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Introduction
Diabetes Care 2017;40(Suppl. 1):S1–S2 | DOI: 10.2337/dc17-S001

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

(ADA’s) “Standards of Medical Care in Di-
abetes,” referred to as the “Standards of
Care,” is intended to provide clinicians, pa-
tients, researchers, payers, and other in-
terested 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 judg-
ment and must be applied in the context
of excellent clinical care, with adjustments
for individual preferences, comorbidities,
and other patient factors. For more de-
tailed information about management of
diabetes, please refer toMedicalManage-
ment of Type 1 Diabetes (1) and Medical
Management of Type 2 Diabetes (2).
The recommendations include screen-

ing, diagnostic, and therapeutic actions
that are known or believed to favorably
affect health outcomes of patients with di-
abetes. Many of these interventions have
also been shown to be cost-effective (3).
The ADA strives to improve and up-

date the Standards of Care to ensure
that clinicians, health plans, and policy-
makers can continue to rely on them as
the most authoritative and current
guidelines for diabetes care.

ADA STANDARDS, STATEMENTS,
AND REPORTS

The ADA has been actively involved in
the development and dissemination of
diabetes care standards, guidelines, and
related documents for over 25 years.

ADA’s clinical practice recommendations
are viewed as important resources for
health care professionals who care for
people with diabetes. ADA’s Standards
of Care, position statements, and scien-
tific statements undergo a formal review
process by ADA’s Professional Prac-
tice Committee (PPC) and the Board of
Directors. Readers who wish to comment
on the 2017 Standards of Care are invited
to do so at http://professional.diabetes
.org/SOC.

Standards of Care
Standards of Care: ADA position state-
ment that provides key clinical practice
recommendations. The PPC performs an
extensive literature search and updates
the Standards of Care annually based
on the quality of new evidence.

ADA Position Statement
A position statement is an official ADA
point of view or belief that contains clin-
ical or research recommendations. Posi-
tion statements are issued on scientific
or medical issues related to diabetes.
They are published in the ADA journals
and other scientific/medical publica-
tions. ADA position statements are typ-
ically based on a systematic review or
other review of published literature.
Position statements undergo a formal
review process. They are updated every
5 years or as needed.

ADA Scientific Statement
A scientific statement is an official ADA
point of view or belief that may or may
not contain clinical or research recom-
mendations. Scientific statements con-
tain scholarly synopsis of a topic related
to diabetes. Workgroup reports fall into
this category. Scientific statements are
published in the ADA journals and other
scientific/medical publications, as ap-
propriate. Scientific statements also
undergo a formal review process.

Consensus Report
A consensus report contains a compre-
hensive examination by an expert panel
(i.e., consensus panel) of a scientific or
medical issue related to diabetes. A con-
sensus report is not an ADA position and
represents expert opinion only. The cat-
egory may also include task force and
expert committee reports. The need
for a consensus report arises when clini-
cians or scientists desire guidance on a
subject for which the evidence is contra-
dictory or incomplete. A consensus re-
port is developed following a consensus
conference where the controversial issue
is extensively discussed. The report
represents the panel’s collective anal-
ysis, evaluation, and opinion at that
point in time based in part on the con-
ference proceedings. A consensus re-
port does not undergo a formal ADA
review process.

GRADING OF SCIENTIFIC EVIDENCE

Since the ADA first began publishing
practice guidelines, there has been con-
siderable evolution in the evaluation of
scientific evidence and in the develop-
ment of evidence-based guidelines. In
2002, the ADA developed a classification
system to grade the quality of scientific
evidence supporting ADA recommenda-
tions for all new and revised ADA posi-
tion statements. A recent analysis of the
evidence cited in the Standards of Care
found steady improvement in quality
over the past 10 years, with the 2014
Standards of Care for the first time
having the majority of bulleted recom-
mendations supported by A- or B-level
evidence (4). A grading system (Table
1) developed by the ADA and modeled
after existing methods was used to clar-
ify 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

“Standards of Medical Care in Diabetes” was originally approved in 1988. Most recent review/revision: December 2015.

© 2017 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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of evidence. Expert opinion E is a sepa-
rate category for recommendations in
which there is no evidence from clinical
trials, in which clinical trials may be im-
practical, or in which there is conflicting
evidence. Recommendations with an A
rating are based on large well-designed
clinical trials or well-done meta-analyses.

Generally, these recommendations
have the best chance of improving out-
comes when applied to the population
to which they are appropriate. Recom-
mendations with lower levels of evi-
dence may be equally important but
are not as well supported. Of course,
evidence is only one component of

clinical decision making. Clinicians care
for patients, not populations; guidelines
must always be interpreted with the
individual patient in mind. Individual
circumstances, such as comorbid and
coexisting diseases, age, education, dis-
ability, and, above all, patients’ values
and preferences, must be considered
andmay lead to different treatment tar-
gets and strategies. Furthermore, con-
ventional evidence hierarchies, such as
the one adapted by the ADA, may miss
nuances important in diabetes care. For
example, although there is excellent ev-
idence from clinical trials supporting
the importance of achieving multiple
risk factor control, the optimal way to
achieve this result is less clear. It is dif-
ficult to assess each component of
such a complex intervention.

