
change in cognitive function has been
reported in studies with the addition
of ezetimibe (96) or PCSK9 inhibitors
(99,124) to statin therapy, including
among patients treated to very low
LDL cholesterol levels. In addition, the
most recent systematic review of the
U.S. Food and Drug Administration’s
(FDA’s) postmarketing surveillance da-
tabases, randomized controlled trials,
and cohort, case-control, and cross-
sectional studies evaluating cognition in
patients receiving statins found that
published data do not reveal an adverse
effect of statins on cognition (125).
Therefore, a concern that statins or
other lipid-lowering agents might cause
cognitive dysfunction or dementia is not
currently supported by evidence and
should not deter their use in individuals
with diabetes at high risk for ASCVD
(125).

ANTIPLATELET AGENTS

Recommendations

10.34 Use aspirin therapy (75–162
mg/day) as a secondary pre-
vention strategy in those
with diabetes and a history of

atherosclerotic cardiovascular
disease. A

10.35 For patients with atheroscle-
rotic cardiovascular disease and
documented aspirin allergy,
clopidogrel (75mg/day) should
be used. B

10.36 Dual antiplatelet therapy (with
low-dose aspirin and a P2Y12
inhibitor) is reasonable for a
year after an acute coronary
syndrome and may have ben-
efits beyond this period. A

10.37 Long-term treatment with dual
antiplatelet therapy should be
considered for patients with
prior coronary intervention,
high ischemic risk, and low
bleeding risk to prevent major
adverse cardiovascular events.A

10.38 Combination therapy with as-
pirin plus low-dose rivaroxa-
ban should be considered for
patients with stable coronary
and/or peripheral arterydisease
and low bleeding risk to pre-
vent major adverse limb and
cardiovascular events. A

10.39 Aspirin therapy (75–162 mg/
day) may be considered as a
primary prevention strategy in
those with diabetes who are at
increased cardiovascular risk,
after a comprehensive discus-
sion with the patient on the
benefits versus the comparable
increased risk of bleeding. A

Risk Reduction
Aspirin has been shown to be effective in
reducing cardiovascular morbidity and
mortality in high-risk patients with pre-
viousMI or stroke (secondary prevention)
and is strongly recommended. In primary
prevention,however,amongpatientswith
no previous cardiovascular events, its net
benefit is more controversial (126,127).
Previous randomized controlled trials

of aspirin specifically in patients with
diabetes failed to consistently show a
significant reduction in overall ASCVD
end points, raising questions about the
efficacy of aspirin for primary prevention
inpeoplewithdiabetes, althoughsomesex
differences were suggested (128–130).
The Antithrombotic Trialists’ Collabo-

ration published an individual patient–
level meta-analysis (126) of the six large
trials of aspirin for primary prevention in
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the general population. These trials col-
lectively enrolled over 95,000 participants,
including almost 4,000 with diabetes.
Overall, they found that aspirin reduced
the risk of serious vascular events by 12%
(relative risk 0.88 [95% CI 0.82–0.94]).
The largest reduction was for nonfatal
MI, with little effect on CHD death (rel-
ative risk 0.95 [95%CI0.78–1.15]) or total
stroke.
Most recently, the ASCEND (A Study of

Cardiovascular Events iN Diabetes) trial
randomized 15,480 patients with diabe-
tes but no evident cardiovascular disease
to aspirin 100 mg daily or placebo (131).
The primary efficacy end point was vas-
cular death, MI, or stroke or transient
ischemic attack. The primary safety
outcome was major bleeding (i.e., in-
tracranial hemorrhage, sight-threatening
bleeding in the eye, gastrointestinal
bleeding, or other serious bleeding).
During a mean follow-up of 7.4 years,
there was a significant 12% reduction in
the primary efficacy end point (8.5% vs.
9.6%; P 5 0.01). In contrast, major
bleeding was significantly increased
from 3.2% to 4.1% in the aspirin group
(rate ratio 1.29; P 5 0.003), with most
of the excess being gastrointestinal
bleeding and other extracranial bleed-
ing. There were no significant differ-
ences by sex, weight, or duration of
diabetes or other baseline factors in-
cluding ASCVD risk score.
Two other large randomized trials of

aspirin for primary prevention, in pa-
tients without diabetes (ARRIVE [Aspirin
to Reduce Risk of Initial Vascular Events])
(132) and in the elderly (ASPREE [Aspirin
in Reducing Events in the Elderly]) (133),
which included 11%with diabetes, found
no benefit of aspirin on the primary
efficacy end point and an increased risk
of bleeding. In ARRIVE, with 12,546 pa-
tients over a period of 60 months follow-
up, the primary end point occurred in
4.29% vs. 4.48% of patients in the aspirin
versus placebo groups (HR 0.96 [95% CI
0.81–1.13]; P 5 0.60). Gastrointestinal
bleeding events (characterized as mild)
occurred in0.97%ofpatients in theaspirin
group vs. 0.46% in the placebo group (HR
2.11 [95% CI 1.36–3.28]; P 5 0.0007). In
ASPREE, including 19,114 individuals, for
cardiovascular disease (fatal CHD, MI,
stroke, or hospitalization for heart failure)
after a median of 4.7 years of follow-up,
the rates per 1,000 person-years were
10.7 vs. 11.3 events in aspirin vs. placebo

groups (HR 0.95 [95% CI 0.83–1.08]). The
rate of major hemorrhage per 1,000 per-
son-years was 8.6 events vs. 6.2 events,
respectively (HR 1.38 [95% CI 1.18–1.62];
P , 0.001).

Thus, aspirin appears to have amodest
effect on ischemic vascular events, with
the absolute decrease in events depend-
ing on the underlying ASCVD risk. The
main adverse effect is an increased risk of
gastrointestinal bleeding. The excess risk
may be as high as 5 per 1,000 per year in
real-world settings. However, for adults
with ASCVD risk .1% per year, the
number of ASCVD events prevented
will be similar to the number of episodes
ofbleeding induced, although thesecom-
plications do not have equal effects on
long-term health (134).
Recommendations for using aspirin as

primary prevention include both men
and women aged $50 years with di-
abetes and at least one additional major
risk factor (family history of premature
ASCVD, hypertension, dyslipidemia,
smoking, or chronic kidney disease/
albuminuria) who are not at increased
risk of bleeding (e.g., older age, anemia,
renal disease) (135–138). Noninvasive
imaging techniques such as coronary
calcium scoring may potentially help
further tailor aspirin therapy, particularly
in those at low risk (139,140). For pa-
tients over the age of 70 years (with or
without diabetes), the balance appears
to have greater risk than benefit
(131,133). Thus, for primary prevention,
the use of aspirin needs to be carefully
considered and may generally not be
recommended. Aspirin may be consid-
ered in the context of high cardiovascular
risk with low bleeding risk, but generally
not in older adults. Aspirin therapy for
primary preventionmaybe considered in
the context of shared decision-making,
which carefully weighs the cardiovascu-
lar benefits with the fairly comparable
increase in risk of bleeding. For patients
with documented ASCVD, use of aspirin
for secondary prevention has far greater
benefit than risk; for this indication,
aspirin is still recommended (126).

Aspirin Use in People <50 Years of Age
Aspirin is not recommended for those at
low risk of ASCVD (such as men and
women aged ,50 years with diabetes
with no other major ASCVD risk factors)
as the low benefit is likely to be out-
weighed by the risks of bleeding. Clinical

judgment should be used for those at
intermediate risk (younger patients with
one ormore risk factors or older patients
withno risk factors)until further research
is available. Patients’ willingness to un-
dergo long-term aspirin therapy should
also be considered (141). Aspirin use in
patients aged ,21 years is generally
contraindicated due to the associated
risk of Reye syndrome.

Aspirin Dosing
Average daily dosages used in most
clinical trials involving patients with di-
abetes ranged from 50mg to 650mg but
weremostly in the range of 100–325mg/
day. There is little evidence to support
any specific dose, but using the lowest
possible dose may help to reduce side
effects (142). In the U.S., the most com-
mon low-dose tablet is 81 mg. Although
platelets from patients with diabetes
have altered function, it is unclear
what, if any, effect that finding has on
the required dose of aspirin for cardio-
protective effects in the patient with
diabetes. Many alternate pathways for
platelet activation exist that are inde-
pendent of thromboxane A2 and thus are
not sensitive to the effects of aspirin
(143). “Aspirin resistance” has been de-
scribed in patients with diabetes when
measured by a variety of ex vivo and
in vitro methods (platelet aggregometry,
measurement of thromboxane B2) (144),
but other studies suggest no impairment
in aspirin response among patients with
diabetes (145). A recent trial suggested
that more frequent dosing regimens of
aspirin may reduce platelet reactivity in
individualswithdiabetes (146); however,
these observations alone are insufficient
to empirically recommend that higher
doses of aspirin be used in this group at
this time. Another recent meta-analysis
raised the hypothesis that low-dose as-
pirinefficacy is reduced in thoseweighing
more than 70 kg (147); however, the
ASCEND trial found benefit of low-dose
aspirin in those in this weight range,
which would thus not validate this sug-
gested hypothesis (131). It appears that
75–162 mg/day is optimal.

Indications for P2Y12 Receptor
Antagonist Use
A P2Y12 receptor antagonist in combi-
nation with aspirin is reasonable for at
least 1 year in patients following an
ACS and may have benefits beyond
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this period. Evidence supports use of
either ticagrelor or clopidogrel if no
percutaneous coronary intervention
was performed and clopidogrel, ticagre-
lor, or prasugrel if a percutaneous cor-
onary intervention was performed (148).
In patients with diabetes and prior MI
(1–3 years before), adding ticagrelor to
aspirin significantly reduces the risk of
recurrent ischemic events including car-
diovascular and CHD death (149). Simi-
larly, the addition of ticagrelor to aspirin
reduced the risk of ischemic cardiovas-
cular events compared with aspirin
alone in patients with diabetes and stable
coronary artery disease (150,151). How-
ever, a higher incidence of major bleed-
ing, including intracranial hemorrhage,
wasnotedwithdual antiplatelet therapy.
The net clinical benefit (ischemic benefit
vs. bleeding risk) was improved with
ticagrelor therapy in the large prespe-
cified subgroup of patients with history
of percutaneous coronary intervention,
while no net benefit was seen in patients
without prior percutaneous coronary in-
tervention (151).

Combination Antiplatelet and
Anticoagulation Therapy
Combination therapy with aspirin plus
low dose rivaroxabanmay be considered
for patients with stable coronary and/or
peripheral artery disease to prevent
major adverse limb and cardiovascular
complications. In the COMPASS (Cardio-
vascularOutcomes for PeopleUsingAnti-
coagulation Strategies) trial of 27,395
patientswith established coronary artery
disease and/or peripheral artery disease,
aspirin plus rivaroxaban 2.5 mg twice
daily was superior to aspirin plus placebo
in the reduction of cardiovascular ische-
mic events including major adverse limb
events. The absolute benefits of combi-
nation therapy appeared larger in pa-
tientswith diabetes,whocomprised10,341
of the trial participants (152,153). A similar
treatment strategy was evaluated in the
Vascular Outcomes Study of ASA (acetyl-
salicylic acid) Along with Rivaroxaban in
Endovascular or Surgical Limb Revascu-
larization for Peripheral Artery Disease
(VOYAGER PAD) trial (154), in which
6,564 patients with peripheral artery dis-
ease who had undergone revasculariza-
tion were randomly assigned to receive
rivaroxaban2.5mg twicedailyplus aspirin
orplaceboplusaspirin. Rivaroxaban treat-
ment in this group of patients was also

associated with a significantly lower in-
cidenceof ischemiccardiovascularevents,
including major adverse limb events.
However,an increasedriskofmajorbleed-
ing was noted with rivaroxaban added to
aspirin treatment in both COMPASS and
VOYAGER PAD.
The risks and benefits of dual antipla-

telet or antiplatelet plus anticoagulant
treatment strategies should be thor-
oughly discussed with eligible patients,
and shared decision-making should be
used to determine an individually appro-
priate treatment approach.

CARDIOVASCULAR DISEASE

Screening

Recommendations

10.40 In asymptomatic patients, rou-
tine screening for coronary
artery disease is not recom-
mended as it does not improve
outcomes as long as athero-
sclerotic cardiovascular dis-
ease risk factors are treated. A

10.41 Consider investigations for cor-
onaryarterydisease inthepres-
ence of any of the following:
atypical cardiac symptoms
(e.g., unexplained dyspnea,
chest discomfort); signs or
symptoms of associated vas-
cular disease including carotid
bruits, transient ischemic at-
tack, stroke, claudication, or
peripheral arterial disease; or
electrocardiogram abnormalities
(e.g., Q waves). E

Treatment

Recommendations

10.42 Among patients with type 2
diabetes who have estab-
lished atherosclerotic cardio-
vascular disease or established
kidney disease, a sodium–

glucose cotransporter 2 inhibitor
or glucagon-like peptide 1 re-
ceptor agonist with demon-
strated cardiovascular disease
benefit (Table 10.3B and Table
10.3C) is recommended as part
of the comprehensive cardio-
vascular risk reduction and/or
glucose-lowering regimens. A

10.42a In patients with type 2 diabetes
and established atherosclerotic
cardiovasculardisease,multiple

atherosclerotic cardiovascular
disease risk factors, or diabetic
kidney disease, a sodium–

glucose cotransporter 2 inhibitor
with demonstrated cardiovas-
cular benefit is recommended
to reduce the risk of major
adverse cardiovascular events
and/or heart failure hospital-
ization. A

10.42b Inpatientswithtype2diabetes
andestablishedatherosclerotic
cardiovascular disease or mul-
tiple risk factors for atheroscle-
rotic cardiovascular disease, a
glucagon-like peptide 1 recep-
tor agonist with demonstrated
cardiovascular benefit is rec-
ommended to reduce the risk
ofmajor adverse cardiovascu-
lar events. A

10.43 In patients with type 2 di-
abetes and established heart
failure with reduced ejection
fraction, a sodium–glucose
cotransporter 2 inhibitor with
proven benefit in this patient
population is recommended
to reduce risk of worsening
heart failure and cardiovascu-
lar death. A

10.44 In patients with known ath-
erosclerotic cardiovascular
disease, particularly coronary
artery disease, ACE inhibitor
or angiotensin receptor blocker
therapy is recommended to
reduce the risk of cardiovascu-
lar events. A

10.45 In patients with prior myo-
cardial infarction, b-blockers
should be continued for 3 years
after the event. B

10.46 Treatment of patients with
heart failure with reduced
ejection fraction should
include a b-blocker with
proven cardiovascular out-
comes benefit, unless oth-
erwise contraindicated. A

10.47 Inpatientswith type2diabetes
with stable heart failure, met-
formin may be continued for
glucose lowering if esti-
mated glomerular filtration
rate remains .30 mL/min/
1.73m2but shouldbeavoided
in unstable or hospitalized
patients with heart failure. B
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CARDIAC TESTING
Candidates for advanced or invasive car-
diac testing include those with 1) typical
or atypical cardiac symptoms and 2)
an abnormal resting electrocardiogram
(ECG). Exercise ECG testing without or

with echocardiography may be used as
the initial test. In adults with diabetes
$40 years of age, measurement of cor-
onary artery calcium is also reasonable
for cardiovascular risk assessment. Phar-
macologic stress echocardiography or

nuclear imaging should be considered
in individuals with diabetes in whom
resting ECG abnormalities preclude ex-
ercise stress testing (e.g., left bundle
branch block or ST-T abnormalities). In
addition, individuals who require stress

Table 10.3A—Cardiovascular and cardiorenal outcomes trials of available antihyperglycemic medications completed after the
issuance of the FDA 2008 guidelines: DPP-4 inhibitors

SAVOR-TIMI 53 (194)
(n 5 16,492)

EXAMINE (200)
(n 5 5,380)

TECOS (196)
(n 5 14,671)

CARMELINA
(197,201)

(n 5 6,979)

CAROLINA
(173,202)

(n 5 6,042)

Intervention Saxagliptin/placebo Alogliptin/placebo Sitagliptin/placebo Linagliptin/placebo Linagliptin/
glimepiride

Main inclusion criteria Type 2 diabetes and
history of or
multiple risk
factors for CVD

Type 2 diabetes and ACS
within 15–90 days
before randomization

Type 2 diabetes and
preexisting CVD

Type2diabetes and
high CV and
renal risk

Type 2 diabetes and
high CV risk

A1C inclusion criteria
(%) $6.5 6.5–11.0 6.5–8.0 6.5–10.0 6.5–8.5

Age (years) †† 65.1 61.0 65.4 65.8 64.0

Race (% White) 75.2 72.7 67.9 80.2 73.0

Sex (% male) 66.9 67.9 70.7 62.9 60.0

Diabetes duration
(years)†† 10.3 7.1 11.6 14.7 6.2

Median follow-up
(years) 2.1 1.5 3.0 2.2 6.3

Statin use (%) 78 91 80 71.8 64.1

Metformin use (%) 70 66 82 54.8 82.5

Prior CVD/CHF (%) 78/13 100/28 74/18 57/26.8 34.5/4.5

Mean baseline A1C
(%) 8.0 8.0 7.2 7.9 7.2

Mean difference in
A1C between
groups at end of
treatment (%) 20.3̂ 20.3̂ 20.3̂ 20.36̂ 0

Year started/reported 2010/2013 2009/2013 2008/2015 2013/2018 2010/2019

Primary outcome§ 3-point MACE 1.00
(0.89–1.12)

3-point MACE 0.96
(95% UL #1.16)

4-point MACE 0.98
(0.89–1.08)

3-point MACE 1.02
(0.89–1.17)

3-point MACE 0.98
(0.84–1.14)

Key secondary
outcome§

Expanded MACE
1.02 (0.94–1.11)

4-point MACE 0.95
(95% UL #1.14)

3-point MACE 0.99
(0.89–1.10)

Kidney composite
(ESRD, sustained
$40% decrease
in eGFR, or renal
death) 1.04
(0.89–1.22)

4-point MACE 0.99
(0.86–1.14)

Cardiovascular
death§ 1.03 (0.87–1.22) 0.85 (0.66–1.10) 1.03 (0.89–1.19) 0.96 (0.81–1.14) 1.00 (0.81–1.24)

MI§ 0.95 (0.80–1.12) 1.08 (0.88–1.33) 0.95 (0.81–1.11) 1.12 (0.90–1.40) 1.03 (0.82–1.29)

Stroke§ 1.11 (0.88–1.39) 0.91 (0.55–1.50) 0.97 (0.79–1.19) 0.91 (0.67–1.23) 0.86 (0.66–1.12)

HF hospitalization§ 1.27 (1.07–1.51) 1.19 (0.90–1.58) 1.00 (0.83–1.20) 0.90 (0.74–1.08) 1.21 (0.92–1.59)

Unstable angina
hospitalization§ 1.19 (0.89–1.60) 0.90 (0.60–1.37) 0.90 (0.70–1.16) 0.87 (0.57–1.31) 1.07 (0.74–1.54)

All-cause mortality§ 1.11 (0.96–1.27) 0.88 (0.71–1.09) 1.01 (0.90–1.14) 0.98 (0.84–1.13) 0.91 (0.78–1.06)

Worsening
nephropathy§||

1.08 (0.88–1.32) d d Kidney composite
(see above)

__

d, not assessed/reported; ACS, acute coronary syndrome; CHF, congestive heart failure; CV, cardiovascular; CVD, cardiovascular disease; DPP-4,
dipeptidyl peptidase 4; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; GLP-1, glucagon-like peptide 1; HF, heart failure;
MACE, major adverse cardiac event; MI, myocardial infarction; UL, upper limit. Data from this table was adapted from Cefalu et al. (203) in the January
2018 issue of Diabetes Care. ††Age was reported as means in all trials except EXAMINE, which reported medians; diabetes duration was reported as
means in all trials except SAVOR-TIMI 53 and EXAMINE, which reported medians. §Outcomes reported as hazard ratio (95% CI). ||Worsening
nephropathy is defined as as doubling of creatinine level, initiation of dialysis, renal transplantation, or creatinine.6.0mg/dL (530mmol/L) in SAVOR-
TIMI 53.Worseningnephropathywas a prespecified exploratory adjudicated outcome in SAVOR-TIMI 53.̂ Significant difference in A1Cbetween groups
(P , 0.05).
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Table 10.3C—Cardiovascular and cardiorenal outcomes trials of available antihyperglycemic medications completed after
the issuance of the FDA 2008 guidelines: SGLT2 inhibitors

EMPA-REG OUTCOME (8)
(n 5 7,020)

CANVAS Program (9)
(n 5 10,142)

DECLARE-TIMI 58 (176)
(n 5 17,160)

CREDENCE (174)
(n 5 4,401)

DAPA-HF (177)
(n 5 4,744; 1,983
with diabetes)

Intervention Empagliflozin/placebo Canagliflozin/placebo Dapagliflozin/placebo Canagliflozin/
placebo

Dapagliflozin/
placebo

Main inclusion
criteria

Type 2 diabetes and
preexisting CVD

Type 2 diabetes and
preexisting CVD at $30
years of age or .2 CV risk
factors at$50 years of age

Type 2 diabetes and
established ASCVD or
multiple risk factors for
ASCVD

Type 2 diabetes and
albuminuric
kidney disease

NYHA class II, III, or IV
heart failure and
an ejection
fraction #40%,
with or without

diabetes

A1C inclusion
criteria (%) 7.0–10.0 7.0–10.5 $6.5 6.5–12 __

Age (years)†† 63.1 63.3 64.0 63 66

Race (% White) 72.4 78.3 79.6 66.6 70.3

Sex (% male) 71.5 64.2 62.6 66.1 76.6

Diabetes duration
(years)†† 57% .10 13.5 11.0 15.8 N/A

Median follow-up
(years) 3.1 3.6 4.2 2.6 1.5

Statin use (%) 77 75 75 (statin or ezetimibe use) 69 __

Metformin

use (%)

74 77 82 57.8 51.2% (of patients

with diabetes)

Prior
CVD/CHF (%) 99/10 65.6/14.4 40/10 50.4/14.8 100% with CHF

Mean baseline A1C

(%) 8.1 8.2 8.3 8.3 __

Mean difference in
A1C between
groups at end of
treatment (%) 20.3̂ ‡ 20.58̂ 20.43̂ 20.31 N/A

Year started/
reported 2010/2015 2009/2017 2013/2018 2017/2019 2017/2019

Primary outcome§ 3-point MACE
0.86 (0.74–0.99)

3-point MACE
0.86 (0.75–0.97)§

3-point MACE 0.93
(0.84–1.03)

ESRD, doubling of
creatinine, or
death from renal

or CV cause 0.70
(0.59–0.82)

Worsening heart
failure or death
from CV causes

0.74 (0.65–0.85)
Results did not differ

by diabetes status

CV death or HF hospitalization

0.83 (0.73–0.95)

Key secondary
outcome§

4-point MACE
0.89 (0.78–1.01)

All-cause and CV mortality
(see below)

Death from any cause 0.93
(0.82–1.04)

CV death or HF
hospitalization
0.69 (0.57–0.83)

3-point MACE 0.80
(0.67–0.95)

CV death or HF
hospitalization
0.75 (0.65–0.85)Renal composite ($40%

decrease in eGFR rate
to ,60 mL/min/1.73 m2,
new ESRD, or death from
renal or CV causes 0.76
(0.67–0.87)

Cardiovascular
death§ 0.62 (0.49–0.77) 0.87 (0.72–1.06) 0.98 (0.82–1.17) 0.78 (0.61–1.00) 0.82 (0.69–0.98)

MI§ 0.87 (0.70–1.09) 0.89 (0.73–1.09) 0.89 (0.77–1.01) __ __

Stroke§ 1.18 (0.89–1.56) 0.87 (0.69–1.09) 1.01 (0.84–1.21) __ __

HF hospitalization§ 0.65 (0.50–0.85) 0.67 (0.52–0.87) 0.73 (0.61–0.88) 0.61 (0.47–0.80) 0.70 (0.59–0.83)

Unstable angina
hospitalization§ 0.99 (0.74–1.34) d d __ __

All-cause

mortality§ 0.68 (0.57–0.82) 0.87 (0.74–1.01) 0.93 (0.82–1.04) 0.83 (0.68–1.02) 0.83 (0.71–0.97)

Worsening
nephropathy§||

0.61 (0.53–0.70) 0.60 (0.47–0.77) 0.53 (0.43–0.66) (See primary
outcome)

0.71 (0.44–1.16)

d, not assessed/reported; CHF, congestive heart failure; CV, cardiovascular; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate;
ESRD,end-stage renal disease;HF, heart failure;MACE,major adverse cardiacevent;MI,myocardial infarction; SGLT2, sodium–glucose cotransporter 2;
NYHA, New York Heart Association. Data from this table was adapted from Cefalu et al. (203) in the January 2018 issue of Diabetes Care. ††Age was
reported as means in all trials; diabetes duration was reported as means in all trials except EMPA-REG OUTCOME, which reported as percentage of
populationwith diabetes duration.10 years, andDECLARE-TIMI 58, which reportedmedian. ‡A1C change of 0.30 in EMPA-REGOUTCOME is based on
pooled results for both doses (i.e., 0.24% for 10mg and 0.36% for 25mgof empagliflozin). §Outcomes reported as hazard ratio (95%CI). ||Definitions of
worsening nephropathy differed between trials. Ŝignificant difference in A1C between groups (P , 0.05).
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testing and are unable to exercise should
undergo pharmacologic stress echocar-
diography or nuclear imaging.

SCREENING ASYMPTOMATIC
PATIENTS

The screening of asymptomatic patients
with high ASCVD risk is not recommen-
ded (155), in part because these high-risk
patients should already be receiving in-
tensive medical therapydan approach
that provides similar benefit as invasive
revascularization (156,157). There is also
some evidence that silent ischemia may
reverse over time, adding to the contro-
versy concerning aggressive screening
strategies (158). In prospective studies,
coronary artery calcium has been estab-
lished as an independent predictor of
future ASCVD events in patients with
diabetes and is consistently superior
to both the UK Prospective Diabetes
Study (UKPDS) risk engine and the Fra-
mingham Risk Score in predicting risk in
this population (159–161). However, a
randomized observational trial demon-
strated no clinical benefit to routine
screening of asymptomatic patients
with type 2 diabetes and normal ECGs
(162). Despite abnormal myocardial
perfusion imaging in more than one
in five patients, cardiac outcomeswere
essentially equal (and very low) in
screened versus unscreened patients.
Accordingly, indiscriminate screening is
not considered cost-effective. Studies
have found that a risk factor–based
approach to the initial diagnostic eval-
uation and subsequent follow-up for
coronary artery disease fails to identify
which patients with type 2 diabetes will
have silent ischemia on screening tests
(163,164).
Any benefit of newer noninvasive cor-

onary artery disease screening methods,
such as computed tomography calcium
scoring and computed tomography an-
giography, to identify patient subgroups
for different treatment strategies re-
mains unproven in asymptomatic pa-
tients with diabetes, though research
is ongoing. Although asymptomatic pa-
tientswith diabeteswith higher coronary
disease burden havemore future cardiac
events (159,165,166), the role of these
tests beyond risk stratification is not
clear.
While coronary artery screening

methods, such as calcium scoring, may

improve cardiovascular risk assessment
inpeoplewith type2diabetes (167), their
routine use leads to radiation exposure
and may result in unnecessary invasive
testing suchas coronary angiography and
revascularization procedures. The ulti-
mate balance of benefit, cost, and risks
of such an approach in asymptomatic
patients remains controversial, particu-
larly in the modern setting of aggressive
ASCVD risk factor control.

LIFESTYLE AND PHARMACOLOGIC
INTERVENTIONS

Intensive lifestyle intervention focusing
on weight loss through decreased caloric
intake and increased physical activity as
performed in the Action for Health in
Diabetes (Look AHEAD) trial may be
considered for improving glucose con-
trol, fitness, and some ASCVD risk factors
(168). Patients at increased ASCVD risk
should receive statin, ACE inhibitor, or
ARB therapy if the patient has hyperten-
sion, and possibly aspirin, unless there
are contraindications to a particular drug
class. Clear benefit exists for ACE inhib-
itor or ARB therapy in patients with
diabetic kidney disease or hypertension,
and these agents are recommended for
hypertension management in patients
withknownASCVD (particularly coronary
artery disease) (59,60,169). b-Blockers
should be used in patients with active
angina or HFrEF and for 3 years after
MI in patients with preserved left ventric-
ular function (170,171).

GLUCOSE-LOWERING THERAPIES
AND CARDIOVASCULAR
OUTCOMES

In 2008, the FDA issued a guidance for
industry to perform cardiovascular out-
comes trials for all new medications for
the treatment for type 2 diabetes amid
concerns of increased cardiovascular
risk (172). Previously approved diabetes
medications were not subject to the
guidance. Recently published cardiovas-
cular outcomes trials have provided ad-
ditional data on cardiovascular and renal
outcomes in patients with type 2 diabe-
tes with cardiovascular disease or at high
risk for cardiovascular disease (see Table
10.3A, Table 10.3B, and Table 10.3C). An
expanded review of the effects of glu-
cose-lowering therapy in patients with
chronic kidney disease is included in
Section 11 “Microvascular Complications

and Foot Care” (https://doi.org/10.2337/
dc21-S011).
Cardiovascular outcomes trials of di-

peptidyl peptidase 4 (DPP-4) inhibitors
have all, so far, not shown cardiovascular
benefits relative to placebo. In addition,
the CAROLINA (Cardiovascular Outcome
Study of Linagliptin Versus Glimepiride
in Type 2 Diabetes) study demonstrated
noninferioritybetweenaDPP-4 inhibitor,
linagliptin, and a sulfonylurea, glimepir-
ide, on cardiovascular outcomes despite
lower rates of hypoglycemia in the lina-
gliptin treatment group (173). However,
results from other new agents have
provided a mix of results.

SGLT2 Inhibitor Trials
The BI 10773 (Empagliflozin) Cardiovas-
cular Outcome Event Trial in Type 2 Di-
abetes Mellitus Patients (EMPA-REG
OUTCOME) was a randomized, double-
blind trial that assessed the effect of
empagliflozin, an SGLT2 inhibitor, versus
placebo on cardiovascular outcomes in
7,020 patients with type 2 diabetes and
existing cardiovascular disease. Study
participants had a mean age of 63 years,
57%haddiabetes formore than10 years,
and 99% had established cardiovascular
disease. EMPA-REG OUTCOME showed
thatover amedian follow-upof 3.1 years,
treatment reduced the composite out-
come of MI, stroke, and cardiovascular
death by 14% (absolute rate 10.5% vs.
12.1% in the placebo group, HR in the
empagliflozin group 0.86 [95% CI 0.74–
0.99]; P 5 0.04 for superiority) and
cardiovascular death by 38% (absolute
rate 3.7% vs. 5.9%, HR 0.62 [95% CI 0.49–
0.77]; P , 0.001) (8). The FDA added an
indication for empagliflozin to reduce the
risk of major adverse cardiovascular death
in adults with type 2 diabetes and car-
diovascular disease.
Two large outcomes trials of the SGLT2

inhibitor canagliflozin that separately
assessed 1) the cardiovascular effects
of treatment in patients at high risk
for major adverse cardiovascular events,
and2) the impact of canagliflozin therapy
on cardiorenal outcomes in patients with
diabetes-related chronic kidney disease
have been conducted (174). First, the
Canagliflozin Cardiovascular Assessment
Study (CANVAS) Program integrateddata
from two trials. The CANVAS trial that
started in 2009 was partially unblinded
prior to completion because of the need
to file interim cardiovascular outcomes
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data for regulatory approval of the drug
(175). Thereafter, the postapproval CANVAS-
Renal (CANVAS-R) trial was started in
2014. Combining both of these trials,
10,142 participants with type 2 diabetes
were randomized to canagliflozin or pla-
cebo and were followed for an average
3.6 years. The mean age of patients was
63 years, and 66% had a history of
cardiovascular disease. The combined
analysis of the two trials found that
canagliflozin significantly reduced the
composite outcome of cardiovascular
death, MI, or stroke versus placebo (oc-
curring in 26.9 vs. 31.5 participants per
1,000 patient-years; HR 0.86 [95% CI
0.75–0.97]). The specific estimates for
canagliflozin versus placebo on the pri-
mary composite cardiovascular outcome
were HR 0.88 (95% CI 0.75–1.03) for the
CANVAS trial and 0.82 (0.66–1.01) for
CANVAS-R, with no heterogeneity found
between trials. Of note, there was an
increased risk of lower-limb amputation
with canagliflozin (6.3 vs. 3.4 participants
per 1,000 patient-years; HR 1.97 [95% CI
1.41–2.75]) (9). Second, the Canagliflozin
and Renal Events in Diabetes with Estab-
lished Nephropathy Clinical Evaluation
(CREDENCE) trial randomized 4,401 pa-
tients with type 2 diabetes and chronic
diabetes-related kidney disease (UACR
.300 mg/g and estimated glomerular
filtration rate 30 to ,90 mL/min/
1.73 m2) to canagliflozin 100 mg daily
or placebo (174). The primary outcome
was a composite of end-stage kidney dis-
ease, doubling of serum creatinine, or
death from renal or cardiovascular causes.
The trial was stopped early due to con-
clusive evidence of efficacy identified
during a prespecified interim analysis
with no unexpected safety signals. The
risk of the primary composite outcome
was 30% lower with canagliflozin treat-
ment when compared with placebo (HR
0.70 [95% CI 0.59–0.82]). Moreover, it
reduced the prespecified end point of
end-stage kidney disease alone by 32%
(HR 0.68 [95% CI 0.54–0.86]). Canagliflozin
was additionally found to have a lower risk
of the composite of cardiovascular death,
myocardial infarction, or stroke (HR 0.80
[95%CI 0.67–0.95]), aswell as lower risk of
hospitalizations for heart failure (HR 0.61
[95% CI 0.47–0.80]), and of the composite
of cardiovascular death or hospitalization
for heart failure (HR 0.69 [95% CI 0.57–
0.83]). In terms of safety, no significant
increase in lower-limb amputations,

fractures, acute kidney injury, or hyper-
kalemiawasnoted for canagliflozin relative
to placebo in CREDENCE. An increased risk
for diabetic ketoacidosis was noted, how-
ever, with 2.2 and 0.2 events per 1,000
patient-yearsnoted in thecanagliflozinand
placebo groups, respectively (HR 10.80
[95% CI 1.39–83.65]) (174).
The Dapagliflozin Effect on Cardiovas-

cular Events–Thrombosis in Myocardial
Infarction 58 (DECLARE-TIMI 58) trial was
another randomized, double-blind trial
that assessed the effects of dapagliflo-
zin versus placebo on cardiovascular
and renal outcomes in 17,160 patients
with type 2 diabetes and established
ASCVD or multiple risk factors for ath-
erosclerotic cardiovascular disease (176).
Study participants had a mean age of
64 years, with ;40% of study partici-
pants having established ASCVD at base-
lineda characteristic of this trial that
differs from other large cardiovascular
trials where a majority of participants
had established cardiovascular disease.
DECLARE-TIMI 58 met the prespecified
criteria for noninferiority to placebowith
respect toMACEbutdidnot showa lower
rate of MACE when compared with pla-
cebo (8.8% in the dapagliflozin group and
9.4% in the placebo group; HR 0.93 [95%
CI 0.84–1.03]; P5 0.17). A lower rate of
cardiovascular death or hospitalization
for heart failure was noted (4.9% vs.
5.8%; HR 0.83 [95% CI 0.73–0.95]; P 5
0.005), which reflected a lower rate of
hospitalization for heart failure (HR 0.73
[95% CI 0.61–0.88]). No difference was
seen in cardiovascular death between
groups. Results of the Dapagliflozin and
PreventionofAdverseOutcomes inHeart
Failure (DAPA-HF) trial, which assessed
the effects of dapagliflozin in patients
with established heart failure (177), are
described in the GLUCOSE-LOWERING THERAPIES

AND HEART FAILURE section.

GLP-1 Receptor Agonist Trials
The Liraglutide Effect and Action in
Diabetes: Evaluation of Cardiovascular
Outcome Results (LEADER) trial was a
randomized, double-blind trial that as-
sessed the effect of liraglutide, a gluca-
gon-like peptide 1 (GLP-1) receptor
agonist, versus placebo on cardiovascu-
lar outcomes in 9,340 patients with
type 2 diabetes at high risk for cardio-
vascular disease or with cardiovascular
disease. Study participants had a mean
age of 64 years and a mean duration of

diabetes of nearly 13 years. Over 80% of
study participants had established car-
diovascular disease. After a median fol-
low-up of 3.8 years, LEADER showed that
the primary composite outcome (MI,
stroke, or cardiovascular death) occurred
in fewer participants in the treatment
group (13.0%) when compared with the
placebo group (14.9%) (HR 0.87 [95% CI
0.78–0.97]; P, 0.001 for noninferiority;
P 5 0.01 for superiority). Deaths from
cardiovascular causes were significantly
reduced in the liraglutide group (4.7%)
compared with the placebo group (6.0%)
(HR 0.78 [95% CI 0.66–0.93]; P 5 0.007)
(178). The FDA approved the use of
liraglutide to reduce the risk of major
adverse cardiovascular events, including
heart attack, stroke, and cardiovascular
death, in adults with type 2 diabetes and
established cardiovascular disease.
Results from a moderate-sized trial of

another GLP-1 receptor agonist, sema-
glutide, were consistentwith the LEADER
trial (179). Semaglutide is a once-weekly
GLP-1 receptor agonist approved by the
FDA for the treatment of type 2 diabetes.
The Trial to Evaluate Cardiovascular and
Other Long-term Outcomes With Sem-
aglutide in Subjects With Type 2 Di-
abetes (SUSTAIN-6) was the initial
randomized trial powered to test non-
inferiority of semaglutide for the pur-
poseof regulatory approval. In this study,
3,297 patients with type 2 diabetes were
randomized to receive once-weekly sem-
aglutide (0.5mg or 1.0mg) or placebo for
2 years. The primary outcome (the first
occurrence of cardiovascular death, non-
fatal MI, or nonfatal stroke) occurred in
108 patients (6.6%) in the semaglutide
group vs. 146 patients (8.9%) in the
placebo group (HR 0.74 [95% CI 0.58–
0.95]; P < 0.001). More patients discon-
tinued treatment in the semaglutide
group because of adverse events, mainly
gastrointestinal. The cardiovascular ef-
fects of the oral formulation of semaglu-
tide compared with placebo have been
assessed in Peptide Innovation for Early
Diabetes Treatment (PIONEER) 6, a pre-
approval trial designed to rule out an
unacceptable increase in cardiovascular
risk. In this trial of 3,183 patients with
type 2 diabetes and high cardiovascular
risk followed for a median of 15.9 months,
oral semaglutide was noninferior to pla-
cebo for the primary composite outcome
of cardiovascular death, nonfatal MI,
or nonfatal stroke (HR 0.79 [95% CI
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0.57–1.11]; P, 0.001 for noninferiority)
(180). The cardiovascular effects of this
formulation of semaglutide will be fur-
ther tested in a large, longer-term out-
comes trial.
The Harmony Outcomes trial random-

ized 9,463 patients with type 2 diabetes
and cardiovascular disease to once-weekly
subcutaneous albiglutide or matching
placebo, in addition to their standard
care.Overamediandurationof1.6years,
the GLP-1 receptor agonist reduced the
risk of cardiovascular death,MI, or stroke
to an incidence rate of 4.6 events per
100 person-years in the albiglutide group
vs. 5.9 events in the placebo group (HR
ratio 0.78, P 5 0.0006 for superiority)
(181). This agent is not currently available
for clinical use.
The Researching Cardiovascular Events

With a Weekly Incretin in Diabetes
(REWIND) trial was a randomized, double-
blind, placebo-controlled trial that assessed
the effect of the once-weekly GLP-1 re-
ceptor agonist dulaglutide versus pla-
cebo on MACE in ;9,990 patients with
type 2 diabetes at risk for cardiovascular
events or with a history of cardiovascular
disease (182). Study participants had a
meanageof66yearsandameanduration
of diabetes of ;10 years. Approximately
32% of participants had history of ath-
erosclerotic cardiovascular events at base-
line. After a median follow-up of 5.4 years,
the primary composite outcome of non-
fatal MI, nonfatal stroke, or death from
cardiovascular causes occurred in 12.0%
and 13.4% of participants in the dulaglu-
tide and placebo treatment groups, re-
spectively (HR 0.88 [95% CI 0.79–0.99];
P 5 0.026). These findings equated to
incidence rates of 2.4 and 2.7 events per
100 person-years, respectively. The re-
sults were consistent across the sub-
groups of patients with and without
history of CV events. All-cause mortality
did not differ between groups (P5 0.067).
The Evaluation of Lixisenatide in Acute

Coronary Syndrome (ELIXA) trial studied
the once-daily GLP-1 receptor agonist
lixisenatide on cardiovascular outcomes
in patients with type 2 diabetes who had
had a recent acute coronary event (183).
A total of 6,068 patients with type 2
diabetes with a recent hospitalization for
MIorunstableanginawithin theprevious
180 days were randomized to receive
lixisenatide or placebo in addition to
standard care and were followed for a
median of ;2.1 years. The primary

outcome of cardiovascular death, MI,
stroke, or hospitalization for unstable an-
gina occurred in 406 patients (13.4%) in
the lixisenatide group vs. 399 (13.2%) in
the placebo group (HR 1.2 [95% CI 0.89–
1.17]), which demonstrated the nonin-
feriority of lixisenatide to placebo (P ,
0.001) but did not show superiority (P5
0.81).
The Exenatide Study of Cardiovascular

Event Lowering (EXSCEL) trial also re-
ported results with the once-weekly
GLP-1 receptor agonist extended-release
exenatide and found that major ad-
verse cardiovascular events were numer-
ically lower with use of extended-release
exenatide compared with placebo, al-
though this difference was not statis-
tically significant (184). A total of 14,752
patients with type 2 diabetes (of whom
10,782 [73.1%] had previous cardiovas-
cular disease) were randomized to re-
ceive extended-release exenatide 2 mg
or placebo and followed for a median of
3.2 years. The primary end point of
cardiovascular death, MI, or stroke oc-
curred in 839 patients (11.4%; 3.7 events
per 100 person-years) in the exenatide
group and in 905 patients (12.2%; 4.0
events per 100 person-years) in the
placebo group (HR 0.91 [95% CI 0.83–
1.00]; P , 0.001 for noninferiority), but
exenatide was not superior to placebo
with respect to the primary end point
(P 5 0.06 for superiority). However, all-
cause mortality was lower in the exena-
tide group (HR 0.86 [95% CI 0.77–0.97]).
The incidence of acute pancreatitis, pan-
creatic cancer, medullary thyroid carci-
noma, and serious adverse events did
not differ significantly between the two
groups.
In summary, there are now numerous

large randomized controlled trials report-
ing statistically significant reductions in
cardiovascular events for three of the
FDA-approved SGLT2 inhibitors (empagli-
flozin, canagliflozin, anddapagliflozin) and
four FDA-approved GLP-1 receptor ago-
nists (liraglutide, albiglutide [although
that agent was removed from the market
for business reasons], semaglutide [lower
risk of cardiovascular events in a moder-
ate-sizedclinical trial butonenotpowered
as a cardiovascular outcomes trial], and
dulaglutide). Meta-analyses of the trials
reported to date suggest that GLP-1 re-
ceptor agonists and SGLT2 inhibitors re-
duce risk of atheroscleroticmajor adverse
cardiovascular events to a comparable

degree in patients with type 2 diabetes
and established ASCVD (185). SGLT2 in-
hibitors also appear to reduce risk ofheart
failure hospitalization and progression of
kidney disease in patients with estab-
lished ASCVD, multiple risk factors for
ASCVD, or diabetic kidney disease (186).
In patients with type 2 diabetes and
established ASCVD, multiple ASCVD risk
factors, or diabetic kidney disease, an
SGLT2 inhibitor with demonstrated car-
diovascular benefit is recommended to
reduce the risk of major adverse cardio-
vascular events and/or heart failure hos-
pitalization. In patients with type 2 diabetes
and established ASCVD or multiple risk
factors for ASCVD, a glucagon-like peptide
1 receptor agonist with demonstrated
cardiovascular benefit is recommended
to reduce the risk of major adverse
cardiovascular events. For many pa-
tients, use of either an SGLT2 inhibitor
or a GLP-1 receptor agonist to reduce
cardiovascular risk is appropriate. It is
unknown whether use of both classes of
drugs will provide an additive cardiovas-
cular outcomes benefit.