References
1. American Diabetes Association. Medical
Management of Type 1 Diabetes. 6th ed.
Kaufman FR, Ed. Alexandria, VA, American Di-
abetes Association, 2012
2. American Diabetes Association. Medical
Management of Type 2 Diabetes. 7th ed.
Burant CF, Young LA, Eds. Alexandria, VA, Amer-
ican Diabetes Association, 2012
3. Li R, Zhang P, Barker LE, Chowdhury FM,
Zhang X. Cost-effectiveness of interventions to
prevent and control diabetes mellitus: a sys-
tematic review. Diabetes Care 2010;33:1872–
1894
4. 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 of Medical 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 developed by the
Centre 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 or more major or three or
more 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 40, Supplement 1, January 2017



Professional Practice Committee
Diabetes Care 2017;40(Suppl. 1):S3 | DOI: 10.2337/dc17-S002

The Professional Practice Committee
(PPC) of the American Diabetes Asso-
ciation (ADA) is responsible for the
“Standards of Medical Care in Diabetes”
position statement, referred to as the
“Standards of Care.” The PPC is a multi-
disciplinary expert committee com-
prised of physicians, diabetes educators,
registered dietitians, and others who
have expertise in a range of areas, in-
cluding adult and pediatric endocrinol-
ogy, epidemiology, public health, lipid
research, hypertension, preconception
planning, and pregnancy care. Appoint-
ment to the PPC is based on excellence
in clinical practice and research. Although
the primary role of the PPC is to review
and update the Standards of Care, it is
also responsible for overseeing the review
and revision of ADA’s position statements
and scientific statements.
The ADA adheres to the Institute of

Medicine Standards for Developing Trust-
worthy Clinical Practice Guidelines. All
members of the PPC are required to dis-
close potential conflicts of interest with
industry and/or other relevant organiza-
tions. These disclosures are discussed
at the onset of each Standards of Care re-
vision meeting. Members of the commit-
tee, their employer, and their disclosed
conflicts of interest are listed in the
“Professional Practice Committee Disclo-
sures” table (see p. S130).
For the current revision, PPC members

systematically searched MEDLINE for

human studies related to each section
and published since 1 January 2016. Rec-
ommendations were revised based on
new evidence or, in some cases, to clar-
ify the prior recommendation or match
the strengthof thewording to the strength
of theevidence.A table linking the changes
in recommendations to new evidence
can be reviewed at http://professional
.diabetes.org/SOC. As for all position
statements, the Standards of Care posi-
tion statement was approved by the
Executive Committee of ADA’s Board
of Directors, which includes health
care professionals, scientists, and lay
people.

Feedback from the larger clinical
communitywas valuable for the 2017 re-
vision of the Standards of Care. Readers
who wish to comment on the 2017
Standards of Care are invited to do so at
http://professional.diabetes.org/SOC.

The ADA funds development of the
Standards of Care and all ADA position
statements out of its general revenues
and does not use industry support for
these purposes. The PPC would like
to thank the following individuals
who provided their expertise in re-
viewing and/or consulting with the
committee: Conor J. Best, MD; William
T. Cefalu, MD; Mary de Groot, PhD;
Gary D. Hack, DDS; Silvio E. Inzucchi,
MD; Meghan Jardine, MS, MBA, RD,
LD, CDE; Victor R. Lavis, MD; Mark E.
Molitch, MD; Antoinette Moran, MD;

Matt Petersen; Sean Petrie; Louis H.
Philipson, MD, PhD; Margaret A.
Powers, PhD, RD, CDE; Desmond
Schatz, MD; Philip R. Schauer, MD;
Sonali N. Thosani, MD; and Guillermo
E. Umpierrez, MD.

Members of the PPC

William H. Herman, MD,MPH (Co-Chair)

Rita R. Kalyani,MD,MHS, FACP (Co-Chair)*

Andrea L. Cherrington, MD, MPH

Donald R. Coustan, MD

Ian de Boer, MD, MS

Robert James Dudl, MD

Hope Feldman, CRNP, FNP-BC

Hermes J. Florez, MD, PhD, MPH*

Suneil Koliwad, MD, PhD*

Melinda Maryniuk, MEd, RD, CDE

Joshua J. Neumiller, PharmD, CDE, FASCP*

Joseph Wolfsdorf, MB, BCh

*Subgroup leaders

ADA Staff

Erika Gebel Berg, PhD
(Corresponding author:

eberg@diabetes.org)

Sheri Colberg-Ochs, PhD

Alicia H. McAuliffe-Fogarty, PhD, CPsychol

Sacha Uelmen, RDN, CDE

Robert E. Ratner, MD, FACP, FACE

©2017 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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Standards of Medical Care in Diabetesd2017:
Summary of Revisions
Diabetes Care 2017;40(Suppl. 1):S4–S5 | DOI: 10.2337/dc17-S003

GENERAL CHANGES

In light of the American Diabetes Associa-
tion’s (ADA’s) new position statement on
psychosocial care in the treatment of di-
abetes, the “Standards of Medical Care in
Diabetes,” referred to as the “Standards of
Care,” has been updated to address psy-
chosocial issues in all aspects of care in-
cluding self-management, mental health,
communication, complications, comorbid-
ities, and life-stage considerations.
Although levels of evidence for several

recommendations have been updated,
these changes are not addressed below
as the clinical recommendations have re-
mained the same. Changes in evidence
level from, for example, E to C are not
noted below. The 2017 Standards of
Care contains, in addition to many minor
changes that clarify recommendations or
reflect new evidence, the following more
substantive revisions.

SECTION CHANGES

Section 1. Promoting Health and
Reducing Disparities in Populations
This section was renamed and now fo-
cuses on improving outcomes and re-
ducing disparities in populations with
diabetes.
Recommendations were added to as-

sess patients’ social context as well as
refer to local community resources and
provide self-management support.

Section 2. Classification and Diagnosis
of Diabetes
The section was updated to include a
new consensus on the staging of type 1
diabetes (Table 2.1) and a discussion of a
proposed unifying diabetes classification
scheme that focuses on b-cell dysfunc-
tion and disease stage as indicated by
glucose status.
Language was added to clarify screen-

ing and testing for diabetes. Screening

approaches were described, and Fig. 2.1
was included to provide an example of a
validated tool to screen forprediabetes and
previously undiagnosed type 2 diabetes.

Due to recent data, delivering a baby
weighing 9 lb or more is no longer listed
as an independent risk factor for the
development of prediabetes and type 2
diabetes.

A section was added that discusses
recent evidence on screening for diabe-
tes in dental practices.

The recommendation to test women
with gestational diabetes mellitus for
persistent diabetes was changed from
6–12 weeks’ postpartum to 4–12 weeks’
postpartum to allow the test to be sched-
uled just before the standard 6-week post-
partum obstetrical checkup so that the
results can be discussed with the patient
at that time of the visit or to allow the test
to be rescheduled at the visit if the patient
did not get the test.

Additional detail was added to the
section on monogenic diabetes syn-
dromes, and a new table was added (Ta-
ble 2.7) describing the most common
forms of monogenic diabetes.

A new section was added on post-
transplantation diabetes mellitus.

Section 3. Comprehensive Medical
Evaluation and Assessment of
Comorbidities
This new section, including components
of the 2016 section “Foundations of
Care and Comprehensive Medical Eval-
uation,” highlights the importance of
assessing comorbidities in the context
of a patient-centered comprehensive
medical evaluation.

A newdiscussion of the goals of provider-
patient communication is included.

The Standards of Care now recom-
mends the assessment of sleep pattern
and duration as part of the comprehensive

medical evaluation based on emerging ev-
idence suggesting a relationship between
sleep quality and glycemic control.

An expanded list of diabetes comorbid-
ities now includes autoimmune diseases,
HIV, anxiety disorders, depression, disor-
dered eating behavior, and seriousmental
illness.

Section 4. Lifestyle Management
This section, previously entitled “Foun-
dations of Care and Comprehensive
Medical Evaluation,” was refocused on
lifestyle management.

The recommendation for nutrition
therapy in people prescribed flexible in-
sulin therapy was updated to include fat
and protein counting in addition to car-
bohydrate counting for some patients to
reflect evidence that these dietary fac-
tors influence insulin dosing and blood
glucose levels.

Based on new evidence of glycemic
benefits, the Standards of Care now
recommends that prolonged sitting be
interrupted every 30 min with short
bouts of physical activity.

A recommendation was added to
highlight the importance of balance
and flexibility training in older adults.

A new section and table provide infor-
mation on situations that might warrant
referral to a mental health provider.

Section 5. Prevention or Delay of
Type 2 Diabetes
To help providers identify those patients
who would benefit from prevention ef-
forts, new text was added emphasizing
the importance of screening for prediabe-
tes using an assessment tool or informal
assessment of risk factors and performing
a diagnostic test when appropriate.

To reflect new evidence showing an
association between B12 deficiency and
long-term metformin use, a recommen-
dation was added to consider periodic

©2017 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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measurement of B12 levels and supple-
mentation as needed.

Section 6. Glycemic Targets
Based on recommendations from the In-
ternational Hypoglycaemia Study Group,
serious, clinically significant hypoglycemia
is now defined as glucose ,54 mg/dL
(3.0mmol/L), while the glucose alert value
is defined as#70mg/dL (3.9mmol/L) (Ta-
ble 6.3). Clinical implications are discussed.

Section 7. Obesity Management for
the Treatment of Type 2 Diabetes
To be consistent with other ADA position
statements and to reinforce the role of
surgery in the treatment of type 2 diabe-
tes, bariatric surgery is now referred to as
metabolic surgery.
To reflect the results of an international

workgroup report endorsed by the ADA
andmany other organizations, recommen-
dations regarding metabolic surgery
have been substantially changed, in-
cluding those related to BMI thresholds
for surgical candidacy (Table 7.1), men-
tal health assessment, and appropriate
surgical venues.

Section 8. Pharmacologic Approaches
to Glycemic Treatment
The title of this section was changed from
“Approaches to Glycemic Treatment” to
“Pharmacologic Approaches to Glycemic
Treatment” to reinforce that the section
focuses on pharmacologic therapy alone.
Lifestyle management and obesity manage-
ment are discussed in separate chapters.
To reflect new evidence showing an as-

sociation between B12 deficiency and long-
term metformin use, a recommendation
was added to consider periodic measure-
ment of B12 levels and supplementation
as needed.
A section was added describing the

role of newly available biosimilar insu-
lins in diabetes care.
Based on the results of two large clin-

ical trials, a recommendation was added
to consider empagliflozin or liraglutide in
patients with established cardiovascular
disease to reduce the risk of mortality.
Figure 8.1, antihyperglycemic ther-

apy in type 2 diabetes, was updated to
acknowledge the high cost of insulin.