Glucose-Lowering Therapies and
Heart Failure
As many as 50% of patients with type 2
diabetesmaydevelop heart failure (187).
Data on the effects of glucose-lowering
agents on heart failure outcomes have
demonstrated that thiazolidinediones
have a strong and consistent relationship
with increased risk of heart failure
(188–190). Therefore, thiazolidinedione
use should be avoided in patients with
symptomatic heart failure. Restrictions
to use of metformin in patients with
medically treated heart failure were re-
moved by the FDA in 2006 (191). In fact,
observational studies of patients with
type 2 diabetes and heart failure suggest
that metformin users have better out-
comes than patients treated with other
antihyperglycemic agents (192). Metfor-
min may be used for the management of
hyperglycemia in patients with stable
heart failure as long as kidney function
remains within the recommended range
for use (193).
Recent studies examining the relation-

ship between DPP-4 inhibitors and heart
failure have had mixed results. The Sax-
agliptin Assessment of Vascular Out-
comes Recorded in Patients with
Diabetes Mellitus – Thrombolysis in Myo-
cardial Infarction53(SAVOR-TIMI53) study
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showed that patients treated with the
DPP-4 inhibitor saxagliptin weremore likely
to be hospitalized for heart failure than
those given placebo (3.5% vs. 2.8%, respec-
tively) (194). However, three other cardio-
vascular outcomes trialsdExamination of
Cardiovascular Outcomes with Alogliptin
versus Standard of Care (EXAMINE) (195),
Trial Evaluating Cardiovascular Outcomes
with Sitagliptin (TECOS) (196), and the Car-
diovascular and Renal Microvascular Out-
come StudyWith Linagliptin (CARMELINA)
(197)ddidnotfinda significant increase in
risk of heart failure hospitalization with
DPP-4 inhibitor use compared with pla-
cebo. No increased risk of heart failure
hospitalization has been identified in the
cardiovascular outcomes trials of the GLP-
1 receptor agonists lixisenatide, liraglutide,
semaglutide, exenatide once-weekly, albi-
glutide, or dulaglutide compared with pla-
cebo (Table 10.3B) (178,179,182–184).
Reduced incidence of heart failure has

been observed with the use of SGLT2
inhibitors (174,176). In EMPA-REG OUT-
COME, the addition of empagliflozin to
standard care led to a significant 35%
reduction in hospitalization for heart
failure compared with placebo (8). Al-
though the majority of patients in the
study did not have heart failure at base-
line, this benefit was consistent in pa-
tients with andwithout a history of heart
failure (10). Similarly, in CANVAS and
DECLARE-TIMI 58, there were 33% and
27% reductions in hospitalization for
heart failure, respectively, with SGLT2
inhibitor use versus placebo (9,176).
Additional data from the CREDENCE trial
with canagliflozin showed a 39% reduc-
tion in hospitalization for heart failure,
and 31% reduction in the composite of
cardiovascular death or hospitalization for
heart failure, in a diabetic kidney disease
population with albuminuria (UACR
of .300 to 5,000 mg/g) (174). These
combined findings from four large out-
comes trials of three different SGLT2 in-
hibitors are highly consistent and clearly
indicate robustbenefitsof SGLT2 inhibitors
in the prevention of heart failure hospital-
izations. The EMPA-REG OUTCOME, CAN-
VAS, DECLARE-TIMI 58, and CREDENCE
trials suggested, but did not prove, that
SGLT2 inhibitors would be beneficial in the
treatment of patients with established
heart failure. More recently, the pla-
cebo-controlled DAPA-HF trial evaluated
the effects of dapagliflozin on the primary
outcome of a composite of worsening

heart failure or cardiovascular death in
patients with New York Heart Association
class II, III, or IVheart failureandanejection
fraction of 40% or less. Of the 4,744 trial
participants, 45% had a history of type 2
diabetes. Over a median of 18.2 months,
the group assigned to dapagliflozin treat-
ment had a lower risk of the primary
outcome (HR 0.74 [95% CI 0.65–0.85]),
lower risk of first worsening heart failure
event (HR 0.70 [95% CI 0.59–0.83]), and
lower risk of cardiovascular death (HR 0.82
[95% CI 0.69–0.98]) compared with pla-
cebo. The effect of dapagliflozin on the
primary outcome was consistent regard-
less of the presence or absence of type 2
diabetes (177). Therefore, in patients with
type 2 diabetes and established HFrEF, an
SGLT2 inhibitor with proven benefit in this
patient population is recommended to re-
duce the risk ofworsening heart failure and
cardiovascular death. The benefits seen in
this patient population may represent a
class effect. Ongoing trials are assessing the
effects of several SGLT2 inhibitors in heart
failure patients with both reduced and
preserved ejection fraction.
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11. Microvascular Complications
and Foot Care: Standards of
Medical Care in Diabetesd2021
Diabetes Care 2021;44(Suppl. 1):S151–S167 | https://doi.org/10.2337/dc21-S011

The American Diabetes Association (ADA) “Standards of Medical Care in Diabetes”
includes the ADA’s current clinical practice recommendations and is intended to
provide the components of diabetes care, general treatment goals and guidelines,
and tools to evaluate quality of care. Members of the ADA Professional Practice
Committee, a multidisciplinary expert committee (https://doi.org/10.2337/dc21-
SPPC), are responsible for updating the Standards of Care annually, or more
frequently as warranted. For a detailed description of ADA standards, statements,
and reports, as well as the evidence-grading system for ADA’s clinical practice
recommendations, please refer to the Standards of Care Introduction (https://doi
.org/10.2337/dc21-SINT). Readers who wish to comment on the Standards of Care
are invited to do so at professional.diabetes.org/SOC.

For prevention and management of diabetes complications in children and adoles-
cents, please refer to Section 13 “Children andAdolescents” (https://doi.org/10.2337/
dc21-S013).

CHRONIC KIDNEY DISEASE

Screening

Recommendations

11.1a At least annually, urinary albumin (e.g., spot urinary albumin-to-creatinine
ratio) and estimated glomerular filtration rate should be assessed in
patients with type 1 diabetes with duration of$5 years and in all patients
with type 2 diabetes regardless of treatment. B

11.1b Patients with diabetes and urinary albumin.300mg/g creatinine and/or
an estimated glomerular filtration rate 30–60 mL/min/1.73 m2 should be
monitored twice annually to guide therapy. B

Treatment

Recommendations

11.2 Optimize glucose control to reduce the risk or slow the progression of
chronic kidney disease. A

11.3a For patients with type 2 diabetes and diabetic kidney disease, consider use
of a sodium–glucose cotransporter 2 inhibitor in patientswith anestimated
glomerular filtration rate $30 mL/min/1.73 m2 and urinary albumin
.300 mg/g creatinine. A

Suggested citation: American Diabetes Associa-
tion. 11. Microvascular complications and foot
care: Standards of Medical Care in Diabetesd
2021. Diabetes Care 2021;44(Suppl. 1):S151–
S167
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11.3b In patients with type 2 diabetes
and diabetic kidney disease,
consider use of sodium–glucose
cotransporter 2 inhibitors addi-
tionally for cardiovascular risk
reduction when estimated glo-
merular filtration rate and uri-
nary albumin creatinine are$30
mL/min/1.73 m2 or.300 mg/g,
respectively. A

11.3c In patients with chronic kidney
disease who are at increased
risk for cardiovascular events,
use of a glucagon-like peptide
1receptoragonist reduces renal
end point, primarily albumin-
uria, progression of albumin-
uria, and cardiovascular events
(Table 9.1). A

11.4 Optimize blood pressure con-
trol to reduce the risk or slow
the progression of chronic kid-
ney disease. A

11.5 Do not discontinue renin-
angiotensin system blockade
for minor increases in serum
creatinine (,30%) in the ab-
sence of volume depletion. A

11.6 For people with nondialysis-
dependentchronickidneydisease,
dietary protein intake should
beapproximately 0.8 g/kgbody
weightperday (the recommen-
ded daily allowance). A For
patients on dialysis, higher lev-
els of dietary protein intake
should be considered, since
malnutrition isamajorproblem
in some dialysis patients. B

11.7 In nonpregnant patients with
diabetes and hypertension, ei-
ther an ACE inhibitor or an an-
giotensin receptor blocker is
recommended for those with
modestly elevated urinary albu-
min-to-creatinine ratio (30–299
mg/g creatinine) B and is strongly
recommended for those with
urinary albumin-to-creatinine ra-
tio$300mg/gcreatinineand/or
estimated glomerular filtration
rate ,60 mL/min/1.73 m2. A

11.8 Periodicallymonitor serumcre-
atinineandpotassiumlevels for
the development of increased
creatinine or changes in potas-
sium when ACE inhibitors, an-
giotensin receptor blockers, or
diuretics are used. B

11.9 An ACE inhibitor or an angio-
tensin receptor blocker is not
recommended for the primary
prevention of chronic kidney
disease in patients with diabe-
teswhohavenormal bloodpres-
sure,normalurinaryalbumin-to-
creatinine ratio (,30mg/g cre-
atinine), and normal estimated
glomerular filtration rate. A

11.10 Patients should be referred for
evaluation by a nephrologist if
theyhaveanestimatedglomer-
ularfiltration rate,30mL/min/
1.73 m2. A

11.11 Promptly refer to a physician
experienced in the care of kid-
ney disease for uncertainty
about the etiology of kidney
disease, difficult management
issues, and rapidly progressing
kidney disease. A

Epidemiology of Diabetes and Chronic
Kidney Disease
Chronic kidney disease (CKD) is diagnosed
by the persistent presence of elevated
urinary albumin excretion (albuminuria),
low estimated glomerular filtration rate
(eGFR), or other manifestations of kidney
damage (1,2). In this section, the focus is
on CKD attributed to diabetes (diabetic
kidney disease), which occurs in 20–40%
of patients with diabetes (1,3–5). CKD
typically develops after diabetes duration
of 10 years in type 1 diabetes but may be
present at diagnosis of type 2 diabetes.
CKD can progress to end-stage renal dis-
ease (ESRD) requiring dialysis or kidney
transplantation and is the leading cause of
ESRD in the U.S. (6). In addition, among
people with type 1 or 2 diabetes, the
presence of CKD markedly increases car-
diovascular risk and health care costs (7).

Assessment of Albuminuria and
Estimated Glomerular Filtration Rate
Screening for albuminuria can be most
easily performed by urinary albumin-to-
creatinine ratio (UACR) in a random spot
urine collection (1,2). Timed or 24-h col-
lections are more burdensome and add
little to prediction or accuracy. Measure-
ment of a spot urine sample for albumin
alone (whether by immunoassay or by
using a sensitive dipstick test specific for
albuminuria)without simultaneouslymea-
suring urine creatinine (Cr) is less expen-
sive but susceptible to false-negative and

false-positive determinations as a result
of variation in urine concentration due
to hydration (8).
Normal UACR is defined as,30 mg/g

Cr, and high urinary albumin excretion is
defined as$30mg/g Cr. However, UACR
is a continuousmeasurement, and differ-
ences within the normal and abnormal
ranges are associated with renal and
cardiovascular outcomes (7,9,10). Fur-
thermore, because of high biological var-
iability of.20% between measurements
in urinary albumin excretion, two of three
specimensofUACRcollectedwithina3- to
6-month period should be abnormal be-
fore considering a patient to have high or
very high albuminuria (1,2,11,12). Exer-
cise within 24 h, infection, fever, conges-
tive heart failure, marked hyperglycemia,
menstruation, and marked hypertension
may elevate UACR independently of kid-
ney damage (13).
eGFR should be calculated from serum

creatinine using a validated formula. The
Chronic Kidney Disease Epidemiology Col-
laboration (CKD-EPI) equation is generally
preferred (2). eGFR is routinely reported by
laboratories with serum creatinine, and
eGFR calculators are available online at
nkdep.nih.gov. An eGFR persistently,60
mL/min/1.73 m2 is considered abnormal,
though optimal thresholds for clinical di-
agnosis are debated in older adults (2,14).

Diagnosis of Diabetic Kidney Disease
Diabetic kidney disease is usually a clin-
ical diagnosis made based on the pres-
ence of albuminuria and/or reduced
eGFR in theabsenceof signsor symptoms
of other primary causes of kidney dam-
age. The typical presentation of diabetic
kidney disease is considered to include a
long-standing duration of diabetes, ret-
inopathy, albuminuria without gross he-
maturia, andgradually progressive lossof
eGFR. However, signs of CKD may be
present at diagnosis or without retinop-
athy in type 2 diabetes, and reduced
eGFR without albuminuria has been fre-
quently reported in type 1 and type 2
diabetes and is becoming more common
over time as the prevalence of diabetes
increases in the U.S. (3,4,15,16).
Anactive urinary sediment (containing

red or white blood cells or cellular casts),
rapidly increasing albuminuria or ne-
phrotic syndrome, rapidly decreasing
eGFR, or the absence of retinopathy
(in type 1 diabetes) suggests alternative
or additional causes of kidney disease.
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For patients with these features, referral
to a nephrologist for further diagnosis,
including the possibility of kidney biopsy,
should be considered. It is rare for pa-
tients with type 1 diabetes to develop
kidney disease without retinopathy. In
type 2 diabetes, retinopathy is only mod-
erately sensitive and specific for CKD
caused by diabetes, as confirmed by
kidney biopsy (17).

Staging of Chronic Kidney Disease
Stages 1–2 CKD have been defined by
evidence of high albuminuria with eGFR
$60 mL/min/1.73 m2, while stages 3–5
CKD have been defined by progressively
lower ranges of eGFR (18) (Fig. 11.1). At
any eGFR, the degree of albuminuria is
associated with risk of cardiovascular
disease (CVD), CKD progression, and
mortality (7). Therefore, KidneyDisease:
Improving Global Outcomes (KDIGO)
recommends a more comprehensive
CKD staging that incorporates albumin-
uria at all stages of eGFR; this system is
more closely associated with risk but is
also more complex and does not trans-
late directly to treatment decisions (2).
Thus, based on the current classification
system, both eGFR and albuminuria
must be quantified to guide treatment
decisions. This is also important since
eGFR levels are essential to modify drug
dosage or restrictions of use (Fig. 11.1)
(19,20). The degree of albuminuria may
influence choice of antihypertensive
(see Section 10 “Cardiovascular Disease
and Risk Management,” https://doi.org
.10.2337/dc21-S010) or glucose-lowering
medications (see below). Observed his-
tory of eGFR loss (which is also associated
with risk of CKD progression and other
adverse health outcomes) and cause of
kidney damage (including possible causes
other thandiabetes)may also affect these
decisions (21).

Acute Kidney Injury
Acute kidney injury (AKI) is diagnosed
by a 50% or greater sustained increase in
serum creatinine over a short period of
time, which is also reflected as a rapid
decrease in eGFR (23,24). People with
diabetes are at higher risk of AKI than
those without diabetes (25). Other risk
factors for AKI include preexisting CKD,
the use of medications that cause kidney
injury(e.g.,nonsteroidalanti-inflammatory
drugs), and the use of medications that
alter renal blood flow and intrarenal

hemodynamics. In particular, many anti-
hypertensive medications (e.g., diuretics,
ACE inhibitors, and angiotensin receptor
blockers [ARBs]) can reduce intravascular
volume, renal blood flow, and/or glomer-
ular filtration. There was concern that
sodium–glucose cotransporter 2 (SGLT2)
inhibitors may promote AKI through vol-
ume depletion, particularly when com-
bined with diuretics or other medications
that reduce glomerular filtration; how-
ever, this has not been found to be true in
randomized clinical outcome trials of ad-
vanced kidney disease (26) or high car-
diovascular disease risk with normal
kidney function (27–29). Timely identifi-
cation and treatment of AKI is important
because AKI is associated with increased
risks of progressive CKD and other poor
health outcomes (30).
Small elevations in serum creatinine

(up to 30% from baseline) with renin-
angiotensin systemblockers (such as ACE
inhibitors and ARBs) must not be con-
fused with AKI (31). An analysis of the
Action to Control Cardiovascular Risk in
Diabetes Blood Pressure (ACCORD BP)
trial demonstrates that those random-
ized to intensive blood pressure lowering
with up to a 30% increase in serum
creatinine did not have any increase in
mortality or progressive kidney disease
(32–36). Moreover, a measure of markers
for AKI showed no significant increase of
any markers with increased creatinine (34).
Accordingly,ACE inhibitorsandARBsshould
not be discontinued for minor increases in
serum creatinine (,30%), in the absence of
volume depletion.

Surveillance
Albuminuria and eGFR should be mon-
itored regularly to enable timely diagno-
sis of CKD, monitor progression of CKD,
detect superimposed kidney diseases
including AKI, assess risk of CKD compli-
cations, dose drugs appropriately, and
determine whether nephrology referral
is needed. Among people with existing
kidney disease, albuminuria and eGFR
may change due to progression of CKD,
development of a separate superim-
posed cause of kidney disease, AKI,
or other effects of medications, as
noted above. Serum potassium should
also be monitored for patients treated
with ACE inhibitors, ARBs, and diuretics
because these medications can cause
hyperkalemia or hypokalemia, which
are associated with cardiovascular risk

and mortality (37–39). For patients with
eGFR,60 mL/min/1.73 m2, appropriate
medication dosing should be verified,
exposure to nephrotoxins (e.g., nonste-
roidal anti-inflammatory drugs and io-
dinated contrast) should be minimized,
and potential CKD complications should
be evaluated (Table 11.1).
The need for annual quantitative as-

sessment of albumin excretion after di-
agnosis of albuminuria, institution of ACE
inhibitors or ARB therapy, and achieve-
ment of blood pressure control is a sub-
ject of debate. Continued surveillance
can assess both response to therapy and
disease progression and may aid in as-
sessing adherence to ACE inhibitor or
ARB therapy. In addition, in clinical trials
of ACE inhibitors or ARB therapy in
type 2 diabetes, reducing albuminuria
from levels $300 mg/g Cr has been
associated with improved renal and car-
diovascular outcomes, leading some to
suggest that medications should be ti-
trated to minimize UACR. However, this
approach has not been formally evalu-
ated in prospective trials. In type 1 di-
abetes, remission of albuminuria may
occur spontaneously, and cohort studies
evaluating associations of change in al-
buminuria with clinical outcomes have
reported inconsistent results (40,41).
The prevalence of CKD complications

correlates with eGFR (42). When eGFR
is ,60 mL/min/1.73 m2, screening for
complications of CKD is indicated (Table
11.1). Early vaccination against hepatitis
B virus is indicated in patients likely to
progress to ESRD (see Section 4 “Com-
prehensive Medical Evaluation and As-
sessment of Comorbidities,” https://doi
.org/10.2337/dc21-S004, for further in-
formation on immunization).

Interventions

Nutrition

For people with nondialysis-dependent
CKD, dietary protein intake should be
;0.8 g/kg body weight per day (the
recommendeddaily allowance) (1). Com-
pared with higher levels of dietary pro-
tein intake, this level slowed GFR decline
with evidence of a greater effect over
time. Higher levels of dietary protein
intake (.20% of daily calories from pro-
tein or .1.3 g/kg/day) have been asso-
ciated with increased albuminuria, more
rapid kidney function loss, and CVDmor-
tality and therefore should be avoided.
Reducing the amount of dietary protein
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below the recommendeddaily allowance
of 0.8 g/kg/day is not recommended
because it does not alter glycemic mea-
sures, cardiovascular risk measures, or
the course of GFR decline (43).
Restriction of dietary sodium (to

,2,300mg/day)maybeuseful to control
blood pressure and reduce cardiovascu-
lar risk (44,45), and restriction of dietary
potassium may be necessary to control
serumpotassiumconcentration (25,37–39).
These interventionsmaybemost important
for patients with reduced eGFR, for whom
urinary excretion of sodium and potassium
may be impaired. For patients on dialysis,
higher levelsofdietaryprotein intakeshould
be considered, sincemalnutrition is amajor
problem in some dialysis patients (46).
Recommendations for dietary sodium
and potassium intake should be individ-
ualized on the basis of comorbid con-
ditions, medication use, blood pressure,
and laboratory data.

Glycemic Targets

Intensive glycemic control with the goal
of achieving near-normoglycemia has
been shown in large prospective ran-
domized studies to delay the onset

and progression of albuminuria and re-
duced eGFR in patients with type 1 di-
abetes (47,48) and type 2 diabetes
(1,49–55). Insulin alone was used to
lower blood glucose in the Diabetes
Control and Complications Trial (DCCT)/
Epidemiology of Diabetes Interventions
and Complications (EDIC) study of type 1
diabetes, while a variety of agents were
used in clinical trials of type 2 diabetes,
supporting the conclusion that glyce-
mic control itself helps prevent CKD and
its progression. The effects of glucose-
lowering therapies on CKD have helped
define A1C targets (see Table 6.2).
The presence of CKD affects the risks

and benefits of intensive glycemic con-
trol and a number of specific glucose-
lowering medications. In the Action to
Control Cardiovascular Risk in Diabetes
(ACCORD) trial of type 2 diabetes, ad-
verse effects of intensive glycemic con-
trol (hypoglycemia and mortality) were
increased among patients with kidney
disease at baseline (56,57). Moreover,
there is a lag time of at least 2 years in
type 2 diabetes to over 10 years in type
1 diabetes for the effects of intensive

glucose control to manifest as improved
eGFR outcomes (53,58,59). Therefore, in
some patients with prevalent CKD and
substantial comorbidity, target A1C lev-
els may be less intensive (1,60).

Direct Renal Effects of Glucose-Lowering

Medications

Some glucose-lowering medications also
haveeffects on the kidney that aredirect,
i.e., not mediated through glycemia. For
example, SGLT2 inhibitors reduce renal
tubular glucose reabsorption, weight, sys-
temic blood pressure, intraglomerular
pressure, and albuminuria and slow GFR
loss through mechanisms that appear in-
dependent of glycemia (28,61–64). More-
over, recent data support the notion that
SGLT2 inhibitors reduce oxidative stress in
the kidneyby.50%andblunt increases in
angiotensinogen as well as reduce NLRP3
inflammasomeactivity (65–67).Glucagon-
like peptide 1 receptor agonists (GLP-1
RAs) also have direct effects on the kidney
and have been reported to improve renal
outcomescomparedwithplacebo (68–71).
Renal effects should be considered when
selecting antihyperglycemia agents (see
Section 9 “Pharmacologic Approaches to

Figure 11.1—Risk of chronic kidney disease (CKD) progression, frequency of visits, and referral to nephrology according to glomerular filtration rate
(GFR) and albuminuria. The GFR and albuminuria grid depicts the risk of progression, morbidity, and mortality by color, from best to worst (green,
yellow, orange, red, dark red). The numbers in the boxes are a guide to the frequency of visits (number of times per year). Green can reflect CKD with
normaleGFRandalbumin-to-creatinine ratioonly in thepresenceofothermarkersof kidneydamage, suchas imaging showingpolycystic kidneydisease
or kidney biopsy abnormalities, with follow-up measurements annually; yellow requires caution and measurements at least once per year; orange
requires measurements twice per year; red requires measurements three times per year; and dark red requires measurements four times per year.
Thesearegeneral parametersonly, basedonexpertopinion, andunderlying comorbid conditionsanddisease stateaswell as the likelihoodof impacting
achange inmanagement forany individualpatientmustbe taken intoaccount.“Refer” indicates thatnephrology servicesare recommended.*Referring
clinicians may wish to discuss with their nephrology service, depending on local arrangements regarding treating or referring. Reprinted with
permission from Vassalotti et al. (22).
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Glycemic Treatment,” https://doi.org/10
.2337/dc21-S009).

Selection of Glucose-Lowering Medications

for Patients With Chronic Kidney Disease

For patients with type 2 diabetes and
established CKD, special considerations
for the selection of glucose-lowering
medications include limitations to avail-
able medications when eGFR is dimin-
ished and a desire to mitigate high risks of
CKDprogression, CVD, andhypoglycemia
(72,73). Drug dosing may require modifi-
cationwitheGFR,60mL/min/1.73m2 (1).
TheU.S. FoodandDrugAdministration

(FDA) revised its guidance for the use of
metformin in CKD in 2016 (74), recom-
mending use of eGFR instead of serum
creatinine to guide treatment and ex-
panding the pool of patients with kidney
disease for whom metformin treatment
should be considered. The revised FDA
guidance states thatmetformin is contra-
indicated in patients with an eGFR ,30
mL/min/1.73 m2; eGFR should be mon-
itored while taking metformin; the ben-
efits and risks of continuing treatment
should be reassessed when eGFR falls to
,45mL/min/1.73m2 (75,76);metformin
should not be initiated for patients with
an eGFR ,45 mL/min/1.73 m2; and
metformin should be temporarily discon-
tinued at the time of or before iodinated
contrast imaging procedures in patients
with eGFR 30–60 mL/min/1.73 m2.
Within these constraints, metformin
should be considered the first-line treat-
ment for all patients with type 2 diabetes,
including those with CKD.
SGLT2 inhibitors and GLP-1 RAs should

be considered for patients with type 2
diabetes and CKD who require another
drug added tometformin to attain target

A1Cor cannot use or toleratemetformin.
SGLT2 inhibitors reduce risks of CKD
progression, CVD events, and hypogly-
cemia. GLP-1 RAs are suggested because
they reduce risks of CVD events and
hypoglycemia and appear to possibly
slow CKD progression (77).
A number of large cardiovascular out-

comes trials in patients with type 2 di-
abetes at high risk for CVDorwith existing
CVD examined kidney effects as second-
ary outcomes. These trials include EMPA-
REG OUTCOME [BI 10773 (Empagliflozin)
Cardiovascular Outcome Event Trial in
Type 2 Diabetes Mellitus Patients], CAN-
VAS (Canagliflozin Cardiovascular Assess-
ment Study), LEADER (Liraglutide Effect
and Action in Diabetes: Evaluation of
Cardiovascular Outcome Results), and
SUSTAIN-6 (Trial to Evaluate Cardiovascu-
lar and Other Long-term Outcomes With
Semaglutide in Subjects With Type 2
Diabetes) (63,68,71,78). Specifically, com-
paredwithplacebo,empagliflozin reduced
the risk of incident or worsening nephrop-
athy (a composite of progression to
UACR .300 mg/g Cr, doubling of serum
creatinine, ESRD, or death from ESRD) by
39% and the risk of doubling of serum
creatinineaccompaniedbyeGFR#45mL/
min/1.73m2by44%;canagliflozin reduced
the risk of progression of albuminuria by
27% and the risk of reduction in eGFR,
ESRD, or death from ESRD by 40%; liraglu-
tide reduced the risk of new or worsening
nephropathy (a composite of persistent
macroalbuminuria, doubling of serumcre-
atinine, ESRD, or death from ESRD) by 22%;
and semaglutide reduced the risk of new
orworseningnephropathy (acompositeof
persistent UACR .300 mg/g Cr, doubling
of serum creatinine, or ESRD) by 36% (each
P , 0.01).

These analyses were limited by eval-
uation of study populations not selected
primarily for CKD and examination of
renal effects as secondary outcomes.
However, all of these trials included large
numbers of people with stage 3a (eGFR
45–59 mL/min/1.73 m2) kidney disease.
In addition, subgroup analyses of CAN-
VAS and LEADER suggested that the renal
benefits of canagliflozin and liraglutide
were as great or greater for participants
with CKD at baseline (29,70) and in CAN-
VAS were similar for participants with or
without atherosclerotic cardiovascular
disease (ASCVD) at baseline (79).
Several large clinical trials of SGLT2

inhibitors focused on patients with ad-
vanced CKD, and assessment of primary
renal outcomes are completed or ongo-
ing. Canagliflozin and Renal Events
in Diabetes with Established Nephrop-
athy Clinical Evaluation (CREDENCE), a
placebo-controlled trial of canagliflozin
among 4,401 adults with type 2 diabetes,
UACR $300 mg/g Cr, and mean eGFR
56 mL/min/1.73 m2 with a mean albu-
minuria level of over 900 mg/day, had a
primary composite end point of ESRD,
doubling of serum creatinine, or renal
or cardiovascular death (26,80). It was
stopped early due to positive efficacy and
showed a 32% risk reduction for devel-
opment of ESRD over control (26). Ad-
ditionally, thedevelopmentof theprimary
end point, which included chronic dialysis
for $30 days, kidney transplantation or
eGFR ,15 mL/min/1.73 m2 sustained
for $30 days by central laboratory as-
sessment, doubling from the baseline
serum creatinine average sustained for
$30 days by central laboratory assess-
ment, or renal death or cardiovascular
death, was reduced by 30%. This benefit
was on background ACE inhibitor or ARB
therapy in .99% of the patients (26).
Moreover, in this advanced CKD group,
there were clear benefits on cardiovas-
cular outcomes demonstrating a 31% re-
duction in cardiovascular death or heart
failure hospitalization and a 20% reduc-
tion in cardiovascular death, nonfatal
myocardial infarction, or nonfatal stroke
(26,81,82).
Inaddition to renal effects, someSGLT2

inhibitors and GLP-1 RAs have demon-
strated cardiovascular benefits. Namely,
inEMPA-REGOUTCOME,CANVAS, LEADER,
and SUSTAIN-6, empagliflozin, canagli-
flozin, liraglutide, and semaglutide,
respectively, each reduced cardiovascular

Table 11.1—Selected complications of chronic kidney disease

Complication Medical and laboratory evaluation

Elevated blood pressure .140/90 mmHg Blood pressure, weight

Volume overload History, physical examination, weight

Electrolyte abnormalities Serum electrolyte

Metabolic acidosis Serum electrolytes

Anemia Hemoglobin; iron testing if indicated

Metabolic bone disease Serum calcium, phosphate, PTH, vitamin 25(OH)D

Complications of chronic kidney disease (CKD) generally become prevalent when estimated
glomerular filtration rate falls below 60 mL/min/1.73 m2 (stage 3 CKD or greater) and become
more common and severe as CKD progresses. Evaluation of elevated blood pressure and volume
overload should occur at every clinical contact possible; laboratory evaluations are generally
indicated every 6–12 months for stage 3 CKD, every 3–5 months for stage 4 CKD, and every 1–
3 months for stage 5 CKD, or as indicated to evaluate symptoms or changes in therapy. PTH,
parathyroid hormone; 25(OH)D, 25-hydroxyvitamin D.
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events, evaluated as primary outcomes,
compared with placebo (see Section
10“CardiovascularDiseaseandRiskMan-
agement,”https://doi.org/10.2337/dc21-
S010 for further discussion). While the
glucose-lowering effects of SGLT2 inhib-
itors are blunted with eGFR ,45 mL/
min/1.73 m2, the renal and cardiovas-
cular benefits were still seen down to
eGFR levels of 30 mL/min/1.73 m2 with
no significant change in glucose (26,28,47,
49,56,60,71,78). Most participants with
CKD in these trials also had diagnosed
ASCVDatbaseline, though;28%of CANVAS
participants with CKD did not have di-
agnosed ASCVD (29).
Based on evidence from the CREDENCE

trial and secondary analyses of cardiovas-
cular outcomes trials with SGLT2 inhib-
itors, cardiovascular and renal events are
reduced with SGLT2 inhibitor use in pa-
tients down to an eGFR of 30 mL/min/
1.73m2, independentof glucose-lowering
effects (81,82).
While there is clear cardiovascular risk

reduction associated with GLP-1 RA use
in patients with type 2 diabetes and CKD,
theproofofbenefit on renaloutcomewill
come with the results of the ongoing
FLOW (A Research Study to See How
Semaglutide Works Compared with Pla-
cebo in PeopleWith Type 2 Diabetes and
Chronic Kidney Disease) trial with inject-
able semaglutide (83). As noted above,
publisheddata address a limited groupof
CKD patients, mostly with coexisting
ASCVD. Renal events have been exam-
ined, however, as both primary and sec-
ondaryoutcomes inpublished large trials.
Also, adverse event profiles of these
agents must be considered. Please refer
to Table 9.1 for drug-specific factors,
including adverse event information,
for these agents. Additional clinical trials
focusing on CKD and cardiovascular out-
comes in CKD patients are ongoing and
will be reported in the next few years.
For patients with type 2 diabetes and

CKD, the selection of specific agents may
depend on comorbidity and CKD stage.
SGLT2 inhibitors may be more useful for
patients at high risk of CKD progression
(i.e., with albuminuria or a history of
documented eGFR loss) (Fig. 9.1) be-
cause they appear to have large bene-
ficial effects onCKD incidence. The SGLT2
inhibitors empagliflozin and dapagliflo-
zin are approved by the FDA for use with
eGFR$45 mL/min/1.73 m2 (though piv-
otal trials for each included participants

with eGFR $30 mL/min/1.73 m2 and
demonstrated benefit in subgroups
with low eGFR) (28,29,84). Canagliflozin
was recently approved to be started
down to eGFR levels of 30 mL/min/
1.73 m2. Some GLP-1 RAs may be used
with lower eGFR, but most require dose
adjustment.

Cardiovascular Disease and Blood Pressure

Hypertension is a strong risk factor for
the development and progression of CKD
(85). Antihypertensive therapy reduces
the risk of albuminuria (86–89), and
among patients with type 1 or 2 diabetes
with established CKD (eGFR ,60 mL/
min/1.73 m2 and UACR $300 mg/g Cr),
ACE inhibitor or ARB therapy reduces the
risk of progression to ESRD (90–92).
Moreover, antihypertensive therapy re-
duces risks of cardiovascular events (86).
Blood pressure levels,140/90mmHg

are generally recommended to reduce
CVD mortality and slow CKD progression
amongallpeoplewithdiabetes(89).Lower
blood pressure targets (e.g., ,130/80
mmHg) should be considered for patients
based on individual anticipated benefits
and risks. Patients with CKD are at in-
creased risk of CKD progression (particu-
larly thosewith albuminuria) and CVD and
therefore may be suitable in some cases
for lower blood pressure targets, espe-
cially in those with $300 mg/g Cr
albuminuria.
ACE inhibitors or ARBs are the pre-

ferred first-line agent for blood pressure
treatment amongpatientswith diabetes,
hypertension, eGFR,60mL/min/1.73m2,
and UACR$300mg/g Cr because of their
proven benefits for prevention of CKD
progression (90–93). In general, ACE in-
hibitors and ARBs are considered to have
similar benefits (94,95) and risks. In the
setting of lower levels of albuminuria (30–
299 mg/g Cr), ACE inhibitor or ARB therapy
has been demonstrated to reduce pro-
gression to more advanced albuminuria
($300 mg/g Cr) and cardiovascular
events but not progression to ESRD
(93,96). While ACE inhibitors or ARBs
are oftenprescribed for high albuminuria
without hypertension, outcome trials
have not been performed in this setting
to determine whether this improves re-
nal outcomes. Moreover, two long-term,
double-blind studies demonstrate no
renoprotective effect of either ACE in-
hibitors or ARBs in type 1 and type
2 diabetes among those who were

normotensive with or without high al-
buminuria (formerly microalbuminuria)
(97,98).
Absent kidney disease, ACE inhibitors

or ARBs are useful to control blood
pressure but have not proven superior
to alternative classes of antihypertensive
therapy, including thiazide-like diuretics
and dihydropyridine calcium channel
blockers (99). In a trial of people with
type 2 diabetes and normal urine albu-
min excretion, an ARB reduced or sup-
pressed the development of albuminuria
but increased the rate of cardiovascular
events (100). In a trial of people with
type 1 diabetes exhibiting neither albu-
minuria nor hypertension, ACE inhibitors
orARBsdidnot prevent thedevelopment
of diabetic glomerulopathy assessed by
kidney biopsy (97). This was further
supported by a similar trial in patients
with type 2 diabetes (98). Therefore, ACE
inhibitors or ARBs are not recommended
for patients without hypertension to pre-
vent the development of CKD.
Two clinical trials studied the combi-

nations of ACE inhibitors and ARBs and
foundnobenefits onCVDor CKD, and the
drug combination had higher adverse
event rates (hyperkalemia and/or AKI)
(101,102). Therefore, the combined use
of ACE inhibitors and ARBs should be
avoided.
Mineralocorticoid receptor antago-

nists (spironolactone, eplerenone, and
finerenone) in combination with ACE in-
hibitors or ARBs remain an area of great
interest. Mineralocorticoid receptor an-
tagonists are effective formanagement of
resistant hypertension, have been shown
to reduce albuminuria in short-term stud-
ies of CKD, and may have additional
cardiovascular benefits (103–105). There
has been, however, an increase in hyper-
kalemicepisodes in thoseondual therapy,
and larger, longer trials with clinical out-
comes are needed before recommending
such therapy.

Referral to a Nephrologist

Consider referral to a physician experi-
enced in the care of kidney disease when
there is uncertainty about the etiology
of kidney disease, for difficult manage-
ment issues (anemia, secondary hyper-
parathyroidism, metabolic bone disease,
resistant hypertension, or electrolyte
disturbances), or when there is advanced
kidney disease (eGFR ,30 mL/min/
1.73 m2) requiring discussion of renal
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replacement therapy for ESRD (2). The
threshold for referral may vary depend-
ing on the frequency with which a pro-
vider encounters patients with diabetes
and kidney disease. Consultation with a
nephrologist when stage 4 CKD develops
(eGFR ,30 mL/min/1.73 m2) has been
found to reduce cost, improve quality of
care, and delay dialysis (106). However,
other specialists and providers should
also educate their patients about the
progressive nature of CKD, the kidney
preservation benefits of proactive treat-
ment of blood pressure and blood glu-
cose, and the potential need for renal
replacement therapy.

DIABETIC RETINOPATHY

Recommendations

11.12 Optimize glycemic control to
reduce the risk or slow the
progression of diabetic reti-
nopathy. A

11.13 Optimize blood pressure and
serum lipid control to reduce
the risk or slow the progression
of diabetic retinopathy. A

Diabetic retinopathy is a highly specific
vascular complication of both type 1 and
type 2 diabetes, with prevalence strongly
related to both the duration of diabetes
and the level of glycemic control (107).
Diabetic retinopathy is themost frequent
cause of new cases of blindness among
adults aged 20–74 years in developed
countries. Glaucoma, cataracts, and other
disorders of the eye occur earlier and
more frequently in people with diabetes.
In addition to diabetes duration, fac-

tors that increase the risk of, or are
associated with, retinopathy include
chronic hyperglycemia (108), nephropa-
thy (109), hypertension (110), and dysli-
pidemia (111). Intensive diabetes
management with the goal of achieving
near-normoglycemia has been shown in
large prospective randomized studies to
prevent and/or delay the onset and pro-
gression of diabetic retinopathy and po-
tentially improve patient reported visual
function (50,112–114).
Several case series and a controlled

prospective study suggest that preg-
nancy in patients with type 1 diabetes
may aggravate retinopathy and threaten
vision, especially when glycemic control is
poor at the time of conception (115,116).

Laser photocoagulation surgery can min-
imize the risk of vision loss (116). How-
ever, intervention is not appropriate
during pregnancy. This problem often
resolves after pregnancy and so does
not require treatment.

Screening

Recommendations

11.14 Adults with type 1 diabetes
should have an initial dilated
and comprehensive eye exam-
ination by an ophthalmologist
or optometrist within 5 years
after the onset of diabetes. B

11.15 Patients with type 2 diabetes
should have an initial dilated
and comprehensive eye exam-
ination by an ophthalmologist
or optometrist at the time of
the diabetes diagnosis. B

11.16 If there is no evidence of ret-
inopathy for one or more an-
nual eye exams and glycemia is
well controlled, then screening
every 1–2 years may be con-
sidered. If any level of diabetic
retinopathyispresent,subsequent
dilated retinal examinations
should be repeated at least
annually by an ophthalmologist
or optometrist. If retinopathy is
progressing or sight-threaten-
ing, then examinations will be
required more frequently. B

11.17 Programs that use retinal pho-
tography (with remote reading
or use of a validated assess-
ment tool) to improve access
to diabetic retinopathy screen-
ing can be appropriate screen-
ing strategies for diabetic
retinopathy. Such programs
need to provide pathways for
timely referral for a compre-
hensive eye examination when
indicated. B

11.18 Women with preexisting type
1 or type 2 diabetes who are
planning pregnancy or who are
pregnant should be counseled
on the risk of development
and/or progression of diabetic
retinopathy. B

11.19 Eye examinations should oc-
cur before pregnancy or in the
first trimester in patients with
preexisting type 1 or type 2
diabetes, and then patients

should be monitored every tri-
mester and for 1 year post-
partum as indicated by the
degree of retinopathy. B

The preventive effects of therapy and the
fact that patients with proliferative di-
abetic retinopathy (PDR) or macular
edema may be asymptomatic provide
strong support for screening to detect
diabetic retinopathy.
Diabetic retinopathy screening should

be performed using validated approaches
and methodologies. Youth with type 1
or type 2 diabetes are also at risk for
complications and need to be screened
for diabetic retinopathy (117). If dia-
betic retinopathy is evident on screening,
prompt referral to an ophthalmologist
is recommended. Subsequent examina-
tions for patients with type 1 or type 2
diabetes are generally repeated annually
for patients with minimal to no retinop-
athy. Exams every 1–2 years may be cost-
effective after one or more normal eye
exams, and in a population with well con-
trolledtype2diabetes, therewasessentially
no risk of development of significant reti-
nopathywitha3-year intervalafteranormal
examination (118). Less frequent intervals
havebeen found in simulatedmodeling to
be potentially effective in screening for
diabetic retinopathy in patients without
diabetic retinopathy (119). More frequent
examinationsbytheophthalmologistwillbe
required if retinopathy is progressing.
Retinal photography with remote

reading by experts has great potential
to provide screening services in areas
where qualified eye care professionals
are not readily available (112,113). High-
quality fundus photographs can detect
most clinically significant diabetic reti-
nopathy. Interpretation of the images
should be performed by a trained eye
care provider. Retinal photography may
also enhance efficiency and reduce costs
when the expertise of ophthalmologists
can be used for more complex examina-
tions and for therapy (120,121). In-person
exams are still necessary when the retinal
photos are of unacceptable quality and for
follow-up if abnormalities are detected.
Retinal photos are not a substitute for
comprehensive eye exams, which should
be performed at least initially and at
intervals thereafter as recommended
by an eye care professional. Artificial in-
telligence systems that detect more than
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mild diabetic retinopathy and diabetic
macular edema authorized for use by
the FDA represent an alternative to tra-
ditional screening approaches (122). How-
ever, the benefits and optimal utilization
of this type of screening have yet to be
fully determined. Artificial intelligence
systems should not be used for patients
with known retinopathy, prior retinopa-
thy treatment, or symptoms of vision
impairment. Results of eye examinations
should be documented and transmitted
to the referring health care professional.