The algorithm for the use of combina-
tion injectable therapy in patients with
type2diabetes (Fig. 8.2) hasbeen changed
to reflect studies demonstrating the non-
inferiority of basal insulin plus glucagon-
likepeptide1 receptor agonist versus basal
insulin plus rapid-acting insulin versus two
daily injections of premixed insulin, as well
as studies demonstrating the noninferior-
ity of multiple dose premixed insulin regi-
mens versus basal-bolus therapy.

Due to concerns about the affordability
of antihyperglycemic agents, new tables
were added showing the median costs of
noninsulin agents (Table 8.2) and insulins
(Table 8.3).

Section 9. Cardiovascular Disease and
Risk Management
To better align with existing data, the hy-
pertension treatment recommendation
for diabetes now suggests that, for pa-
tients without albuminuria, any of the
four classes of bloodpressuremedications
(ACE inhibitors, angiotensin receptor
blockers, thiazide-like diuretics, or dihy-
dropyridine calcium channel blockers)
that have shown beneficial cardiovascular
outcomes may be used.

To optimize maternal health without
risking fetal harm, the recommendation
for the treatment of pregnant patients
with diabetes and chronic hypertension
was changed to suggest a blood pressure
target of 120–160/80–105 mmHg.

Asectionwasaddeddescribing thecardio-
vascular outcome trials that demonstrated
benefits of empagliflozin and liraglutide in
certain high-risk patients with diabetes.

Section 10. Microvascular
Complications and Foot Care
A recommendation was added to high-
light the importance of provider commu-
nication regarding the increased risk of
retinopathy in women with preexisting
type 1 or type 2 diabetes who are plan-
ning pregnancy or who are pregnant.

The section now includes specific rec-
ommendations for the treatment of
neuropathic pain.

A new recommendation highlights
the benefits of specialized therapeutic

footwear for patients at high risk for
foot problems.

Section 12. Children and Adolescents
Additional recommendations highlight
the importance of assessment and re-
ferral for psychosocial issues in youth.

Due to the risk of malformations asso-
ciated with unplanned pregnancies and
poor metabolic control, a new recom-
mendation was added encouraging pre-
conception counseling starting at puberty
for all girls of childbearing potential.

To address diagnostic challenges asso-
ciated with the current obesity epidemic,
a discussion was added about distinguish-
ing between type 1 and type 2 diabetes in
youth.

A section was added describing recent
nonrandomized studies of metabolic sur-
gery for the treatment of obese adoles-
cents with type 2 diabetes.

Section 13. Management of Diabetes
in Pregnancy
Insulin was emphasized as the treatment
of choice in pregnancy based on concerns
about the concentration of metformin on
the fetal side of the placenta and glyburide
levels in cord blood.

Based on available data, preprandial
self-monitoring of blood glucose was
deemphasized in the management of
diabetes in pregnancy.

In the interest of simplicity, fasting and
postprandial targets for pregnant women
with gestational diabetes mellitus and
preexisting diabetes were unified.

Section 14. Diabetes Care in the
Hospital
This section was reorganized for clarity.

A treatment recommendation was up-
dated to clarify that either basal insulin or
basal plus bolus correctional insulin
may be used in the treatment of non-
critically ill patients with diabetes in a
hospital setting, but not sliding scale
alone.

The recommendations for insulin dos-
ing for enteral/parenteral feedings were
expanded to provide greater detail on in-
sulin type, timing, dosage, correctional, and
nutritional considerations.
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Recommendations

c Treatment decisions should be timely, rely on evidence-based guidelines, and
be made collaboratively with patients based on individual preferences, prog-
noses, and comorbidities. B

c Providers should consider the burden of treatment and self-efficacy of pa-
tients when recommending treatments. E

c Treatment plans should align with the Chronic Care Model, emphasizing pro-
ductive interactions between a prepared proactive practice team and an in-
formed activated patient. A

c When feasible, care systems should support team-based care, community in-
volvement, patient registries, anddecision support tools tomeet patient needs.B

DIABETES AND POPULATION HEALTH

Clinical practice guidelines are key to improving population health; however, for opti-
mal outcomes, diabetes care must be individualized for each patient. Thus, efforts to
improve population health will require a combination of system-level and patient-level
approaches. With such an integrated approach in mind, the American Diabetes Asso-
ciation (ADA) highlights the importance of patient-centered care, defined as care that is
respectful of and responsive to individual patient preferences, needs, and values and
ensuring that patient values guide all clinical decisions (1). Practice recommendations,
whether based on evidence or expert opinion, are intended to guide an overall ap-
proach to care. The science and art of medicine come together when the clinician is
faced with making treatment recommendations for a patient who 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 recommendations for an individual.