Type 1 Diabetes

Because retinopathy is estimated to take at
least 5 years to develop after the onset of
hyperglycemia, patients with type 1 diabe-
tes should have an initial dilated and com-
prehensive eye examination within 5 years
after the diagnosis of diabetes (123).

Type 2 Diabetes

Patients with type 2 diabetes who may
have had years of undiagnosed diabetes
and have a significant risk of prevalent
diabetic retinopathy at the time of di-
agnosis should have an initial dilated and
comprehensive eye examination at the
time of diagnosis.

Pregnancy

Pregnancy is associated with a rapid pro-
gression of diabetic retinopathy (124,125).
Women with preexisting type 1 or type 2
diabetes who are planning pregnancy or
who have become pregnant should be
counseled on the risk of development and/
or progression of diabetic retinopathy.
In addition, rapid implementation of
intensive glycemic management in
the setting of retinopathy is associated
with early worsening of retinopathy
(116). Women who develop gestational
diabetes mellitus do not require eye
examinations during pregnancy and do
not appear to be at increased risk of
developing diabetic retinopathy during
pregnancy (126).

Treatment

Recommendations

11.20 Promptly refer patients with
any level of macular edema,
severenonproliferativediabetic
retinopathy (a precursor of pro-
liferative diabetic retinopathy),
or any proliferative diabetic ret-
inopathy to an ophthalmolo-
gist who is knowledgeable and

experienced in themanagement
of diabetic retinopathy. A

11.21 The traditional standard treat-
ment, panretinal laser photoco-
agulation therapy, is indicated
to reduce the risk of vision loss
in patients with high-risk prolif-
erative diabetic retinopathy and,
in some cases, severe nonproli-
ferative diabetic retinopathy. A

11.22 Intravitreous injections of anti–
vascular endothelial growth
factor are not inferior to tradi-
tional panretinal laser photoco-
agulationandarealso indicated
to reduce the risk of vision loss
in patients with proliferative
diabetic retinopathy. A

11.23 Intravitreous injections of anti–
vascular endothelial growth fac-
tor are indicated for central
involveddiabeticmacularedema,
which occurs beneath the foveal
center andmay threaten reading
vision. A

11.24 The presence of retinopathy is
not a contraindication to aspi-
rin therapy for cardioprotection,
as aspirin does not increase the
risk of retinal hemorrhage. A

Two of the main motivations for screen-
ing for diabetic retinopathy are to pre-
vent loss of vision and to intervene with
treatment when vision loss can be pre-
vented or reversed.

Photocoagulation Surgery

Two large trials, theDiabetic Retinopathy
Study (DRS) in patients with PDR and the
Early Treatment Diabetic Retinopathy
Study (ETDRS) in patients with macular
edema, provide the strongest support for
the therapeutic benefits of photocoag-
ulation surgery. The DRS (127) showed in
1978 that panretinal photocoagulation
surgery reduced the risk of severe vision
loss from PDR from 15.9% in untreated
eyes to 6.4% in treated eyes with the
greatest benefit ratio in those with more
advanced baseline disease (disc neovas-
cularization or vitreous hemorrhage). In
1985, the ETDRS also verified the ben-
efits of panretinal photocoagulation
for high-risk PDR and in older-onset
patients with severe nonproliferative
diabetic retinopathy or less-than-
high-risk PDR. Panretinal laser photo-
coagulation is still commonly used to

managecomplicationsofdiabetic retinop-
athy that involve retinal neovasculariza-
tion and its complications.

Anti–Vascular Endothelial Growth Factor

Treatment

Recent data from the Diabetic Retinop-
athy Clinical Research Network and
others demonstrate that intravitreal
injections of anti–vascular endothelial
growth factor (anti-VEGF) agent, specif-
ically ranibizumab, resulted in visual acu-
ity outcomes that were not inferior to
those observed in patients treated with
panretinal laser at 2 years of follow-up
(128). In addition, it was observed that
patients treated with ranibizumab tended
to have less peripheral visual field loss,
fewer vitrectomy surgeries for secondary
complications from their proliferative
disease, and a lower risk of developing
diabetic macular edema. However, a
potential drawback in using anti-VEGF
therapy to manage proliferative disease
is that patients were required to have a
greater number of visits and received a
greater number of treatments than is
typically required for management with
panretinal laser, whichmay not be optimal
for some patients. Other emerging thera-
pies for retinopathy that may use sustained
intravitreal delivery of pharmacologic
agents are currently under investigation.
The FDA approved ranibizumab for the
treatmentofdiabetic retinopathy in2017.
While the ETDRS (129) established the

benefit of focal laser photocoagulation
surgery in eyes with clinically significant
macularedema (definedas retinal edema
located at or within 500mmof the center
of the macula), current data from well-
designed clinical trials demonstrate that
intravitreal anti-VEGF agents provide a
more effective treatment regimen for
central-involved diabetic macular edema
than monotherapy or even combination
therapy with a laser (130,131). There are
currently three anti-VEGF agents com-
monly used to treat eyes with central-
involved diabetic macular edemad
bevacizumab, ranibizumab, and afliber-
cept (107).
In both the DRS and the ETDRS, laser

photocoagulation surgery was beneficial
in reducing the riskof furthervisual loss in
affected patients but generally not bene-
ficial in reversing already diminished acu-
ity. Anti-VEGF therapy improves visionand
has replaced the need for laser photoco-
agulation in the vast majority of patients
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with diabetic macular edema (132). Most
patients require near-monthly adminis-
tration of intravitreal therapy with anti-
VEGF agents during the first 12months of
treatment,with fewer injectionsneeded in
subsequent years to maintain remission
from central-involved diabetic macular
edema.

Adjunctive Therapy

Loweringbloodpressurehasbeen shown
to decrease retinopathy progression, al-
though tight targets (systolic blood pres-
sure,120mmHg) donot impart additional
benefit (113). ACE inhibitors and ARBs are
both effective treatments in diabetic reti-
nopathy(133). Inpatientswithdyslipidemia,
retinopathy progression may be slowed by
theadditionof fenofibrate, particularlywith
very mild nonproliferative diabetic retinop-
athy at baseline (111,134).

NEUROPATHY

Screening

Recommendations

11.25 All patients should be assessed
for diabetic peripheral neuropa-
thy starting at diagnosis of type2
diabetes and 5 years after the
diagnosis of type 1 diabetes and
at least annually thereafter. B

11.26 Assessment for distal symmetric
polyneuropathy should include a
carefulhistoryandassessmentof
either temperature or pinprick
sensation (small fiber function)
and vibration sensation using a
128-Hz tuning fork (for large-
fiber function). All patients
should have annual 10-g mono-
filament testing to identify
feet at risk for ulceration and
amputation. B

11.27 Symptoms and signs of auto-
nomic neuropathy should be
assessed in patients with mi-
crovascular complications. E

The diabetic neuropathies are a hetero-
geneous group of disorders with diverse
clinical manifestations. The early recog-
nition and appropriate management of
neuropathy in the patient with diabetes
is important.

1. Diabetic neuropathy is a diagnosis of
exclusion. Nondiabetic neuropathies
may be present in patients with di-
abetes and may be treatable.

2. Up to 50% of diabetic peripheral
neuropathy may be a symptomatic. If
not recognized and if preventive foot
care isnot implemented,patientsareat
risk for injuries to their insensate feet.

3. Recognition and treatment of auto-
nomic neuropathy may improve symp-
toms, reduce sequelae, and improve
quality of life.

Specific treatment for the underlying
nerve damage, other than improved
glycemic control, is currently not avail-
able. Glycemic control can effectively
prevent diabetic peripheral neuropathy
(DPN) and cardiac autonomic neuropa-
thy (CAN) in type 1 diabetes (135,136)
andmaymodestly slow their progression
in type 2 diabetes (52), but it does not
reverse neuronal loss. Therapeutic strat-
egies (pharmacologic and nonpharmaco-
logic) for the relief of painful DPN and
symptoms of autonomic neuropathy can
potentially reduce pain (137) and im-
prove quality of life.

Diagnosis

Diabetic Peripheral Neuropathy

Patients with type 1 diabetes for 5 or
more years and all patients with type 2
diabetes should be assessed annually for
DPNusing themedical history and simple
clinical tests (137). Symptoms vary ac-
cording to the class of sensory fibers
involved. The most common early symp-
toms are induced by the involvement of
small fibers and include pain and dyses-
thesia (unpleasant sensations of burning
and tingling). The involvement of large
fibers may cause numbness and loss of
protective sensation (LOPS). LOPS indi-
cates the presence of distal sensorimotor
polyneuropathy and is a risk factor for
diabetic foot ulceration. The following
clinical tests may be used to assess small-
and large-fiber function and protective
sensation:

1. Small-fiber function: pinprick and
temperature sensation

2. Large-fiber function: vibration per-
ception and 10-g monofilament

3. Protective sensation: 10-gmonofilament

These tests not only screen for the
presence of dysfunction but also predict
future risk of complications. Electrophys-
iological testing or referral to a neurologist
is rarely needed, except in situations

where the clinical features are atypical or
the diagnosis is unclear.
In all patients with diabetes and DPN,

causes of neuropathy other than diabetes
shouldbeconsidered, including toxins (e.g.,
alcohol), neurotoxic medications (e.g., che-
motherapy), vitamin B12 deficiency, hypo-
thyroidism, renal disease, malignancies
(e.g., multiple myeloma, bronchogenic car-
cinoma), infections (e.g., HIV), chronic in-
flammatory demyelinating neuropathy,
inherited neuropathies, and vasculitis
(138). See the American Diabetes Asso-
ciation (ADA) position statement “Dia-
beticNeuropathy” formoredetails (137).

Diabetic Autonomic Neuropathy

The symptoms and signs of autonomic
neuropathy should be elicited care-
fully during the history and physical
examination. Major clinical manifesta-
tions of diabetic autonomic neuropathy
include hypoglycemia unawareness, rest-
ing tachycardia, orthostatic hypotension,
gastroparesis, constipation, diarrhea,
fecal incontinence, erectile dysfunction,
neurogenic bladder, and sudomotor dys-
function with either increased or de-
creased sweating.

Cardiac Autonomic Neuropathy. CAN is
associated with mortality independently of
other cardiovascular risk factors (139,140).
In its early stages, CAN may be completely
asymptomatic and detected only by de-
creased heart rate variability with deep
breathing. Advanced disease may be asso-
ciatedwith resting tachycardia (.100bpm)
andorthostatichypotension(a fall insystolic
or diastolic blood pressure by .20 mmHg
or.10mmHg, respectively, upon standing
without an appropriate increase in heart
rate).CANtreatment isgenerally focusedon
alleviating symptoms.

Gastrointestinal Neuropathies. Gastroin-
testinal neuropathies may involve any
portion of the gastrointestinal tract
with manifestations including esophageal
dysmotility, gastroparesis, constipation,
diarrhea, and fecal incontinence. Gastro-
paresis should be suspected in individ-
uals with erratic glycemic control or with
upper gastrointestinal symptoms with-
out another identified cause. Exclusion of
organic causes of gastric outlet obstruc-
tion or peptic ulcer disease (with eso-
phagogastroduodenoscopy or a barium
study of the stomach) is needed before
considering a diagnosis of or specialized
testing for gastroparesis. The diagnostic
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gold standard for gastroparesis is the
measurement of gastric emptying with
scintigraphy of digestible solids at 15-min
intervals for 4h after food intake. Theuse
of 13C octanoic acid breath test is emerg-
ing as a viable alternative.

GenitourinaryDisturbances.Diabetic auto-
nomic neuropathy may also cause gen-
itourinary disturbances, including sexual
dysfunction and bladder dysfunction. In
men, diabetic autonomic neuropathy
may cause erectile dysfunction and/or
retrograde ejaculation (137). Female sex-
ual dysfunction occurs more frequently
in those with diabetes and presents
as decreased sexual desire, increased
pain during intercourse, decreased sex-
ual arousal, and inadequate lubrication
(141). Lower urinary tract symptoms
manifest as urinary incontinence and
bladder dysfunction (nocturia, frequent
urination, urination urgency, and weak
urinary stream). Evaluation of bladder
function should be performed for indi-
vidualswithdiabeteswhohave recurrent
urinary tract infections, pyelonephritis,
incontinence, or a palpable bladder.

Treatment

Recommendations

11.28 Optimize glucose control to pre-
vent or delay the development
of neuropathy in patients with
type 1 diabetes A and to slow
theprogression of neuropathy in
patients with type 2 diabetes. B

11.29 Assessandtreatpatientstoreduce
pain related to diabetic peripheral
neuropathy B and symptoms of
autonomic neuropathy and to im-
prove quality of life. E

11.30 Pregabalin, duloxetine, or ga-
bapentin are recommended
as initial pharmacologic treat-
ments for neuropathic pain in
diabetes. A

Glycemic Control

Near-normal glycemic control, imple-
mented early in the course of diabetes,
has been shown to effectively delay or
prevent the development of DPN and
CAN in patients with type 1 diabetes
(142–145). Although the evidence for
the benefit of near-normal glycemic con-
trol is not as strong for type 2 diabetes,
some studies have demonstrated amod-
est slowing of progression without re-
versal of neuronal loss (52,146). Specific
glucose-lowering strategies may have

different effects. In a post hoc analysis,
participants, particularly men, in the
Bypass Angioplasty Revascularization In-
vestigation in Type 2 Diabetes (BARI 2D)
trial treated with insulin sensitizers
had a lower incidence of distal symmet-
ric polyneuropathy over 4 years than
those treated with insulin/sulfonylurea
(147).

Neuropathic Pain

Neuropathic pain can be severe and can
impact quality of life, limit mobility, and
contribute to depression and social dys-
function (148). No compelling evidence
exists in support of glycemic control or
lifestyle management as therapies for
neuropathic pain in diabetes or predia-
betes, which leaves only pharmaceutical
interventions (149).
Pregabalin and duloxetine have re-

ceived regulatory approval by the FDA,
Health Canada, and the European Med-
icines Agency for the treatment of neu-
ropathic pain in diabetes. The opioid
tapentadol has regulatory approval in
the U.S. and Canada, but the evidence
of its use is weaker (150). Comparative
effectiveness studies and trials that include
quality-of-life outcomes are rare, so treat-
ment decisions must consider each pa-
tient’s presentation and comorbidities and
often follow a trial-and-error approach.
Given the range of partially effective treat-
ment options, a tailored and stepwise
pharmacologic strategy with careful atten-
tion to relative symptom improvement,
medication adherence, and medication
side effects is recommended to achieve
pain reduction and improve quality of life
(151–153).
Pregabalin, a calcium channel a2-d

subunit ligand, is the most extensively
studied drug for DPN. The majority of
studies testing pregabalin have reported
favorable effects on the proportion of
participants with at least 30–50% im-
provement in pain (150,152,154–157).
However, not all trials with pregabalin
have been positive (150,152,158,159),
especially when treating patients with
advanced refractory DPN (156). Adverse
effects may be more severe in older
patients (160) and may be attenuated
by lower starting doses andmore gradual
titration. The related drug, gabapentin,
has also shownefficacy for pain control in
diabetic neuropathy and may be less
expensive, although it is not FDA ap-
proved for this indication (161).

Duloxetine is a selective norepineph-
rine and serotonin reuptake inhibitor.
Doses of 60 and 120 mg/day showed
efficacy in the treatment of pain associ-
ated with DPN in multicenter random-
ized trials, although some of these had
high drop-out rates (150,152,157,159).
Duloxetine also appeared to improve
neuropathy-related quality of life (162).
In longer-term studies, a small increase in
A1Cwas reported in people with diabetes
treated with duloxetine compared with
placebo (163). Adverse events may be
more severe in older people but may be
attenuated with lower doses and slower
titration of duloxetine.
Tapentadol is a centrally acting opioid

analgesic that exerts its analgesic effects
through bothm-opioid receptor agonism
and noradrenaline reuptake inhibition.
Extended-release tapentadol was ap-
proved by the FDA for the treatment
of neuropathic pain associated with di-
abetes based on data from two multi-
center clinical trials in which participants
titrated to an optimal dose of tapentadol
were randomly assigned to continue that
dose or switch to placebo (164,165).
However, both used a design enriched
for patients who responded to tapenta-
dol and therefore their results are not
generalizable. A recent systematic review
and meta-analysis by the Special Interest
Group on Neuropathic Pain of the Inter-
national Association for the Study of Pain
found the evidence supporting the ef-
fectiveness of tapentadol in reducing neu-
ropathic pain to be inconclusive (150).
Therefore, given the high risk for addiction
and safety concerns compared with the
relativelymodestpainreduction, theuseof
extended-release tapentadol is not gener-
ally recommended as a first-or second-line
therapy. The use of any opioids for man-
agement of chronic neuropathic pain car-
ries the risk of addiction and should be
avoided.
Tricyclic antidepressants, venlafaxine,

carbamazepine, and topical capsaicin,
although not approved for the treat-
ment of painful DPN, may be effective
and considered for the treatment of
painful DPN (137,150,152).

Orthostatic Hypotension

Treating orthostatic hypotension is chal-
lenging. The therapeutic goal is to mini-
mize postural symptoms rather than to
restore normotension. Most patients re-
quire both nonpharmacologic measures
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(e.g., ensuring adequate salt intake, avoid-
ing medications that aggravate hypoten-
sion, or using compressive garments over
the legs and abdomen) and pharmacologic
measures. Physical activity and exercise
should be encouraged to avoid decondi-
tioning, which is known to exacerbate
orthostatic intolerance, and volume re-
pletionwith fluids and salt is critical. There
have been clinical studies that assessed the
impact of an approach incorporating the
aforementionednonpharmacologicmeas-
ures. Additionally, supine blood pressure
tends to bemuch higher in these patients,
often requiring treatment of blood pres-
sure at bedtime with shorter-acting
drugs that also affect baroreceptor ac-
tivity such as guanfacine or clonidine,
shorter-acting calcium blockers (e.g., isra-
dipine), or shorter-acting b-blockers such
as atenolol or metoprolol tartrate. Alter-
natives can include enalapril if patients
are unable to tolerate preferred agents
(166–168). Midodrine and droxidopa
are approved by the FDA for the treat-
ment of orthostatic hypotension.

Gastroparesis

Treatment for diabetic gastroparesis
may be very challenging. A low-fiber,
low-fat eating plan provided in small
frequent meals with a greater propor-
tion of liquid calories may be useful
(169–171). In addition, foods with small
particle size may improve key symp-
toms (172). Withdrawing drugs with
adverse effects on gastrointestinal mo-
tility, includingopioids, anticholinergics,
tricyclic antidepressants, GLP-1 RAs,
pramlintide, and possibly dipeptidyl pep-
tidase 4 inhibitors, may also improve
intestinal motility (169,173). In cases of
severe gastroparesis, pharmacologic in-
terventions are needed. Only metoclopra-
mide, a prokinetic agent, is approved by
the FDA for the treatment of gastropa-
resis. However, the level of evidence re-
garding the benefits of metoclopramide
for the management of gastroparesis is
weak, and given the risk for serious
adverse effects (extrapyramidal signs
such as acute dystonic reactions, drug-
induced parkinsonism, akathisia, and tar-
dive dyskinesia), its use in the treatment
of gastroparesis beyond 12 weeks is
no longer recommended by the FDA
or the European Medicines Agency. It
should be reserved for severe cases that
are unresponsive to other therapies
(173). Other treatment options include

domperidone (available outside of the
U.S.) and erythromycin, which is only
effective for short-term use due to
tachyphylaxis (174,175). Gastric electri-
cal stimulation using a surgically im-
plantable device has received approval
from the FDA, although its efficacy is
variable and use is limited to patients
with severe symptoms that are refrac-
tory to other treatments (176).

Erectile Dysfunction

In addition to treatment of hypogonad-
ism if present, treatments for erectile
dysfunction may include phosphodies-
terase type5 inhibitors, intracorporeal or
intraurethral prostaglandins, vacuumde-
vices, or penile prostheses. As with DPN
treatments, these interventions do not
change the underlying pathology and nat-
ural history of thediseaseprocess butmay
improve the patient’s quality of life.

FOOT CARE

Recommendations

11.31 Perform a comprehensive foot
evaluation at least annually to
identify risk factors for ulcers
and amputations. B

11.32 Patients with evidence of sen-
sory loss or prior ulceration or
amputation should have their
feet inspected at every visit. B

11.33 Obtain a prior history of ulcer-
ation, amputation, Charcot
foot, angioplasty or vascular
surgery, cigarette smoking, ret-
inopathy, and renal disease and
assess current symptoms of
neuropathy (pain, burning,
numbness)andvasculardisease
(leg fatigue, claudication). B

11.34 The examination should include
inspectionof theskin,assessment
of foot deformities, neurological
assessment (10-g monofila-
ment testing with at least one
other assessment: pinprick, tem-
perature, vibration), andvascular
assessment including pulses in
the legs and feet. B

11.35 Patients with symptoms of
claudication or decreased or
absent pedal pulses should
be referred for ankle-brachial
index and for further vascular
assessment as appropriate. C

11.36 Amultidisciplinary approach is
recommended for individuals

with foot ulcers and high-risk
feet (e.g., dialysis patients and
those with Charcot foot or
prior ulcers or amputation). B

11.37 Refer patients who smoke or
who have histories of prior
lower-extremity complications,
loss of protective sensation,
structural abnormalities, or pe-
ripheral arterial disease to foot
care specialists for ongoing
preventive care and lifelong
surveillance. C

11.38 Provide general preventive
foot self-care education to
all patients with diabetes. B

11.39 The use of specialized thera-
peutic footwear is recommen-
ded for high-risk patients with
diabetes including those with
severe neuropathy, foot de-
formities, ulcers, callous forma-
tion, poorperipheral circulation,
or history of amputation. B

Foot ulcers and amputation, which are
consequences of diabetic neuropathy
and/or peripheral arterial disease (PAD),
are common and represent major causes
of morbidity and mortality in people with
diabetes.
Early recognition and treatment of

patients with diabetes and feet at risk
for ulcers and amputations can delay or
prevent adverse outcomes.
The risk of ulcers or amputations is

increased in people who have the fol-
lowing risk factors:

c Poor glycemic control
c Peripheral neuropathy with LOPS
c Cigarette smoking
c Foot deformities
c Preulcerative callus or corn
c PAD
c History of foot ulcer
c Amputation
c Visual impairment
c CKD (especially patients on dialysis)

Moreover, there is good-quality evi-
dence to support use of appropriate ther-
apeutic footwear with demonstrated
pressure relief that is worn by the patient
to prevent plantar foot ulcer recurrenceor
worsening. However, there is very little
evidence for the use of interventions to
prevent a first foot ulcer or heal ischemic,
infected, nonplantar, or proximal foot
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ulcers (177). Studies on specific types of
footwear demonstrated that shape and
barefoot plantar pressure–based orthoses
were more effective in reducing subme-
tatarsal head plantar ulcer recurrence than
current standard-of-care orthoses (178).
Clinicians are encouraged to review

ADA screening recommendations for fur-
ther details and practical descriptions of
how to perform components of the
comprehensive foot examination (179).

Evaluation for Loss of Protective
Sensation
All adults with diabetes should undergo a
comprehensive foot evaluation at least
annually. Detailed foot assessments may
occur more frequently in patients with
histories of ulcers or amputations, foot
deformities, insensate feet, and PAD
(180,181). Toassess risk, clinicians should
ask about history of foot ulcers or am-
putation, neuropathic and peripheral
vascular symptoms, impaired vision, re-
nal disease, tobacco use, and foot care
practices. A general inspection of skin
integrity and musculoskeletal deform-
ities should be performed. Vascular as-
sessment should include inspection and
palpation of pedal pulses.
The neurological exam performed as

part of the foot examination is designed
to identify LOPS rather than early neu-
ropathy. The 10-g monofilament is the
most useful test to diagnose LOPS. Ide-
ally, the 10-g monofilament test should
be performed with at least one other
assessment (pinprick, temperature or
vibration sensation using a 128-Hz tuning
fork, or ankle reflexes). Absent mono-
filament sensation suggests LOPS, while
at least two normal tests (and no abnor-
mal test) rules out LOPS.

Evaluation for Peripheral Arterial
Disease
Initial screening for PAD should include a
history of decreased walking speed, leg
fatigue, claudication, and an assessment
of the pedal pulses. Ankle-brachial index
testing should be performed in patients
with symptoms or signs of PAD. Addi-
tionally, at least oneof the following tests
in a patient with a diabetic foot ulcer and
PAD should be performed: skin perfusion
pressure ($40 mmHg), toe pressure
($30 mmHg), or transcutaneous oxygen
pressure (TcPO2 $25 mmHg). Urgent
vascular imaging and revascularization

should be considered in a patient with a
diabetic foot ulcer and an ankle pressure
(ankle-brachial index) ,50 mmHg, toe
pressure,30mmHg,oraTcPO2,25mmHg
(137,182).

Patient Education
All patients with diabetes and particu-
larly those with high-risk foot conditions
(history of ulcer or amputation, defor-
mity, LOPS, or PAD) and their families
should be provided general education
about risk factors and appropriate man-
agement (183). Patients at risk should
understand the implications of foot de-
formities, LOPS, andPAD; theproper care
of the foot, including nail and skin care;
and the importance of foot monitoring
on a daily basis. Patients with LOPS
should be educated on ways to sub-
stitute other sensory modalities (pal-
pation or visual inspection using an
unbreakable mirror) for surveillance
of early foot problems.
The selection of appropriate footwear

and footwear behaviors at home should
also be discussed. Patientsʼ understand-
ing of these issues and their physical
ability to conduct proper foot surveil-
lance and care should be assessed. Pa-
tients with visual difficulties, physical
constraints preventing movement, or
cognitive problems that impair their abil-
ity to assess the condition of the foot and
to institute appropriate responses will
need other people, such as family mem-
bers, to assist with their care.

Treatment
People with neuropathy or evidence of
increased plantar pressures (e.g., ery-
thema, warmth, or calluses) may be ad-
equately managed with well-fitted walking
shoes or athletic shoes that cushion the
feet and redistribute pressure. People with
bonydeformities(e.g.,hammertoes,prom-
inentmetatarsalheads,bunions)mayneed
extrawideordeepshoes.Peoplewithbony
deformities, including Charcot foot, who
cannot be accommodated with commer-
cial therapeutic footwear, will require
custom-molded shoes. Special consider-
ation and a thorough workup should be
performed when patients with neuropa-
thy present with the acute onset of a red,
hot, swollen foot or ankle, and Charcot
neuroarthropathy should be excluded.
Early diagnosis and treatment of Char-
cot neuroarthropathy is the best way to
prevent deformities that increase the risk

of ulceration and amputation. The routine
prescriptionof therapeutic footwear is not
generally recommended. However, pa-
tients should be provided adequate in-
formationtoaid inselectionofappropriate
footwear. General footwear recommen-
dations include a broad and square toe
box, laces with three or four eyes per side,
padded tongue, quality lightweight mate-
rials, and sufficient size to accommodate a
cushioned insole. Use of custom thera-
peutic footwear canhelp reduce the riskof
future foot ulcers in high-risk patients
(180,183).
Most diabetic foot infections are po-

lymicrobial, with aerobic gram-positive
cocci. Staphylococci and streptococci
are the most common causative organ-
isms. Wounds without evidence of soft
tissue or bone infection do not require
antibiotic therapy. Empiric antibiotic ther-
apy can be narrowly targeted at gram-
positive cocci inmany patients with acute
infections, but those at risk for infection
with antibiotic-resistant organisms or with
chronic, previously treated, or severe infec-
tions require broader-spectrum regimens
and should be referred to specialized care
centers (184). Foot ulcers and wound care
may require care by a podiatrist, orthopedic
or vascular surgeon, or rehabilitation spe-
cialist experienced in the management of
individuals with diabetes (184).
Hyperbaric oxygen therapy (HBOT) in

patients with diabetic foot ulcers has
mixed evidence supporting its use as
an adjunctive treatment to enhance
wound healing and prevent amputation
(185–188). A well-conducted randomized
controlled study performed in 103 pa-
tients found that HBOT did not reduce
the indication for amputation or facilitate
wound healing compared with compre-
hensive wound care in patients with
chronic diabetic foot ulcers (189).
Moreover, a systematic review by the
International Working Group on the Di-
abetic Foot of interventions to improve
the healing of chronic diabetic foot ulcers
concluded that analysis of the evidence
continues to present methodological chal-
lenges as randomized controlled studies
remain few, with a majority being of poor
quality (186). Thus, HBOT does not have a
significant effect onhealth-related quality
of life in patients with diabetic foot ulcers
(190,191). A recent review concluded
that the evidence to date remains incon-
clusive regarding the clinical and cost-
effectiveness of HBOT as an adjunctive
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treatment to standard wound care for
diabetic footulcers (192).Results fromthe
Dutch DAMOCLES (Does Applying More
OxygenCureLowerExtremitySores?) trial
demonstrated that HBOT in patientswith
diabetes and ischemic wounds did not
significantly improve complete wound
healing and limb salvage (193). While
the Centers for Medicare & Medicaid
Services currently covers HBOT for di-
abetic foot ulcers that have failed a stan-
dard course of wound therapy when
there are no measurable signs of healing
for at least 30 consecutive days (194),
given the data not supporting an effect,
such an approach is not currently war-
ranted. HBOT should be a topic of shared
decision-making before treatment is con-
sidered for selected patients with diabetic
foot ulcers (194).
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122. Abràmoff MD, Lavin PT, Birch M, Shah N,
Folk JC. Pivotal trial of an autonomous AI-based
diagnostic system for detection of diabetic ret-
inopathy in primary care offices. npj Digital Med
2018;1:39

care.diabetesjournals.org Microvascular Complications and Foot Care S165
©Am

er
ica

n D
iabet

es
 A

sso
cia

tio
n

https://clinicaltrials.gov/ct2/show/NCT03819153
https://clinicaltrials.gov/ct2/show/NCT03819153
https://www.mdedge.com/endocrinology/article/195314/diabetes/fda-approves-label-extension-dapagliflozin
https://www.mdedge.com/endocrinology/article/195314/diabetes/fda-approves-label-extension-dapagliflozin
https://www.mdedge.com/endocrinology/article/195314/diabetes/fda-approves-label-extension-dapagliflozin
http://care.diabetesjournals.org


123. Hooper P, Boucher MC, Cruess A, et al.
CanadianOphthalmologicalSocietyevidence-based
clinical practice guidelines for the management
of diabetic retinopathy. Can JOphthalmol 2012;
47(Suppl. 1):S1–S30
124. Axer-Siegel R, Hod M, Fink-Cohen S, et al.
Diabetic retinopathy during pregnancy. Ophthal-
mology 1996;103:1815–1819
125. Best RM, Chakravarthy U. Diabetic retinop-
athy inpregnancy. Br JOphthalmol1997;81:249–
251
126. Gunderson EP, Lewis CE, Tsai A-L, et al. A
20-year prospective study of childbearing and
incidence of diabetes in young women, control-
ling for glycemia before conception: the Coro-
nary Artery Risk Development in Young Adults
(CARDIA) Study. Diabetes 2007;56:2990–2996
127. The Diabetic Retinopathy Study Research
Group. Preliminary report on effects of photo-
coagulation therapy. Am J Ophthalmol 1976;81:
383–396
128. Gross JG, Glassman AR, Jampol LM, et al.;
Writing Committee for the Diabetic Retinopathy
Clinical Research Network. Panretinal photoco-
agulation vs intravitreous ranibizumab for pro-
liferative diabetic retinopathy: a randomized
clinical trial. JAMA 2015;314:2137–2146
129. Early Treatment Diabetic Retinopathy
Study research group. Photocoagulation for di-
abetic macular edema. Early Treatment Diabetic
Retinopathy Study report number 1. Arch Oph-
thalmol 1985;103:1796–1806
130. Elman MJ, Bressler NM, Qin H, et al.; Di-
abetic Retinopathy Clinical Research Network.
Expanded 2-year follow-up of ranibizumab plus
prompt or deferred laser or triamcinolone plus
prompt laser for diabetic macular edema. Oph-
thalmology 2011;118:609–614
131. Mitchell P, Bandello F, Schmidt-Erfurth U,
et al.; RESTORE study group. The RESTORE study:
ranibizumabmonotherapyor combinedwith laser
versus laser monotherapy for diabetic macular
edema. Ophthalmology 2011;118:615–625
132. Nguyen QD, Brown DM,Marcus DM, et al.;
RISE and RIDE Research Group. Ranibizumab for
diabetic macular edema: results from 2 phase III
randomized trials: RISEandRIDE.Ophthalmology
2012;119:789–801
133. Shih C-J, Chen H-T, Kuo S-C, et al. Com-
parative effectiveness of angiotensin-converting-
enzyme inhibitors and angiotensin II receptor
blockers in patients with type 2 diabetes and
retinopathy. CMAJ 2016;188:E148–E157
134. Shi R, Zhao L, Wang F, et al. Effects of lipid-
lowering agents on diabetic retinopathy: ameta-
analysis and systematic review. Int J Ophthalmol
2018;11:287–295
135. Ang L, Jaiswal M, Martin C, Pop-Busui R.
Glucose control and diabetic neuropathy: lessons
from recent large clinical trials. Curr Diab Rep
2014;14:528
136. Martin CL, Albers JW, Pop-Busui R; DCCT/
EDIC Research Group. Neuropathy and related
findings in the Diabetes Control and Complica-
tions Trial/Epidemiology of Diabetes Interven-
tions and Complications study. Diabetes Care
2014;37:31–38
137. Pop-Busui R, Boulton AJM, Feldman EL,
et al. Diabetic neuropathy: a position statement
by the American Diabetes Association. Diabetes
Care 2017;40:136–154

138. Freeman R. Not all neuropathy in diabetes
is of diabetic etiology: differential diagnosis of
diabetic neuropathy. Curr Diab Rep 2009;9:423–
431
139. Pop-Busui R, Evans GW, Gerstein HC, et al.;
Action to Control Cardiovascular Risk in Diabetes
Study Group. Effects of cardiac autonomic dys-
functiononmortality risk in theAction to Control
Cardiovascular Risk in Diabetes (ACCORD) trial.
Diabetes Care 2010;33:1578–1584
140. Pop-Busui R, Cleary PA, Braffett BH, et al.;
DCCT/EDIC Research Group. Association be-
tween cardiovascular autonomic neuropathy
and left ventricular dysfunction: DCCT/EDIC study
(Diabetes Control and Complications Trial/
Epidemiology of Diabetes Interventions and Com-
plications). J Am Coll Cardiol 2013;61:447–454
141. Smith AG, LessardM, Reyna S, DoudovaM,
Singleton JR. The diagnostic utility of Sudoscan
for distal symmetric peripheral neuropathy. J
Diabetes Complications 2014;28:511–516
142. Diabetes Control and Complications Trial
(DCCT) Research Group. Effect of intensive di-
abetes treatment on nerve conduction in the
Diabetes Control and Complications Trial. Ann
Neurol 1995;38:869–880
143. CDC Study Group. The effect of intensive
diabetes therapy on measures of autonomic
nervous system function in the Diabetes Control
and Complications Trial (DCCT). Diabetologia
1998;41:416–423
144. Albers JW, HermanWH, Pop-Busui R, et al.;
Diabetes Control and Complications Trial/Epide-
miology of Diabetes Interventions and Compli-
cations Research Group. Effect of prior intensive
insulin treatment during the Diabetes Control
and Complications Trial (DCCT) on peripheral
neuropathy in type 1 diabetes during the Epi-
demiology of Diabetes Interventions and Com-
plications (EDIC) Study. Diabetes Care 2010;33:
1090–1096
145. Pop-Busui R, Low PA, Waberski BH, et al.;
DCCT/EDIC Research Group. Effects of prior in-
tensive insulin therapy on cardiac autonomic
nervous system function in type 1 diabetes
mellitus: theDiabetes Control andComplications
Trial/Epidemiology of Diabetes Interventions
and Complications study (DCCT/EDIC). Circula-
tion 2009;119:2886–2893
146. CallaghanBC, LittleAA, FeldmanEL,Hughes
RAC. Enhanced glucose control for preventing
and treating diabetic neuropathy. Cochrane Da-
tabase Syst Rev 2012;6:CD007543
147. Pop-Busui R, Lu J, Brooks MM, et al.; BARI
2D Study Group. Impact of glycemic control
strategies on the progression of diabetic periph-
eral neuropathy in the Bypass Angioplasty Re-
vascularization Investigation 2 Diabetes (BARI
2D) Cohort. Diabetes Care 2013;36:3208–3215
148. Sadosky A, Schaefer C, Mann R, et al.
Burden of illness associated with painful diabetic
peripheral neuropathy among adults seeking
treatment in the US: results from a retrospective
chart reviewandcross-sectional survey.Diabetes
Metab Syndr Obes 2013;6:79–92
149. Waldfogel JM, Nesbit SA, Dy SM, et al.
Pharmacotherapy for diabetic peripheral neu-
ropathy pain and quality of life: a systematic
review. Neurology 2017;88:1958–1967
150. FinnerupNB, Attal N, Haroutounian S, et al.
Pharmacotherapy for neuropathic pain in adults:

a systematic review and meta-analysis. Lancet
Neurol 2015;14:162–173
151. Bril V, England J, Franklin GM, et al.; Amer-
ican Academy of Neurology; American Associa-
tion of Neuromuscular and Electrodiagnostic
Medicine; American Academy of Physical Med-
icine and Rehabilitation. Evidence-based guide-
line: treatment of painful diabetic neuropathy:
report of the American Academy of Neurology,
the American Association of Neuromuscular and
Electrodiagnostic Medicine, and the American
AcademyofPhysicalMedicineandRehabilitation
[published correction appears in Neurology
2011;77:603]. Neurology 2011;76:1758–1765
152. Griebeler ML, Morey-Vargas OL, Brito JP,
et al. Pharmacologic interventions for painful
diabetic neuropathy: an umbrella systematic re-
view and comparative effectiveness network
meta-analysis. Ann InternMed2014;161:639–649
153. Ziegler D, Fonseca V. From guideline to
patient: a review of recent recommendations for
pharmacotherapy of painful diabetic neuropa-
thy. J Diabetes Complications 2015;29:146–156
154. Freeman R, Durso-Decruz E, Emir B. Effi-
cacy, safety, and tolerability of pregabalin treat-
ment for painful diabetic peripheral neuropathy:
findings fromseven randomized, controlled trials
across a range of doses. Diabetes Care 2008;31:
1448–1454
155. Moore RA, Straube S, Wiffen PJ, Derry S,
McQuay HJ. Pregabalin for acute and chronic
pain in adults. CochraneDatabase Syst Rev 2009;
3:CD007076
156. Raskin P, Huffman C, Toth C, et al. Pre-
gabalin in patients with inadequately treated
painful diabetic peripheral neuropathy: a ran-
domized withdrawal trial. Clin J Pain 2014;30:
379–390
157. Tesfaye S, Wilhelm S, Lledo A, et al. Dulox-
etine and pregabalin: high-dosemonotherapy or
their combination? The “COMBO-DN study”–a
multinational, randomized, double-blind, paral-
lel-group study in patients with diabetic periph-
eral neuropathic pain. Pain 2013;154:2616–2625
158. Ziegler D, Duan WR, An G, Thomas JW,
Nothaft W. A randomized double-blind, placebo-,
and active-controlled study of T-type calcium
channel blocker ABT-639 in patients with diabetic
peripheral neuropathic pain. Pain 2015;156:
2013–2020
159. Quilici S, Chancellor J, Löthgren M, et al.
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12. Older Adults: Standards of
Medical Care in Diabetesd2021
Diabetes Care 2021;44(Suppl. 1):S168–S179 | https://doi.org/10.2337/dc21-s012

The American Diabetes Association (ADA) “Standards of Medical Care in Diabetes”
includes theADA’s current clinical practice recommendations and is intended to provide
the components of diabetes care, general treatment goals and guidelines, and tools to
evaluate quality of care. Members of the ADA Professional Practice Committee, a
multidisciplinary expert committee (https://doi.org/10.2337/dc21-SPPC), are responsi-
ble for updating the Standards of Care annually, or more frequently as warranted. For a
detailed description of ADA standards, statements, and reports, aswell as the evidence-
grading system for ADA’s clinical practice recommendations, please refer to the Standards
of Care Introduction (https://doi.org/10.2337/dc21-SINT). Readers whowish to comment
on the Standards of Care are invited to do so at professional.diabetes.org/SOC.

Recommendations

12.1 Consider the assessment of medical, psychological, functional (self-
management abilities), and social geriatric domains in older adults to provide
a framework to determine targets and therapeutic approaches for diabetes
management. B

12.2 Screen for geriatric syndromes (i.e., polypharmacy, cognitive impairment,
depression, urinary incontinence, falls, andpersistent pain) inolder adults, as
they may affect diabetes self-management and diminish quality of life. B

Diabetes is a highly prevalent health condition in the aging population. Over one-
quarter of people over the age of 65 years have diabetes and one-half of older
adults have prediabetes (1,2), and the number of older adults living with these
conditions is expected to increase rapidly in the coming decades. Diabetes
management in older adults requires regular assessment of medical, psycho-
logical, functional, and social domains. Older adults with diabetes have higher
rates of premature death, functional disability, acceleratedmuscle loss, and coexisting
illnesses, such as hypertension, coronary heart disease, and stroke, than those without
diabetes. Screening for diabetes complications in older adults should be individualized
and periodically revisited, as the results of screening tests may impact targets and
therapeutic approaches (3–5). At the same time, older adults with diabetes are also at
greater risk than other older adults for several common geriatric syndromes, such as
polypharmacy, cognitive impairment, depression, urinary incontinence, injurious
falls, and persistent pain (1). These conditions may impact older adults’ diabetes self-
management abilities and quality of life if left unaddressed (2,6,7). See Section 4
“Comprehensive Medical Evaluation and Assessment of Comorbidities” (https://doi
.org/10.2337/dc21-S004), for the full range of issues to considerwhen caring for older
adults with diabetes.
The comprehensive assessment described above may provide a framework to

determine targets and therapeutic approaches (8–10), including whether referral for

Suggested citation: AmericanDiabetes Association.
12. Older adults: Standards of Medical Care in
Diabetesd2021. Diabetes Care 2021;44(Suppl.
1):S168–S179
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diabetes self-management education is
appropriate (when complicating factors
arise orwhen transitions in care occur) or
whether the current regimen is too com-
plex for the patient’s self-management
ability or the caregivers providing care.
Particular attention should be paid to
complications that can developover short
periods of time and/orwould significantly
impair functional status, suchasvisual and
lower-extremity complications. Please re-
fer to the American Diabetes Association
(ADA) consensus report “Diabetes in Older
Adults” for details (2).

NEUROCOGNITIVE FUNCTION

Recommendation

12.3 Screening for early detection of
mild cognitive impairment or de-
mentia should be performed for
adults 65 years of age or older at
the initial visit and annually as
appropriate. B

Older adults with diabetes are at higher
risk of cognitive decline and institution-
alization (11,12). The presentation of cog-
nitive impairment ranges from subtle
executive dysfunction to memory loss
and overt dementia. People with diabe-
tes have higher incidences of all-cause
dementia, Alzheimer disease, and vascu-
lar dementia than people with normal
glucose tolerance (13). The effects of hy-
perglycemia and hyperinsulinemia on
the brain are areas of intense research.
Poor glycemic control is associatedwith a
decline in cognitive function (14,15), and
longer duration of diabetes is associated
withworsening cognitive function. There
are ongoing studies evaluating whether
preventing or delaying diabetes onset
may help to maintain cognitive function
in older adults. However, studies exam-
ining the effects of intensive glycemic and
blood pressure control to achieve specific
targets have not demonstrated a reduc-
tion in brain function decline (16,17).
Clinical trials of specific interventionsd

including cholinesterase inhibitors and
glutamatergicantagonistsdhavenot shown
positive therapeutic benefit in maintain-
ingorsignificantly improvingcognitive func-
tion or in preventing cognitive decline (18).
Pilot studies in patients with mild cognitive
impairmentevaluatingthepotentialbenefits
of intranasal insulin therapy and metformin
therapy provide insights for future clinical
trials and mechanistic studies (19–21).

Despite the paucity of therapies to
preventorremedycognitivedecline, iden-
tifying cognitive impairment early has
important implications for diabetes care.
The presence of cognitive impairment
can make it challenging for clinicians to
help their patients reach individualized
glycemic, blood pressure, and lipid tar-
gets. Cognitive dysfunction makes it dif-
ficult for patients to perform complex
self-care tasks (22), such as monitoring
glucose and adjusting insulin doses. It
also hinders their ability to appropriately
maintain the timing ofmeals and content
of diet. When clinicians are managing
patients with cognitive dysfunction, it is
critical to simplify drug regimens and to
facilitate and engage the appropriate sup-
port structure to assist the patient in all
aspects of care.
Older adults with diabetes should be

carefully screened and monitored for
cognitive impairment (2). Several simple
assessment tools are available to screen
for cognitive impairment (23,24), such
as the Mini Mental State Examination
(25), Mini-Cog (26), and the Montreal
Cognitive Assessment (27), which may
help to identify patients requiring neu-
ropsychological evaluation, particularly
those in whom dementia is suspected
(i.e., experiencing memory loss and de-
cline in their basic and instrumental ac-
tivities of daily living). Annual screening is
indicated for adults 65 years of age or
older for early detection of mild cognitive
impairment or dementia (4,28). Screen-
ing for cognitive impairment should ad-
ditionally be considered when a patient
presentswithasignificantdecline inclinical
status due to increased problems with
self-care activities, such as errors in cal-
culating insulin dose, difficulty counting
carbohydrates, skipped meals, skipped
insulin doses, and difficulty recognizing,
preventing, or treating hypoglycemia. Peo-
ple who screen positive for cognitive impair-
ment should receive diagnostic assessment
as appropriate, including referral to a be-
havioral health provider for formal cogni-
tive/neuropsychological evaluation (29).

HYPOGLYCEMIA

Recommendations

12.4 Because older adults with diabe-
tes have a greater risk of hypo-
glycemia than younger adults,
episodes of hypoglycemia should

be ascertained andaddressed at
routine visits. B

12.5 For older adults with type 1 di-
abetes, continuousglucosemon-
itoring should be considered to
reduce hypoglycemia. A

Older adults are at higher risk of hypo-
glycemia for many reasons, including in-
sulin deficiency necessitating insulin therapy
and progressive renal insufficiency (30). As
described above, older adults have higher
rates of unidentified cognitive impairment
and dementia, leading to difficulties in
adhering to complex self-care activities
(e.g., glucose monitoring, insulin dose
adjustment, etc.). Cognitive decline has
been associated with increased risk of
hypoglycemia, and conversely, severe
hypoglycemia has been linked to in-
creased risk of dementia (31,32). There-
fore, as discussed in Recommendation
12.3, it is important to routinely screen
older adults for cognitive impairment
and dementia and discuss findings with
the patients and their caregivers.
Patients and their caregivers should

be routinely queried about hypoglyce-
mia (e.g., selected questions from the
Diabetes Care Profile) (33) and hypogly-
cemia unawareness (34). Older patients
can also be stratified for future risk for
hypoglycemia with validated risk calcu-
lators (e.g., Kaiser Hypoglycemia Model)
(35). An important step to mitigating hy-
poglycemia risk is to determine whether
the patient is skipping meals or inadver-
tently repeating doses of their medica-
tions. Glycemic targets and pharmacologic
regimens may need to be adjusted to
minimize the occurrence of hypoglyce-
mic events (2). This recommendation is
supported by observations from multi-
ple randomized controlled trials, such as
the Action to Control Cardiovascular Risk
in Diabetes (ACCORD) study and the Vet-
erans Affairs Diabetes Trial (VADT), which
showed that intensive treatment proto-
cols targeting A1C,6.0% with complex
drug regimens significantly increased
the risk for hypoglycemia requiring as-
sistance compared with standard treat-
ment (36,37). However, these intensive
treatment regimens included exten-
sive use of insulin and minimal use of
glucagon-like peptide 1 (GLP-1) receptor
agonists, and they preceded the avail-
ability of sodium–glucose cotransporter
2 (SGLT2) inhibitors.
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Forolderpatientswith type1diabetes,
continuous glucose monitoring (CGM)
may be another approach to reducing
the risk of hypoglycemia. In theWireless
Innovation in Seniors with Diabetes Mel-
litus (WISDM) trial, patients over 60 years
of age with type 1 diabetes were ran-
domized to CGM or standard blood glu-
cose monitoring (BGM). Over 6 months,
use of CGM resulted in a small but sta-
tistically significant reduction in time
spent with hypoglycemia (glucose level
,70mg/dL) compared with routine finger-
stick monitoring using standard BGM
(adjusted treatment difference, 21.9%
[227 min per day]; 95% CI 22.8% to
21.1% [240 to 216 min per day]; P ,
0.001) (38,39). While the current evi-
dence base for older adults is primarily
in type1diabetes, CGMmaybeanoption
for older patients with type 2 diabetes
using multiple daily injections of insulin
(see Section 7 “Diabetes Technology,”
https://doi.org/10.2337/dc21-S007).

TREATMENT GOALS

Recommendations

12.6 Older adults who are otherwise
healthy with few coexisting
chronic illnesses and intact cog-
nitive function and functional
status should have lower glyce-
mic goals (such as A1C ,7.0–
7.5% [53–58 mmol/mol]), while
those with multiple coexisting
chronic illnesses, cognitive im-
pairment, or functional depen-
dence should have less stringent
glycemic goals (such as A1C
,8.0–8.5% [64–69 mmol/mol]).
C

12.7 Glycemic goals for some older
adults might reasonably be re-
laxed as part of individualized
care, but hyperglycemia lead-
ing to symptoms or risk of acute
hyperglycemia complications
should be avoided in all pa-
tients. C

12.8 Screening for diabetes compli-
cations should be individual-
ized in older adults. Particular
attention should be paid to
complications that would lead
to functional impairment. C

12.9 Treatment of hypertension to
individualized target levels is in-
dicated in most older adults. C

12.10 Treatment of other cardiovas-
cular risk factors should be
individualized in older adults
considering the time frame of
benefit. Lipid-lowering therapy
and aspirin therapy may ben-
efit thosewith lifeexpectancies
at least equal to the time frame
of primary prevention or sec-
ondary intervention trials. E

The care of older adults with diabetes is
complicated by their clinical, cognitive,
and functional heterogeneity. Some older
individualsmay have developed diabetes
years earlier and have significant com-
plications, others are newly diagnosed
and may have had years of undiagnosed
diabetes with resultant complications,
and still other older adults may have
truly recent-onset disease with few or
no complications (40). Some older adults
withdiabeteshaveotherunderlyingchronic
conditions, substantial diabetes-related
comorbidity, limitedcognitiveorphysical
functioning, or frailty (41,42).Otherolder
individuals with diabetes have little co-
morbidity and are active. Life expectan-
cies are highly variable but are often longer
than clinicians realize. Multiple prognostic
tools for lifeexpectancy forolderadults are
available (43), including tools specifically
designed for older adults with diabetes
(44). Providers caring for older adults with
diabetes must take this heterogeneity into
consideration when setting and priori-
tizing treatment goals (9,10) (Table12.1).
In addition, older adults with diabetes
should be assessed for disease treatment
and self-management knowledge, health
literacy, and mathematical literacy (nu-
meracy) at the onset of treatment. See
Fig. 6.2 for patient- and disease-related
factors to consider when determining in-
dividualized glycemic targets.
A1C is used as the standard biomarker

for glycemic control in all patients with
diabetes but may have limitations in
patients who have medical conditions
that impact red blood cell turnover (see
Section 2 “Classification and Diagnosis
of Diabetes,” https://doi.org/10.2337/
dc21-S002, for additional details on the
limitations of A1C) (45). Many condi-
tions associated with increased red blood
cell turnover, suchashemodialysis, recent
blood loss or transfusion, or erythropoi-
etin therapy, are commonly seen in older
adults andcan falsely increaseordecrease

A1C. In these instances, plasma blood
glucose fingerstick and sensor glucose
readings should be used for goal setting
(Table 12.1).

Healthy Patients With Good
Functional Status
There are few long-term studies in older
adults demonstrating the benefits of in-
tensiveglycemic, bloodpressure, and lipid
control. Patients who can be expected to
live long enough to reap the benefits of
long-term intensive diabetesmanagement,
who have good cognitive and physical
function, and who choose to do so via
shared decision-makingmay be treated
using therapeutic interventions and goals
similar to those for younger adults with
diabetes (Table 12.1).
As with all patients with diabetes, di-

abetes self-management education and
ongoing diabetes self-management sup-
port are vital components of diabetes
care for older adults and their caregivers.
Self-management knowledge and skills
shouldbereassessedwhenregimenchanges
are made or an individual’s functional
abilities diminish. In addition, declining
or impaired ability to perform diabetes
self-care behaviors may be an indication
that a patient needs a referral for cog-
nitive and physical functional assessment,
using age-normalized evaluation tools, as
well as help establishing a support struc-
ture for diabetes care (3,29).

Patients With Complications and
Reduced Functionality
For patientswith advanced diabetes com-
plications, life-limiting comorbid illnesses,
or substantial cognitive or functional im-
pairments, it is reasonable to set less-
intensive glycemic goals (Table 12.1).
Factors to consider in individualizing gly-
cemic goals are outlined in Fig. 6.2. These
patients are less likely to benefit from
reducing the risk of microvascular com-
plications and more likely to suffer se-
rious adverse effects fromhypoglycemia.
However, patientswith poorly controlled
diabetes may be subject to acute compli-
cations of diabetes, including dehydration,
poor wound healing, and hyperglycemic
hyperosmolar coma.Glycemic goals should,
at a minimum, avoid these consequences.

Vulnerable Patients at the End of Life
For patients receiving palliative care and
end-of-life care, the focus should be to
avoid hypoglycemia and symptomatic
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hyperglycemia while reducing the bur-
dens of glycemic management. Thus,
when organ failure develops, several
agents will have to be deintensified or
discontinued. For the dying patient, most
agents for type 2 diabetes may be re-
moved (46). There is, however, no con-
sensus for the management of type 1
diabetes in this scenario (47). See the sec-
tion END-OF-LIFE CARE below, for additional
information.

Beyond Glycemic Control
Although hyperglycemia control may be
important in older individuals with di-
abetes, greater reductions in morbidity and
mortality are likely to result from control of
other cardiovascular risk factors rather
than from tight glycemic control alone.
There is strong evidence from clinical
trials of the value of treating hyperten-
sion in older adults (48,49), with treat-
ment of hypertension to individualized
target levels indicated in most. There is
less evidence for lipid-lowering therapy

and aspirin therapy, although the ben-
efits of these interventions for primary
prevention and secondary intervention
are likely to apply to older adults whose
life expectancies equal or exceed the
time frames of the clinical trials.

LIFESTYLE MANAGEMENT

Recommendations

12.11 Optimal nutrition and protein
intake is recommended for
older adults; regular exercise,
including aerobic activity, weight-
bearing exercise, and/or re-
sistance training, should be
encouraged in all older adults
who can safely engage in such
activities. B

12.12 For older adults with type 2
diabetes, overweight/obesity,
and capacity to safely exer-
cise, an intensive lifestyle in-
tervention focused on dietary
changes, physical activity, and

modest weight loss (e.g., 5–
7%) should be considered for
its benefits on quality of life,
mobility and physical function-
ing, and cardiometabolic risk
factor control. A

Diabetes in the aging population is as-
sociated with reduced muscle strength,
poormuscle quality, and accelerated loss
of muscle mass, which may result in
sarcopenia and/or osteopenia (51,52).
Diabetes is also recognized as an in-
dependent risk factor for frailty. Frailty
is characterized by decline in physical
performance and an increased risk of
poor health outcomes due to physio-
logic vulnerability and functional or psy-
chosocial stressors. Inadequate nutritional
intake, particularly inadequate protein
intake, can increase the riskof sarcopenia
and frailty in older adults. Management
of frailty in diabetes includes optimal
nutrition with adequate protein intake

Table 12.1—Framework for considering treatment goals for glycemia, blood pressure, and dyslipidemia in older adults with
diabetes

Patient characteristics/
health status Rationale

Reasonable
A1C goal‡

Fasting or
preprandial
glucose Bedtime glucose Blood pressure Lipids

Healthy (few
coexisting chronic
illnesses, intact
cognitive and
functional status)

Longer remaining
life expectancy

,7.0–7.5%
(53–58 mmol/mol)

80–130 mg/dL
(4.4–7.2
mmol/L)

80–180 mg/dL
(4.4–10.0
mmol/L)

,140/90
mmHg

Statin unless
contraindicated
or not tolerated

Complex/
intermediate
(multiple coexisting
chronic illnesses* or
21 instrumental
ADL impairments or
mild-to-moderate
cognitive
impairment)

Intermediate
remaining life
expectancy,
high treatment
burden,
hypoglycemia
vulnerability,
fall risk

,8.0%
(64 mmol/mol)

90–150 mg/dL
(5.0–8.3
mmol/L)

100–180 mg/dL
(5.6–10.0
mmol/L)

,140/90
mmHg

Statin unless
contraindicated
or not tolerated

Very complex/poor
health (LTC or end-
stage chronic
illnesses** or
moderate-to-
severe cognitive
impairment or 21
ADL impairments)

Limited remaining
life expectancy
makes benefit
uncertain

Avoid reliance on A1C;
glucose control
decisions should be
based on avoiding
hypoglycemia and
symptomatic
hyperglycemia

100–180 mg/dL
(5.6–10.0
mmol/L)

110–200 mg/dL
(6.1–11.1
mmol/L)

,150/90
mmHg

Consider
likelihood of
benefit with
statin

This table represents a consensus framework for considering treatment goals for glycemia, blood pressure, and dyslipidemia in older adults with diabetes.
Thepatient characteristic categoriesaregeneral concepts.Noteverypatientwill clearly fall intoaparticular category.Considerationofpatientandcaregiver
preferences is an important aspect of treatment individualization. Additionally, a patient’s health status and preferences may change over time. ADL,
activitiesofdaily living; LTC, long-termcare.‡A lowerA1Cgoalmaybe set for an individual if achievablewithout recurrent or severehypoglycemiaor undue
treatment burden. *Coexisting chronic illnesses are conditions serious enough to require medications or lifestyle management and may include
arthritis, cancer, congestive heart failure, depression, emphysema, falls, hypertension, incontinence, stage 3 or worse chronic kidney disease,
myocardial infarction, and stroke. “Multiple”means at least three, but many patients may have five or more (50). **The presence of a single end-stage
chronic illness, such as stage 3–4 congestive heart failure or oxygen-dependent lung disease, chronic kidney disease requiring dialysis, or uncontrolled
metastatic cancer, may cause significant symptoms or impairment of functional status and significantly reduce life expectancy. Adapted from
Kirkman et al. (3).
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combinedwith an exercise program that
includes aerobic and resistance training
(53,54).
Manyolder adultswith type2diabetes

also have overweight or obesity and will
benefit from an intensive lifestyle inter-
vention. The Look Action for Health in
Diabetes (Look AHEAD) trial is described
in Section 8 “Obesity Management for
the Treatment of Type 2Diabetes” (https://
doi.org/10.2337/dc21-S008). The trial en-
rolled patients between 45 and 74 years
of age and required that patients be able
perform a maximal exercise test (55,56).
While the Look AHEAD trial did not achieve
its primary outcome of reducing cardiovas-
cular events, the intensive lifestyle in-
tervention had multiple clinical benefits
that are important to the quality of life of
older patients. Benefits included weight
loss, improved physical fitness, increased
HDL cholesterol, lowered systolic blood
pressure, reduced A1C levels, and reduced
waist circumference (57). Additionally,
several subgroups, including participants
who lost at least 10% of baseline body
weight at year 1, had improved cardio-
vascular outcomes (58). Risk factor con-
trolwas improvedwith reducedutilization
of antihypertensive medications, statins,
and insulin (59). In age-stratified analyses,
older patients in the trial (60 to early 70s)
had similar benefits comparedwith youn-
ger patients (60,61). In addition, lifestyle
intervention produced benefits on aging-
relevant outcomes like better physical
function and quality of life (62–65).

PHARMACOLOGIC THERAPY

Recommendations

12.13 In older adults with type 2 di-
abetes at increased risk of hy-
poglycemia,medication classes
with low risk of hypoglycemia
are preferred. B

12.14 Overtreatment of diabetes is
common in older adults and
should be avoided. B

12.15 Deintensification (or simplifica-
tion) of complex regimens is
recommended to reduce the
risk of hypoglycemia and poly-
pharmacy, if it canbeachieved
within the individualized A1C
target. B

12.16 Consider costs of care and in-
surance coverage rules when
developing treatment plans in

order to reduce risk of cost-
related nonadherence. B

Special care is required in prescribing and
monitoring pharmacologic therapies in
older adults (66). See Fig. 9.1 for general
recommendations regarding glucose-
lowering treatment for adults with type
2 diabetes and Table 9.1 for patient- and
drug-specific factors to consider when
selecting glucose-lowering agents. Cost
may be an important consideration, es-
pecially as older adults tend to be on
many medications and live on fixed in-
comes (67). Accordingly, the costs of care
and insurance coverage rules should be
considered when developing treatment
plans to reduce the risk of cost-related
nonadherence (68,69). See Table 9.2 and
Table 9.3 for median monthly cost in the
U.S. of noninsulin glucose-lowering agents
and insulin, respectively. It is important
to match complexity of the treatment
regimen to the self-management ability
ofolderpatients and their available social
and medical support. Many older adults
with diabetes struggle to maintain the
frequent blood glucose monitoring and
insulin injection regimens they previ-
ously followed, perhaps for many deca-
des, as they develop medical conditions
that may impair their ability to follow
their regimen safely. Individualized gly-
cemic goals should be established (Fig.
6.2) and periodically adjusted based
on coexisting chronic illnesses, cognitive
function, and functional status (2).
Tight glycemic control in older adults
with multiple medical conditions is
considered over treatment and is as-
sociated with an increased risk of
hypoglycemia; overtreatment is unfor-
tunately common in clinical practice
(50,70–73). Deintensification of regi-
mens in patients taking noninsulin
glucose-lowering medications can be
achieved by either lowering the dose
or discontinuing some medications, as
long as the individualized glycemic targets
aremaintained.Whenpatients are found
to have an insulin regimen with com-
plexity beyond their self-management
abilities, lowering the dose of insulin
maynotbeadequate (74). Simplification
of the insulin regimen to match an in-
dividual’s self-management abilities and
their available social andmedical support
in these situations has been shown to
reduce hypoglycemia and disease-related

distress without worsening glycemic
control (75–77). Figure 12.1 depicts
an algorithm that can be used to sim-
plify the insulin regimen (75). There
are now multiple studies evaluating
deintensification protocols that, in gen-
eral, demonstrate that deintensification
is safe and possibly beneficial for older
adults (78). Table 12.2 provides exam-
ples of and rationale for situations
where deintensification and/or insulin
regimen simplification may be appro-
priate in older adults.

Metformin
Metformin is the first-line agent for older
adults with type 2 diabetes. Recent
studies have indicated that it may be
used safely in patients with estimated
glomerular filtration rate $30 mL/min/
1.73 m2 (81). However, it is contraindi-
cated in patients with advanced renal
insufficiency and should be used with
caution in patients with impaired hepatic
function or congestive heart failure be-
cause of the increased risk of lactic
acidosis. Metformin may be temporarily
discontinued before procedures, during
hospitalizations, and when acute illness
may compromise renal or liver function.
Additionally, metformin can cause gastro-
intestinal side effects and a reduction in
appetite that can be problematic for
some older adults. Reduction or elimi-
nation of metformin may be necessary
for patients experiencing persistent gas-
trointestinal side effects.

Thiazolidinediones
Thiazolidinediones, if used at all, should
be used very cautiously in those patients
on insulin therapy as well as those pa-
tients with or at risk for congestive heart
failure, osteoporosis, falls or fractures,
and/or macular edema (82,83).

Insulin Secretagogues
Sulfonylureas and other insulin secreta-
goguesareassociatedwithhypoglycemia
and should be used with caution. If used,
sulfonylureas with a shorter duration of
action, such as glipizide or glimepiride,
are preferred. Glyburide is a longer-
acting sulfonylurea and should be avoided
in older adults (84).

Incretin-Based Therapies
Oral dipeptidyl peptidase 4 (DPP-4) inhib-
itors have few side effects and minimal
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risk of hypoglycemia, but their cost
may be a barrier to some older patients.
DPP-4 inhibitors do not increase major
adverse cardiovascular outcomes (85).
Across the trials of this drug class, there
appears to be no interaction by age-
group (86–88). A challenge of inter-
preting the age-stratified analyses of
this drug class and other cardiovas-
cular outcomes trials is that while
most of these analyses were prespeci-
fied, they were not powered to detect
differences.
GLP-1 receptor agonists have demon-

strated cardiovascular benefits among
patients with established atherosclerotic
cardiovascular disease (CVD), and newer
trials are expanding our understanding
of their benefits in other populations
(85). See Section 9 “Pharmacologic Ap-
proaches to Glycemic Treatment” (https://

doi.org/10.2337/dc21-S009) and Section
10 “Cardiovascular Disease and Risk Man-
agement” (https://doi.org/10.2337/dc21-
S010) for a more extensive discussion
regarding the specific indications for this
class. The stratified analyses of several of
the trials of this drug class indicate a
complex interaction with age. In the
Liraglutide Effect and Action in Diabetes:
Evaluation of Cardiovascular Outcome
Results (LEADER) trial with liraglutide,
those aged$50 years with CVD at base-
line had a reduction in primary outcome
(n 5 7,598; hazard ratio [HR] 0.83),
whereas those aged $60 years with no
established CVD had a significantly ad-
verse outcome (n5 1,742; HR 1.20, P5
0.04), except in a small subgroupof those
aged $75 years (89,90). A similar trend
was seen in the Harmony Outcomes trial
with albiglutide, comparing participants

aged,65years to thoseaged65–75years
and a smaller group aged$75 years (91).
While the evidence for this class for older
patients continues to grow, there are a
number of practical issues that should be
considered for older patients. These drugs
are injectable agents (with the exception
of oral semaglutide) (92), which require
visual, motor, and cognitive skills for
appropriate administration. They may
alsobe associatedwithnausea, vomiting,
and diarrhea. Given the gastrointestinal
side-effects of this class, GLP-1 receptor
agonists may not be preferred in older
patients who are experiencing unexplained
weight loss.

Sodium–Glucose Cotransporter 2
Inhibitors
SGLT2 inhibitors are administered orally,
which may be convenient for older

Figure 12.1—Algorithm to simplify insulin regimen for older patients with type 2 diabetes. eGFR, estimated glomerular filtration rate. *Basal insulins:
glargine U-100 and U-300, detemir, degludec, and human NPH. **See Table 12.1. UMealtime insulins: short-acting (regular human insulin) or rapid-
acting (lispro, aspart, and glulisine). §Premixed insulins: 70/30, 75/25, and 50/50 products. Adapted with permission from Munshi and colleagues
(75,79,80).
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Table 12.2—Considerations for treatment regimen simplification and deintensification/deprescribing in older adults with
diabetes (75,79)

Patient characteristics/
health status

Reasonable A1C/
treatment goal Rationale/considerations

When may regimen
simplification be required?

When may treatment
deintensification/

deprescribing be required?

Healthy (few coexisting
chronic illnesses, intact
cognitive and
functional status)

A1C ,7.0–7.5% (53–58
mmol/mol)

c Patients can generally
performcomplex tasks to
maintain good glycemic
control when health is
stable

c During acute illness,
patients may be more at
risk for administration or
dosing errors that can
result in hypoglycemia,
falls, fractures, etc.

c If severe or recurrent
hypoglycemia occurs in
patients on insulin therapy
(even if A1C is appropriate)

c If wide glucose excursions
are observed

c If cognitive or functional
decline occurs following
acute illness

c If severe or recurrent
hypoglycemia occurs in
patients on noninsulin
therapies with high risk of
hypoglycemia (even if A1C
is appropriate)

c If wide glucose excursions
are observed

c In the presence of
polypharmacy

Complex/intermediate
(multiple coexisting
chronic illnesses or 21
instrumental ADL
impairments or mild-
to-moderate cognitive
impairment)

A1C ,8.0% (64 mmol/mol) c Comorbiditiesmay affect
self-management
abilities and capacity to
avoid hypoglycemia

c Long-acting medication
formulations may
decrease pill burden and
complexity of
medication regimen

c If severe or recurrent
hypoglycemia occurs in
patients on insulin therapy
(even if A1C is appropriate)

c If unable to manage
complexity of an insulin
regimen

c If there is a significant
change in social
circumstances, such as loss
of caregiver, change in
living situation, or financial
difficulties

c If severe or recurrent
hypoglycemia occurs in
patients on noninsulin
therapies with high risk of
hypoglycemia (even if A1C
is appropriate)

c If wide glucose excursions
are observed

c In the presence of
polypharmacy

Community-dwelling
patients receiving care
in a skilled nursing
facility for short-term
rehabilitation

Avoid reliance on A1C
Glucose target: 100–200

mg/dL (5.55–11.1 mmol/L)

c Glycemic control is
important for recovery,
wound healing,
hydration, andavoidance
of infections

c Patients recovering from
illness may not have
returned to baseline
cognitive function at the
time of discharge

c Consider the type of
support the patient will
receive at home

c If treatment regimen
increased in complexity
during hospitalization, it is
reasonable, in many cases,
to reinstate the
prehospitalization
medication regimenduring
the rehabilitation

c If the hospitalization for
acute illness resulted in
weight loss, anorexia,
short-term cognitive
decline, and/or loss of
physical functioning

Very complex/poor
health (long-term care
or end-stage chronic
illnesses or moderate-
to-severe cognitive
impairment or 21 ADL
impairments)

Avoid reliance on A1C.
Avoid hypoglycemia
and symptomatic
hyperglycemia

c No benefits of tight
glycemic control in this
population

c Hypoglycemia should be
avoided

c Most important
outcomes are
maintenance of
cognitive and functional
status

c If onan insulin regimenand
the patient would like to
decrease the number of
injections and fingerstick
blood glucose monitoring
events each day

c If the patient has an
inconsistenteatingpattern

c If on noninsulin agents
with a high hypoglycemia
risk in the context of
cognitive dysfunction,
depression, anorexia, or
inconsistent eating
pattern

c If taking any medications
without clear benefits

At the end of life Avoid hypoglycemia
and symptomatic
hyperglycemia

c Goal is to provide
comfort and avoid tasks
or interventions that
cause pain or discomfort

c Caregivers are important
in providing medical care
and maintaining quality
of life

c If there is pain or
discomfort caused by
treatment (e.g., injections
or fingersticks)

c If there is excessive
caregiver stress due to
treatment complexity

c If taking any medications
without clear benefits in
improving symptoms
and/or comfort

Treatment regimen simplification refers to changing strategy to decrease the complexity of a medication regimen, e.g., fewer administration times,
fewerbloodglucosechecks,anddecreasing theneed forcalculations (suchasslidingscale insulincalculationsor insulin-carbohydrate ratiocalculations).
Deintensification/deprescribing refers to decreasing the dose or frequency of administration of a treatment or discontinuing a treatment altogether.
ADL, activities of daily living.

S174 Older Adults Diabetes Care Volume 44, Supplement 1, January 2021
©Am

er
ica

n D
iabet

es
 A

sso
cia

tio
n



adults with diabetes. In patients with
established atherosclerotic CVD, these
agents have shown cardiovascular ben-
efits (85). This class of agents has also
been found to be beneficial for patients
with heart failure and to slow the pro-
gression of chronic kidney disease. See
Section 9 “Pharmacologic Approaches to
Glycemic Treatment” (https://doi.org/10
.2337/dc21-S009) and Section 10 “Cardio-
vascular Disease and Risk Management”
(https://doi.org/10.2337/dc21-S010) for a
more extensive discussion regarding the
indications for this class of agents. The
stratified analyses of the trials of this
drug class indicate that older patients
have similar or greater benefits than youn-
ger patients (93–95). While understand-
ing of the clinical benefits of this class is
evolving, side effects such as volume
depletionmay bemore common among
older patients.

Insulin Therapy
The use of insulin therapy requires that
patients or their caregivers have good
visual and motor skills and cognitive ability.
Insulin therapy relies on the ability of the
older patient to administer insulin on their
own or with the assistance of a caregiver.
Insulin doses should be titrated to meet
individualized glycemic targets and to avoid
hypoglycemia.
Once-daily basal insulin injection ther-

apy is associated with minimal side ef-
fects and may be a reasonable option in
many older patients. Multiple daily in-
jectionsof insulinmaybe too complex for
the older patientwith advanced diabetes
complications, life-limiting coexisting chronic
illnesses, or limited functional status.
Figure 12.1 provides a potential approach
to insulin regimen simplification.

Other Factors to Consider
The needs of older adults with diabetes
and their caregivers should be evaluated
to construct a tailored care plan. Impaired
social functioning may reduce these pa-
tients’ quality of life and increase the risk
of functional dependency (7). Thepatient’s
living situation must be considered as it
may affect diabetes management and
support needs. Social and instrumental
support networks (e.g., adult children,
caretakers) that provide instrumental or
emotional support for older adults with
diabetes should be included in diabetes
management discussions and shared
decision-making.

Older adults in assisted living facilities
may not have support to administer their
own medications, whereas those living
in a nursing home (community living
centers) may rely completely on the care
plan and nursing support. Those receiving
palliative care (with or without hospice)
may require an approach that emphasizes
comfort and symptommanagement, while
de-emphasizing strict metabolic and blood
pressure control.

SPECIAL CONSIDERATIONS FOR
OLDER ADULTS WITH TYPE 1
DIABETES

Due in part to the success of modern
diabetes management, patients with
type 1 diabetes are living longer, and
the population of these patients over
65 years of age is growing (96–99). Many
of the recommendations in this section
regarding a comprehensive geriatric as-
sessment and personalization of goals
and treatments are directly applicable
to older adults with type 1 diabetes;
however, this population has unique
challenges and requires distinct treat-
ment considerations (100). Insulin is an
essential life-preserving therapy for pa-
tients with type 1 diabetes, unlike for
those with type 2 diabetes. To avoid
diabetic ketoacidosis, older adults with
type 1 diabetes need some form of basal
insulin even when they are unable to
ingest meals. Insulin may be delivered
through an insulin pump or injections.
CGMisapproved forusebyMedicareand
can play a critical role in improving A1C,
reducing glycemic variability, and reduc-
ing risk of hypoglycemia (101) (see Sec-
tion 7 “Diabetes Technology,” https://doi
.org/10.2337/dc21-S007, and Section 9
“Pharmacologic Approaches to Glycemic
Treatment,” https://doi.org/10.2337/dc21-
S009). In the older patient with type 1
diabetes, administration of insulin may
become more difficult as complications,
cognitive impairment, and functional im-
pairment arise. This increases the impor-
tance of caregivers in the lives of these
patients.Many older patientswith type 1
diabetes require placement in long-term
care (LTC) settings (i.e., nursing homes
and skilled nursing facilities), and un-
fortunately these patients encounter
providers that are unfamiliar with in-
sulin pumps or CGM. Some providers
may be unaware of the distinction be-
tween type 1 and type 2 diabetes. In
these instances, the patient or the

patient’s family may be more familiar
with diabetes management than the
providers. Education of relevant support
staff and providers in rehabilitation and
LTC settings regarding insulin dosing and
use of pumps and CGM is recommended
as part of general diabetes education (see
Recommendations 12.17 and 12.18).

TREATMENT IN SKILLED NURSING
FACILITIES AND NURSING HOMES

Recommendations

12.17 Consider diabetes education for
the staff of long-term care and
rehabilitation facilities to im-
provethemanagementofolder
adults with diabetes. E

12.18 Patients with diabetes residing
in long-term care facilities need
careful assessment to establish
individualizedglycemicgoalsand
to make appropriate choices of
glucose-lowering agents based
on their clinical and functional
status. E

Management of diabetes in the LTC
setting isunique. Individualizationofhealth
care is important in all patients; however,
practical guidance is needed for medical
providers as well as the LTC staff and
caregivers (102). Training should include
diabetes detection and institutional quality
assessment. LTC facilities should develop
their own policies and procedures for pre-
vention and management of hypoglycemia.

Resources
Staff of LTC facilities should receive ap-
propriate diabetes education to im-
prove the management of older adults
with diabetes. Treatments for each pa-
tient should be individualized. Special
management considerations include the
need to avoid both hypoglycemia and the
complications of hyperglycemia (2,103).
For more information, see the ADA po-
sition statement “Management of Diabe-
tes in Long-term Care and Skilled Nursing
Facilities” (102).

Nutritional Considerations
An older adult residing in an LTC facilitymay
have irregular and unpredictable meal con-
sumption, undernutrition, anorexia, and im-
pairedswallowing.Furthermore,therapeutic
diets may inadvertently lead to decreased
food intake and contribute to unintentional
weightlossandundernutrition.Dietstailored
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to a patient’s culture, preferences, and per-
sonal goals may increase quality of life,
satisfaction with meals, and nutrition
status (104). It may be helpful to give
insulin after meals to ensure that the
dose is appropriate for the amount of
carbohydrate the patient consumed in
the meal.

Hypoglycemia
Older adults with diabetes in LTC are es-
pecially vulnerable to hypoglycemia. They
have a disproportionately high number
of clinical complications and comorbid-
ities that can increase hypoglycemia risk:
impaired cognitive and renal function,
slowed hormonal regulation and counter-
regulation,suboptimalhydration,variable
appetite and nutritional intake, polyphar-
macy, and slowed intestinal absorption
(105). Oral agents may achieve glycemic
outcomes in LTC populations similar to
basal insulin (70,106).
Another consideration for the LTC

setting is that, unlike in thehospital setting,
medical providers are not required to
evaluate the patients daily. According to
federal guidelines, assessments should be
done at least every 30 days for the first
90 days after admission and then at least
onceevery60days.Although inpractice the
patients may actually be seen more fre-
quently, the concern is that patients may
have uncontrolled glucose levels or wide
excursions without the practitioner being
notified.Providersmaymakeadjustments
to treatment regimens by telephone, fax,
or in person directly at the LTC facilities
providedtheyaregiventimelynotification
of blood glucose management issues
from a standardized alert system.
The following alert strategy could be

considered:

1. Call provider immediately in cases of
low blood glucose levels (,70 mg/dL
[3.9 mmol/L]).

2. Call as soon as possible when
a) glucose values are 70–100 mg/dL

(3.9–5.6 mmol/L) (regimen may
need to be adjusted),

b) glucose values are .250 mg/dL
(13.9 mmol/L) within a 24-h period,

c) glucosevaluesare.300mg/dL (16.7
mmol/L) over 2 consecutive days,

d) any reading is too high for the
glucometer, or

e) the patient is sick, with vomiting,
symptomatic hyperglycemia, or poor
oral intake.

END-OF-LIFE CARE

Recommendations

12.19 When palliative care is needed
in older adults with diabetes,
providers should initiate con-
versations regarding the goals
and intensity of care. Strict glu-
cose and blood pressure con-
trol may not be necessary E,
and reduction of therapy may
be appropriate. Similarly, the
intensity of lipid management
canbe relaxed, andwithdrawal
of lipid-lowering therapy may
be appropriate. A

12.20 Overall comfort, prevention of
distressing symptoms, and pre-
servation of quality of life and
dignity are primary goals for di-
abetes management at the end
of life. C

The management of the older adult at the
end of life receiving palliative medicine or
hospice care is a unique situation. Over-
all, palliative medicine promotes com-
fort, symptom control and prevention
(pain, hypoglycemia, hyperglycemia, and
dehydration), andpreservation of dignity
and quality of life in patients with limited
life expectancy (103,107). In the setting of
palliative care, providers should initiate
conversations regarding the goals and in-
tensity of diabetes care; strict glucose and
blood pressure control may not be con-
sistent with achieving comfort and quality
of life. In a multicenter trial, withdrawal of
statins among patients in palliative care
was found to improve quality of life, while
similar evidence for glucose and blood
pressure control are not yet available
(108–110). Apatienthas the right to refuse
testing and treatment, whereas providers
may consider withdrawing treatment and
limiting diagnostic testing, including a re-
duction in the frequency of blood glu-
cosemonitoring (111,112).Glucose targets
should aim to prevent hypoglycemia and
hyperglycemia. Treatment interventions
need to be mindful of quality of life.
Careful monitoring of oral intake is war-
ranted. Thedecisionprocessmayneed to
involve the patient, family, and caregivers,
leading to a care plan that is both conve-
nient and effective for the goals of care
(113). The pharmacologic therapy may
include oral agents as first line, followed
by a simplified insulin regimen. If needed,

basal insulin can be implemented, accom-
panied by oral agents and without rapid-
acting insulin. Agents that can cause gas-
trointestinal symptoms such as nausea or
excess weight lossmay not be good choices
in this setting. As symptoms progress,
some agents may be slowly tapered
and discontinued.
Different patient categories have been

proposed for diabetes management in
those with advanced disease (47).

1. A stable patient: Continue with the
patient’s previous regimen, with a
focus on the prevention of hypo-
glycemia and the management of
hyperglycemia using blood glucose
testing, keeping levels below the re-
nal threshold of glucose. There is very
little role for A1C monitoring and
lowering.

2. A patient with organ failure: Pre-
venting hypoglycemia is of greater
significance. Dehydration must be
prevented and treated. In people
with type 1 diabetes, insulin admin-
istration may be reduced as the oral
intake of food decreases but should
notbe stopped. For thosewith type2
diabetes, agents that may cause
hypoglycemia should be reduced
in dose. The main goal is to avoid
hypoglycemia, allowing for glucose
values in the upper level of the de-
sired target range.

3. A dying patient: For patients with
type 2 diabetes, the discontinuation
of all medications may be a reason-
able approach, as patients are un-
likely to have any oral intake. In
patients with type 1 diabetes, there
is no consensus, but a small amount
of basal insulin may maintain glucose
levels and prevent acute hyperglyce-
mic complications.
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13. Children and Adolescents:
Standards of Medical Care in
Diabetesd2021
Diabetes Care 2021;44(Suppl. 1):S180–S199 | https://doi.org/10.2337/dc21-S013

The American Diabetes Association (ADA) “Standards of Medical Care in Diabetes”
includes the ADA’s current clinical practice recommendations and is intended to
provide the components of diabetes care, general treatment goals and guidelines,
and tools to evaluate quality of care. Members of the ADA Professional Practice
Committee, a multidisciplinary expert committee (https://doi.org/10.2337/dc21-
SPPC), are responsible for updating the Standards of Care annually, or more
frequently as warranted. For a detailed description of ADA standards, statements,
and reports, as well as the evidence-grading system for ADA’s clinical practice
recommendations, please refer to the Standards of Care Introduction (https://doi
.org/10.2337/dc21-SINT). Readers who wish to comment on the Standards of Care
are invited to do so at professional.diabetes.org/SOC.

The management of diabetes in children and adolescents cannot simply be derived
from care routinely provided to adults with diabetes. The epidemiology, patho-
physiology,developmental considerations, andresponse to therapy inpediatric-onset
diabetes are different from adult diabetes. There are also differences in recom-
mended care for children and adolescents with type 1 diabetes, type 2 diabetes, and
other forms of pediatric diabetes. This section first addresses care for children and
adolescentswith type1diabetes andnext addresses care for children andadolescents
with type 2 diabetes. Monogenic diabetes (neonatal diabetes and maturity-onset
diabetes in the young [MODY]) and cystic fibrosis–related diabetes, which often
present in youth, are discussed in Section 2 “Classification and Diagnosis of Diabetes”
(https://doi.org/10.2337/dc21-S002). Lastly, guidance is provided in this section on
transition of care from pediatric to adult providers to ensure that the continuum of
care is appropriate as an adolescent with diabetes becomes an adult. Due to the nature of
clinicalpediatric research, the recommendations for childrenandadolescentswithdiabetes
are less likely to bebasedon clinical trial evidence.However, expert opinionanda reviewof
available and relevant experimental data are summarized in the American Diabetes
Association (ADA) position statements “Type 1 Diabetes in Children and Adolescents” (1)
and“Evaluation andManagement of Youth-Onset Type 2 Diabetes” (2). The ADA
consensus report “Youth-Onset Type 2 Diabetes Consensus Report: Current Status,
Challenges, and Priorities” (3) characterizes type 2 diabetes in children and evaluates
treatment options but also discusses knowledge gaps and recruitment challenges in
clinical and translational research in youth-onset type 2 diabetes.

TYPE 1 DIABETES

Type 1 diabetes is the most common form of diabetes in youth (4), although data
suggest that it may account for a large proportion of cases diagnosed in adult life (5).

Suggested citation: American Diabetes Associa-
tion. 13. Children and adolescents: Standards of
Medical Care in Diabetesd2021. Diabetes Care
2021;44(Suppl. 1):S180–S199
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The provider must consider the unique
aspects of care andmanagement of children
andadolescentswithtype1diabetes,suchas
changes in insulin sensitivity related to phys-
ical growth and sexual maturation, ability to
provideself-care, supervision inthechildcare
and school environment, neurological vul-
nerability to hypoglycemia and hyperglyce-
mia in young children, and possible adverse
neurocognitive effects of diabetic ketoaci-
dosis (DKA) (6,7). Attention to familydynam-
ics, developmental stages, and physiologic
differences related to sexual maturity is
essential in developing and implementing
an optimal diabetes treatment plan (8).
A multidisciplinary team of specialists

trained in pediatric diabetes manage-
ment and sensitive to the challenges of
children and adolescents with type 1 di-
abetes and their families should provide
care for this population. It is essential
thatdiabetes self-managementeducation
and support, medical nutrition therapy,
and psychosocial support be provided
at diagnosis and regularly thereafter in
a developmentally appropriate format
that builds on prior knowledge by in-
dividuals experienced with the biolog-
ical, educational, nutritional, behavioral,
andemotional needsof the growing child
and family. The appropriate balance be-
tween adult supervision and indepen-
dent self-care should be defined at the
first interaction and reevaluated at sub-
sequent visits, with the expectation that
it will evolve as the adolescent gradually
becomes an emerging adult.