Care Delivery Systems
Over the last 10 years, there has been steady improvement in the proportionofpatients
with diabeteswhoare treatedwith statins andwhoachieve recommended hemoglobin
A1C (A1C), blood pressure, and LDL cholesterol levels (2). The mean A1C nationally
among people with diabetes has declined from 7.6% (60 mmol/mol) in 1999–2002 to
7.2% (55 mmol/mol) in 2007–2010 based on the National Health and Nutrition Exam-
ination Survey (NHANES),with younger adults less likely tomeet treatment targets than
older adults (2). This has been accompanied by improvements in cardiovascular out-
comes and has led to substantial reductions in end-stage microvascular complications.
Nevertheless, 33–49% of patients still do not meet targets for glycemic, blood

pressure, or cholesterol control, and only 14% meet targets for all three measures
while also avoiding smoking (2). Evidence suggests that progress in cardiovascular
risk factor control (particularly tobacco use) may be slowing (2,3). Certain segments
of the population, such as young adults and patients with complex comorbidities,
financial or other social hardships, and/or limited English proficiency, face particular
challenges to goal-based care (4–6). Even after adjusting for these patient factors,
the persistent variability in the quality of diabetes care across providers and practice
settings indicates that substantial system-level improvements are still needed.

Chronic Care Model

Numerous interventions to improve adherence to the recommended standards
have been implemented. However, a major barrier to optimal care is a delivery
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system that is often fragmented, lacks
clinical information capabilities, dupli-
cates 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 effective framework for im-
proving the quality of diabetes care (7).

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. Decision support (basing care on

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

registries that can provide patient-
specific and population-based sup-
port 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)

Redefining the roles of the health care
delivery team and empowering patient
self-management are fundamental to
the successful implementation of the
CCM (8). Collaborative, multidisciplinary
teams are best suited to provide care for
people with chronic conditions such as
diabetes and to facilitate patients’ self-
management (9–11).

Strategies for System-Level Improvement

Optimal diabetes management requires
an organized, systematic approach and
the involvement of a coordinated team of
dedicated health care professionals work-
ing in an environment where patient-
centered high-quality care is a priority
(6). The National Diabetes Education Pro-
gram (NDEP)maintains an online resource
(www.betterdiabetescare.nih.gov) to
help health care professionals to design
and implement more effective health
care delivery systems for those with dia-
betes. Three specific objectives, with ref-
erences to literature outlining practical
strategies to achieve each, are as follows.

Objective 1: Optimize Provider and Team

Behavior. The care team, which includes
the patient, should prioritize timely and
appropriate intensification of lifestyle

and/or pharmacological therapy for pa-
tients who have not achieved the rec-
ommended metabolic targets (12–14).
To inform this process, providers should
routinely assess medication adherence.
At a system level, “adequate” adher-
ence is defined as 80% (calculated as
the number of pills taken by the patient
in a given time period divided by the
number of pills prescribed by the physi-
cian in that same time period) (15). If
adherence is 80% or above, then treat-
ment intensification should be con-
sidered (e.g., up-titration). Additional
strategies shown to improve care team
behavior and thereby catalyze reductions
in A1C, blood pressure, and/or LDL cho-
lesterol include explicit and collaborative
goal setting with patients (16,17); identi-
fying and addressing language, numeracy,
or cultural barriers to care (18–20); inte-
grating evidence-based guidelines and
clinical information tools into the process
of care (21–23); soliciting performance
feedback, setting reminders, and provid-
ing structured care (e.g., guidelines,
formal case management, and patient
education resources) (6); and incorpo-
rating caremanagement teams including
nurses, dietitians, pharmacists, and other
providers (24,25).

Objective 2: Support Patient Self-management.

Successful diabetes care requires a sys-
tematic approach to supporting patients’
behavior change efforts, including the
following:

1. Healthy lifestyle choices (healthy
eating, physical activity, tobacco ces-
sation, weight management, and ef-
fective strategies for coping with
stress)

2. Disease self-management (taking
and managing medications and, when
clinically appropriate, self-monitoring
of glucose and blood pressure)

3. Prevention of diabetes complica-
tions (self-monitoring of foot health;
active participation in screening for
eye, foot, and renal complications;
and immunizations)

4. Identification of self-management
problems and development of strate-
gies to solve those problems, including
self-selected behavioral goal setting

High-quality diabetes self-management
education (DSME) has been shown to
improve patient self-management,

satisfaction, and glucose outcomes.
National DSME 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
(26).

In devising approaches to support dis-
ease self-management, it is notable that
in 23% of cases, uncontrolled A1C, blood
pressure, or lipids were associated with
poor medication adherence (15). Barriers
to adherence may include patient factors
(remembering to obtain or take medica-
tions, fear, depression, or health beliefs),
medication factors (complexity, multiple
daily dosing, cost, or side effects), and
system factors (inadequate follow-up or
support). A patient-centered, nonjudg-
mental communication style can help
providers to identify barriers to adher-
ence as well as motivation for self-care
(17). Nurse-directed interventions, home
aides, diabetes education, and pharmacy-
derived interventions improved adher-
ence but had a very small effect on
outcomes, including metabolic control
(27). Success in overcoming barriers to
adherencemay be achieved if the patient
and provider agree on a targeted ap-
proach for a specific barrier (10). For ex-
ample, simplifying a complex treatment
regimenmay improve adherence in those
who identify complexity as a barrier.

Objective 3: Change the Care System.