Diabetes Self-Management Education
and Support

Recommendation

13.1 Youth with type 1 diabetes and
their parents/caregivers (for pa-
tients aged ,18 years) should
receive culturally sensitive and de-
velopmentally appropriate individ-
ualized diabetes self-management
education and support according
to national standards at diagnosis
and routinely thereafter. B

No matter how sound the medical reg-
imen, it can only be effective if the family
and/or affected individuals are able to
implement it. Family involvement is a
vital component of optimal diabetes
management throughout childhood and
adolescence. The pediatric diabetes care
team must be capable of evaluating the
educational, behavioral, emotional, and

psychosocial factors that impact imple-
mentation of a treatment plan and must
work with the individual and family to
overcome barriers or redefine goals as
appropriate. Diabetes self-management
education and support requires periodic
reassessment, especially as the youth
grows, develops, and acquires the need
for greater independent self-care skills.
In addition, it is necessary to assess the
educational needs and skills of, and pro-
vide training to, day care workers, school
nurses, and school personnel who are
responsible for the care and supervision
of the child with diabetes (9–11).

Nutrition Therapy

Recommendations

13.2 Individualized medical nutrition
therapy is recommended for
children and adolescents with
type 1 diabetes as an essential
component of the overall treat-
ment plan. A

13.3 Monitoring carbohydrate in-
take, whether by carbohydrate
counting or experience-based
estimation, is key to achieving
optimal glycemic control. B

13.4 Comprehensive nutrition edu-
cation at diagnosis, with annual
updates, by an experienced reg-
istered dietitian nutritionist is
recommended to assess caloric
and nutrition intake in relation
to weight status and cardiovas-
cular disease risk factors and to
informmacronutrient choices. E

Dietary management should be individ-
ualized: family habits, food preferences,
religious or cultural needs, finances,
schedules, physical activity, and the pa-
tient’s and family’s abilities in numeracy,
literacy, and self-management should be
considered. Visits with a registered di-
etitian nutritionist should include assess-
ment for changes in food preferences
over time, access to food, growth and
development, weight status, cardiovas-
cular risk, and potential for eating dis-
orders. Dietary adherence is associated
with better glycemic control in youth
with type 1 diabetes (12).

Physical Activity and Exercise

Recommendations

13.5 Exercise is recommended for all
children and adolescents with

type 1 diabetes with the goal of
60minofmoderate- to vigorous-
intensity aerobic activity daily,
with vigorous muscle-strength-
ening and bone-strengthening
activities at least 3 days per week.
C

13.6 Education about frequent pat-
terns of glycemia during and
after exercise, which may include
initial transient hyperglycemia
followed by hypoglycemia, is
essential. Families should also
receive education on prevention
and management of hypoglyce-
mia during and after exercise,
including ensuring patients have
a pre-exercise glucose level of
90–250 mg/dL (5.0–13.9 mmol/
L) and accessible carbohydrates
before, during, and after engag-
ing in activity, individualized ac-
cording to the type/intensity of
the planned physical activity. E

13.7 Patients should be educated on
strategies to prevent hypogly-
cemia during exercise, after ex-
ercise, and overnight following
exercise, which may include re-
ducing prandial insulin dosing
for the meal/snack preceding
(and, if needed, following) ex-
ercise, reducing basal insulin
doses, increasing carbohydrate
intake, eating bedtime snacks,
and/or using continuous glu-
cose monitoring. C

13.8 Frequent glucose monitoring
before, during, and after exer-
cise, with or without use of
continuous glucose monitoring,
is important to prevent, detect,
and treat hypoglycemia and hy-
perglycemia with exercise. C

Exercise positively impacts metabolic and
psychological health in children with type
1 diabetes (13). While it affects insulin
sensitivity, physical fitness, strength
building, weight management, social in-
teraction, mood, self-esteem building,
and creation of healthful habits for adult-
hood, it also has the potential to cause
both hypoglycemia and hyperglycemia.
See below for strategies to mitigate

hypoglycemia risk and minimize hyper-
glycemia with exercise. For an in-depth
discussion, see recently published re-
views and guidelines (14–16).
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Overall, it is recommended that youth
participate in 60 min of moderate- (e.g.,
brisk walking, dancing) to vigorous- (e.g.,
running, jumping rope) intensity aerobic
activity daily, including resistance and
flexibility training (17). Although uncom-
mon in the pediatric population, patients
should be medically evaluated for co-
morbid conditions or diabetes complica-
tions that may restrict participation in an
exercise program. As hyperglycemia can
occur before, during, and after physical
activity, it is important to ensure that the
elevated glucose level is not related to
insulin deficiency that would lead to
worsening hyperglycemia with exercise
and ketosis risk. Intense activity should
be postponed with marked hyperglyce-
mia (glucose $350 mg/dL [19.4 mmol/
L]), moderate to large urine ketones, and/
or b-hydroxybutyrate (B-OHB) .1.5
mmol/L. Caution may be needed when
B-OHB levels are $0.6 mmol/L (12,14).
The prevention and treatment of hy-

poglycemia associated with physical ac-
tivity include decreasing the prandial
insulin for the meal/snack before exer-
cise and/or increasing food intake. Pa-
tients on insulin pumps can lower basal
rates by ;10–50% or more or suspend
for 1–2hduring exercise (18). Decreasing
basal rates or long-acting insulin doses by
;20% after exercisemay reduce delayed
exercise-induced hypoglycemia (19). Ac-
cessible rapid-acting carbohydrates and
frequent blood glucose monitoring be-
fore, during, and after exercise, with or
without continuous glucose monitoring,
maximize safety with exercise.
Blood glucose targets prior to exercise

should be90–250mg/dL (5.0–13.9mmol/
L). Consider additional carbohydrate in-
takeduringand/orafterexercise,depend-
ing on the duration and intensity of
physical activity, to prevent hypoglyce-
mia. For low-to-moderate intensity aer-
obic activities (30–60 min), and if the
patient is fasting, 10–15 g of carbohy-
drate may prevent hypoglycemia (20).
After insulin boluses (relative hyperinsu-
linemia), consider 0.5–1.0 g of carbohy-
drates/kg per hour of exercise (;30–60
g), which is similar to carbohydrate re-
quirements to optimize performance in
athleteswithout type1diabetes (21–23).
In addition, obesity is as common in

children and adolescents with type 1
diabetes as in those without diabetes.
It is associated with higher frequency
of cardiovascular risk factors, and it

disproportionately affects racial/ethnic
minorities in the U.S. (24–28). Therefore,
diabetes care providers should monitor
weight status and encourage a healthy
diet, exercise, and healthy weight as key
components of pediatric type 1 diabetes
care.

School and Child Care
As a large portion of a child’s day is spent
in school and/or day care, training of
school or day care personnel to provide
care in accordance with the child’s in-
dividualized diabetesmedical management
plan is essential for optimal diabetes man-
agementandsafeaccesstoallschoolorday
caresponsoredopportunities (10,11,29). In
addition, federal and state laws require
schools, day care facilities, and other
entities to provide needed diabetes care
to enable the child to safely access the
school or day care environment. Refer to
the ADA position statements “Diabetes
Care in the School Setting” (10) and “Care
of Young Children With Diabetes in the
Child Care Setting” (11) and ADA’s Safe at
School website (https://www.diabetes
.org/resources/know-your-rights/safe-at-
school-state-laws) for additional details.

Psychosocial Issues

Recommendations

13.9 At diagnosis and during rou-
tine follow-up care, assess psy-
chosocial issues and family
stresses that could impact di-
abetes management and pro-
vide appropriate referrals to
trained mental health profes-
sionals, preferably experienced
in childhood diabetes. E

13.10 Mental health professionals
should be considered integral
members of the pediatric dia-
betesmultidisciplinary team. E

13.11 Encourage developmentally ap-
propriate family involvement in
diabetes management tasks for
childrenandadolescents, recog-
nizing that premature transfer
of diabetes care to the child can
result in diabetes burnout, non-
adherence, and deterioration in
glycemic control. A

13.12 Providers should assess food
security, housing stability/
homelessness, health literacy,
financial barriers, and social/
community support and apply

that information to treatment
decisions. E

13.13 Providers should consider ask-
ing youth and their parents
about social adjustment (peer
relationships) and school per-
formance to determine whether
further intervention is needed.B

13.14 Assess youth with diabetes
for psychosocial and diabetes-
related distress, generally start-
ing at 7–8 years of age. B

13.15 Offer adolescents timeby them-
selveswiththeir careprovider(s)
starting at age12years, orwhen
developmentally appropriate. E

13.16 Starting at puberty, precon-
ception counseling should be
incorporated into routine di-
abetes care for all girls of child-
bearing potential. A

13.17 Begin screening youthwith type
1 diabetes for eating disorders
between10and12 years of age.
The Diabetes Eating Problems
Survey-Revised (DEPS-R) is a re-
liable, valid, and brief screening
tool for identifying disturbed
eating behavior. B

Rapid and dynamic cognitive, develop-
mental, and emotional changes occur
during childhood, adolescence, and emerg-
ing adulthood. Diabetes management dur-
ing childhood and adolescence places
substantial burdens on the youth and
family, necessitating ongoing assessment
of psychosocial status, social determinants
of health, and diabetes distress in the
patient and the caregiver during routine
diabetes visits (30–38). It is important to
consider the impact of diabetes on qual-
ity of life as well as the development of
mental health problems related to di-
abetes distress, fear of hypoglycemia
(and hyperglycemia), symptoms of anx-
iety, disordered eating behaviors and
eating disorders, and symptoms of de-
pression (39). Consider assessing youth
for diabetes distress, generally starting at
7 or 8 years of age (40). Consider screen-
ing for depression and disordered eating
behaviors using available screening tools
(30,41). Early detection of depression,
anxiety, eating disorders, and learning
disabilities can facilitate effective treat-
ment options and help minimize adverse
effects on diabetes management and
disease outcomes (35,40). There are
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validated tools, such as the Problem
Areas in Diabetes-Teen (PAID-T) and
Parent (P-PAID-T) (36), that can be used
in assessing diabetes-specific distress in
youth starting at age 12 years and in their
parent caregivers. Furthermore, the com-
plexities of diabetesmanagement require
ongoing parental involvement in care
throughout childhood with developmen-
tally appropriate family teamwork be-
tween the growing child/teen and
parent in order to maintain adherence
and to prevent deterioration in glycemic
control (42,43). As diabetes-specific fam-
ily conflict is related to poorer adherence
and glycemic control, it is appropriate to
inquire about such conflict during visits
and to either help to negotiate a plan for
resolution or refer to an appropriate
mental health specialist (44). Monitoring
of social adjustment (peer relationships)
and school performance can facilitate
both well-being and academic achieve-
ment (45). Suboptimal glycemic control
is a risk factor for underperformance at
school and increased absenteeism (46).
Shared decision-making with youth

regarding the adoption of regimen
components and self-management be-
haviorscan improvediabetesself-efficacy,
adherence, and metabolic outcomes
(25,47). Although cognitive abilities vary,
the ethical position often adopted is the
“mature minor rule,” whereby children
after age 12 or 13 years who appear to be
“mature” have the right to consent or
withhold consent to generalmedical treat-
ment, except in cases in which refusal
would significantly endanger health (48).
Beginning at the onset of puberty or at

diagnosis of diabetes, all adolescent girls
and women with childbearing potential
should receive education about the risks
of malformations associated with poor
metabolic control and theuseofeffective
contraception to prevent unplanned
pregnancy. Preconception counselingus-
ing developmentally appropriate educa-
tional tools enables adolescent girls to
make well-informed decisions (49). Pre-
conception counseling resources tailored
for adolescents are available at no cost
through the ADA (50). Refer to the ADA
position statement “Psychosocial Care
for People With Diabetes” for further
details (40).
Youth with type 1 diabetes have an

increased risk of disordered eating be-
havior as well as clinical eating disorders
with serious short-term and long-term

negative effects on diabetes outcomes
and health in general. It is important to
recognize the unique and dangerous
disordered eating behavior of insulin
omission for weight control in type 1
diabetes (51) using tools such as the
Diabetes Eating Problems Survey-Revised
(DEPS-R) to allow for early diagnosis and
intervention (41,52–54).
The presence of a mental health pro-

fessional on pediatric multidisciplinary
teams highlights the importance of at-
tending to the psychosocial issues of
diabetes. These psychosocial factors are
significantly related to self-management
difficulties, suboptimal glycemic control,
reduced quality of life, and higher rates of
acute and chronic diabetes complications.

Glycemic Control

Recommendations

13.18 Whenever possible, children
and adolescents with type 1
diabetesshouldbetreatedwith
intensive insulin regimens, ei-
therviamultipledaily injections
or continuous subcutaneous
insulin infusion. A

13.19 All children and adolescents
with type 1 diabetes should
self-monitor glucose levels
multiple times daily (up to
6–10 times/day by glucose
meter or continuous glucose
monitoring), including prior
to meals and snacks, at bed-
time, and as needed for safety
in specific situations such as
exercise, driving, or the pres-
ence of symptoms of hypogly-
cemia. B

13.20 When used properly, real-time
continuous glucose monitoring
in conjunctionwith insulin ther-
apy is a useful tool to lower
and/or maintain A1C levels
and/or reduce hypoglycemia.A

13.21 When used properly, intermit-
tently scanned continuous glu-
cosemonitoring in conjunction
with insulin therapy can be
useful to replace self-monitoring
of blood glucose. B

13.22 Automated insulin delivery
systems may be considered to
improve glycemic control. A

13.23 A1C goals must be individual-
ized and reassessed over time.
AnA1Cof,7% (53mmol/mol)

is appropriate for many chil-
dren. B

13.24 Less stringent A1C goals (such
as,7.5% [58mmol/mol])may
beappropriate forpatientswho
cannot articulate symptoms of
hypoglycemia; have hypoglyce-
mia unawareness; lack access
to analog insulins, advanced
insulin delivery technology, and/
or continuous glucose monitor-
ing; cannot check blood glucose
regularly; or have nonglycemic
factors that increase A1C (e.g.,
high glycators). B

13.25 Even less stringent A1C goals
(such as,8% [64 mmol/mol])
maybeappropriate forpatients
with a history of severe hypo-
glycemia, limitedlifeexpectancy,
orwheretheharmsoftreatment
are greater than the benefits. B

13.26 Providers may reasonably sug-
gest more stringent A1C goals
(such as,6.5% [48mmol/mol])
for selected individualpatients if
they can be achieved without
significant hypoglycemia, nega-
tive impacts on well-being, or
undueburdenofcare,or inthose
who have nonglycemic factors
that decrease A1C (e.g., lower
erythrocyte life span). Lower tar-
gets may also be appropriate
during the honeymoon phase. B

13.27 Continuous glucosemonitoring
(CGM) metrics derived from
CGM use over the most recent
14 days (or longer for patients
withmore glycemic variability),
including time in ranges (within
target, below target, and above
target), are recommended to
beusedinconjunctionwithA1C
whenever possible. E

Current standards for diabetes manage-
ment reflect the need to minimize hy-
perglycemia as safely as possible. The
Diabetes Control and Complications Trial
(DCCT),whichdidnotenroll children,13
years of age, demonstrated that near
normalizationofbloodglucose levelswas
more difficult to achieve in adolescents
than in adults. Nevertheless, the in-
creased use of basal-bolus regimens,
insulin pumps, frequent blood glucose
monitoring, goal setting, and improved
patient education has been associated

care.diabetesjournals.org Children and Adolescents S183
©Am

er
ica

n D
iabet

es
 A

sso
cia

tio
n

http://care.diabetesjournals.org


with more children and adolescents
reaching the blood glucose targets rec-
ommended by the ADA (55–58), partic-
ularly inpatients of families inwhichboth
the parents and the child with diabetes
participate jointly to perform the re-
quired diabetes-related tasks.
Lower A1C in adolescence and young

adulthood is associated with lower risk
and rate of microvascular and macro-
vascular complications (59–63) and
demonstrates the effects of metabolic
memory (64–67).
In addition, type 1 diabetes can be

associated with adverse effects on cog-
nition during childhood and adolescence
(6,68,69), and neurocognitive imaging
differences related to hyperglycemia in
children provide another motivation for
lowering glycemic targets (6). DKA has
been shown to cause adverse effects on
brain development and function. Addi-
tional factors (70–73) that contribute to
adverse effects on brain development
and function include young age, severe
hypoglycemia at ,6 years of age, and
chronic hyperglycemia (74,75). However,
meticulous use of new therapeutic mo-
dalities such as rapid- and long-acting
insulin analogs, technological advances
(e.g., continuous glucose monitoring
[CGM], sensor-augmented pump therapy
with automatic low glucose suspend, and
automated insulin delivery systems), and
intensive self-management education now
make it more feasible to achieve excellent
glycemic control while reducing the inci-
dence of severe hypoglycemia (76–86).
In selecting individualized glycemic tar-

gets, the long-term health benefits of
achieving a lower A1C should be bal-
anced against the risks of hypoglycemia
and the developmental burdens of in-
tensive regimens in children and youth.
Recent data with newer devices and
insulins indicate that the risk of hypo-
glycemia with lower A1C is less than it
was before (77,87–95). Some data sug-
gest that there could be a threshold
where lower A1C is associatedwithmore
hypoglycemia (96,97); however, the con-
fidence intervals were large, suggesting
great variability. In addition, achieving
lower A1C levels is likely facilitated by
setting lower A1C targets (98,99). Lower
goals may be possible during the “hon-
eymoon” phase of type 1 diabetes. Spe-
cial consideration should be given to the
risk of hypoglycemia in young children
(aged,6 years) who are often unable to

recognize, articulate, and/or manage hypo-
glycemia. However, registry data indicate
thatA1Ctargetscanbeachieved inchildren,
including those aged ,6 years, without
increased risk of severe hypoglycemia
(87,98). Recent data have demonstrated
that the use of real-time CGM lowered
A1C and increased time in range in ado-
lescents and young adults and, in children
aged ,8 years old, was associated with
lower risk of hypoglycemia (100,101).
A strong relationship exists between

frequency of blood glucose monitoring
and glycemic control (78–85,102,103).
All children and adolescents with type 1
diabetes should self-monitor glucose lev-
els multiple times daily by glucose meter
or CGM. In the U.S., real-time CGM is
approved for nonadjunctive use in chil-
dren aged 2 years and older, and in-
termittently scanned CGM is approved
for nonadjunctive use in children aged
4 years and older. Metrics derived from
CGM include percent time in target
range, below target range, and above
target range (104). While studies in-
dicate a relation between time in range
and A1C (105,106), it is still uncertain
what the ideal target time in range should
be for children, and further studies are
needed. Please refer to Section 7 “Dia-
betes Technology” (https://doi.org/10
.2337/dc21-S007) for more information
on the use of blood glucose meters,
CGM, and insulin pumps. More informa-
tion on insulin injection technique can
be found in Section 9 “Pharmacologic
Approaches to Glycemic Treatment”
(https://doi.org/10.2337/dc21-S009).

Key Concepts in Setting Glycemic
Targets
c Targets should be individualized, and

lower targetsmaybe reasonable based
on a benefit-risk assessment.

c Blood glucose targets should be mod-
ified in children with frequent hypogly-
cemia or hypoglycemia unawareness.

c Postprandial blood glucose values
should be measured when there is a
discrepancy between preprandial blood
glucose values and A1C levels and to
assess preprandial insulin doses in those
on basal-bolus or pump regimens.

Autoimmune Conditions

Recommendation

13.28 Assess for additional autoim-
mune conditions soon after

the diagnosis of type 1 diabe-
tes and if symptoms develop.
B

Because of the increased frequency of
other autoimmune diseases in type 1
diabetes, screening for thyroid dysfunc-
tion and celiac disease should be considered
(107–111). Periodic screening in asymp-
tomatic individuals has been recommen-
ded, but theoptimal frequencyof screening
is unclear.
Although much less common than thy-

roid dysfunction and celiac disease, other
autoimmune conditions, such as Addison
disease (primary adrenal insufficiency),
autoimmune hepatitis, autoimmune gas-
tritis, dermatomyositis, and myasthenia
gravis, occur more commonly in the pop-
ulation with type 1 diabetes than in the
general pediatric population and should
be assessed and monitored as clinically
indicated. In addition, relatives of pa-
tients should be offered testing for islet
autoantibodies through research stud-
ies (e.g., TrialNet) for early diagnosis
of preclinical type 1 diabetes (stages 1
and 2).

Thyroid Disease

Recommendations

13.29 Consider testing children with
type 1 diabetes for antithyroid
peroxidaseandantithyroglobulin
antibodies soon after diagnosis.B

13.30 Measure thyroid-stimulatinghor-
moneconcentrationsatdiagnosis
whenclinicallystableorsoonafter
glycemic control has been estab-
lished. If normal, suggest recheck-
ingevery1–2yearsorsoonerifthe
patient has positive thyroid anti-
bodies or develops symptoms or
signs suggestive of thyroid dys-
function, thyromegaly, an abnor-
mal growth rate, or unexplained
glycemic variability. B

Autoimmune thyroid disease is the most
common autoimmune disorder associated
with diabetes, occurring in 17–30% of pa-
tientswithtype1diabetes (108,112,113).At
the time of diagnosis, ;25% of children
with type 1 diabetes have thyroid auto-
antibodies (114), the presence of which
is predictive of thyroid dysfunctiondmost
commonly hypothyroidism, although hy-
perthyroidism occurs in ;0.5% of pa-
tients with type 1 diabetes (115,116). For
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thyroid autoantibodies, a study from
Sweden indicated that antithyroid per-
oxidase antibodies were more predictive
than antithyroglobulin antibodies inmul-
tivariate analysis (117). Thyroid function
tests may be misleading (euthyroid sick
syndrome) if performed at the time of
diagnosis owing to the effect of previous
hyperglycemia, ketosis or ketoacidosis,
weight loss, etc. Therefore, if performed
at diagnosis and slightly abnormal, thy-
roid function tests should be repeated
soon after a period of metabolic stability
and achievement of glycemic targets.
Subclinical hypothyroidism may be asso-
ciatedwith increased riskof symptomatic
hypoglycemia (118) and reduced linear
growth rate. Hyperthyroidism alters glu-
cose metabolism and usually causes de-
terioration of glycemic control.

Celiac Disease

Recommendations

13.31 Screen children with type 1 di-
abetes for celiac disease by
measuring IgA tissue transglu-
taminase (tTG) antibodies, with
documentation of normal total
serum IgA levels, soon after the
diagnosis of diabetes, or IgG to
tTG and deamidated gliadin
antibodies if IgA deficient. B

13.32 Repeat screeningwithin2years
of diabetes diagnosis and then
again after 5 years and consider
morefrequentscreening inchil-
dren who have symptoms or a
first-degree relative with celiac
disease. B

13.33 Individuals with confirmed ce-
liac disease should be placed
on a gluten-free diet for treat-
ment and to avoid complica-
tions; they should also have a
consultation with a dietitian
experienced in managing both
diabetes and celiac disease.
B

Celiac disease is an immune-mediated
disorder that occurs with increased fre-
quency in patients with type 1 diabetes
(1.6–16.4% of individuals compared with
0.3–1% in the general population)
(107,110,111,119–123). Screening patients
with type 1 diabetes for celiac disease is
further justified by its association with
osteoporosis, iron deficiency, growth

failure, and potential increased risk of
retinopathy and albuminuria (124–127).
Screening for celiac disease includes

measuring serum levels of IgA and tissue
transglutaminase antibodies, or, with IgA
deficiency, screening can include mea-
suring IgG tissue transglutaminase anti-
bodies or IgGdeamidated gliadin peptide
antibodies. Because most cases of celiac
disease are diagnosed within the first
5 years after the diagnosis of type 1
diabetes, screening shouldbeconsidered
at the time of diagnosis and repeated at
2 and then 5 years (121) or if clinical
symptoms indicate, such as poor growth
or increased hypoglycemia (122,124).
Although celiac disease can be di-

agnosed more than 10 years after di-
abetes diagnosis, there are insufficient
data after 5 years to determine the op-
timal screening frequency. Measurement
of tissue transglutaminase antibody
should be considered at other times in
patients with symptoms suggestive of ce-
liac disease (121). Monitoring for symp-
toms should include assessment of linear
growth and weight gain (122,124). A small
bowel biopsy in antibody-positive children
is recommended to confirm the diagnosis
(128).Europeanguidelinesonscreeningfor
celiac disease in children (not specific to
childrenwith type 1 diabetes) suggest that
biopsy may not be necessary in symptom-
atic children with high antibody titers (i.e.,
greater than 10 times the upper limit of
normal) provided that further testing is
performed (verification of endomysial
antibody positivity on a separate blood
sample). Whether this approach may be
appropriate for asymptomatic children in
high-risk groups remains an open ques-
tion, though evidence is emerging (129).
It is also advisable to check for celiac
disease–associated HLA types in patients
who are diagnosed without a small in-
testinal biopsy. In symptomatic children
with type1diabetes and confirmedceliac
disease, gluten-free diets reduce symp-
toms and rates of hypoglycemia (130).
The challenging dietary restrictions as-
sociatedwithhavingboth type1diabetes
and celiac disease place a significant
burden on individuals. Therefore, a bi-
opsy to confirm the diagnosis of celiac
disease is recommended, especially in
asymptomatic children, before establish-
ing a diagnosis of celiac disease (131)
andendorsing significant dietary changes.
A gluten-free diet was beneficial in

asymptomatic adults with positive anti-
bodies confirmed by biopsy (132).

Management of Cardiovascular Risk
Factors

Hypertension Screening

Recommendation

13.34 Blood pressure should bemea-
sured at each routine visit.
Children found to have elevated
blood pressure (systolic blood
pressure or diastolic blood
pressure $90th percentile for
age, sex, and height or, in
adolescents$13 years, systolic
bloodpressure 120–129mmHg
with diastolic blood pressure
,80 mmHg) or hypertension
(systolic blood pressure or di-
astolic blood pressure $95th
percentile forage, sex,andheight
or, in adolescents $13 years,
systolic blood pressure $130
mmHg or diastolic blood pres-
sure $80 mmHg) should have
elevated blood pressure con-
firmed on three separate days.
B

Hypertension Treatment

Recommendations

13.35 Initial treatment of elevated
blood pressure (systolic blood
pressure or diastolic blood pres-
sureconsistently$90thpercen-
tile for age, sex, and height or
$120/80 mmHg in adolescents
$13 years) includes dietary
modification and increased ex-
ercise, if appropriate, aimed at
weight control. If target blood
pressure is not reached within
3–6 months of initiating life-
style intervention,pharmacologic
treatment should be considered.
E

13.36 In addition to lifestyle modifica-
tion, pharmacologic treatment
of hypertension (systolic blood
pressure or diastolic blood pres-
sureconsistently$95thpercen-
tile for age, sex, and height or
$140/90 mmHg in adolescents
$13 years) should be consid-
ered as soon as hypertension is
confirmed. E
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13.37 ACE inhibitors or angiotensin
receptor blockers should be
considered for the initial phar-
macologic treatment of hy-
pertension E in children and
adolescents, following repro-
ductive counseling due to the
potential teratogenic effects
of both drug classes. E

13.38 The goal of treatment is blood
pressure consistently ,90th
percentile for age, sex, and
height or,120/,80 mmHg in
children $13 years. E

Blood pressuremeasurements should be
performedusing theappropriate size cuff
with the child seated and relaxed. Hyper-
tension should be confirmed on at least
three separate days. Evaluation should
proceed as clinically indicated (133). Treat-
ment is generally initiated with an ACE
inhibitor, but an angiotensin receptor
blocker can be used if the ACE inhibitor
is not tolerated (e.g., due to cough) (134).

Dyslipidemia Testing

Recommendations

13.39 Initial lipid testing should be
performed when initial glyce-
mic control has been achieved
and age is $2 years. If initial
LDL cholesterol is#100mg/dL
(2.6mmol/L), subsequent test-
ing should be performed at 9–
11 years of age. B Initial testing
may be donewith a nonfasting
non-HDL cholesterol level with
confirmatory testing with a
fasting lipid panel.

13.40 If LDL cholesterol values are
within the accepted risk level
(,100 mg/dL [2.6 mmol/L]), a
lipid profile repeated every
3 years is reasonable. E

Dyslipidemia Treatment

Recommendations

13.41 If lipids are abnormal, initial
therapy should consist of op-
timizingglucosecontrolandmed-
icalnutritiontherapyto limit the
amount of calories from fat
to25–30%, saturated fat to,7%,
cholesterol,200mg/day, avoid-
ance of trans fats, and aim for
;10% calories from monoun-
saturated fats. A

13.42 After the age of 10 years, ad-
dition of a statin may be con-
sidered inpatientswho,despite
medical nutrition therapy and
lifestyle changes, continue to
have LDL cholesterol.160mg/
dL (4.1 mmol/L) or LDL choles-
terol.130mg/dL (3.4mmol/L)
andoneormore cardiovascular
disease risk factors, following
reproductive counseling for fe-
males because of the potential
teratogenic effects of statins. E

13.43 The goal of therapy is an LDL
cholesterol value,100 mg/dL
(2.6 mmol/L). E

Population-based studies estimate that
14–45% of children with type 1 diabetes
have two or more atherosclerotic car-
diovascular disease (ASCVD) risk factors
(135–137), and the prevalence of cardio-
vascular disease (CVD) risk factors in-
creases with age (137) and among racial/
ethnic minorities (24), with girls having a
higher risk burden than boys (136).

Pathophysiology.The atherosclerotic pro-
cess begins in childhood, and although
ASCVD events are not expected to occur
during childhood, observations using a
variety of methodologies show that
youth with type 1 diabetes may have
subclinical CVD within the first decade of
diagnosis (138–140). Studies of carotid
intima-media thickness have yielded in-
consistent results (133,134).

Screening. Diabetes predisposes to de-
velopment of accelerated arteriosclero-
sis. Lipid evaluation for these patients
contributes to risk assessment and iden-
tifies an important proportion of those
with dyslipidemia. Therefore, initial
screening should be done soon after
diagnosis. If the initial screen is normal,
subsequent screening may be done at 9–
11 years of age, which is a stable time for
lipid assessment in children (141). Chil-
dren with a primary lipid disorder (e.g.,
familial hyperlipidemia) should be re-
ferred to a lipid specialist. Non-HDL
cholesterol level has been identified as a
significant predictor of the presence of
atherosclerosisdas powerful as any
other lipoprotein cholesterol measure in
children and adolescents. For both chil-
dren and adults, non-HDL cholesterol
level seems to be more predictive of
persistent dyslipidemia and, therefore,
atherosclerosis and future events than

total cholesterol, LDL cholesterol, or HDL
cholesterol levels alone. Amajor advantage
of non-HDL cholesterol is that it can be
accurately calculated in a nonfasting state
and is thereforepractical toobtain in clinical
practiceasascreeningtest (142).Youthwith
type 1 diabetes have a high prevalence of
lipid abnormalities (135,143).
Even if normal, screening should be

repeated within 3 years, as glycemic con-
trol and other cardiovascular risk factors
can change dramatically during adoles-
cence (144).

Treatment. Pediatric lipid guidelines pro-
vide some guidance relevant to children
with type 1 diabetes and secondary
dyslipidemia (133,141,145,146); how-
ever, there are few studies on modifying
lipid levels in children with type 1 di-
abetes. A 6-month trial of dietary coun-
seling produced a significant improvement
in lipid levels (147); likewise, a lifestyle
intervention trialwith6monthsof exercise
in adolescents demonstrated improvement
in lipid levels (148).DatafromtheSEARCHfor
Diabetes in Youth (SEARCH) study show that
improved glucose over a 2-year period is
associated with a more favorable lipid
profile; however, improved glycemia alone
will not normalize lipids in youth with
type 1 diabetes and dyslipidemia (144).
Although intervention data are sparse,

the American Heart Association catego-
rizes children with type 1 diabetes in the
highest tier for cardiovascular risk and
recommends both lifestyle and pharma-
cologic treatment for thosewithelevated
LDL cholesterol levels (146,149). Initial ther-
apy should be with a nutrition plan that
restricts saturated fat to 7%of total calories
anddietary cholesterol to200mg/day.Data
from randomized clinical trials in children as
young as 7 months of age indicate that this
diet is safe and does not interfere with
normal growth and development (150).
Neither long-term safety nor cardio-

vascular outcome efficacy of statin ther-
apy has been established for children;
however, studies have shown short-term
safety equivalent to that seen in adults
and efficacy in lowering LDL cholesterol
levels in familial hypercholesterolemia
or severe hyperlipidemia, improving
endothelial function and causing regres-
sion of carotid intimal thickening (151,152).
Statins are not approved for patients
aged ,10 years, and statin treatment
should generally not be used in children
with type 1 diabetes before this age.
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Statins are contraindicated in pregnancy;
therefore, prevention of unplanned preg-
nancies is of paramount importance. Sta-
tins should be avoided in females of
childbearing age who are sexually active
and not using reliable contraception
(see Section 14 “Management of Di-
abetes in Pregnancy,” https://doi.org/10
.2337/dc21-S014, formore information).
The multicenter, randomized, placebo-
controlled Adolescent Type 1 Diabetes
Cardio-Renal Intervention Trial (AdDIT)
provides safety data on pharmacologic
treatmentwithanACE inhibitor and statin
in adolescents with type 1 diabetes.

Smoking

Recommendations

13.44 Elicit a smokinghistoryat initial
and follow-up diabetes visits;
discourage smoking in youth
whodo not smoke and encour-
age smoking cessation in those
who do smoke. A

13.45 Electronic cigarette use should
be discouraged. A

Theadversehealtheffects of smokingare
well recognized with respect to future
cancer and CVD risk. Despite this, smok-
ing rates are significantly higher among
youth with diabetes than among youth
without diabetes (153,154). In youth
with diabetes, it is important to avoid
additional CVD risk factors. Smoking in-
creases the risk of onset of albuminuria;
therefore, smoking avoidance is impor-
tant to prevent both microvascular and
macrovascular complications (141,155).
Discouraging cigarette smoking, includ-
ing electronic cigarettes (156,157), is an
important part of routine diabetes care.
In light of recent Centers for Disease
Control and Prevention evidence of
deaths related to electronic cigarette use
(158,159), no persons should be ad-
vised to use electronic cigarettes, either
as a way to stop smoking tobacco or as a
recreational drug. In younger children, it
is important to assess exposure to cig-
arette smoke in the home because of the
adverse effects of secondhand smoke and
to discourage youth from ever smoking.

Microvascular Complications

Nephropathy Screening

Recommendation

13.46 Annualscreeningforalbuminuria
with a random (morning sample

preferred to avoid effects of
exercise) spot urine sample for
albumin-to-creatinine ratio should
be considered at puberty or at
age .10 years, whichever is
earlier, once the child has had
diabetes for 5 years. B

Nephropathy Treatment

Recommendation

13.47 An ACE inhibitor or an angioten-
sin receptor blocker, titrated to
normalization of albumin excre-
tion, may be considered when
elevated urinary albumin-to-
creatinine ratio (.30 mg/g) is
documented (two of three
urine samples obtained over
a 6-month interval following
efforts to improve glycemic
control and normalize blood
pressure). E

Data from 7,549 participants ,20 years
of age in the T1D Exchange clinic registry
emphasize the importance of good gly-
cemic and blood pressure control, par-
ticularly as diabetes duration increases,
in order to reduce the risk of diabetic
kidney disease. The data also underscore
the importance of routine screening to
ensure early diagnosis and timely treat-
mentof albuminuria (160).Anestimation
of glomerular filtration rate (GFR), cal-
culated using GFR estimating equations
from the serum creatinine, height, age,
and sex (161), should be considered at
baseline and repeated as indicated based
on clinical status, age, diabetes duration,
and therapies. Improved methods are
needed to screen for early GFR loss, since
estimated GFR is inaccurate at GFR .60
mL/min/1.73 m2 (161,162). The AdDIT
study in adolescentswith type 1 diabetes
demonstrated the safety of ACE inhibitor
treatment, but the treatment did not
change the albumin-to-creatinine ratio
over the course of the study (133).

Retinopathy

Recommendations

13.48 An initial dilated and compre-
hensive eye examination is rec-
ommended once youth have
had type 1 diabetes for 3–5
years, provided they are aged
$11 years or puberty has
started, whichever is earlier. B

13.49 After the initial examination,
repeat dilated and compre-
hensive eye examination every
2 years. Less frequent exami-
nations, every 4 years, may be
acceptable on the advice of an
eyecareprofessionalandbased
on risk factor assessment, in-
cluding a history of glycemic
control with A1C ,8%. B

Retinopathy (like albuminuria) most
commonly occurs after the onset of
puberty and after 5–10 years of diabetes
duration (163). It is currently recognized
that there is low risk of development of
vision-threatening retinal lesions prior to
12 years of age (164,165). A 2019 publi-
cation based on the follow-up of the
DCCT adolescent cohort supports lower
frequency of eye examinations than pre-
viously recommended, in particular in
adolescents with A1C closer to the target
range (166,167). Referrals should be
made to eye care professionals with
expertise in diabetic retinopathy and
experience in counseling pediatric pa-
tients and families on the importance
of prevention, early detection, and
intervention.

Neuropathy

Recommendation

13.50 Consider an annual compre-
hensive foot exam at the start
of puberty or at age$10 years,
whichever is earlier, once the
youth has had type 1 diabetes
for 5 years. B

Diabetic neuropathy rarely occurs in pre-
pubertal children or after only 1–2 years
of diabetes (163), although data suggest
a prevalence of distal peripheral neurop-
athy of 7% in 1,734 youth with type 1
diabetes and association with the pres-
ence of CVD risk factors (168,169). A
comprehensive foot exam, including in-
spection, palpation of dorsalis pedis and
posterior tibial pulses, and determina-
tion of proprioception, vibration, and
monofilament sensation, should be per-
formed annually alongwith an assessment
of symptoms of neuropathic pain (169).
Foot inspection can be performed at each
visit to educate youth regarding the im-
portance of foot care (see Section 11 “Mi-
crovascular Complications and Foot Care,”
https://doi.org/10.2337/dc21-S011).
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TYPE 2 DIABETES
For information on risk-based screening
for type 2 diabetes and prediabetes in
children and adolescents, please refer to
Section 2 “Classification and Diagnosis of
Diabetes” (https://doi.org/10.2337/
dc21-S002). For additional support for
these recommendations, see the ADA
position statement “Evaluation and
Management of Youth-Onset Type 2
Diabetes” (2).
Type 2 diabetes in youth has increased

over the past 20 years, and recent esti-
mates suggest an incidence of ;5,000
new cases per year in the U.S. (170). The
Centers for Disease Control and Preven-
tion published projections for type 2
diabetes prevalence using the SEARCH
database; assuming a 2.3% annual in-
crease, the prevalence in those under
20 years of agewill quadruple in 40 years
(171,172).
Evidence suggests that type 2 diabetes

in youth is different not only from type 1
diabetes but also from type 2 diabetes in
adults and has unique features, such as a
more rapidly progressive decline inb-cell
functionandaccelerateddevelopmentof
diabetes complications (2,173).Type 2 di-
abetes disproportionately impacts youth
of ethnic and racial minorities and can
occur in complex psychosocial and cul-
tural environments, which may make it
difficult to sustain healthy lifestyle
changes and self-management behaviors
(25,174–177). Additional risk factors as-
sociated with type 2 diabetes in youth
include adiposity, family history of di-
abetes, female sex, and low socioeco-
nomic status (173).
As with type 1 diabetes, youth with

type 2 diabetes spendmuch of the day in
school. Therefore, close communication
with and the cooperation of school per-
sonnel are essential for optimal diabetes
management, safety, and maximal aca-
demic opportunities.

Screening and Diagnosis

Recommendations

13.51 Risk-based screening for pre-
diabetes and/or type 2 diabe-
tes should be considered in
children and adolescents after
the onset of puberty or $10
years of age, whichever occurs
earlier, with overweight (BMI
$85th percentile) or obesity
(BMI $95th percentile) and

who have one or more addi-
tional risk factors for diabetes
(see Table 2.4 for evidence
grading of other risk factors).

13.52 If tests are normal, repeat test-
ing at a minimum of 3-year
intervals E, or more frequently
if BMI is increasing. C

13.53 Fasting plasma glucose, 2-h
plasma glucose during a 75-g
oral glucose tolerance test, and
A1C can be used to test for
prediabetes or diabetes in chil-
dren and adolescents. B

13.54 Children and adolescents with
overweight orobesity inwhom
the diagnosis of type 2 diabe-
tes is being considered should
have a panel of pancreatic
autoantibodies tested to ex-
clude the possibility of auto-
immune type 1 diabetes. B

In the last decade, the incidence and
prevalence of type 2 diabetes in adoles-
centshas increaseddramatically, especially
in racial and ethnic minority populations
(141,178). A few studies suggest oral glu-
cose tolerance tests or fasting plasma
glucose values as more suitable diagnos-
tic tests than A1C in the pediatric pop-
ulation,especiallyamongcertainethnicities
(179), although fasting glucose alone
may overdiagnose diabetes in children
(180,181). In addition, many of these
studies do not recognize that diabetes
diagnostic criteria are based on long-
term health outcomes, and validations
are not currently available in the pediat-
ric population (182). A recent analysis of
National Health and Nutrition Examina-
tion Survey (NHANES) data suggests using
A1C for screeningof high-risk youth (183).
The ADA acknowledges the limited

data supporting A1C for diagnosing type
2 diabetes in children and adolescents.
Although A1C is not recommended for di-
agnosis of diabetes in children with cystic
fibrosis or symptoms suggestive of acute
onset of type 1 diabetes, and only A1C
assays without interference are appro-
priate for children with hemoglobinop-
athies, the ADA continues to recommend
A1C for diagnosis of type 2 diabetes in
this population (184,185).

Diagnostic Challenges
Given the current obesity epidemic, dis-
tinguishing between type 1 and type 2

diabetes in children can be difficult.
Overweight and obesity are common in
children with type 1 diabetes (26), and
diabetes-associated autoantibodies and
ketosis may be present in pediatric pa-
tients with features of type 2 diabetes
(including obesity and acanthosis nigri-
cans) (180). The presence of islet auto-
antibodies has been associated with
faster progression to insulin deficiency
(180). At onset, DKA occurs in ;6% of
youth aged 10–19 years with type 2
diabetes (186). Although uncommon,
type 2 diabetes has been observed in
prepubertal children under the age of 10
years, and thus it should be part of the
differential in children with suggestive
symptoms (187). Finally, obesity contributes
to the development of type 1 diabetes in
some individuals (188), which further blurs
the lines between diabetes types. However,
accurate diagnosis is critical, as treatment
regimens, educational approaches, dietary
advice, and outcomes differ markedly
between patients with the two diagno-
ses. The significant diagnostic difficulties
posed by MODY are discussed in Section
2“ClassificationandDiagnosisofDiabetes”
(https://doi.org/10.2337/dc21-S002). In
addition, there are rare and atypical di-
abetes cases that represent a challenge
for clinicians and researchers.