A characteristic of most successful care
systems is making high-quality care an
institutional priority (28). Changes that
increase the quality of diabetes care in-
clude providing care on evidence-based
guidelines (21); expanding the role of
teams to implement more intensive dis-
ease management strategies (6,24,29);
tracking medication adherence at a sys-
tem level (15); redesigning the care pro-
cess (30); implementing electronic
health record tools (31,32); empower-
ing and educating patients (33,34); re-
moving financial barriers and reducing
patient out-of-pocket costs for diabetes
education, eye exams, self-monitoring of
blood glucose, and necessary medica-
tions (6); assessing and addressing
psychosocial issues (26,35); and identify-
ing/developing/engaging community re-
sources and public policy that support
healthy lifestyles (36).

Initiatives such as the Patient-Centered
MedicalHomeshowpromise for improving
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outcomes by coordinating primary care
and offering new opportunities for
team-based chronic disease manage-
ment (37). Additional strategies to
improve diabetes care include reimburse-
ment structures that, in contrast to visit-
based billing, reward the provision of
appropriate and high-quality care to
achieve metabolic goals (38), and incen-
tives that accommodate personalized
care goals (6,39).

TAILORING TREATMENT TO
REDUCE DISPARITIES

Recommendations

c Providers should assess social con-
text, including potential food in-
security, housing stability, and
financial barriers, and apply that in-
formation to treatment decisions. A

c Patients should be referred to lo-
cal community resources when
available. B

c Patients shouldbeprovidedwith self-
management support from layhealth
coaches, navigators, or community
health workers when available. A

The causes of health disparities are com-
plex and include societal issues such as in-
stitutional racism, discrimination,
socioeconomic status, poor access to
health care, education, and lack of health
insurance. Social determinants of health
can be defined as the economic, environ-
mental, political, and social conditions in
which people live, and are responsible
for amajor part of health inequality world-
wide (40). Given the tremendous burden
that obesity, unhealthy eating, physical in-
activity, and smoking place on the health
of patients with diabetes, efforts are
needed to address and change the societal
determinants of these problems (41).
The ADA recognizes the association be-

tween social and environmental factors
and the development of obesity and
type 2 diabetes and has issued a call for
research that seeks to better understand
how these social determinants influence
behaviors and how the relationships be-
tween these variables might be modified
for the prevention andmanagement of di-
abetes (42).

Ethnic/Cultural/Sex Differences
Ethnic, cultural, and sex differences may
affect diabetes prevalence and out-
comes. Despite advances over the last
several decades in medical knowledge

around diabetes management, racial
and ethnic minorities remain at higher
risk for microvascular complications
than nonminorities. Type 2 diabetes de-
velops more frequently in women with
prior gestational diabetes mellitus (43)
and in certain racial/ethnic groups (African
American, Native American, Hispanic/
Latino, and Asian American) (44). Women
with diabetes are also at greater risk of
coronary heart disease than men with di-
abetes (45).

Access to Health Care
Socioeconomic and ethnic inequalities
exist in the provision of health care to
individuals with diabetes (46). For exam-
ple, children with type 1 diabetes from
racial/ethnic minority populations with
lower socioeconomic status are at risk
for poor metabolic control and poor
emotional functioning (47). Significant
racial differences and barriers exist in
self-monitoring and outcomes (48).

Lack of Health Insurance

Not having health insurance affects the
processes and outcomes of diabetes
care. Individuals without insurance cov-
erage for blood glucose monitoring sup-
plies have a 0.5% higher A1C than those
with coverage (49). In a recent study of
predominantly African American or His-
panic uninsured patients with diabetes,
50–60% had hypertension, but only 22–
37%had systolic blood pressure controlled
by treatments to under 130 mmHg (50).
The Affordable Care Act has improved ac-
cess to health care; however,many remain
without coverage (www.cdc.gov/nchs/
fastats/health-insurance.htm).

System-Level Interventions
Eliminating disparities will require indi-
vidualized, patient-centered, and cultur-
ally appropriate strategies as well as
system-level interventions. Structured
interventions that are developed for di-
verse populations and that integrate
culture, language, finance, religion, and
literacy and numeracy skills positively
influence patient outcomes (51). All
providers and health care systems are
encouraged to use the National Quality
Forum’s National Voluntary Consensus
Standards forAmbulatoryCaredMeasuring
Healthcare Disparities (52).

Community Support

Identification or development of re-
sources to support healthy lifestyles
is a core element of the CCM (7). Health

care community linkages are receiving
increasing attention from the American
Medical Association, the Agency for
Healthcare Research and Quality, and
others as a means of promoting trans-
lation of clinical recommendations
for lifestyle modification in real-world
settings (53). To overcome disparities,
community health workers (54), peers
(55,56), and lay leaders (57) may assist
in the delivery of DSME and diabetes
self-management support services (58),
particularly in underserved communi-
ties. Strong social support leads to im-
proved clinical outcomes, a reduction in
psychosocial issues, and adoption of
healthier lifestyles (59).

Food Insecurity
Food insecurity (FI) is the unreliable avail-
ability of nutritious food and the inability
to consistently obtain food without re-
sorting to socially unacceptable practices.
Over 14% (or one of every seven people
in the U.S.) are food insecure. The rate is
higher in some racial/ethnic minority
groups including African American and
Latino populations, in low-income house-
holds, and in homes headed by a sin-
gle mother. FI may involve a tradeoff
betweenpurchasingmore expensive nu-
tritious food and less expensive energy-
and carbohydrate-dense processed foods,
which may contribute to obesity.

The risk for type 2 diabetes is increased
twofold in thosewith FI (42). Therefore, in
people with FI, interventions should focus
on preventing diabetes. In those with di-
abetes and FI, the priority ismitigating the
increased risk for uncontrolled hypergly-
cemia and severe hypoglycemia. Reasons
for the increased risk of hyperglycemia in-
clude the steady consumption of inexpen-
sive carbohydrate-rich processed foods,
binge eating, financial constraints to the
filling of diabetes medication prescrip-
tions, and anxiety/depression leading to
poor diabetes self-care behaviors. Hypo-
glycemia can occur as a result of inade-
quate or erratic carbohydrate consumption
following administration of sulfonylureas
or insulin. Providers should recognize that
FI complicates diabetesmanagement and
seek local resources that can help pa-
tients and the parents of patients with
diabetes to more regularly obtain nutri-
tious food (60).

Treatment Options

If using a sulfonylurea in patients with
FI, glipizide may be considered due to its
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relatively short half-life. It can be taken
immediately beforemeals, thus obviating
the need to plan meals to an extent that
may be unreachable for those with FI.
For those needing insulin, short-acting

insulin analogs, preferably delivered by a
pen, may be used immediately after meal
consumption, whenever food becomes
available. While such insulin analogs
may be costly,many pharmaceutical com-
panies provide access to freemedications
through patient assistance programs. If
short-acting insulin analogs are not
options for those with FI who need in-
sulin therapy, a relatively low dose of an
ultra-long-acting insulin analog may be
prescribed simply to prevent marked hy-
perglycemia, while recognizing that tight
control may not be possible in such cases.

Language Barriers
Diabetes is more common among non-
English speaking individuals in the U.S.,
as is FI. Therefore, it is important to con-
sider screening for diabetes and FI in this
population. Providers that care for non-
English speakers should develop or offer
educational programs and materials in
multiple languages with the specific
goal of preventing diabetes and building
diabetes awareness in people who can-
not easily read or write in English.

Homelessness
Homelessness often accompanies many
barriers to diabetes self-management,
including FI, literacy and numeracy defi-
ciencies, lack of insurance, cognitive
dysfunction, and mental health issues.
Therefore, providers who care for
homeless individuals should be well
versed or have access to social workers
to facilitate temporary housing for their
patients as a means to prevent and con-
trol diabetes. Additionally, patients with
diabetes who are homeless need secure
places to keep their diabetes supplies
and refrigerator access to properly store
their insulin and have access to take it
on a regular schedule.
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2. Classification and Diagnosis
of Diabetes
Diabetes Care 2017;40(Suppl. 1):S11–S24 | DOI: 10.2337/dc17-S005

CLASSIFICATION

Diabetes can be classified into the following general categories:

1. Type 1 diabetes (due to autoimmune b-cell destruction, usually leading to ab-
solute insulin deficiency)

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

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

4. Specific types of diabetes due to other causes, e.g., monogenic diabetes syn-
dromes (such as neonatal diabetes and maturity-onset diabetes of the young
[MODY]), diseases of the exocrine pancreas (such as cystic fibrosis), and drug- or
chemical-induced diabetes (such as with glucocorticoid use, in the treatment of
HIV/AIDS, or after organ transplantation)

This section reviews most common forms of diabetes but is not comprehensive. For
additional information, see the American Diabetes Association (ADA) position state-
ment “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 im-
portant 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 cohorts. Occasionally, patients with
type 2 diabetes may present with diabetic ketoacidosis (DKA), particularly ethnic
minorities (2). Children with type 1 diabetes typically present with the hallmark
symptoms of polyuria/polydipsia, and approximately one-third present with DKA
(3). The onset of type 1 diabetes may be more variable in adults, and they may not
present with the classic symptoms seen in children. Although difficulties in distin-
guishing diabetes type may occur in all age-groups at onset, the true diagnosis
becomes more obvious over time.
In October 2015, the ADA, JDRF, the European Association for the Study of Di-

abetes, and the American Association of Clinical Endocrinologists convened the
Differentiation of Diabetes by Pathophysiology, Natural History, and Prognosis Re-
search Symposium (4). The goals of the symposium were to discuss the genetic and
environmental determinants of type 1 and type 2 diabetes risk and progression, to
determine appropriate therapeutic approaches based on disease pathophysiology
and stage, and to define research gaps hindering a personalized approach to treat-
ment. The experts agreed that in both type 1 and type 2 diabetes, various genetic
and environmental factors can result in the progressive loss of b-cell mass and/or
function that manifests clinically as hyperglycemia. Once hyperglycemia occurs,
patients with all forms of diabetes are at risk for developing the same complications,
although rates of progression may differ. They concluded that the identification of
individualized therapies for diabetes in the future will require better characteriza-
tion of the many paths to b-cell demise or dysfunction.
Characterization of the underlying pathophysiology is much more developed 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 presence of two or
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more autoantibodies is an almost cer-
tain predictor of clinical hyperglycemia
and diabetes. The rate of progression is
dependent on the age at first detection
of antibody, number of antibodies, anti-
body specificity, and antibody titer. Glu-
cose and A1C levels rise well before the
clinical onset of diabetes, making diag-
nosis feasible well before the onset of
DKA. Three distinct stages of type 1 di-
abetes can be identified (Table 2.1) and
serve as a framework for future research
and regulatory decision making (4,5).
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 insu-
lin resistance appears to be the common
denominator. Characterization of sub-
types of this heterogeneous disorder
have been developed and validated in
Scandinavian and Northern European
populations, but have not been con-
firmed in other ethnic and racial groups.
Type 2 diabetes is primarily associated
with insulin secretory defects related
to inflammation and metabolic stress
among other contributors including
genetic factors. Future classification
schemes for diabetes will likely focus
on the pathophysiology of the under-
lying b-cell dysfunction and the stage
of disease as indicated by glucose status
(normal, impaired, or diabetes) (4).