Management

Lifestyle Management

Recommendations

13.55 All youth with type 2 diabetes
andtheir familiesshouldreceive
comprehensive diabetes self-
management education and
support that is specific to youth
with type 2 diabetes and is
culturally appropriate. B

13.56 Youth with overweight/obesity
and type 2 diabetes and their
families should be provided
with developmentally and cul-
turally appropriate compre-
hensive lifestyle programs
that are integratedwith diabetes
management to achieve 7–10%
decrease in excess weight. C

13.57 Given the necessity of long-
term weight management for
children and adolescents with
type2diabetes, lifestyle interven-
tion should bebasedona chronic
care model and offered in the
context of diabetes care. E
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13.58 Youth with prediabetes and
type 2 diabetes, like all children
and adolescents, should be en-
couraged to participate in at
least 60 min of moderate to
vigorous physical activity daily
(withmuscle andbonestrength
training at least 3 days/week) B
and to decrease sedentary be-
havior. C

13.59 Nutrition for youth with pre-
diabetes and type 2 diabetes,
like forall children,should focus
on healthy eating patterns that
emphasize consumption of nu-
trient-dense,high-quality foods
and decreased consumption of
calorie-dense, nutrient-poor
foods, particularly sugar-added
beverages. B

Glycemic Targets

Recommendations

13.60 Home self-monitoring of blood
glucose regimens should be in-
dividualized, taking into con-
sideration the pharmacologic
treatment of the patient. E

13.61 Glycemic status should be as-
sessed every 3 months. E

13.62 A reasonable A1C target for
most children and adolescents
with type 2 diabetes treated
with oral agents alone is ,7%
(53mmol/mol).More stringent
A1C targets (such as ,6.5%
[48mmol/mol])may be appro-
priate for selected individual
patients if they can be achieved
without significant hypoglyce-
mia or other adverse effects of
treatment.Appropriatepatients
might include those with short
duration of diabetes and lesser
degrees of b-cell dysfunction
and patients treated with life-
style or metformin only who
achieve significant weight im-
provement. E

13.63 Less stringent A1C goals (such
as 7.5% [58mmol/mol])maybe
appropriate if there is increased
risk of hypoglycemia. E

13.64 A1C targets for patients on
insulin should be individualized,
taking into account the relatively
low rates of hypoglycemia in
youth-onset type 2 diabetes. E

Pharmacologic Management

Recommendations

13.65 Initiate pharmacologic therapy,
in addition to behavioral coun-
seling for healthful nutrition
and physical activity changes,
at diagnosis of type 2 diabetes.
A

13.66 In incidentallydiagnosedormet-
abolically stable patients (A1C
,8.5% [69 mmol/mol] and
asymptomatic),metforministhe
initial pharmacologic treatment
of choice if renal function is
normal. A

13.67 Youth with marked hypergly-
cemia (blood glucose $250
mg/dL [13.9 mmol/L], A1C
$8.5% [69 mmol/mol]) with-
out acidosis at diagnosis who
are symptomatic with polyuria,
polydipsia, nocturia, and/or
weight loss should be treated
initiallywith basal insulinwhile
metformin is initiated and ti-
trated. B

13.68 In patients with ketosis/
ketoacidosis, treatment with
subcutaneous or intravenous
insulin should be initiated to
rapidly correct the hyperglyce-
miaandthemetabolicderange-
ment.Onceacidosis is resolved,
metformin should be initiated
whilesubcutaneousinsulinther-
apy is continued. A

13.69 In individuals presenting with
severe hyperglycemia (blood
glucose $600 mg/dL [33.3
mmol/L]), consider assessment
for hyperglycemic hyperosmo-
lar nonketotic syndrome. A

13.70 If glycemic targets are no lon-
ger met with metformin (with
or without basal insulin), lira-
glutide (a glucagon-like peptide
1 receptor agonist) therapy
should be considered in chil-
dren 10 years of age or older if
they have no past medical his-
tory or family history of med-
ullary thyroid carcinoma or
multiple endocrine neopla-
sia type 2. A

13.71 Patients treated with basal in-
sulinwhodonotmeet glycemic
target should bemoved tomul-
tiple daily injections with basal
and premeal bolus insulins. E

13.72 In patients initially treated with
insulin and metformin who are
meeting glucose targets based
on home blood glucose moni-
toring, insulin can be tapered
over 2–6 weeks by decreasing
the insulin dose 10–30% every
few days. B

13.73 Useofmedicationsnotapproved
by the U.S. Food and Drug Ad-
ministration for youth with type
2 diabetes is not recommended
outside of research trials. B

Treatment of youth-onset type 2 diabetes
should include lifestyle management, di-
abetes self-management education, and
pharmacologic treatment. Initial treat-
ment of youth with obesity and diabetes
must take into account that diabetes type
is often uncertain in the first fewweeks of
treatment,due tooverlap inpresentation,
andthata substantialpercentageofyouth
with type 2 diabetes will present with
clinically significant ketoacidosis (189).
Therefore, initial therapy should address
the hyperglycemia and associated meta-
bolic derangements irrespective of ulti-
mate diabetes type, with adjustment of
therapy once metabolic compensation
has been established and subsequent
information, such as islet autoantibody
results, becomes available. Figure 13.1
provides an approach to initial treatment
of new-onset diabetes in youthwith over-
weight or obesity with clinical suspicion
of type 2 diabetes.
Glycemic targets should be individual-

ized, taking into consideration long-term
health benefits of more stringent targets
and risk for adverse effects, such as
hypoglycemia.A lowertargetA1C inyouth
with type2diabeteswhencomparedwith
those recommended in type 1 diabetes is
justifiedby lower riskofhypoglycemiaand
higher risk of complications (190–193).
Patients and their families should re-

ceive counseling for healthful nutrition
and physical activity changes such as
eating a balanced diet, achieving and
maintaining a healthy weight, and exer-
cising regularly. Physical activity should
include aerobic, muscle-strengthening,
and bone-strengthening activities (17).
A family-centered approach to nutrition
and lifestyle modification is essential in
children and adolescents with type 2 di-
abetes, and nutrition recommendations
should be culturally appropriate and
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sensitive to family resources (see Section
5 “Facilitating Behavior Change andWell-
being to Improve Health Outcomes,”
https://doi.org/10.2337/dc21-S005). Given
the complex social and environmental
context surrounding youth with type 2
diabetes, individual-level lifestyle inter-
ventions may not be sufficient to target
the complex interplay of family dynam-
ics,mental health, community readiness,
and the broader environmental system
(2).
A multidisciplinary diabetes team,

including a physician, diabetes care
and education specialist, registered di-
etitian nutritionist, and psychologist or
social worker, is essential. In addition to
achieving glycemic targets and self-
management education (194–196), initial
treatment must include management
of comorbidities such as obesity, dysli-
pidemia, hypertension, and microvascu-
lar complications.
Current pharmacologic treatment op-

tions for youth-onset type 2 diabetes are

limited to three approved drugsdinsulin,
metformin, and liraglutide (2). Presen-
tation with ketoacidosis or marked ke-
tosis requires a period of insulin therapy
until fasting and postprandial glycemia
have been restored to normal or near-
normal levels. Insulin pump therapy may
be considered as an option for those on
long-term multiple daily injections who
are able to safely manage the device.
Metformin therapy may be used as an
adjunct after resolution of ketosis/
ketoacidosis. Initial treatment should
also be with insulin when the distinction
between type 1 diabetes and type 2
diabetes is unclear and in patients who
have random blood glucose concentra-
tions $250 mg/dL (13.9 mmol/L) and/or
A1C $8.5% (69 mmol/mol) (197).

When insulin treatment is not re-
quired, initiation of metformin is recom-
mended. The Treatment Options for
Type2Diabetes inAdolescents andYouth
(TODAY) study found that metformin
alone provided durable glycemic control

(A1C#8% [64 mmol/mol] for 6 months)
inapproximatelyhalfofthesubjects (198).
The RISE Consortium study did not dem-
onstrate differences in measures of
glucose or b-cell function preservation
between metformin and insulin, but
there was more weight gain with insulin
(199).
To date, the TODAY study is the only

trial combining lifestyle and metformin
therapy inyouthwith type2diabetes; the
combination did not perform better than
metformin alone in achieving durable
glycemic control (198).
A recent randomized clinical trial in

children aged 10–17 years with type 2
diabetes demonstrated the addition of
subcutaneous liraglutide (up to 1.8 mg
daily) to metformin (with or without
basal insulin) as safe and effective to
decrease A1C (estimated decrease of
1.06 percentage points at 26 weeks
and 1.30 at 52 weeks), although it did
increase the frequency of gastrointestinal
side effects (200). Liraglutide is approved

Figure 13.1—Management of new-onset diabetes in youth with overweight or obesity with clinical suspicion of type 2 diabetes. A1C 8.5%5 69mmol/
mol. Adapted from the ADA position statement “Evaluation andManagement of Youth-Onset Type 2 Diabetes” (2). DKA, diabetic ketoacidosis; HHNK,
hyperosmolar hyperglycemic nonketotic syndrome; MDI, multiple daily injections; SMBG; self-monitoring of blood glucose.
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for treatment of type 2 diabetes in youth
aged 10 years or older (201).
Home self-monitoring of blood glu-

cose regimens should be individualized,
taking into consideration the pharmaco-
logic treatment of the patient. Although
data on CGM in youth with type 2 di-
abetes is sparse (202), CGM could be
considered in individuals requiring fre-
quent blood glucose monitoring for di-
abetes management.

Metabolic Surgery

Recommendations

13.74 Metabolic surgerymay be con-
sidered for the treatment of
adolescents with type 2 diabe-
tes who have severe obesity
(BMI .35 kg/m2) and who
have uncontrolled glycemia
and/or serious comorbidities
despite lifestyle and pharma-
cologic intervention. A

13.75 Metabolic surgery should be
performed only by an experi-
enced surgeon working as part
of a well-organized and en-
gaged multidisciplinary team
including a surgeon, endocri-
nologist, dietitian nutritionist,
behavioral health specialist,
and nurse. A

The results of weight-loss and lifestyle
interventions for obesity in children and
adolescents have been disappointing,
and no effective and safe pharmacologic
intervention is available or approved by
the U.S. Food and Drug Administration in
youth. Over the last decade, weight-loss
surgery has been increasingly performed
in adolescents with obesity. Small retro-
spective analyses and a prospective mul-
ticenter nonrandomized study suggest
that bariatric or metabolic surgery may
have benefits in adolescentswith obesity
and type 2 diabetes similar to those
observed in adults. Teenagers experi-
ence similar degrees of weight loss, di-
abetes remission, and improvement of
cardiometabolic risk factors for at least
3 years after surgery (203). A secondary
data analysis from the Teen-Longitudinal
Assessment of Bariatric Surgery (Teen-
LABS) and TODAY studies suggests sur-
gical treatment of adolescents with
severe obesity and type 2 diabetes is
associated with improved glycemic con-
trol (204); however, no randomized trials

have yet compared the effectiveness and
safetyof surgery to thoseof conventional
treatment options in adolescents (205).
The guidelines used as an indication for
metabolic surgery in adolescents gener-
ally include BMI.35 kg/m2 with comor-
biditiesorBMI.40kg/m2withorwithout
comorbidities (206–217). A number of
groups, including the Pediatric Bariatric
Study Group and Teen-LABS study, have
demonstrated the effectiveness of met-
abolic surgery in adolescents (210–216).

Prevention and Management of
Diabetes Complications

Nephropathy

Recommendations

13.76 Blood pressure should bemea-
sured at every visit. A

13.77 Blood pressure should be op-
timized to reduce risk and/or
slow the progression of dia-
betic kidney disease. A

13.78 If blood pressure is $90th per-
centile for age, sex, and height
or, in adolescents $13 years,
bloodpressure is$120/80mmHg,
increased emphasis should be
placed on lifestyle management
to promote weight loss. If blood
pressure remainsabove the90th
percentileor, inadolescents$13
years,bloodpressureis$120/80
after 6months, antihypertensive
therapy should be initiated. C

13.79 In addition to lifestyle modifica-
tion, pharmacologic treatment
of hypertension (systolic blood
pressure or diastolic blood
pressure consistently $95th
percentile for age, sex, and
height or $140/90 mmHg in
adolescents$13 years) should
be considered as soon as hy-
pertension is confirmed. E

13.80 Initial therapeutic options in-
clude ACE inhibitors or angio-
tensin receptor blockers. Other
bloodpressure–loweringagents
may be added as needed. C

13.81 Protein intake should be at the
recommended daily allowance
of 0.8 g/kg/day. E

13.82 Urine albumin-to-creatinine
ratio should be obtained at the
time of diagnosis and annually
thereafter. An elevated urine
albumin-to-creatinineratio (.30

mg/g creatinine) should be con-
firmed on two of three samples.
B

13.83 Estimatedglomerularfiltration
rate should be determined at
the time of diagnosis and an-
nually thereafter. E

13.84 In nonpregnant patients with
diabetes and hypertension, ei-
ther an ACE inhibitor or an an-
giotensin receptor blocker is
recommended for those with
modestly elevated urinary albu-
min-to-creatinine ratio (30–299
mg/g creatinine) and is strongly
recommended for those with
urinary albumin-to-creatinine ra-
tio.300mg/g creatinine and/or
estimated glomerular filtration
rate ,60 mL/min/1.73 m2. E

13.85 For those with nephropathy,
continued monitoring (yearly
urinary albumin-to-creatinine
ratio, estimated glomerular fil-
tration rate, and serum potas-
sium) may aid in assessing
adherence and detecting pro-
gression of disease. E

13.86 Referral to nephrology is rec-
ommended in case of uncer-
tainty of etiology, worsening
urinary albumin-to-creatinine
ratio, or decrease in estimated
glomerular filtration rate. E

Neuropathy

Recommendations

13.87 Youth with type 2 diabetes
should be screened for the
presence of neuropathy by
foot examination at diagnosis
and annually. The examination
should include inspection, as-
sessment of foot pulses, pin-
prick and 10-g monofilament
sensation tests, testing of vibra-
tion sensation using a 128-Hz
tuning fork, and ankle reflex
tests. C

13.88 Prevention should focus on
achieving glycemic targets. C

Retinopathy

Recommendations

13.89 Screening for retinopathy
should be performed by di-
lated fundoscopy or retinal
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photography at or soon after
diagnosis and annually there-
after. C

13.90 Optimizing glycemia is recom-
mended to decrease the risk or
slow the progression of reti-
nopathy. B

13.91 Less frequent examination (ev-
ery2years)maybeconsidered if
there is adequate glycemic con-
trol and a normal eye exam. C

Nonalcoholic Fatty Liver Disease

Recommendations

13.92 Evaluation fornonalcoholic fatty
liver disease (by measuring AST
and ALT) should be done at
diagnosis and annually there-
after. B

13.93 Referral to gastroenterology
should be considered for per-
sistently elevated or worsen-
ing transaminases. B

Obstructive Sleep Apnea

Recommendation

13.94 Screeningforsymptomsofsleep
apnea should be done at each
visit, and referral to a pediatric
sleep specialist for evaluation
and a polysomnogram, if indi-
cated,isrecommended.Obstruc-
tive sleep apnea should be
treated when documented. B

Polycystic Ovary Syndrome

Recommendations

13.95 Evaluate for polycystic ovary
syndrome in femaleadolescents
with type 2 diabetes, including
laboratory studies when indi-
cated. B

13.96 Oral contraceptivepills for treat-
ment of polycystic ovary syn-
drome are not contraindicated
for girls with type 2 diabetes. C

13.97 Metformin in addition to life-
style modification is likely to
improve the menstrual cyclic-
ity and hyperandrogenism in
girls with type 2 diabetes. E

Cardiovascular Disease

Recommendation

13.98 Intensive lifestyle interven-
tions focusing on weight loss,
dyslipidemia, hypertension,

and dysglycemia are impor-
tant to prevent overt macro-
vascular disease in early adult-
hood. E

Dyslipidemia

Recommendations

13.99 Lipid testing should be per-
formed when initial glycemic
control has been achieved
and annually thereafter. B

13.100 Optimal goals are LDL choles-
terol,100mg/dL (2.6mmol/L),
HDL cholesterol .35 mg/dL
(0.91 mmol/L), and triglycerides
,150 mg/dL (1.7 mmol/L). E

13.101 If lipids are abnormal, initial
therapy should consist of op-
timizing glucose control and
medical nutritional therapy
to limit theamountof calories
from fat to 25–30%, satu-
rated fat to,7%, cholesterol
,200 mg/day, avoid trans
fats, and aim for ;10% cal-
ories from monounsaturated
fats for elevated LDL. For
elevated triglycerides, medical
nutrition therapy should also
focus on decreasing simple
sugar intake and increasingdi-
etary n-3 fatty acids in addi-
tion to the above changes. A

13.102 If LDL cholesterol remains
.130 mg/dL after 6 months
of dietary intervention, initiate
therapy with statin, with a goal
of LDL ,100 mg/dL, following
reproductive counseling for fe-
males because of the potential
teratogenic effects of statins. B

13.103 If triglycerides are .400 mg/
dL (4.7 mmol/L) fasting or
.1,000 mg/dL (11.6 mmol/
L) nonfasting, optimize glyce-
mia and begin fibrate, with
a goal of ,400 mg/dL (4.7
mmol/L) fasting (to reduce
risk for pancreatitis). C

Cardiac Function Testing

Recommendation

13.104 Routine screening for heart
disease with electrocardio-
gram,echocardiogram,orstress
testing is not recommended
in asymptomatic youth with
type 2 diabetes. B

Comorbidities may already be present at
the timeof diagnosis of type 2diabetes in
youth (173,218). Therefore, blood pres-
sure measurement, a fasting lipid panel,
assessment of random urine albumin-to-
creatinine ratio, and a dilated eye exam-
ination should be performed at diagno-
sis. Additional medical conditions that
may need to be addressed include poly-
cystic ovary disease and other comor-
bidities associatedwithpediatric obesity,
such as sleep apnea, hepatic steatosis,
orthopedic complications, and psycho-
social concerns. The ADA position state-
ment “Evaluation and Management of
Youth-Onset Type 2 Diabetes” (2) provides
guidance on the prevention, screening, and
treatment of type 2 diabetes and its co-
morbidities in children and adolescents.
Youth-onset type 2 diabetes is asso-

ciated with significant microvascular and
macrovascular risk burden and a sub-
stantial increase in the risk of cardiovas-
cular morbidity and mortality at an
earlier age than in those diagnosed later
in life (219). The higher complication risk
in earlier-onset type 2 diabetes is likely
related toprolonged lifetimeexposure to
hyperglycemia and other atherogenic
risk factors, including insulin resistance,
dyslipidemia, hypertension, and chronic
inflammation. There is low risk of hypo-
glycemia in youth with type 2 diabetes,
even if they arebeing treatedwith insulin
(220), and there are high rates of com-
plications (190–193). These diabetes co-
morbidities also appear to be higher than
in youth with type 1 diabetes despite
shorter diabetes duration and lower A1C
(218). In addition, the progression of
vascular abnormalities appears to be
more pronounced in youth-onset type
2 diabetes compared with type 1 diabe-
tesof similar duration, including ischemic
heart disease and stroke (221).

Psychosocial Factors

Recommendations

13.105 Providers should assess food
security, housing stability/
homelessness, health liter-
acy, financial barriers, and
social/community support and
apply that information to treat-
ment decisions. E

13.106 Use patient-appropriate stan-
dardized and validated tools
to assess for diabetes distress
and mental/behavioral health
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in youth with type 2 diabetes,
withattentiontosymptomsof
depression and eating disor-
ders, and refer to specialty
care when indicated. B

13.107 When choosing glucose-low-
eringorothermedications for
youth with overweight or
obesity and type 2 diabetes,
consider medication-taking
behavior and their effect on
weight. E

13.108 Starting at puberty, precon-
ception counseling should be
incorporated into routine di-
abetes clinic visits for all fe-
males of childbearingpotential
because of the adverse preg-
nancy outcomes in this popu-
lation. A

13.109 Patients should be screened for
tobacco, electronic cigarettes,
and alcohol use at diagnosis
and regularly thereafter. C

Most youth with type 2 diabetes come
from racial/ethnic minority groups, have
low socioeconomic status, and often ex-
perience multiple psychosocial stressors
(25,40,174–177). Consideration of the
sociocultural context and efforts to per-
sonalize diabetes management are of
critical importance to minimize barriers
to care, enhance adherence, and maxi-
mize response to treatment.
Evidence about psychiatric disorders

and symptoms in youth with type 2 di-
abetes is limited (222–226), but given the
sociocultural context formany youth and
the medical burden and obesity associ-
ated with type 2 diabetes, ongoing sur-
veillance of mental health/behavioral
health is indicated. Symptoms of depres-
sion and disordered eating are common
and associated with poorer glycemic
control (223,227,228).
Many of the medications prescribed

for diabetes andpsychiatric disorders are
associated with weight gain and can
increase patients’ concerns about eating,
body shape, and weight (229,230).
The TODAY study documented (231)

that despite disease- and age-specific
counseling, 10.2% of the females in
the cohort became pregnant over an
average of 3.8 years of study participa-
tion. Of note, 26.4% of pregnancies
ended in a miscarriage, stillbirth, or in-
trauterine death, and 20.5% of the

liveborn infants had a major congenital
anomaly.

TRANSITION FROM PEDIATRIC TO
ADULT CARE

Recommendations

13.110 Pediatric diabetes providers
shouldbegin toprepare youth
for transition to adult health
care in early adolescence and,
at the latest, at least 1 year
before the transition. E

13.111 Both pediatric and adult di-
abetes care providers should
provide support and resour-
ces for transitioning young
adults. E

13.112 Youth with type 2 diabetes
should be transferred to an
adult-oriented diabetes spe-
cialist when deemed appro-
priate by the patient and
provider. E

Care and close supervision of diabetes
management are increasingly shifted
from parents and other adults to the
youth with type 1 or type 2 diabetes
throughout childhood and adolescence.
The shift from pediatric to adult health
care providers, however, often occurs
abruptly as theolder teenenters thenext
developmental stage, referred to as
emerging adulthood (232), which is a
critical period for young people who
have diabetes. During this period of
major life transitions, youth begin to
move out of their parents’ homes and
must become fully responsible for their
diabetes care. Their new responsibilities
include self-management of their diabe-
tes, making medical appointments, and
financing health care, once they are no
longer covered by their parents’ health
insurance plans (ongoing coverage until
age 26 years is currently available under
provisions of the U.S. Affordable Care
Act). In addition to lapses in health
care, this is also a period associated
with deterioration in glycemic stability;
increased occurrence of acute complica-
tions; psychosocial, emotional, and be-
havioral challenges; and the emergence
of chronic complications (233–236). The
transition period from pediatric to adult
care is prone to fragmentation in health
care delivery, which may adversely im-
pact health care quality, cost, and out-
comes (237). Worsening diabetes health

outcomes during transition to adult care
and early adulthood have been docu-
mented (238,239).
Although scientific evidence is limited,

it is clear that comprehensive and co-
ordinated planning that begins in early
adolescence is necessary to facilitate a
seamless transition from pediatric to
adult health care (233,234,240,241).
New technologies and other interven-
tions are being tried to support transi-
tion to adult care in young adulthood
(242–246). A comprehensive discussion
regarding the challenges faced during
this period, including specific recommen-
dations, is found in the ADA position
statement “Diabetes Care for Emerging
Adults: Recommendations for Transition
From Pediatric to Adult Diabetes Care
Systems” (234).
The Endocrine Society in collaboration

with theADAandother organizations has
developed transition tools for clinicians
and youth and families (241).
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Fainberg U, et al.; Ellipse Trial Investigators.
Liraglutide in children and adolescents with
type 2 Diabetes. N Engl JMed 2019;381:637–646

201. U.S. Food and Drug Administration. FDA
approves new treatment for pediatric patients
with type 2 diabetes. Accessed 30 October 2020.
Available fromhttp://www.fda.gov/news-events/
press-announcements/fda-approves-new-treatment-
pediatric-patients-type-2-diabetes
202. Chan CL. Use of continuous glucose mon-
itoring in youth-onset type 2 diabetes. Curr Diab
Rep 2017;17:66
203. Inge TH, Courcoulas AP, Jenkins TM, et al.;
Teen-LABS Consortium. Weight loss and health
status 3 years after bariatric surgery in adoles-
cents. N Engl J Med 2016;374:113–123
204. Inge TH, Laffel LM, Jenkins TM, et al.;
Teen–Longitudinal Assessment of Bariatric Sur-
gery (Teen-LABS) and Treatment Options of
Type 2 Diabetes in Adolescents and Youth
(TODAY) Consortia. Comparison of surgical
and medical therapy for type 2 diabetes in
severely obese adolescents. JAMA Pediatr
2018;172:452–460
205. Rubino F, Nathan DM, Eckel RH, et al.;
Delegates of the 2nd Diabetes Surgery Summit.
Metabolic surgery in the treatment algorithm for
type 2 diabetes: a joint statement by interna-
tional diabetes organizations. Diabetes Care
2016;39:861–877
206. Pratt JSA, Lenders CM, Dionne EA, et al.
Best practice updates for pediatric/adolescent
weight loss surgery. Obesity (Silver Spring) 2009;
17:901–910
207. Dolan K, Creighton L, Hopkins G, Fielding
G. Laparoscopic gastric banding in morbidly
obese adolescents. Obes Surg 2003;13:101–
104
208. Sugerman HJ, Sugerman EL, DeMaria EJ,
et al. Bariatric surgery for severely obese ado-
lescents. J Gastrointest Surg 2003;7:102–108
209. Inge TH, Garcia V, Daniels S, et al. A
multidisciplinary approach to the adolescent
bariatric surgical patient. J Pediatr Surg 2004;
39:442–447; discussion 446–447
210. Lawson ML, Kirk S, Mitchell T, et al.; Pe-
diatricBariatricStudyGroup.One-yearoutcomes
of Roux-en-Y gastric bypass for morbidly obese
adolescents: a multicenter study from the Pe-
diatric Bariatric StudyGroup. J Pediatr Surg 2006;
41:137–143; discussion 137–143
211. Inge TH, Zeller M, Harmon C, et al. Teen-
Longitudinal Assessment of Bariatric Surgery:
methodological features of the first prospective
multicenter study of adolescent bariatric sur-
gery. J Pediatr Surg 2007;42:1969–1971
212. Ells LJ,MeadE, AtkinsonG, et al. Surgery for
the treatment of obesity in children and ado-
lescents. Cochrane Database Syst Rev 2015;6:
CD011740
213. Michalsky MP, Inge TH, Simmons M, et al.;
Teen-LABS Consortium. Cardiovascular risk fac-
tors in severely obese adolescents: the Teen
Longitudinal Assessment of Bariatric Surgery
(Teen-LABS) Study. JAMA Pediatr 2015;169:
438–444
214. Zeinoddini A, Heidari R, Talebpour M.
Laparoscopic gastric plication in morbidly obese
adolescents: aprospective study.SurgObesRelat
Dis 2014;10:1135–1139
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14. Management of Diabetes in
Pregnancy: Standards of Medical
Care in Diabetesd2021
Diabetes Care 2021;44(Suppl. 1):S200–S210 | https://doi.org/10.2337/dc21-S014

The American Diabetes Association (ADA) “Standards of Medical Care in Diabetes”
includes the ADA’s current clinical practice recommendations and is intended to
provide the components of diabetes care, general treatment goals and guidelines,
and tools to evaluate quality of care. Members of the ADA Professional Practice
Committee, a multidisciplinary expert committee (https://doi.org/10.2337/dc21-
SPPC), are responsible for updating the Standards of Care annually, or more
frequently as warranted. For a detailed description of ADA standards, statements,
and reports, as well as the evidence-grading system for ADA’s clinical practice
recommendations, please refer to the Standards of Care Introduction (https://doi
.org/10.2337/dc21-SINT). Readers who wish to comment on the Standards of Care
are invited to do so at professional.diabetes.org/SOC.

DIABETES IN PREGNANCY

The prevalence of diabetes in pregnancy has been increasing in theU.S. in parallel with the
worldwide epidemic of obesity. Not only is the prevalence of type 1 diabetes and type 2
diabetes increasinginwomenofreproductiveage,butthereisalsoadramatic increaseinthe
reported rates of gestational diabetes mellitus. Diabetes confers significantly greater
maternal and fetal risk largely related to the degree of hyperglycemia but also related to
chronic complications and comorbidities of diabetes. In general, specific risks of diabetes in
pregnancy include spontaneous abortion, fetal anomalies, preeclampsia, fetal demise,
macrosomia, neonatal hypoglycemia, hyperbilirubinemia, andneonatal respiratory distress
syndrome,amongothers. Inaddition,diabetes inpregnancymayincreasetheriskofobesity,
hypertension, and type 2 diabetes in offspring later in life (1,2).

PRECONCEPTION COUNSELING

Recommendations

14.1 Starting at puberty and continuing in all women with diabetes and re-
productive potential, preconception counseling should be incorporated into
routine diabetes care. A

14.2 Family planning should be discussed, and effective contraception (with
consideration of long-acting, reversible contraception) should be prescribed
and used until a woman’s treatment regimen and A1C are optimized for
pregnancy. A

14.3 Preconception counseling should address the importance of achieving glucose
levels as close to normal as is safely possible, ideally A1C ,6.5% (48 mmol/
mol), to reduce the risk of congenital anomalies, preeclampsia, macrosomia,
preterm birth, and other complications. B
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All women of childbearing age with di-
abetes should be informed about the
importance of achieving andmaintaining
as near euglycemia as safely possible
prior to conception and throughoutpreg-
nancy. Observational studies show an
increased risk of diabetic embryopathy,
especially anencephaly, microcephaly,
congenital heart disease, renal anoma-
lies, and caudal regression, directly pro-
portional to elevations in A1C during the
first 10 weeks of pregnancy (3). Although
observational studies are confoundedby the
association between elevated periconcep-
tionalA1Candotherpoor self-carebehavior,
the quantity and consistency of data are
convincing and support the recommenda-
tion tooptimize glycemiaprior to conception,
given thatorganogenesisoccursprimarilyat
5–8weeks of gestation,with anA1C,6.5%
(48 mmol/mol) being associated with the
lowest risk of congenital anomalies, pre-
eclampsia, and preterm birth (3–7).
There are opportunities to educate all

women and adolescents of reproductive
age with diabetes about the risks of
unplanned pregnancies and about im-
proved maternal and fetal outcomes
with pregnancy planning (8). Effective
preconception counseling could avert sub-
stantial health and associated cost bur-
dens in offspring (9). Family planning
shouldbediscussed, including thebenefits
of long-acting, reversable contraception,
and effective contraception should be pre-
scribed and used until a woman is prepared
and ready to become pregnant (10–14).
To minimize the occurrence of com-

plications, beginning at the onset of
puberty or at diagnosis, all girls and
women with diabetes of childbearing
potential should receive education about
1) the risks of malformations associated
with unplanned pregnancies and even
mild hyperglycemia and 2) the use of
effective contraception at all times when
preventing a pregnancy. Preconception
counselingusingdevelopmentally appro-
priate educational tools enables adoles-
cent girls tomakewell-informeddecisions
(8). Preconception counseling resources
tailored for adolescents areavailable atno
cost through the American Diabetes As-
sociation (ADA) (15).

Preconception Care

Recommendations

14.4 Women with preexisting diabe-
teswhoareplanning a pregnancy

should ideally be managed be-
ginning in preconception in a
multidisciplinary clinic including
an endocrinologist, maternal-
fetal medicine specialist, reg-
istered dietitian nutritionist, and
diabetes care and education
specialist, when available. B

14.5 In addition to focused attention
on achieving glycemic targets
A, standard preconception care
should be augmented with extra
focus on nutrition, diabetes edu-
cation, and screening for diabetes
comorbiditiesandcomplications.E

14.6 Women with preexisting type 1
or type 2 diabetes who are plan-
ning pregnancy or who have
become pregnant should be
counseled on the risk of develop-
ment and/or progression of di-
abetic retinopathy. Dilated eye
examinations should occur ideally
before pregnancy or in the first
trimester,andthenpatientsshould
be monitored every trimester and
for 1 year postpartum as indicated
bythedegreeofretinopathyandas
recommended by the eye care
provider. B

The importance of preconception care
for all women is highlighted by the
American College of Obstetricians and
Gynecologists (ACOG) Committee Opin-
ion 762, Prepregnancy Counseling (16). A
key point is the need to incorporate a
question about a woman’s plans for
pregnancy into routine primary and gy-
necologic care. The preconception care
of women with diabetes should include
the standard screenings and care recom-
mended for all women planning preg-
nancy (16). Prescription of prenatal
vitamins (with at least 400 mg of folic
acid and 150mg of potassium iodide [17])
is recommended prior to conception.
Review and counseling on the use of
nicotine products, alcohol, and recrea-
tional drugs, including marijuana, is im-
portant. Standard care includes screening
for sexually transmitted diseases and thy-
roid disease, recommended vaccinations,
routinegenetic screening,acareful review
of all prescription and nonprescription
medications and supplements used, and
a review of travel history and plans with
special attention to areas known to have
Zika virus, as outlined by ACOG. See

Table 14.1 for additional details on ele-
mentsofpreconceptioncare (16,18). Coun-
seling on the specific risks of obesity in
pregnancy and lifestyle interventions to
preventandtreatobesity, includingreferral
to a registered dietitian nutritionist (RD/
RDN), is recommended when indicated.
Diabetes-specific counseling should in-

cludeanexplanationof the risks tomother
andfetusrelatedtopregnancyandtheways
to reduce risk including glycemic goal
setting, lifestyle management, and med-
ical nutrition therapy. Themost important
diabetes-specific component of precon-
ception care is the attainment of glycemic
goals prior to conception. Diabetes-
specific testing should include A1C, creat-
inine, and urinary albumin-to-creatinine
ratio. Special attention should be paid to
the review of the medication list for
potentially harmful drugs (i.e., ACE in-
hibitors [19,20], angiotensin receptor
blockers [19], and statins [21,22]). A
referral for a comprehensive eye exam
is recommended. Women with preexist-
ing diabetic retinopathy will need close
monitoring during pregnancy to assess
for progression of retinopathy and pro-
vide treatment if indicated (23).
Several studies have shown improved

diabetes and pregnancy outcomes when
care has been delivered frompreconcep-
tion through pregnancy by a multidisci-
plinarygroupfocusedonimprovedglycemic
control (24–27). One study showed that
care of preexisting diabetes in clinics that
included diabetes and obstetric specialists
improved care (27). However, there is no
consensus on the structure of multidisci-
plinary team care for diabetes and preg-
nancy, and there is a lackof evidenceon the
impact on outcomes of various methods of
health care delivery (28).

GLYCEMIC TARGETS IN
PREGNANCY

Recommendations

14.7 Fasting and postprandial self-
monitoring of blood glucose
are recommended in both ges-
tational diabetes mellitus and
preexisting diabetes in preg-
nancy toachieveoptimalglucose
levels.Glucose targetsare fasting
plasma glucose ,95 mg/dL
(5.3mmol/L)andeither1-hpost-
prandial glucose ,140 mg/dL
(7.8mmol/L) or 2-h postprandial
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glucose,120mg/dL (6.7mmol/
L).Somewomenwithpreexisting
diabetes should also test blood
glucose preprandially. B

14.8 Due to increased red blood cell
turnover,A1C isslightly lower in
normalpregnancythaninnormal
nonpregnantwomen. Ideally, the
A1C target in pregnancy is ,6%
(42 mmol/mol) if this can be
achieved without significant hy-
poglycemia, but the target may
be relaxed to ,7% (53 mmol/
mol) if necessary to prevent hy-
poglycemia. B

14.9 When used in addition to pre-
andpostprandial self-monitoring
of blood glucose, continuous
glucose monitoring can help
to achieve A1C targets in di-
abetes and pregnancy. B

14.10 When used in addition to self-
monitoring of blood glucose
targeting traditional pre- and
postprandial targets, continuous
glucose monitoring can reduce
macrosomia and neonatal hypo-
glycemia in pregnancy compli-
cated by type 1 diabetes. B

14.11 Continuous glucosemonitoring
metrics may be used as an ad-
junctbut shouldnotbeusedasa
substitute for self-monitoring of
blood glucose to achieveoptimal
pre- and postprandial glycemic
targets. E

14.12 Commonly used estimated A1C
and glucose management indi-
catorcalculations shouldnotbe
used in pregnancy as estimates
of A1C. C

Pregnancy in women with normal glu-
cosemetabolism is characterized by fast-
ing levels of blood glucose that are lower
than in the nonpregnant state due to
insulin-independent glucose uptake by
the fetus and placenta and by mild
postprandial hyperglycemia and carbo-
hydrate intolerance as a result of diabe-
togenic placental hormones. In patients
with preexisting diabetes, glycemic tar-
gets are usually achieved through a com-
bination of insulin administration and
medical nutrition therapy. Because glyce-
mic targets in pregnancy are stricter than
in nonpregnant individuals, it is important
that women with diabetes eat consistent

Table 14.1—Checklist for preconception care for women with diabetes (16,18)
Preconception education should include:

, Comprehensive nutrition assessment and recommendations for:
c Overweight/obesity or underweight
c Meal planning
c Correction of dietary nutritional deficiencies
c Caffeine intake
c Safe food preparation technique

, Lifestyle recommendations for:
c Regular moderate exercise
c Avoidance of hyperthermia (hot tubs)
c Adequate sleep

, Comprehensive diabetes self-management education
, Counseling on diabetes in pregnancy per current standards, including: natural history of insulin

resistance in pregnancy and postpartum; preconception glycemic targets; avoidance of DKA/
severe hyperglycemia; avoidance of severe hypoglycemia; progression of retinopathy; PCOS (if
applicable); fertility in patients with diabetes; genetics of diabetes; risks to pregnancy including
miscarriage, still birth, congenital malformations, macrosomia, preterm labor and delivery,
hypertensive disorders in pregnancy, etc.

, Supplementation
c Folic acid supplement (400 mg routine)
c Appropriate use of over-the-counter medications and supplements

Medical assessment and plan should include:
, General evaluation of overall health
, Evaluation of diabetes and its comorbidities and complications, including: DKA/severe

hyperglycemia; severe hypoglycemia/hypoglycemia unawareness; barriers to care;
comorbidities such as hyperlipidemia, hypertension, NAFLD, PCOS, and thyroid dysfunction;
complications such as macrovascular disease, nephropathy, neuropathy (including autonomic
bowel and bladder dysfunction), and retinopathy

, Evaluation of obstetric/gynecologic history, including history of: cesarean section, congenital
malformations or fetal loss, current methods of contraception, hypertensive disorders of
pregnancy, postpartum hemorrhage, preterm delivery, previous macrosomia, Rh
incompatibility, and thrombotic events (DVT/PE)

, Review of current medications and appropriateness during pregnancy

Screening should include:
, Diabetes complications and comorbidities, including: comprehensive foot exam;

comprehensive ophthalmologic exam; ECG inwomen starting at age 35 years who have cardiac
signs/symptoms or risk factors, and if abnormal, further evaluation; lipid panel; serum
creatinine; TSH; and urine protein-to-creatinine ratio

, Anemia
, Genetic carrier status (based on history):

c Cystic fibrosis
c Sickle cell anemia
c Tay-Sachs disease
c Thalassemia
c Others if indicated

, Infectious disease
c Neisseria gonorrhea/Chlamydia trachomatis
c Hepatitis C
c HIV
c Pap smear
c Syphilis

Immunizations should include:
, Rubella
, Varicella
, Hepatitis B
, Influenza
, Others if indicated

Preconception plan should include:
, Nutrition and medication plan to achieve glycemic targets prior to conception, including

appropriate implementationofmonitoring, continuousglucosemonitoring, andpumptechnology
, Contraceptive plan to prevent pregnancy until glycemic targets are achieved
, Management plan for general health, gynecologic concerns, comorbid conditions, or

complications, if present, including: hypertension, nephropathy, retinopathy; Rh
incompatibility; and thyroid dysfunction

DKA, diabetic ketoacidosis; DVT/PE, deep vein thrombosis/pulmonary embolism; ECG,
electrocardiogram; NAFLD, nonalcoholic fatty liver disease; PCOS, polycystic ovary syndrome;
TSH, thyroid-stimulating hormone.
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amounts of carbohydrates to match with
insulindosageand toavoidhyperglycemia
or hypoglycemia. Referral to an RD/RDN
is important in order to establish a food
plan and insulin-to-carbohydrate ratio and
to determine weight gain goals.

Insulin Physiology
Given that early pregnancy is a time of
enhanced insulin sensitivity and lower
glucose levels, many women with type 1
diabetes will have lower insulin require-
ments and increased risk for hypoglyce-
mia (29). Around 16 weeks, insulin
resistance begins to increase, and total
daily insulin doses increase linearly;5%
per week through week 36. This usually
results in a doubling of daily insulin dose
compared with the prepregnancy re-
quirement. The insulin requirement lev-
els off toward the end of the third
trimester with placental aging. A rapid
reduction in insulin requirements can indi-
cate the development of placental insuf-
ficiency (30). In women with normal
pancreatic function, insulin production is
sufficient to meet the challenge of this
physiological insulin resistance and tomain-
tain normal glucose levels. However, in
womenwithdiabetes,hyperglycemiaoccurs
if treatment is not adjusted appropriately.

Glucose Monitoring
Reflecting this physiology, fasting and
postprandialmonitoringofbloodglucose
is recommended to achieve metabolic
control in pregnant women with diabe-
tes. Preprandial testing is also recommen-
ded when using insulin pumps or basal-
bolus therapy so that premeal rapid-acting
insulindosagecanbeadjusted.Postprandial
monitoring is associated with better glyce-
mic control and lower risk of preeclampsia
(31–33). There are no adequately powered
randomized trials comparing different fast-
ing and postmeal glycemic targets in di-
abetes in pregnancy.
Similar to the targets recommended

byACOG (upper limits are the sameas for
gestational diabetes mellitus [GDM], de-
scribed below) (34), the ADA-recommen-
ded targets for women with type 1 or
type 2 diabetes are as follows:

c Fasting glucose 70–95 mg/dL (3.9–5.3
mmol/L) and either

c One-hour postprandial glucose 110–
140 mg/dL (6.1–7.8 mmol/L) or

c Two-hour postprandial glucose 100–
120 mg/dL (5.6–6.7 mmol/L)

Lower limits are based on the mean of
normal blood glucoses in pregnancy (35).
Lower limits do not apply to diet-con-
trolled type 2 diabetes. Hypoglycemia in
pregnancy is as defined and treated in
Recommendations 6.9–6.14 (Section
6 “Glycemic Targets,” https://doi
.org/10.2337/dc21-S006). These val-
ues represent optimal control if they can
be achieved safely. In practice, it may be
challenging for women with type 1 di-
abetes to achieve these targets without
hypoglycemia, particularly women with
a history of recurrent hypoglycemia or
hypoglycemia unawareness. If women
cannot achieve these targets without
significant hypoglycemia, the ADA sug-
gests less stringent targets based on
clinical experience and individualization
of care.

A1C in Pregnancy
In studies of women without preexisting
diabetes, increasingA1C levelswithin the
normal range are associated with ad-
verse outcomes (36). In the Hyperglyce-
mia and Adverse Pregnancy Outcome
(HAPO) study, increasing levels of glyce-
mia were also associated with worsening
outcomes (37). Observational studies in
preexistingdiabetesandpregnancy show
the lowest rates of adverse fetal out-
comes in association with A1C,6–6.5%
(42–48 mmol/mol) early in gestation
(4–6,38). Clinical trials have not evalu-
ated the risks and benefits of achieving
these targets, and treatment goals
should account for the risk of maternal
hypoglycemia in setting an individualized
target of ,6% (42 mmol/mol) to ,7%
(53 mmol/mol). Due to physiological
increases in red blood cell turnover,
A1C levels fall during normal pregnancy
(39,40). Additionally, as A1C represents
an integrated measure of glucose, it may
not fully capture postprandial hypergly-
cemia, which drives macrosomia. Thus,
although A1Cmay be useful, it should be
used as a secondarymeasure of glycemic
control in pregnancy, after self-monitor-
ing of blood glucose.
In the second and third trimesters,

A1C,6% (42 mmol/mol) has the lowest
risk of large-for-gestational-age infants
(38,41,42), preterm delivery (43), and
preeclampsia (1,44). Taking all of this
into account, a target of ,6% (42
mmol/mol) is optimal during pregnancy
if it can be achieved without significant
hypoglycemia. The A1C target in a given

patient should be achieved without hy-
poglycemia, which, in addition to the
usual adverse sequelae, may increase
the risk of low birth weight (45). Given
the alteration in red blood cell kinetics
during pregnancy and physiological
changes in glycemic parameters, A1C levels
mayneed tobemonitoredmore frequently
than usual (e.g., monthly).

Continuous Glucose Monitoring in
Pregnancy
CONCEPTT (Continuous Glucose Moni-
toring in Pregnant Women With Type 1
Diabetes Trial) was a randomized con-
trolled trial of continuous glucose mon-
itoring (CGM) in addition to standard
care, including optimization of pre-
and postprandial glucose targets versus
standard care for pregnant women with
type 1 diabetes. It demonstrated the
value of CGM in pregnancy complicated
by type 1 diabetes by showing a mild
improvement in A1Cwithout an increase
in hypoglycemia and reductions in large-
for-gestational-age births, length of stay,
and neonatal hypoglycemia (46). An ob-
servational cohort study that evaluated
the glycemic variables reported using
CGM found that lower mean glucose,
lower standard deviation, and a higher
percentage of time in target range were
associated with lower risk of large-for-
gestational-age births and other adverse
neonatal outcomes (47).Useof theCGM-
reported mean glucose is superior to the
use of estimated A1C, glucose manage-
ment indicator, and other calculations to
estimate A1C given the changes to A1C
thatoccur inpregnancy (48). CGMtime in
range (TIR) can be used for assessment of
glycemic control in patients with type 1
diabetes, but it does not provide action-
able data to address fasting and post-
prandial hypoglycemiaorhyperglycemia.
There are no data to support the use of
TIR in women with type 2 diabetes or
GDM.
The international consensus on time

in range (49) endorses pregnancy target
ranges and goals for TIR for patients with
type 1 diabetes using CGM as reported on
the ambulatory glucose profile.

c Target range 63–140 mg/dL (3.5–
7.8 mmol/L): TIR, goal .70%

c Time below range (,63 mg/dL [3.5
mmol/L]), goal ,4%

c Time below range (,54 mg/dL [3.0
mmol/L]), goal ,1%
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c Time above range (.140 mg/dL [7.8
mmol/L]), goal ,25%.

MANAGEMENT OF GESTATIONAL
DIABETES MELLITUS

Recommendations

14.13 Lifestyle behavior change is an
essential component of man-
agement of gestational diabe-
tesmellitus andmay suffice for
the treatment ofmanywomen.
Insulinshouldbeaddedifneeded
to achieve glycemic targets. A

14.14 Insulin is the preferred medica-
tion for treating hyperglycemia
in gestational diabetes mellitus.
Metforminandglyburideshould
not be used as first-line agents,
as both cross theplacenta to the
fetus. A Other oral and nonin-
sulin injectable glucose-lowering
medications lack long-term safety
data.

14.15 Metformin,whenused to treat
polycystic ovary syndrome and
induceovulation, shouldbedis-
continued by the end of the first
trimester. A

GDM is characterized by increased risk
of large-for-gestational-age birth weight
and neonatal and pregnancy complica-
tions and an increased risk of long-term
maternal type 2 diabetes and offspring
abnormal glucose metabolism in child-
hood. These associations with maternal
oral glucose tolerance test (OGTT) re-
sults are continuous with no clear in-
flection points (37,50). Offspring with
exposure to untreated GDM have re-
duced insulin sensitivity and b-cell com-
pensation and are more likely to have
impaired glucose tolerance in childhood
(51). In other words, short-term and
long-term risks increase with progres-
sive maternal hyperglycemia. There-
fore, all women should be tested as
outlined in Section 2 “Classification
and Diagnosis of Diabetes” (https://
doi.org/10.2337/dc21-S002). Although
there is some heterogeneity, many ran-
domized controlled trials (RCTs) suggest
that the risk of GDMmay be reduced by
diet, exercise, and lifestyle counseling,
particularly when interventions are
started during the first or early in the
second trimester (52–54). There are no
intervention trials in offspring of moth-
ers with GDM.

Lifestyle Management
After diagnosis, treatment starts with
medical nutrition therapy, physical ac-
tivity, and weight management, depend-
ing on pregestational weight, as outlined
in the sectionbelowonpreexisting type2
diabetes, as well as glucose monitoring
aiming for the targets recommended by
the Fifth International Workshop-Confer-
ence on Gestational Diabetes Mellitus (54):

c Fasting glucose,95mg/dL (5.3mmol/L)
and either

c One-hour postprandial glucose ,140
mg/dL (7.8 mmol/L) or

c Two-hour postprandial glucose ,120
mg/dL (6.7 mmol/L)

Glycemic target lower limits defined
above for preexisting diabetes apply for
GDM that is treatedwith insulin. Depend-
ing on the population, studies suggest
that 70–85% of women diagnosed with
GDM under Carpenter-Coustan can
control GDM with lifestyle modification
alone; it is anticipated that this pro-
portion will be even higher if the lower
International Association of the Diabe-
tes and Pregnancy Study Groups (55)
diagnostic thresholds are used.

Medical Nutrition Therapy
Medical nutrition therapy for GDM is an
individualized nutrition plan developed
between the woman and an RD/RDN
familiar with the management of GDM
(56,57). The food plan should provide
adequatecalorie intake topromote fetal/
neonatal and maternal health, achieve
glycemic goals, and promote weight gain
according to 2009 Institute of Medicine
recommendations (58). There is no de-
finitive research that identifies a specific
optimal calorie intake for women with
GDM or suggests that their calorie needs
aredifferentfromthoseofpregnantwomen
without GDM. The food plan should be
based on a nutrition assessment with guid-
ance from the Dietary Reference Intakes
(DRI). The DRI for all pregnant women
recommends a minimum of 175 g of
carbohydrate,aminimumof71gofprotein,
and28goffiber. Thediet shouldemphasize
monounsaturated and polyunsaturated
fats while limiting saturated fats and
avoiding trans fats. As is true for all nutrition
therapy in patients with diabetes, the
amount and type of carbohydrate will im-
pact glucose levels. Simple carbohydrates
will result in higher postmeal excursions.

Pharmacologic Therapy
Treatment of GDM with lifestyle and
insulin has been demonstrated to im-
prove perinatal outcomes in two large
randomized studies as summarized in a
U.S. Preventive Services Task Force re-
view (59). Insulin is the first-line agent
recommended for treatment of GDM in
the U.S. While individual RCTs support
limited efficacy ofmetformin (60,61) and
glyburide (62) in reducing glucose levels
for the treatment of GDM, these agents
are not recommended as first-line treat-
ment forGDMbecause theyareknownto
cross the placenta and data on long-term
safety for offspring is of some concern
(34). Furthermore, glyburide and met-
formin failed to provide adequate glyce-
mic control in separate RCTs in 23% and
25–28% of women with GDM, respec-
tively (63,64).

Sulfonylureas

Sulfonylureas are known to cross the
placenta and have been associated
with increased neonatal hypoglycemia.
Concentrations of glyburide in umbilical
cord plasma are approximately 50–70%
ofmaternal levels (63,64). Glyburide was
associated with a higher rate of neonatal
hypoglycemia and macrosomia than in-
sulin ormetformin in a 2015meta-analysis
and systematic review (65).
More recently, glyburide failed to be

found noninferior to insulin based on a
composite outcome of neonatal hypo-
glycemia, macrosomia, and hyperbiliru-
binemia (66). Long-term safety data for
offspring exposed to glyburide are not
available (66).

Metformin

Metformin was associated with a lower
risk of neonatal hypoglycemia and less
maternal weight gain than insulin in
systematic reviews (65,67–69).However,
metformin readily crosses the placenta,
resulting in umbilical cord blood levels of
metformin as high or higher than simul-
taneous maternal levels (70,71). In the
Metformin in Gestational Diabetes: The
Offspring Follow-Up (MiG TOFU) study’s
analyses of 7- to 9-year-old offspring, the
9-year-old offspring exposed to metfor-
min in the Auckland cohort for the treat-
ment of GDM were heavier and had a
higher waist-to-height ratio and waist
circumference than those exposed to
insulin (72). This was not found in the
Adelaide cohort. In two RCTs of metformin
use in pregnancy for polycystic ovary
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syndrome, follow-up of 4-year-old offspring
demonstrated higher BMI and increased
obesity in the offspring exposed to metfor-
min (73,74). A follow-up studyat5–10years
showed that the offspring had higher BMI,
weight-to-height ratios, waist circumferen-
ces, and a borderline increase in fat mass
(74,75). Metformin is being studied in two
ongoing trials in type2diabetes (Metformin
in Women with Type 2 Diabetes in Preg-
nancy Trial [MiTY] [76] and Medical Optimi-
zation of Management of Type 2 Diabetes
Complicating Pregnancy [MOMPOD] [77]),
but long-term offspring data will not be
available for some time. A recent meta-
analysis concluded that metformin expo-
sure resulted in smaller neonates with
acceleration of postnatal growth resulting
in higher BMI in childhood (74).
Randomized, double-blind, controlled

trials comparing metformin with other
therapies for ovulation induction in
women with polycystic ovary syndrome
have not demonstrated benefit in pre-
venting spontaneous abortion or GDM
(78), and there is no evidence-based
need to continue metformin in such
patients (79–81).
There are some women with GDM

requiring medical therapy who, due to
cost, language barriers, comprehension,
or cultural influences, may not be able to
use insulin safely or effectively in preg-
nancy. Oral agents may be an alternative
in these women after a discussion of the
known risks and the need for more long-
term safety data in offspring. However,
due to the potential for growth restric-
tion or acidosis in the setting of placental
insufficiency, metformin should not be
used in women with hypertension or
preeclampsia or at risk for intrauterine
growth restriction (82,83).

Insulin

Insulin use should follow the guidelines
below. Both multiple daily insulin injec-
tions and continuous subcutaneous in-
sulin infusion are reasonable delivery
strategies, and neither has been shown
to be superior to the other during preg-
nancy (84).

MANAGEMENT OF PREEXISTING
TYPE 1 DIABETES AND TYPE 2
DIABETES IN PREGNANCY

Insulin Use

Recommendations

14.16 Insulin shouldbeused forman-
agement of type 1 diabetes in

pregnancy.A Insulin is the pre-
ferred agent for the manage-
ment of type 2 diabetes in
pregnancy. E

14.17 Either multiple daily injections
or insulin pump technology can
be used in pregnancy compli-
cated by type 1 diabetes. C

The physiology of pregnancy necessi-
tates frequent titration of insulin to
match changing requirements and under-
scores the importance of daily and fre-
quent self-monitoring of blood glucose.
Due to the complexity of insulin manage-
ment in pregnancy, referral to a special-
ized center offering team-based care
(with team members including maternal-
fetal medicine specialist, endocrinologist
or other provider experienced in managing
pregnancy in women with preexisting di-
abetes, dietitian, nurse, and social worker,
asneeded) is recommended if this resource
is available.
None of the currently available human

insulin preparations have been demon-
strated to cross the placenta (84–89). A
recent Cochrane systematic review was
not able to recommend any specific in-
sulin regimen over another for the treat-
ment of diabetes in pregnancy (90).
While many providers prefer insulin

pumps in pregnancy, it is not clear that
they are superior to multiple daily in-
jections (91,92). Hybrid closed-loop in-
sulinpumpsthatallowfor theachievement
of pregnancy fasting and postprandial gly-
cemic targets may reduce hypoglycemia
and allow for more aggressive prandial
dosing to achieve targets. Not all hybrid
closed-loop pumps are able to achieve the
pregnancy targets.

Type 1 Diabetes
Women with type 1 diabetes have an
increased risk of hypoglycemia in thefirst
trimester and, like all women, have al-
tered counterregulatory response in
pregnancy that may decrease hypogly-
cemia awareness. Education for patients
and family members about the preven-
tion, recognition, and treatment of hy-
poglycemia is important before, during,
and after pregnancy to help to prevent
and manage the risks of hypoglycemia.
Insulin resistance drops rapidly with de-
livery of the placenta.
Pregnancy is a ketogenic state, and

women with type 1 diabetes, and to a

lesser extent those with type 2 diabetes,
are at risk for diabetic ketoacidosis
(DKA) at lower blood glucose levels
than in the nonpregnant state. Women
with type 1 diabetes should be pre-
scribed ketone strips and receive edu-
cation on DKA prevention and detection.
DKA carries a high risk of stillbirth. Women
in DKA who are unable to eat often require
10% dextrose with an insulin drip to
adequately meet the higher carbohydrate
demands of the placenta and fetus in the
third trimester in order to resolve their
ketosis.
Retinopathy is a special concern in

pregnancy. The necessary rapid imple-
mentation of euglycemia in the setting of
retinopathy is associatedwithworsening
of retinopathy (23).

Type 2 Diabetes
Type 2 diabetes is often associated with
obesity. Recommendedweight gainduring
pregnancy for women with overweight is
15–25 lband forwomenwithobesity is10–
20 lb (58). There are no adequate data on
optimal weight gain versus weight main-
tenance in women with BMI .35 kg/m2.

Glycemic control is often easier to
achieve in women with type 2 diabetes
than in thosewith type1diabetesbut can
require much higher doses of insulin,
sometimes necessitating concentrated
insulin formulations. As in type 1 diabe-
tes, insulin requirements drop dramati-
cally after delivery.
The risk for associated hypertension

and other comorbidities may be as high
or higher with type 2 diabetes as with
type 1 diabetes, even if diabetes is better
controlled and of shorter apparent du-
ration, with pregnancy loss appearing to
be more prevalent in the third trimester
inwomenwith type2diabetes compared
with the first trimester in women with
type 1 diabetes (93,94).

PREECLAMPSIA AND ASPIRIN

Recommendation

14.18 Women with type 1 or type 2
diabetes should be prescribed
low-dose aspirin 100–150 mg/
day starting at 12 to 16 weeks
of gestation to lower the risk
of preeclampsia. E A dosage of
162mg/daymaybeacceptable;
currently in the U.S., low-dose
aspirin is available in 81-mg
tablets. E
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Diabetes in pregnancy is associated with
an increased risk of preeclampsia (95).
The U.S. Preventive Services Task Force
recommends the use of low-dose aspirin
(81 mg/day) as a preventive medication
at 12 weeks of gestation in women who
are at high risk for preeclampsia (96).
However, a meta-analysis and an addi-
tional trial demonstrate that low-dose
aspirin ,100 mg is not effective in re-
ducing preeclampsia. Low-dose aspirin
.100 mg is required (97–99). A cost-
benefit analysis has concluded that this
approach would reduce morbidity, save
lives, and lower health care costs (100).
However, there is insufficient data re-
garding the benefits of aspirin in women
with preexisting diabetes (98). More
studies are needed to assess the long-
term effects of prenatal aspirin exposure
on offspring (101).

PREGNANCY AND DRUG
CONSIDERATIONS

Recommendations

14.19 In pregnant patients with diabe-
tes and chronic hypertension, a
blood pressure target of 110–
135/85 mmHg is suggested in
the interest of reducing the
risk for accelerated maternal hy-
pertensionA andminimizing im-
paired fetal growth. E

14.20 Potentially harmful medications
in pregnancy (i.e., ACE inhibitors,
angiotensin receptor blockers,
statins) should be stopped at
conception and avoided in sex-
ually activewomenof childbear-
ing agewhoarenotusing reliable
contraception. B

In normal pregnancy, blood pressure is
lower than in the nonpregnant state. In a
pregnancy complicated by diabetes and
chronic hypertension, a target goal blood
pressure of 110–135/85 mmHg is sug-
gested to reduce the risk of uncontrolled
maternal hypertension andminimize im-
paired fetal growth (102–104). The 2015
study (104) excluded pregnancies com-
plicated by preexisting diabetes and only
6%hadGDMatenrollment. Therewasno
difference in pregnancy loss, neonatal
care, or other neonatal outcomes be-
tween the groupswith tighter versus less
tight control of hypertension (104).
During pregnancy, treatmentwith ACE

inhibitors and angiotensin receptor

blockers is contraindicated because
they may cause fetal renal dysplasia,
oligohydramnios, pulmonary hypoplasia,
and intrauterine growth restriction (19).
A large study found that after adjusting

for confounders, first trimester ACE in-
hibitor exposure does not appear to be
associated with congenital malforma-
tions (20). However, ACE inhibitors and
angiotensin receptor blockers should be
stopped as soon as possible in the first
trimester to avoid second and third tri-
mester fetopathy (20). Antihypertensive
drugs known to be effective and safe in
pregnancy includemethyldopa, nifedipine,
labetalol, diltiazem, clonidine, and prazo-
sin. Atenolol is not recommended, but
otherb-blockersmaybeused, if necessary.
Chronic diuretic use during pregnancy is
not recommended as it has been associ-
ated with restricted maternal plasma vol-
ume, which may reduce uteroplacental
perfusion (105). On the basis of available
evidence, statins should also be avoided in
pregnancy (106).
See PREGNANCY AND ANTIHYPERTENSIVE MEDI-

CATIONS in Section 10 “Cardiovascular Dis-
ease and RiskManagement” (https://doi
.org/10.2337/dc21-S010) for more infor-
mation on managing blood pressure in
pregnancy.

POSTPARTUM CARE

Recommendations

14.21 Insulin resistancedecreasesdra-
matically immediately postpar-
tum, and insulin requirements
need to be evaluated and ad-
justed as they are often roughly
half the prepregnancy require-
ments for the initial few days
postpartum. C

14.22 A contraceptive plan should be
discussedandimplementedwith
all women with diabetes of re-
productive potential. A

14.23 Screen women with a recent
history of gestational diabetes
mellitus at 4–12 weeks postpar-
tum, using the 75-g oral glucose
tolerance test and clinically ap-
propriate nonpregnancy diag-
nostic criteria. B

14.24 Women with a history of gesta-
tional diabetes mellitus found to
have prediabetes should receive
intensive lifestyle interventions
and/or metformin to prevent
diabetes. A

14.25 Women with a history of gesta-
tional diabetes mellitus should
have lifelong screening for the
development of type 2 diabetes
orprediabetesevery1–3years.B

14.26 Women with a history of gesta-
tional diabetes mellitus should
seek preconception screening
for diabetes and preconception
care to identify and treat hyper-
glycemia and prevent congenital
malformations. E

14.27 Postpartum care should include
psychosocial assessment and
support for self-care. E

Gestational Diabetes Mellitus

Initial Testing

Because GDM often represents previ-
ously undiagnosed prediabetes, type 2
diabetes, maturity-onset diabetes of the
young, or even developing type 1 di-
abetes, women with GDM should be
tested for persistent diabetes or predi-
abetes at 4–12 weeks postpartum with a
75-g OGTT using nonpregnancy criteria
as outlined in Section 2 “Classification
and Diagnosis of Diabetes” (https://doi
.org/10.2334/dc21-S002).

Postpartum Follow-up

The OGTT is recommended over A1C at
4–12 weeks postpartum because A1C
may be persistently impacted (lowered)
by the increased red blood cell turnover
related to pregnancy, by blood loss at
delivery, or by the preceding 3-month
glucose profile. The OGTT is more sen-
sitive at detecting glucose intolerance,
including both prediabetes and diabetes.
Women of reproductive age with pre-
diabetes may develop type 2 diabetes by
the time of their next pregnancy and will
need preconception evaluation. Because
GDM is associated with an increased
lifetime maternal risk for diabetes esti-
mated at 50–60% (107,108), women
should also be tested every 1–3 years
thereafter if the 4–12 weeks postpartum
75-g OGTT is normal. Ongoing evaluation
may be performed with any recommen-
ded glycemic test (e.g., annual A1C,
annual fasting plasma glucose, or tri-
ennial 75-g OGTT using nonpregnant
thresholds).

Gestational Diabetes Mellitus and Type 2

Diabetes

Women with a history of GDM have a
greatly increased risk of conversion to
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type 2 diabetes over time (108). Women
with GDM have a 10-fold increased risk
of developing type 2 diabetes compared
with women without GDM (107). Abso-
lute risk increases linearly through a
woman’s lifetime, being approximately
20% at 10 years, 30% at 20 years, 40% at
30 years, 50% at 40 years, and 60% at
50 years (108). In the prospective
Nurses’ Health Study II (NHS II), sub-
sequent diabetes risk after a history of
GDM was significantly lower in women
who followed healthy eating patterns
(109). Adjusting for BMI attenuated
this association moderately, but not
completely. Interpregnancy or post-
partum weight gain is associated
with increased risk of adverse pregnancy
outcomes in subsequent pregnancies
(110) and earlier progression to type 2
diabetes.
Bothmetformin and intensive lifestyle

intervention prevent or delay progres-
sion to diabetes in women with predia-
betes and a history of GDM. Of women
with a history of GDM and prediabetes,
only 5–6 women need to be treated with
either intervention to prevent one case
of diabetes over 3 years (111). In these
women, lifestyle intervention and met-
formin reduced progression to diabetes
by 35% and 40%, respectively, over 10
years comparedwithplacebo (112). If the
pregnancy has motivated the adoption
of ahealthierdiet, buildingon thesegains
to support weight loss is recommended
in the postpartum period.

Preexisting Type 1 and Type 2 Diabetes

Insulin sensitivity increases dramatically
with delivery of the placenta. In one
study, insulin requirements in the imme-
diate postpartumperiod are roughly 34%
lower than prepregnancy insulin require-
ments (113,114). Insulin sensitivity then
returns to prepregnancy levels over the
following 1–2 weeks. In women taking
insulin, particular attention should be
directed to hypoglycemia prevention
in the settingof breastfeeding anderratic
sleep and eating schedules (115).

Lactation
In light of the immediate nutritional and
immunological benefits of breastfeeding
for the baby, all women including those
with diabetes should be supported in
attempts to breastfeed. Breastfeeding
may also confer longer-term metabolic
benefits to both mother (116) and off-
spring (117). However, lactation can

increase the risk of overnight hypogly-
cemia, and insulin dosing may need to
be adjusted.

Contraception
A major barrier to effective preconcep-
tion care is the fact that the majority of
pregnancies are unplanned. Planning
pregnancy is critical in women with pre-
existing diabetes due to the need for
preconception glycemic control to pre-
vent congenital malformations and re-
duce the risk of other complications.
Therefore, all women with diabetes of
childbearingpotential shouldhave family
planning options reviewed at regular
intervals to make sure that effective
contraception is implemented andmain-
tained. This applies to women in the
immediate postpartum period. Women
with diabetes have the same contracep-
tion options and recommendations as
those without diabetes. Long-acting, re-
versable contraception may be ideal for
many women. The risk of an unplanned
pregnancy outweighs the risk of any
given contraception option.
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15. Diabetes Care in the Hospital:
Standards of Medical Care in
Diabetesd2021
Diabetes Care 2021;44(Suppl. 1):S211–S220 | https://doi.org/10.2337/dc21-s015

The American Diabetes Association (ADA) “Standards of Medical Care in Diabetes”
includes the ADA’s current clinical practice recommendations and is intended to
provide the components of diabetes care, general treatment goals and guidelines,
and tools to evaluate quality of care. Members of the ADA Professional Practice
Committee, a multidisciplinary expert committee (https://doi.org/10.2337/dc21-
SPPC), are responsible for updating the Standards of Care annually, or more
frequently as warranted. For a detailed description of ADA standards, statements,
and reports, as well as the evidence-grading system for ADA’s clinical practice
recommendations, please refer to the Standards of Care Introduction (https://doi
.org/10.2337/dc21-SINT). Readers who wish to comment on the Standards of Care
are invited to do so at professional.diabetes.org/SOC.

Among hospitalized patients, hyperglycemia, hypoglycemia, and glucose variability
are associated with adverse outcomes, including death (1–3). Therefore, careful
management of inpatients with diabetes has direct and immediate benefits. Hospital
management of diabetes is facilitated by preadmission treatment of hyperglycemia in
patients having elective procedures, a dedicated inpatient diabetes service applying
well-developed standards, and careful transition out of the hospital to prearranged
outpatient management. These steps can shorten hospital stays and reduce the need
for readmission as well as improve patient outcomes. Some in-depth reviews of
hospital care for patients with diabetes have been published (3–5). For older
hospitalized patients or for patients in the long-term care facilities, please see
Section 12 “Older Adults” (https://doi.org/10.2337/dc21-S012).

HOSPITAL CARE DELIVERY STANDARDS

Recommendations

15.1 Perform an A1C test on all patients with diabetes or hyperglycemia (blood
glucose.140mg/dL [7.8mmol/L]) admitted to thehospital if not performed
in the prior 3 months. B

15.2 Insulin should be administered using validated written or computerized
protocols that allow for predefined adjustments in the insulin dosage based
on glycemic fluctuations. B

Considerations on Admission
High-quality hospital care for diabetes requires standards for care delivery, which are
best implemented using structured order sets, and quality assurance for process
improvement. Unfortunately, “best practice”protocols, reviews, and guidelines (2–4)
are inconsistently implemented within hospitals. To correct this, medical centers

Suggested citation: American Diabetes Associa-
tion. 15. Diabetes care in the hospital: Standards
of Medical Care in Diabetesd2021. Diabetes
Care 44 (Suppl. 1):S211–S220
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striving for optimal inpatient diabetes
treatment should establish protocols
and structured order sets, which in-
clude computerized physician order
entry (CPOE).
Initial orders should state the type of

diabetes (i.e., type 1, type 2, gestational
diabetes mellitus, pancreatic diabetes)
when it is known. Because inpatient
treatment and discharge planning are
more effective if based on preadmission
glycemia, an A1C should bemeasured for
all patients with diabetes or hyperglyce-
mia admitted to the hospital if the test
has not been performed in the previous
3 months (6–9). In addition, diabetes
self-management knowledge and behav-
iors should be assessed on admission
and diabetes self-management educa-
tion provided, if appropriate. Diabetes
self-management education should in-
clude appropriate skills needed after
discharge, such as medication dosing
and administration, glucose monitor-
ing, and recognition and treatment of
hypoglycemia (2,3). There is evidence
to support preadmission treatment of
hyperglycemia in patients scheduled
for elective surgery as an effective
means of reducing adverse outcomes
(10–13).
The National Academy of Medicine

recommends CPOE to prevent medication-
related errors and to increase efficiency
in medication administration (14). A Co-
chrane review of randomized controlled
trials using computerized advice to im-
prove glucose control in the hospital
found significant improvement in the
percentage of time patients spent in
the target glucose range, lower mean
blood glucose levels, and no increase in
hypoglycemia (15). Thus, where feasible,
there should be structured order sets
that provide computerized advice for
glucose control. Electronic insulin order
templates also improve mean glucose
levels without increasing hypoglycemia
in patients with type 2 diabetes, so
structured insulin order sets should be
incorporated into the CPOE (16,17).

Diabetes Care Providers in theHospital

Recommendation

15.3 When caring for hospitalized
patients with diabetes, consult
with a specialized diabetes or glu-
cose management team when
possible. C

Appropriately trained specialists or spe-
cialty teams may reduce length of stay,
improve glycemic control, and improve
outcomes (10,18,19). In addition, the
greater risk of 30-day readmission fol-
lowing hospitalization that has been at-
tributed to diabetes can be reduced, and
costs saved, when inpatient care is pro-
vided by a specialized diabetes manage-
ment team (20,21). In a cross-sectional
comparisonofusual care tomanagement
by specialists who reviewed cases and
made recommendations solely through
the electronic medical record, rates of
both hyper- and hypoglycemia were re-
duced 30–40% by electronic “virtual
care” (22). Details of team formation
are available in The Joint Commission
Standards for programs and from the
Society of Hospital Medicine (23,24).
Even the best orders may not be

carried out in a way that improves qual-
ity, nor are they automatically updated
when new evidence arises. To this end,
the Joint Commission has an accredita-
tion program for the hospital care of
diabetes (23), and the Society of Hospital
Medicine has a workbook for program
development (24).

GLYCEMIC TARGETS IN
HOSPITALIZED PATIENTS

Recommendations

15.4 Insulin therapy should be initi-
ated for treatment of persis-
tent hyperglycemia starting
at a threshold $180 mg/dL
(10.0 mmol/L). Once insulin
therapy is started, a target glu-
cose range of 140–180 mg/dL
(7.8–10.0 mmol/L) is recom-
mended for the majority of
critically ill and noncritically
ill patients. A

15.5 More stringent goals, such as
110–140 mg/dL (6.1–7.8 mmol/
L), may be appropriate for se-
lected patients if they can be
achieved without significant hy-
poglycemia. C

Standard Definitions of Glucose
Abnormalities
Hyperglycemia in hospitalized patients is
defined as blood glucose levels.140 mg/
dL (7.8 mmol/L) (2,3,25). Blood glucose
levels persistently above this level
should prompt conservative interven-
tions, such as alterations in diet or

changes to medications that cause hyper-
glycemia. An admission A1C value $6.5%
(48 mmol/mol) suggests that the onset
of diabetes preceded hospitalization
(see Section 2 “Classification and Di-
agnosis of Diabetes,” https://doi.org/
10.2337/dc21-S002) (2,25). Hypoglyce-
mia in hospitalized patients is catego-
rized by blood glucose concentration
and clinical correlates (Table 6.4) (26):
Level 1 hypoglycemia is a glucose con-
centration 54–70 mg/dL (3.0–3.9 mmol/L).
Level 2 hypoglycemia is a blood glucose
concentration,54 mg/dL (3.0 mmol/L),
which is typically the threshold for neu-
roglycopenic symptoms. Level 3hypogly-
cemia is a clinical event characterized by
altered mental and/or physical function-
ing that requires assistance fromanother
person for recovery. Levels 2 and 3 re-
quire immediate correction of low blood
glucose.

Glycemic Targets
In a landmark clinical trial, Van den
Berghe et al. (27) demonstrated that
an intensive intravenous insulin regimen
to reach a target glycemic range of 80–
110 mg/dL (4.4–6.1 mmol/L) reduced
mortality by 40% compared with a stan-
dard approach targeting blood glucose of
180–215 mg/dL (10–12 mmol/L) in crit-
ically ill patients with recent surgery. This
study provided robust evidence that
active treatment to lower blood glucose
in hospitalized patients had immediate
benefits. However, a large, multicenter
follow-up study, the Normoglycemia in
Intensive Care Evaluation and Survival
Using Glucose Algorithm Regulation
(NICE-SUGAR) trial (28), led to a recon-
sideration of the optimal target range for
glucose lowering in critical illness. In this
trial, critically ill patients randomized to
intensive glycemic control (80–110 mg/
dL) derived no significant treatment ad-
vantage compared with a group with
more moderate glycemic targets (140–
180mg/dL [7.8–10.0mmol/L]) and in fact
had slightly but significantly higher mor-
tality (27.5% vs. 25%). The intensively
treated group had 10- to 15-fold greater
rates of hypoglycemia, which may have
contributed to the adverse outcomes
noted. The findings from NICE-SUGAR
are supported by several meta-analyses,
some of which suggest that tight glyce-
mic control increases mortality com-
pared with more moderate glycemic
targets and generally causes higher rates
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of hypoglycemia (29–31). Based on
these results, insulin therapy should
be initiated for treatment of persistent
hyperglycemia$180mg/dL (10.0mmol/L)
and targeted to a glucose range of 140–
180 mg/dL (7.8–10.0 mmol/L) for the
majority of critically ill patients. Although
not as well supported by data from ran-
domized controlled trials, these recom-
mendations have been extended to
hospitalized patients without critical ill-
ness. More stringent goals, such as 110–
140 mg/dL (6.1–7.8 mmol/L), may be
appropriate for selected patients (e.g.,
critically ill postsurgical patients or patients
withcardiac surgery), as longas theycanbe
achievedwithout significant hypoglycemia
(32,33). On the other hand, glucose con-
centrations between 180 mg/dL and
250 mg/dL (10–13.9 mmol/L) may be
acceptable in patients with severe comor-
bidities, and in inpatient care settings
where frequent glucose monitoring or
close nursing supervision is not feasible.
Glycemic levels above 250 mg/dL
(13.9 mmol/L) may be acceptable in ter-
minally ill patients with short life expec-
tancy. In these patients, less aggressive
insulin regimens to minimize glucosu-
ria, dehydration, and electrolyte dis-
turbances are often more appropriate.
Clinical judgment combined with on-
going assessment of clinical status, in-
cluding changes in the trajectory of
glucose measures, illness severity, nu-
tritional status, or concomitant medi-
cations that might affect glucose levels
(e.g., glucocorticoids), should be incor-
porated into the day-to-day decisions
regarding insulin dosing (34).

BEDSIDE BLOOD GLUCOSE
MONITORING

In hospitalized patients with diabetes
who are eating, bedside glucose moni-
toring should be performed before
meals; in those not eating, glucose mon-
itoring is advised every 4–6 h (2). More
frequent bedside blood glucose testing
ranging from every 30 min to every 2 h is
the required standard for safe use of
intravenous insulin. Safety standards for
blood glucose monitoring that prohibit
the sharing of lancets, other testing
materials, and needles are mandatory
(35).
The vast majority of hospital glucose

monitoring is performed using standard
glucose monitors and capillary blood

taken from fingersticks, similar to the
process used by outpatients for home
glucose monitoring (36). Point-of-care
(POC) meters are not as accurate or as
precise as laboratory glucose analyzers,
and capillary blood glucose readings are
subject to artifact due to perfusion,
edema, anemia/erythrocytosis, and sev-
eral medications commonly used in the
hospital (37). The U.S. Food and Drug
Administration (FDA) has established
standards for capillary (fingerstick) blood
glucose meters used in the ambulatory
setting as well as standards to be applied
for POC measures in the hospital (37).
The balance between analytic require-
ments (e.g., accuracy, precision, interfer-
ence) and clinical requirements (rapidity,
simplicity, point of care) has not been
uniformly resolved (36,38), and most
hospitals/medical centers have arrived
at their own policies to balance these
parameters. It is critically important
that devices selected for in-hospital
use, and the workflow through which
they are applied, have careful analysis
of performance and reliability and on-
going quality assessments. Recent
studies indicate that POC measures
provide adequate information for usual
practice, with only rare instances
where care has been compromised
(39,40). Good practice dictates that
any glucose result that does not cor-
relate with the patient’s clinical status
should be confirmed through measure-
ment of a serum sample in the clinical
laboratory.

Continuous Glucose Monitoring
Real-time continuous glucose monitor-
ing (CGM) provides frequent measure-
ments of interstitial glucose levels aswell
as direction and magnitude of glucose
trends. Even though CGM has theoret-
ical advantages over POC glucose
testing in detecting and reducing the
incidence of hypoglycemia, it has not
been approved by the FDA for inpatient
use. Some hospitals with established
glucose management teams allow the
use of CGM in selected patients on an
individual basis, provided both the
patients and the glucose management
team are well educated in the use of
this technology. CGM is not approved
for intensive care unit use. For more
information on CGM, see Section 7
“Diabetes Technology” (https://doi.org/
10.2337/dc21-S007).

GLUCOSE-LOWERING TREATMENT
IN HOSPITALIZED PATIENTS

Recommendations

15.6 Basal insulin or a basal plus bolus
correction insulin regimen is the
preferred treatment for noncriti-
cally ill hospitalized patients with
poor oral intake or thosewho are
taking nothing by mouth. A

15.7 An insulin regimen with basal,
prandial, and correction compo-
nents is thepreferred treatment
for noncritically ill hospitalized
patients with good nutritional
intake. A

15.8 Use of only a sliding scale insulin
regimen in the inpatient hospital
setting is strongly discouraged. A

Insulin Therapy

Critical Care Setting

In the critical care setting, continuous
intravenous insulin infusion is the most
effective method for achieving glycemic
targets. Intravenous insulin infusions
should be administered based on vali-
dated written or computerized protocols
that allow for predefined adjustments in
the infusion rate, accounting for glycemic
fluctuations and insulin dose (3).

Noncritical Care Setting

Inmost instances, insulin is the preferred
treatment for hyperglycemia in hospi-
talized patients. However, in certain cir-
cumstances, it may be appropriate to
continue home regimens including oral
glucose-loweringmedications (41). If oral
medications are held in the hospital,
there should be a protocol for resuming
them 1–2 days before discharge. For
patients using insulin, recent reports in-
dicate that inpatient use of insulin pens is
safe and may be associated with im-
proved nurse satisfaction compared
with the use of insulin vials and syringes
(42–44). Insulin pens have been the sub-
ject of an FDA warning because of po-
tential blood-borne diseases; the
warning “For single patient use only”
should be rigorously followed (45).
Outside of critical care units, sched-

uled insulin regimens are recommended
to manage hyperglycemia in patients
with diabetes. Regimens using insulin
analogs and human insulin result in
similar glycemic control in the hospital
setting (46). The use of subcutaneous
rapid- or short-acting insulin before meals,
or every 4–6 h if no meals are given or if
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the patient is receiving continuous enteral/
parenteral nutrition, is indicated to cor-
rect hyperglycemia. Basal insulin, or a
basal plus bolus correction regimen, is
the preferred treatment for noncritically
ill hospitalized patients with poor oral
intake or those who are restricted from
oral intake.An insulin regimenwithbasal,
prandial, and correction components is
the preferred treatment for noncritically
ill hospitalized patients with good nutri-
tional intake.
For patients who are eating, insulin

injections should align with meals. In
such instances, POCglucose testing should
beperformed immediatelybeforemeals. If
oral intake is poor, a safer procedure is to
administer prandial insulin immediately
after the patient eats, with the dose ad-
justed to be appropriate for the amount
ingested (46).
A randomized controlled trial has

shown that basal-bolus treatment im-
proved glycemic control and reduced
hospital complications compared with
reactive, or sliding scale, insulin regimens
(i.e., dosing given in response to elevated
glucose rather than preemptively) in
general surgery patients with type 2 di-
abetes (47). Prolongeduseof sliding scale
insulin regimens as the sole treatment of
hyperglycemic inpatients is strongly dis-
couraged (19,48).
While there is evidence for using pre-

mixed insulin formulations in the out-
patient setting (49), a recent inpatient
study of 70/30 NPH/regular insulin ver-
sus basal-bolus therapy showed compa-
rable glycemic control but significantly
increased hypoglycemia in the group
receiving premixed insulin (50). There-
fore, premixed insulin regimens are not
routinely recommended for in-hospital
use.

Type 1 Diabetes

For patients with type 1 diabetes, dosing
insulin based solely on premeal glucose
levels does not account for basal insulin
requirements or caloric intake, increas-
ing the risk of both hypoglycemia and
hyperglycemia. Typically, basal insulin
dosing schemes are based on body
weight,with someevidence that patients
with renal insufficiency shouldbe treated
with lower doses (51,52). An insulin
regimen with basal and correction com-
ponents is necessary for all hospitalized
patients with type 1 diabetes, with the
addition of prandial insulin if the patient

is eating.Most importantly, patientswith
type 1 diabetes should always be treated
with insulin.

Transitioning Intravenous to Subcutaneous

Insulin

When discontinuing intravenous insulin,
a transition protocol is associated with
less morbidity and lower costs of care
(53,54) and is therefore recommended.
A patient with type 1 or type 2 diabetes
being transitioned to a subcutaneous
regimen should receive a dose of sub-
cutaneous basal insulin 2 h before the
intravenous infusion is discontinued. The
dose of basal insulin is best calculated on
the basis of the insulin infusion rate
during the last 6 h when stable glycemic
goals were achieved (55). For patients
transitioning to regimens with concen-
trated insulin (U-200, U-300, or U-500) in
the inpatient setting, it is important to
ensure correct dosing by utilizing an
individual pen and cartridge for each
patient and by meticulous supervision
of the dose administered (55,56).

Noninsulin Therapies
The safety and efficacy of noninsulin
glucose-lowering therapies in the hospi-
tal setting is an area of active research
(57,58). Several recent randomized trials
have demonstrated the potential effec-
tivenessof glucagon-likepeptide1recep-
tor agonists and dipeptidyl peptidase
4 inhibitors in specific groups of hospi-
talized patients (59–62). However, an
FDA bulletin states that providers should
consider discontinuing saxagliptin and
alogliptin in people who develop heart
failure (63).
Sodium–glucose cotransporter 2 (SGLT2)

inhibitors should be avoided in cases of
severe illness, in patientswith ketonemia or
ketonuria, andduringprolonged fastingand
surgical procedures (4). Until safety and
effectiveness are established, SGLT2 inhib-
itors are not recommended for routine
in-hospital use. Furthermore, the FDA
has recently warned that SGLT2 inhibitors
should be stopped 3 days before scheduled
surgeries (4days in the caseof ertugliflozin).

HYPOGLYCEMIA

Recommendations

15.9 A hypoglycemia management
protocol should be adopted
and implemented by each hos-
pital or hospital system. A plan
for preventing and treating

hypoglycemia should be estab-
lished for eachpatient. Episodes
of hypoglycemia in the hospital
should be documented in the
medical record and tracked. E

15.10 The treatment regimen should
be reviewed and changed as
necessary to prevent further
hypoglycemia when a blood
glucose value of ,70 mg/dL
(3.9mmol/L) is documented. C

Patients with or without diabetes may
experience hypoglycemia in the hospital
setting. While hypoglycemia is associ-
ated with increased mortality (64), in
many cases it is a marker of underlying
disease rather than the cause of fatality.
However, hypoglycemia is a severe con-
sequence of dysregulated metabolism
and/or diabetes treatment, and it is
imperative that it be minimized in hos-
pitalized patients. Many episodes of
hypoglycemia among inpatients are
preventable. Therefore, a hypoglyce-
mia prevention and management pro-
tocol should be adopted and implemented
by each hospital or hospital system. A
standardizedhospital-wide,nurse-initiated
hypoglycemia treatment protocol should
be in place to immediately address blood
glucose levels of,70mg/dL (3.9mmol/L).
In addition, individualized plans for pre-
ventingandtreatinghypoglycemiaforeach
patient should also be developed. An
American Diabetes Association (ADA) con-
sensus statement recommends that a pa-
tient’s treatment regimenbe reviewedany
time a blood glucose value of,70 mg/dL
(3.9mmol/L)occurs, as suchreadingsoften
predict subsequent level 3 hypoglycemia
(2). Episodes of hypoglycemia in the hos-
pital should be documented in themedical
record and tracked (3).

Triggering Events and Prevention of
Hypoglycemia
Insulin is one of the most common drugs
causing adverse events in hospitalized
patients, anderrors in insulin dosing and/
or administration occur relatively fre-
quently (64–66). Beyond insulin dosing
errors, common preventable sources of
iatrogenic hypoglycemia are improper
prescribingofotherglucose-loweringmed-
ications, inappropriatemanagementof the
first episode of hypoglycemia, and nutri-
tion-insulin mismatch, often related to
an unexpected interruption of nutrition.
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A recent study describes acute kidney
injury as an important risk factor for hy-
poglycemia in the hospital (67), possibly
as a result of decreased insulin clearance.
Studies of “bundled” preventive therapies,
includingproactivesurveillanceofglycemic
outliers and an interdisciplinary data-
driven approach to glycemicmanagement,
showed that hypoglycemic episodes in
the hospital could be prevented. Com-
pared with baseline, two such studies
found that hypoglycemic events fell by
56–80% (68,69). The Joint Commission
recommends that all hypoglycemic epi-
sodes be evaluated for a root cause and
the episodes be aggregated and reviewed
to address systemic issues (23).
In addition to errors with insulin treat-

ment, iatrogenic hypoglycemia may be
induced by a sudden reduction of corti-
costeroiddose, reducedoral intake, eme-
sis, inappropriate timing of short- or
rapid-acting insulin in relation to meals,
reduced infusion rate of intravenous
dextrose, unexpected interruption of en-
teral or parenteral feedings, delayed or
missed blood glucose checks, and altered
ability of the patient to report symptoms
(5).

Predictors of Hypoglycemia
In ambulatory patientswith diabetes, it is
well established that anepisodeof severe
hypoglycemia increases the risk for a sub-
sequent event, in part because of impaired
counterregulation (70,71). This relation-
ship also holds for inpatients. For example,
in a study of hospitalized patients treated
for hyperglycemia, 84% who had an epi-
sode of “severe hypoglycemia” (defined
as ,40 mg/dL [2.2 mmol/L]) had a pre-
ceding episode of hypoglycemia (,70
mg/dL [3.9 mmol/L]) during the same
admission (72). In another study of
hypoglycemic episodes (defined as ,50
mg/dL [2.8 mmol/L]), 78% of patients
were using basal insulin, with the inci-
dence of hypoglycemia peaking between
midnight and 6:00 A.M. Despite recognition
of hypoglycemia, 75% of patients did not
have their dose of basal insulin changed
before the next insulin administration (73).
Recently, several groups have devel-

oped algorithms to predict episodes of
hypoglycemia among inpatients (74,75).
Models such as these are potentially
important and, once validated for gen-
eral use, could provide a valuable tool to
reduce rates of hypoglycemia in hospi-
talized patients.

MEDICAL NUTRITION THERAPY IN
THE HOSPITAL

The goals of medical nutrition therapy in
the hospital are to provide adequate
calories to meet metabolic demands,
optimize glycemic control, address per-
sonal food preferences, and facilitate
creation of a discharge plan. The ADA
does not endorse any single meal plan or
specifiedpercentagesofmacronutrients.
Current nutrition recommendations ad-
vise individualizationbasedon treatment
goals, physiological parameters, and
medicationuse. Consistent carbohydrate
meal plans are preferred by many hos-
pitals as they facilitate matching the
prandial insulin dose to the amount of
carbohydrate consumed (76).
Orders should also indicate that the

meal delivery and nutritional insulin cov-
erage should be coordinated, as their
variability often creates the possibility of
hyperglycemic and hypoglycemic events.
Many hospitals offer “meals on de-

mand,” allowing patients to order meals
from the menu at any time of the day.
This option improves patient satisfaction
but complicates meal–insulin coordina-
tion. Finally, if carbohydrate counting is
provided by the hospital kitchen, this
option should be used in patients count-
ing carbohydrates at home (77).

SELF-MANAGEMENT IN THE
HOSPITAL

Diabetes self-management in the hospi-
tal may be appropriate for specific pa-
tients (78,79). Candidates include both
adolescent and adult patients who suc-
cessfully conduct self-management of
diabetes at home, and whose cognitive
and physical skills needed to successfully
self-administer insulin and perform self-
monitoring of blood glucose are not
compromised. In addition, they should
have adequate oral intake, be proficient
in carbohydrate estimation, use multiple
daily insulin injections or continuous
subcutaneous insulin infusion (CSII),
have stable insulin requirements, and
understand sick-day management. If
self-management is to be used, a pro-
tocol should include a requirement that
the patient, nursing staff, and physician
agree that patient self-management is
appropriate. If CSII or CGM is to be used,
hospital policy and procedures delineat-
ing guidelines for CSII therapy, including
thechangingof infusion sites, areadvised

(80,81). As outlined in Recommendation
7.27, patients using diabetes devices
should be allowed to use them in an
inpatient setting when proper supervi-
sion is available.

STANDARDS FOR SPECIAL
SITUATIONS

Enteral/Parenteral Feedings
For patients receiving enteral or paren-
teral feedings who require insulin, the
regimen should include coverage of
basal, prandial, and correctional needs
(82,83). It is particularly important that
patients with type 1 diabetes continue to
receive basal insulin even if feedings are
discontinued.
Most patients receiving basal insulin

should continue with their basal dose
while thedoseof insulin for the total daily
nutritional componentmaybecalculated
as 1 unit of insulin for every 10–15 g
carbohydrate in the formula. Commer-
cially available cans of enteral nutrition
contain variable amounts of carbohy-
drate and may be infused at different
rates. All of this must be taken into
consideration while calculating insulin
doses to cover the nutritional compo-
nent of enteral nutrition (77). Most spe-
cialists recommend using NPH insulin
twice or three times daily (every 8 or
12 h) to cover patient needs. Adjust-
ments in insulin doses must be made
frequently. Correctional insulin should
also be administered subcutaneously
every 6 h using human regular insulin
or every 4 h using a rapid-acting insulin. If
enteral nutrition is interrupted, a 10%
dextrose infusion must be started imme-
diately to prevent hypoglycemia and to
allow time to select more appropriate
insulin doses.
For patients receiving enteral bolus

feedings, approximately 1 unit of regular
human insulin or rapid-acting insulin per
10–15 g carbohydrate should be given
subcutaneously before each feeding.
Correctional insulin coverage should
be added as needed before each feeding.
In patients receiving nocturnal tube

feeding, NPH insulin administered with
the initiation of feeding represents a
reasonable approach to cover this nutri-
tional load.
For patients receiving continuous pe-

ripheral or central parenteral nutrition,
human regular insulin may be added to
the solution, particularly if .20 units of
correctional insulin have been required
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in the past 24 h. A starting dose of 1 unit
of human regular insulin for every 10 g
dextrose has been recommended (84)
and should be adjusted daily in the
solution. Adding insulin to the parenteral
nutrition bag is the safest way to prevent
hypoglycemia if the parenteral nutrition
is stopped or interrupted. Correctional
insulin should be administered subcuta-
neously. For full enteral/parenteral feed-
ing guidance, please refer to review
articles detailing this topic (82,85).
Because continuous enteral or paren-

teral nutrition results in a continuous
postprandial state, any attempt to bring
blood glucose levels to below 140 mg/
dL (7.8 mmol/L) substantially increases
the risk of hypoglycemia in these
patients.

Glucocorticoid Therapy
The prevalence of glucocorticoid therapy
in hospitalized patients can approach
10%, and these medications can in-
duce hyperglycemia in patients with and
without antecedent diabetes (86). Glu-
cocorticoid type and duration of action
must be considered in determining in-
sulin treatment regimens. Daily-ingested
short-acting glucocorticoids such as
prednisone reach peak plasma levels
in 4–6 h (87) but have pharmacologic
actions that last through the day. Pa-
tients on morning steroid regimens have
disproportionate hyperglycemia during
the day, but they frequently reach nor-
mal blood glucose levels overnight re-
gardless of treatment (86). In subjects on
once- or twice-daily steroids, administra-
tion of intermediate-acting (NPH) insulin
is a standard approach. NPH is usually
administered in addition to daily basal-
bolus insulin or in addition to oral anti-
diabetes medications. Because NPH ac-
tion peaks at 4–6 h after administration,
it is best to give it concomitantly with
steroids (88). For long-acting glucocorti-
coids such as dexamethasone and mul-
tidose or continuous glucocorticoid
use, long-acting insulin may be re-
quired to control fasting blood glucose
(41,89). For higher doses of glucocorti-
coids, increasing doses of prandial and
correctional insulin, sometimes in ex-
traordinary amounts, are often needed
in addition to basal insulin (90,91).
Whatever orders are started, adjust-
ments based on anticipated changes in
glucocorticoid dosing and POC glucose
test results are critical.

Perioperative Care
Many standards for perioperative care
lack a robust evidence base. However,
the following approach (92–94) may be
considered:

1. The target range for blood glucose in
the perioperative period should be
80–180 mg/dL (4.4–10.0 mmol/L).

2. A preoperative risk assessment should
beperformedforpatientswithdiabetes
who are at high risk for ischemic heart
disease and thosewith autonomic neu-
ropathy or renal failure.

3. Metformin should be withheld on the
day of surgery.

4. SGLT2 inhibitors must be discontin-
ued 3–4 days before surgery.

5. Withhold any other oral glucose-
lowering agents the morning of sur-
gery or procedure and give half of
NPH dose or 75–80% doses of long-
acting analog or pump basal insulin.

6. Monitor blood glucose at least every
2–4 h while patient is taking nothing
by mouth and dose with short- or
rapid-acting insulin as needed.

7. There are no data on the use and/or
influence of glucagon-like peptide 1
receptor agonists or ultra-long-acting
insulin analogs upon glycemia in peri-
operative care.

A recent review concluded that peri-
operative glycemic control tighter than
80–180 mg/dL (4.4–10.0 mmol/L) did
not improve outcomes and was asso-
ciated with more hypoglycemia (95);
therefore, in general, tighter glycemic
targets are not advised. Evidence from a
recent study indicates that compared
with usual dosing, a reduction of insulin
given the evening before surgery by
;25% was more likely to achieve peri-
operative blood glucose levels in the target
rangewith lower risk for hypoglycemia (96).
In noncardiac general surgery patients,

basal insulin plus premeal short- or rapid-
acting insulin (basal-bolus) coverage has
been associated with improved glycemic
control and lower rates of periopera-
tive complications compared with the
reactive, sliding scale regimens (short- or
rapid-acting insulin coverage only with
no basal insulin dosing) (47,97).

Diabetic Ketoacidosis and
Hyperosmolar Hyperglycemic State
There is considerable variability in the
presentation of diabetic ketoacidosis

(DKA) and hyperosmolar hyperglyce-
mic states, ranging from euglycemia
or mild hyperglycemia and acidosis
to severe hyperglycemia, dehydration,
and coma; therefore, individualization
of treatment based on a careful clinical
and laboratory assessment is needed
(98–101).
Management goals include restora-

tion of circulatory volume and tissue
perfusion, resolution of hyperglycemia,
and correction of electrolyte imbalance
and acidosis. It is also important to treat
any correctable underlying cause of
DKAsuchas sepsis,myocardial infarction,
or stroke. In critically ill and mentally
obtunded patients with DKA or hyper-
osmolar hyperglycemia, continuous intra-
venous insulin is the standard of care.
Successful transition of patients from
intravenous to subcutaneous insulin
requires administration of basal insulin
2–4 h prior to the intravenous insulin
being stopped to prevent recurrence
of ketoacidosis and rebound hypergly-
cemia (100). There is no significant
difference in outcomes for intravenous
human regular insulin versus subcuta-
neous rapid-acting analogs when com-
bined with aggressive fluid management
for treating mild or moderate DKA (102).
Patients with uncomplicated DKA may
sometimes be treated with subcutane-
ous insulin in the emergency department
or step-down units (103), an approach
that may be safer and more cost-
effective than treatment with intrave-
nous insulin. If subcutaneous insulin ad-
ministration is used, it is important to
provide adequate fluid replacement, fre-
quentbedside testing, appropriate treat-
ment of any concurrent infections, and
appropriate follow-up to avoid recur-
rent DKA. Several studies have shown
that the use of bicarbonate in patients
with DKA made no difference in reso-
lution of acidosis or time to discharge,
and its use is generally not recommen-
ded. For further information regarding
treatment, refer to recent in-depth re-
views (4).

TRANSITION FROM THE HOSPITAL
TO THE AMBULATORY SETTING

Recommendation

15.11 There should be a structured
discharge plan tailored to the
individual patient with diabetes.
B
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A structured discharge plan tailored to
the individual patient may reduce length
of hospital stay and readmission rates
and increase patient satisfaction (104).
Discharge planning should begin at ad-
mission and be updated as patient needs
change.
Transition from the acute care setting

presents risks for all patients. Inpatients
may be discharged to varied settings,
including home (with or without visiting
nurse services), assisted living, rehabili-
tation, or skilled nursing facilities. For the
patient who is discharged to home or to
assisted living, the optimal program will
need to consider diabetes type and se-
verity, effects of the patient’s illness on
blood glucose levels, and the patient’s
capacities and preferences. See Section
12 “Older Adults” (https://doi.org/10
.2337/dc21-S012) for more information.
An outpatient follow-up visit with the

primary care provider, endocrinologist,
or diabetes care and education specialist
within1monthofdischarge is advised for
all patients experiencing hyperglycemia
in the hospital. If glycemic medications
are changed or glucose control is not
optimal at discharge, an earlier appoint-
ment (in 1–2 weeks) is preferred, and
frequent contactmaybe needed to avoid
hyperglycemia and hypoglycemia. A
recently described discharge algorithm
for glycemic medication adjustment
based on admission A1C was found
useful to guide treatment decisions
and significantly improved A1C after
discharge (7). Therefore, if an A1C from
the prior 3 months is unavailable, mea-
suring the A1C in all patients with di-
abetes or hyperglycemia admitted to
the hospital is recommended.
Clear communication with outpatient

providers either directly or via hospital
discharge summaries facilitates safe
transitions to outpatient care. Providing
information regarding the cause of hy-
perglycemia (or the plan for determining
the cause), related complications and
comorbidities, and recommended treat-
ments can assist outpatient providers as
they assume ongoing care.
The Agency for Healthcare Research

and Quality (AHRQ) recommends that,
at a minimum, discharge plans include
the following (105):

Medication Reconciliation
c The patient’s medications must be

cross-checked to ensure that no chronic

medications were stopped and to en-
sure the safety of new prescriptions.

c Prescriptions for newor changedmed-
ication should be filled and reviewed
with the patient and family at or
before discharge.

Structured Discharge Communication
c Information on medication changes,

pending tests and studies, and follow-
up needs must be accurately and
promptly communicated to outpa-
tient physicians.

c Discharge summaries should be trans-
mitted to the primary care provider as
soon as possible after discharge.

c Scheduling follow-up appointments
prior to discharge increases the likeli-
hood that patients will attend.

It is recommended that the following
areas of knowledge be reviewed and
addressed prior to hospital discharge:

c Identification of the health care pro-
vider who will provide diabetes care
after discharge.

c Level of understanding related to the
diabetes diagnosis, self-monitoring of
blood glucose, home blood glucose
goals, and when to call the provider.

c Definition, recognition, treatment, and
prevention of hyperglycemia and
hypoglycemia.

c Information on making healthy food
choices at home and referral to an
outpatient registered dietitian nutri-
tionist to guide individualization of
meal plan, if needed.

c If relevant, when and how to take
blood glucose–lowering medications,
including insulin administration.

c Sick-day management.
c Proper use anddisposal of needles and

syringes.

It is important that patients be pro-
vided with appropriate durable medical
equipment, medications, supplies (e.g.,
blood glucose test strips), and prescrip-
tionsalongwithappropriateeducationat
the time of discharge in order to avoid a
potentially dangerous hiatus in care.

PREVENTING ADMISSIONS AND
READMISSIONS

In patients with diabetes, the hospital
readmission rate is between 14% and
20%, nearly twice that in patients without
diabetes (106,107). This reflects increased

disease burden for patients and has im-
portant financial implications. Of patients
with diabetes who are hospitalized, 30%
have twoormore hospital stays, and these
admissions account for over 50% of in-
patient costs for diabetes (108). Factors
contributing to readmission include male
sex, longer duration of prior hospitaliza-
tion, number of previous hospitalizations,
number and severity of comorbidities, and
lower socioeconomic and/or educational
status; scheduled home health visits and
timelyoutpatient follow-up reduceratesof
readmission (106,107). While there is no
standard to prevent readmissions, several
successful strategies have been reported
(107). These include targeting ketosis-
prone patients with type 1 diabetes
(109), insulin treatment of patients with
admission A1C.9% (75mmol/mol) (110),
and use of a transitional care model (111).
For people with diabetic kidney disease,
collaborative patient-centered medical
homes may decrease risk-adjusted read-
mission rates (112). A recently published
algorithm based on patient demographic
and clinical characteristics had only mod-
erate predictive power but identifies a
promising future strategy (113).
Age is also an important risk factor in

hospitalization and readmission among
patients with diabetes (refer to Section
12 “Older Adults,” https://doi.org/10
.2337/dc21-S012, for detailed criteria).
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16. Diabetes Advocacy: Standards
ofMedical Care inDiabetesd2021
Diabetes Care 2021;44(Suppl. 1):S221–S222 | https://doi.org/10.2337/dc21-S016

The American Diabetes Association
(ADA) “Standards of Medical Care in
Diabetes” includes the ADA’s current
clinical practice recommendations and
is intended to provide the components
of diabetes care, general treatment
goals and guidelines, and tools to eval-
uate quality of care. Members of the
ADA Professional Practice Committee,
a multidisciplinary expert committee
(https://doi.org/10.2337/dc21-SPPC),
are responsible for updating the Stand-
ards of Care annually, or more fre-
quently as warranted. For a detailed
description of ADA standards, state-
ments, and reports, as well as the evi-
dence-grading system for ADA’s clinical
practice recommendations, please refer
to the Standards of Care Introduction
(https://doi.org/10.2337/dc21-SINT).
Readers who wish to comment on the
Standards of Care are invited to do so at
professional.diabetes.org/SOC.

Managing the daily health demands of
diabetes canbechallenging. People living
with diabetes should not have to face
discrimination due to diabetes. By advo-
cating for the rights of those with di-
abetes at all levels, the ADA can help to
ensure that they live a healthy and pro-
ductive life. A strategic goal of the ADA
is for more children and adults with di-
abetes to live free from the burden of
discrimination. The ADA is also focused
on making sure cost is not a barrier to
successful diabetes management.
One tactic for achieving these goals

has been to implement the ADA Stan-
dards of Care through advocacy-oriented

position statements. The ADA publishes
evidence-based, peer-reviewed statements
on topics such as diabetes and employ-
ment, diabetes anddriving, insulin access
and affordability, and diabetes manage-
ment in certain settings such as schools,
childcare programs, and correctional in-
stitutions. In addition to the ADA’s clinical
documents, theseadvocacystatementsare
important tools in educating schools, em-
ployers, licensing agencies, policy mak-
ers, and others about the intersection of
diabetes medicine and the law and for
providing scientifically supported pol-
icy recommendations.

ADVOCACY STATEMENTS

The following is a partial list of advocacy
statements ordered by publication date,
with the most recent statement appear-
ing first.

Insulin Access and Affordability

The ADA’s Insulin Access and Affordabil-
ity Working Group compiled public in-
formation and convened a series of
meetings with stakeholders throughout
the insulin supply chain to learnhoweach
entity affects the cost of insulin for the
consumer. Their conclusions and recom-
mendations are published in the follow-
ing ADA statement.

Cefalu WT, Dawes DE, Gavlak G, et al.;
Insulin Access and Affordability Working
Group. Insulin Access and Affordability
Working Group: conclusions and recom-
mendations. Diabetes Care 2018;41:1299–
1311 [published correction appears in
Diabetes Care 2018;41:1831]; https://doi
.org/10.2337/dci18-0019 (first publication
2018)

Diabetes Care in the School Setting

A sizable portion of a child’s day is spent in
school, so close communication with and
cooperation of school personnel are es-
sential to optimize diabetes management,
safety, and academic opportunities. See
the following ADA position statement for
diabetes management information for
students with diabetes in the elementary
and secondary school settings.

JacksonCC,Albanese-O’Neill A, Butler KL,
et al.; American Diabetes Association.
Diabetes care in the school setting:
a position statement of the American
Diabetes Association. Diabetes Care
2015;38:1958–1963; https://doi.org/
10.2337/dc15-1418 (first publication
1998; latest revision 2015)

Care of Young Children With
Diabetes in the ChildCare Setting

Very young children with diabetes have
legal protections and can be safely
cared for by childcare providers with
appropriate training, access to resources,
and a system of communication with
parents and the child’s diabetes pro-
vider. See the followingADAposition state-
ment for information on young children
aged ,6 years in settings such as day
care centers, preschools, camps, and
other programs.

Siminerio LM,Albanese-O’Neill A, Chiang
JL, et al.; American Diabetes Association.
Care of young children with diabetes in
the childcare setting: a position statement
of the American Diabetes Association.
Diabetes Care 2014;37:2834–2842; https://
doi.org/10.2337/dc14-1676 (first publication
2014)

Suggested citation: American Diabetes Association. 16. Diabetes advocacy: Standards of Medical Care in Diabetesd2021. Diabetes Care 2021;
44(Suppl. 1):S221–S222
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Diabetes and Driving

People with diabetes who wish to oper-
ate motor vehicles are subject to a great
variety of licensing requirements applied
by both state and federal jurisdictions.
For an overview of existing licensing rules
for people with diabetes, factors that
impact driving for this population, and
general guidelines for assessing driver
fitness and determining appropriate li-
censing restrictions, see the following
ADA position statement.
Editor’s note: Federal commercial driving

rules for individuals with insulin-related di-
abetes changed on 19 November 2018.
These changes will be reflected in
a future updated ADA statement.

Lorber D, Anderson J, Arent S, et al.;
American Diabetes Association. Diabetes
and driving. Diabetes Care 2014;37-
(Suppl. 1):S97–S103; https://doi.org/
10.2337/dc14-S097 (first publication
2012)

Diabetes and Employment

Any person with diabetes, whether
insulin treated or noninsulin treated,
should be eligible for any employment
forwhichheor she is otherwise qualified.

Employment decisions should never be

based on generalizations or stereotypes

regarding the effects of diabetes. For a

general set of guidelines for evaluating

individuals with diabetes for employ-

ment, including how an assessment

should be performed and what changes

(accommodations) in the workplace

may be needed for an individual with

diabetes, see the following ADA position

statement.

Anderson JE, Greene MA, Griffin JW
Jr, et al.; American Diabetes Associa-

tion. Diabetes and employment. Dia-

betes Care 2014;37(Suppl. 1):S112–S117;

https://doi.org/10.2337/dc14-S112

(first publication 1984; latest revision

2009)

Diabetes Care in Correctional
Institutions

People with diabetes in correctional
facilities should receive care that meets
national standards. Correctional insti-
tutions should havewritten policies and
procedures for the management of di-
abetes and for the training of medical
and correctional staff in diabetes care
practices. For a general set of guidelines
for diabetes care in correction institu-
tions, see the following ADA position
statement.

AmericanDiabetes Association. Diabetes
management in correctional institutions.
Diabetes Care 2014;37(Suppl. 1):S104–
S111; https://doi.org/10.2337/dc14-S104
(first publication 1989; latest revision
2008)
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inpatient care. See Hospital care
insulin, S101, S118

access and affordability, S221
analog, S118, S119-S121
basal, S87, S88, S89, S92, S111, S112, S118,

S120, S121, S122, S173, S175, S176,
S181, S189, S213, S214, S215, S216

concentrated, S121
human, S119, S120, S121, S215-S216
median cost of, S119
physiology in pregnancy, S203
prandial, S86, S111, S112, S120-S121, S181,

S182, S214, S215
insulin delivery, S90–S93

automated systems, S93
combined pump and sensor systems,

S92-S93
digital health technology, S93
future of, S93-S94
inpatient care, S90
pumps, S91-S93
syringes and pens, S90-S91
transitioning from IV to subcutaneous,

S214
insulin secretagogues, S45, S56, S61, S80, S105,
S172

insulin sensitizers, S160
insulin therapy, S111-113

basal, SMBG in patents using, S87
carbohydrates intake and, S56, S57
in critical care setting, S213
injection technique, s113
intensifying to injectable, S9, S113, S118,

S21
in noncritical care setting, S213-S214
in pregnancy, S205
simplification of, for older adults, S174
for type 1 diabetes, S214
for type 2 diabetes, S113–S114

intensification, of insulin treatment, S9, S113,
S118, S21

interval, testing, S23
intravenous insulin therapy, S189, S212,
S213-S214, S216

intravitreal therapy, S158
islet autoantibody testing, S18, S21
islet autotransplantation, S27, S49
islet transplantation, S5, S80, S113
isradipine, S160

Japanese Americans, S23
juvenile-onset diabetes. See Type 1 diabetes.

KDIGO, S153
ketoacidosis. See diabetic ketoacidosis
kidney disease. See chronic kidney disease and
diabetic kidney disease

Kumamoto study, S76

L-dopa, S87
labetalol, S128, S206
lactation, S207
language barriers, S11
laser photocoagulation surgery, S157, S158
latent autoimmune diabetes in adults, S4, S16
Latinos

food insecurity in, S10
migrant farmworkers, S11
risk-based screening, S20

LEADER trial, S143, S173

lifestyle management. See behavior changes
linagliptin, S118, S138, S142, S145
lipid management, S131

lifestyle intervention, S131
ongoing therapy and monitoring, S131
statins, S132–S134

liraglutide, S37, S46, S104, S113, S118, S120,
S139, S143-S145, S155, S173, S189, S190

Lispro, S119, S121, S174
lixisenatide, S118, S119, S121, S131, S144, S145
long-term care facilities, S174, S175, S211
longer-acting insulin analogs, S112, S120
Look AHEAD trial, S49, S102, S142, S172
loss of protective sensation (LOPS), S159,
S161-S162

lovastatin, S132

macronutrient distribution, S35, S55, S56, S58,
S59

macular edema, S157, S158, S172
maturity-onset diabetes of the young (MODY),
S16, S25-S26, S180, S188

meal planning, S56-S57, S58, S202
medical devices, for weight loss, S105
medical evaluation, S4-S5, S19, S40-S52

comorbidities assessment, S45–S50
components of, S41, S43, S45
immunizations, S42–S45
in patient-centered collaborative care,

S40-S41
recommendations, S42
referrals, S42, S46

Medicaid expansion, S9
medical nutrition therapy, S55-S60

alcohol, S59
carbohydrates, S58
in children/adolescents with type 1

diabetes, S181
in chronic kidney disease, S153-S154
eating patterns, S55-S56
fats, S60
in gestational diabetes mellitus, S204
goals for adults, S55
in the hospital, S215
macronutrient distribution, S55
meal planning, S55-S56
micronutrients and supplements, S59
nonnutritive sweeteners, S59-S60
protein, S58-S59
recommendations for, S56
sodium, S59
in type 2 diabetes prevention/delay, S35
weight management, S57-S58

medications. See also pharmacologic
interventions

considerations in pregnancy, S206
with increased diabetes risk, S23

Mediterranean diet, S46, S56, S57, S59, S131
meglitinides, S45, S118
mental health

anxiety disorders, S64-S65
depression, S65
diabetes distress, S65-S66
disordered eating behavior, S65
in metabolic surgery candidates, S64
psychosocial/emotional distress, S64
referrals for, S64
screening, S63
serious mental illness, S65-S66

metabolic surgery, S57, S64, S101, S102,
S105-S107

adverse effects, S106-S107
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in children/adolescents, S191
metformin, S25, S27, S59

cardiovascular outcomes, S138
for CKD patients, S155
for gestational diabetes mellitus, S204
median monthly cost, S119
for older adults, S172
to prevent/delay type 2 diabetes, S36–S37
for type 1 diabetes, S113
for type 2 diabetes, S113-S121

methyldopa, S128, S206
metoclopramide, S161
metoprolol, S160
micronutrients, S55, S56, S59
microvascular complications, S5, S6, S8
S151–S167

A1C and, S75-S76
in children/adolescents with type 1

diabetes, S187
chronic kidney disease, S151-S156
diabetic retinopathy, S156–S158
exercise in presence of, S62
foot care, S161–S162
neuropathy, S158-S161

midodrine, S160
MiG TOFU study, S204
miglitol, S118
migrant farmworkers, S11
mineralocorticoid receptor antagonists, S131,
S156

MiTY study, S205
MOMPOD study, S205
monogenic diabetes syndromes, S15–S16,
S25–S26

naltrexone/bupropion, S103
nateglinide, S37, S118
National CLAS Standards, S11
National Diabetes Education Program, S8S224
National Health and Nutrition Examination
Survey (NHANES), S17, S49, S188

National Health Interview Survey, S10
National Institute of Diabetes and Digestive and
Kidney Diseases, S9

native Americans, S22
neonatal diabetes, S15–S16, S180 S200, S202,
S203

nephropathy. See also chronic kidney disease.
S21, S138, S140, S141, S143, S155, S157, S202

prevention and management, S191
screening, S186
treatment, S187
neurocognitive function

in older adults, S169
neuropathy, diabetic, S158-S161

autonomic, S159
cardiac autonomic, S159
in children/adolescents, S189, S191
diagnosis, S159
erectile dysfunction, S159
gastrointestinal, S159
gastroparesis, S160-S161
genitourinary, S159-S160
glycemic control, S160
neuropathic pain, S160
orthostatic hypotension, S160
peripheral, S159
screening, S158–S159
treatment, S160

new-onset diabetes after transplantation, S24
niacin and statin combination, S134, S135

NICE-SUGAR study, S212
nifedipine, long-acting, S128, S206
nonalcoholic fatty liver disease, S46, S48, S115,
S192, S202, S225

nonnutritive sweeteners, S56, S59-S60
nursing homes, S175-S176
nutrition. See medical nutrition therapy

obesity management, S5, S100–S110
approved medications for treatment of,

S103-S104, S105
assessment, S100-S101
behavioral therapy, S101-103
in children/adolescents, S188-S191
concomitant medications, S105
diet, S101-103
glucose-lowering therapy, S105
in diabetes screening, S24
lifestyle interventions, S103
medical devices for, S105
metabolic surgery, S105-S107, S191
pharmacotherapy, S105
physical activity, S101-S103
weight loss medication safety and efficacy,

S105
weight management, S57, S60, S188

obstructive sleep apnea, S49, S192
olanzapene, S66, S109
older adults, S6, S10, S168–S179

deintensification/deprescribing, S172,
S174

end-of-life care, S176
hypoglycemia in, S169-170
lifestyle management, S171-S172
neurocognitive function, S169
pharmacologic therapy, S172-175
simplification of insulin therapy, S174
in skilled nursing facilities/nursing homes,

S175-S176
treatment goals, S170-S171
with type 1 diabetes, S175

one-step strategy, GDM, S28-S29
oral agents. See also specific medications
SMBG in patients using, S87
oral glucose tolerance test (OGTT), S16, S17, S19,
S21, S24, S26, S27, S28, S79, S188, S204, S206

organ failure, end-of-life/palliative care, S171,
S176

orlistat, S37, S103
orthostatic hypotension, S126, S128, S159, S160

P2Y12 receptor antagonist, S135, S136
Pacific Islanders, S22
pain, neuropathic, S159, S160, S187
palliative care, S170, S175-S176
pancreas transplantation, S113
pancreatectomy, S27, S49, S92
pancreatic-related diabetes, S4, S15–S16, S27,
S212

pancreatitis, S4, S15, S27, S48-S49, S104, S134,
S144, S192

parenteral feedings, S6, S215, S216
patch, insulin, S90
pathophysiology, S16, S180, S186
patient education, S9, S11, S41, S81, S184
on foot care, S162
patient-centered care, collaborative model,
S40-S42, S53, S62, S217

Patient-Centered Medical Home, S9, S217
PCSK9 inhibitors, S132, S133-S134

pens, insulin, S90-S91
periodontal disease, S23, S49
perioperative care, S216
peripheral arterial disease. S125, S137, S61,
S162

peripheral neuropathy, S36, S45, S49, S62, S92,
S158-S161

pharmacologic interventions, S5, S111–S124.See
also specific medications, medication classes.

approved medications, S113, S115
assessing safety and efficacy, S115
for cardiovascular disease, S137-S139
concomitant medications, S105
costs of noninsulin medications, S118
glucose-lowering therapy, S105
for type 1 diabetes, S111-S113
for type 2 diabetes, S113-S121
for weight loss, S105
in type 2 diabetes prevention/delay,

S36-S37
selecting drugs for, S115

phentermine, S103, S105
phentermine/topiramate, S37, S103
photocoagulation surgery, S157, S158
physical activity, S6, S21, S23, S35, S41, S60-S62

exercise and children, S60-S61
frequency and types of, S61
glycemic control and, S61
hypoglycemia and, S61-S62
in children/adolescents with type 1

diabetes, S181-S182
in obesity management, S101-S102
in type 2 diabetes prevention/delay,

S35-S36
pre-exercise evaluation, S61
with microvascular complications, S62

physical inactivity, S20, S46
pioglitazone, S46, S118
PIONEER trial, S6, S139-S140, S143
pitavastatin, S132
plant-based diet, S35, S57
pneumococcal pneumonia vaccination, S45, S47
point-of-care A1c assays, S4, S17
polycystic ovary syndrome, S20, S21, S192, S202,
S204, S205

population health, S4, S7–S14
care delivery systems, S8–S9
recommendations, S7
revisions summary, S4
social context, S10–S11

postpartum care, S206-S207
postsurgical diabetes, S49
posttransplantation diabetes mellitus, S4, S15,
S24–S25

pramlintide, S113, S118, S161
prandial insulin, S86, S111, S112, S120-S121,
S181, S182, S214, S215

prasugrel, S137
pravastatin, S132
prazosin, S206
preconception counseling, S166, S183–S184
S182-S183, S193, S200-S201

prediabetes
children and adolescents, S20
criteria, S20, S21
diagnosis, S19–S20
screening/testing, S20, S21-S24

preeclampsia, S200, S201, S203
aspirin and, S205-S206
pregabalin, S105, S159, S160
pregnancy, S6, S200–S210

A1C in, S203
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antihypertensivemedications in,S128-S129,
S206

CHIPS study, S128
continuous glucose monitoring in,

S203-S204
contraception after, S207
drug considerations, S206
gestational diabetes, S27–S29, S36, S37,

S203, S204-S205, S206-S207
glucose monitoring in, S203
glycemic targets in, S201-S203
insulin physiology in, S203
lactation, S207
postpartum care, S206-S207
preconception care, S201
preconception counseling, S166, S183–S184

S182-S183, S193, S200-S201
preeclampsia and aspirin, S205-S206
with preexisting type 1 diabetes, S205
with preexisting type 2 diabetes, S205
real-time CGM in, S90

preprandial glycemic targets, S79
prevention, type 2 diabetes, S4, S34–S39

Diabetes Prevention Program, S35
lifestyle interventions, S34-S36
of vascular disease and mortality, S37
pharmacologic interventions, S36–S37

Professional Practice Committee, S3
protein, dietary, S35, S55, S56, S57, S58-S59, S80,
S102, S112, S152, S153, S171, S191

psychosocial/emotional disorders, S4, S63-S66
anxiety disorders, S65-S66
in children/adolescents, S182-S183,

S192-193
depression, S66
diabetes distress, S63-S65
disordered eating behavior, S66
referral to mental health specialist, S64
screening, S63
serious mental illness, S65-S66

pumps, insulin, S5, S91-S93
automated systems, S93
combined with sensor systems, S92–S93
do-it-yourself systems, S92
in older adults, S92
sensor-augmented, S92
in type 2 diabetes, S92
in youth, S92

quality improvement, S9

race, S17-S18,S20, S36,S60, S81,S92, S102,S126,
S138, S139, S141. See also specific races

ranibizumab, S158
rapid-acting insulin analogs, S111, S112, S119,
S121, S215, S216

real-time CGM
in adults, S89
in children/adolescents, S6, S89, S184
in pregnancy, S90
in type 1 diabetes, S170
in type 2 diabetes, S89

REDUCE-IT, S59, S134
referrals

for eye care, S187
for initial care management, S4, S46
for mental health care, S65
to nephrologist for CKD, S152, S153, S156

reimbursement issues, S37, S54, S55
repaglinide, S24, S118

resistance exercise, S57, S60, S61
retinopathy, S21, S43, S156–S158

adjunctive therapy, S158
anti-VEGF treatment, S158
in children/adolescents with type 1

diabetes, S187, S191-S192
exercise in presence of, S61, S62
photocoagulation surgery, S158
macular edema in, S157, S158
in pregnancy, S201, S202, S205
retinal photography, S157-S158
treatment, S157, S158
in type 1 diabetes, S58
in type 2 diabetes, S158
with chronic kidney disease, S152-S153

REWIND trial, S144
risk management, cardiovascular disease, S5-S6,
S125-S150

rosiglitazone, S118
rosuvastatin, S132, S135
roux-en-Y gastric bypass, S106

SARS-CoV-2, S4, S42, S44, S55, S93
SAVOR-TIMI trial, S138, S144
saxagliptin, S118, S138, S144-S145, S214
schizophrenia, S66
school settings, S80, S181-S183, S188

ADA statement on diabetes care in, S2221
scientific evidence-grading system, S2, S55
scientific review, S2, S4, S5
screening

asymptomatic adults, S21–S23
for cardiovascular disease, S137
children and adolescents, S23-S24
community, S23
for prediabetes and type 2 diabetes,

S23-S24
for type 1 diabetes risk, S19
in dental practices, S23
in HIV patients, S5

SEARCH study, S186
seasonal agricultural workers, S11
second-generation antipsychotics, S66
self-management. See DSMES
self-monitoring of blood glucose (SMBG),
S73-S74, S85-S87

counterfeit strips, S86
glucose meter accuracy, S87
with intensive insulin regimens, S86
interfering substances for, S87
meter standards, S86
optimizing monitor use, S86
with basal insulin and/or oral agents, S87

semaglutide, S118, S120, S139-S140, S143-S144,
S155-S156, S173

sensory impairment, S4, S49
SGLT2 inhibitors, S6, S77, S78, S113, S115, S118,
S120, S121, S125, S141, S142, S144-S145,
S153, S154-S156, S169, S173-S175, S214, S216

short-acting insulins, S112, S119, S173, S213
simvastatin, S132, S133, S134
sitagliptin, S118, S138, S145
skilled nursing facilities, S174, S175, S217
sleep, obstructive sleep apnea, S49, S192
smoking cessation, S5, S62

e-cigarettes, S62
in type 2 diabetes prevention/delay, S36
in those predisposed to diabetes, S37
in youth, S187
tobacco, S62

social capital, S11

social context, S10–S11
social determinants of health (SDOH), S8,
S10-S11

sodium, S56, S59, S129, S154
spironolactone, S128, S156
SPRINT trial, S127-S128
staging,
of CKD, S45, S153
of type 1 diabetes, S17
statins, S46, S132-S135

in children, S187, S192
cognition, effects on, S46, S135
in combination treatment, S133
ezetimibe and, S133
fibrates and, S134
high intensity and moderate therapy, S132
niacin and, S134
PCSK9 inhibitors and, S133
in pregnancy, S187, S201, S206
primary prevention with, S131-S132
randomized trials, S119
risk-based therapy, S132
secondary prevention with, s132, S133
in type 1 diabetes, S133

stroke, S77, S127, S128, S133-S136, S138,
S140-S144

subcutaneous insulin infusion, continuous (CSII),
S89, S91, S92, S111, S183, S189, S205, S215

sulfonylureas, S10, S25, S26, S76, S114, S121,
S172, S204

second-generation, S118
supplements, S56, S59, S202
surgical treatment, S214
for type 1 diabetes, S113, S137
metabolic, S100, S105-S106, S191

SUSTAIN trial, S139, S140, S143, S155
sweeteners, nonnutritive, S56, S59-S60
syringes, insulin, S90-S91

tai chi, S60, S61
tapentadol, S160
technology, S5, S85–S99

for CGM, S81, S87-S90
in diabetes prevention/delay, S36
for insulin delivery, S90–S93
for SMBG, S85-S87

TECOS trial, S138, S145
TEDDY study, S19
telemedicine, S9
temperature, effect on SMBG, S87
testosterone, low, S5, S49
tetanus vaccination, S48
thiazide-like diuretics, S129-S131
thiazolidinediones, S25, S37, S49, S105, S118,
S144, S172

thought disorders, S66
thyroid disease, S26, S45, S184-S185, S201
ticagrelor, S137
tobacco use

smoking cessation, S5, S62
in children/adolescents, S187
in type 2 diabetes prevention/delay, S36

topiramate/phentermine, S37, S103
tricyclic antidepressants, S105, S160, S161
triglycerides

elevated, S20, S131, S134, S192
REDUCE-IT trial, S59, S134

two-hour plasma glucose (2-h PG), S16, S17, S18,
S26, S28

in prediabetes, S20, S21
two-step strategy, GDM, S28-S29
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type 1 diabetes, S6
A1C and cardiovascular disease in, S77
in children and adolescents, S181-S187
classification, S15–S16
daily insulin requirements, S112
diagnosis, S18-S20
idiopathic, S19
immune-mediated, S18-S19
in older adults, S175
insulin therapy, S112-S113
intermittent CGM in, S90
noninsulin treatments, S113
pharmacologic therapy, S111-S113
preexisting, in pregnancy, S205
real-time CGM in children/adolescents,

S183, S184
screening for risk, S20
staging, S17
surgical treatment, S113

type 2 diabetes, S4, S5
A1C and cardiovascular disease in, S77-S78
classification, S15–S16
combination therapy, S114

diagnosis, S19-S24
in children and adolescents,

S188-S193
initial therapy, S114
insulin therapy, S113-
intensifying to injectable therapies, S9,

S113, S118, S21
lifestyle management, S171–S172
metabolic surgery, S105-S107
pharmacologic therapy, S113-S121
postpartum conversion of GDM to,

S206-S207
preexisting, in pregnancy, S205
prevention/delay, S34–S39
screening/testing, S20–S22, S171

tyrosine phosphatases, S18

U-300 glargine, S113, S119, S120, S121, S173,
S214

UK Prospective Diabetes Study (UKPDS), S76-S79
S142

uric acid, S87

vaccinations, S4, S42-S46, S201
vascular dementia, S46, S169
vegetarian diet, S35, S57
venlafaxine, S160
VERIFY trial, S114
Veterans Affairs Diabetes Trial (VADT), S77, S169

water intake, S56, S60
weight loss. See obesity management
well-being, S9, S53-S72
whites. See Caucasians
wound care, for diabetic foot infections, S162

xylose, S87

yoga, S60-S61

zinc transporter 8, S18
zoster vaccination, S48
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