DIAGNOSTIC TESTS FOR DIABETES

Diabetes may be diagnosed based on
plasma glucose criteria, either the fast-
ing plasma glucose (FPG) or the 2-h
plasma glucose (2-h PG) value after a
75-g oral glucose tolerance test (OGTT)
or A1C criteria (1,6) (Table 2.2).
FPG, 2-h PG after 75-g OGTT, and A1C

are equally appropriate for diagnostic
testing. 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 (7,8) has primarily been
demonstrated among individuals with
impaired glucose tolerance (IGT), 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. Diabetes
may be identified anywhere along the
spectrum of clinical scenarios: in seem-
ingly low-risk individuals who happen
to have glucose testing, in individuals
tested based on diabetes risk assess-
ment, and in symptomatic patients.

Fasting and 2-Hour Plasma Glucose
The FPG and 2-h PG may be used to di-
agnose diabetes (Table 2.2). The concor-
dance between the FPG and 2-h PG tests
is imperfect, as is the concordance be-
tween A1C and either glucose-based
test. Numerous studies have confirmed
that, compared with FPG and A1C cut
points, the 2-h PG value diagnoses
more people with diabetes.

A1C
The A1C test should be performed
using a method that is certified by the
NGSP (www.ngsp.org) and standardized
or traceable to the Diabetes Control and
Complications Trial (DCCT) reference as-
say. Although point-of-care A1C assays
may be NGSP certified, proficiency test-
ing is not mandated for performing the
test, so use of point-of-care assays for
diagnostic purposes is not recommen-
ded but may be considered in the future
if proficiency testing is performed and
documented.

The A1C has several advantages com-
pared with the FPG and OGTT, including
greater convenience (fasting not re-
quired), greater preanalytical stability,
and less day-to-day perturbations dur-
ing stress and illness. However, these

advantages may be offset by the lower
sensitivity of A1C at the designated cut
point, greater cost, limited availability
of A1C testing in certain regions of the
developing world, and the imperfect
correlation between A1C and average
glucose in certain individuals. National
Health andNutrition Examination Survey
(NHANES) data indicate that an A1C cut
point of $6.5% (48 mmol/mol) identifies
one-third fewer cases of undiagnosed di-
abetes than a fasting glucose cut point
of$126 mg/dL (7.0 mmol/L) (9).

When using A1C to diagnose diabetes,
it is important to recognize that A1C is
an indirectmeasure of average blood glu-
cose levels and to take other factors into
considerationthatmayimpacthemoglobin
glycation independently of glycemia in-
cluding age, race/ethnicity, and anemia/
hemoglobinopathies.

Age

The epidemiological studies that formed
the basis for recommending A1C to di-
agnose diabetes included only adult pop-
ulations. Therefore, it remains unclear if
A1C and the same A1C cut point should
be used to diagnose diabetes in children
and adolescents (9,10).

Race/Ethnicity

A1C levels may vary with race/ethnicity
independently of glycemia (11,12). For
example, African Americans may have
higher A1C levels than non-Hispanic
whites despite similar fasting and post-
glucose load glucose levels (13). Though
there is some conflicting data, African
Americans 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 (14,15). The association of A1C
with risk for complications appears to
be similar in African Americans and
non-Hispanic whites (16).

Table 2.1—Staging of type 1 diabetes (4,5)

Stage 1 Stage 2 Stage 3

Stage c Autoimmunity
c Normoglycemia
c Presymptomatic

c Autoimmunity
c Dysglycemia
c Presymptomatic

c New-onset hyperglycemia
c Symptomatic

Diagnostic criteria c Multiple autoantibodies
c No IGT or IFG

c Multiple autoantibodies
c Dysglycemia: IFG and/or IGT
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

c Clinical symptoms
c Diabetes by standard criteria
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Hemoglobinopathies/Red Blood Cell

Turnover

Interpreting A1C levels in the presence
of certain hemoglobinopathies may be
problematic. For patients with an abnor-
mal hemoglobin but normal red blood
cell turnover, such as those with the
sickle cell trait, an A1C assay without
interference from abnormal hemoglo-
bins should be used. An updated list of
interferences is available at www.ngsp
.org/interf.asp.
In conditions associated with in-

creased red blood cell turnover, such
as pregnancy (second and third trimes-
ters), hemodialysis, recent blood loss or
transfusion, or erythropoietin therapy,
only blood glucose criteria should be
used to diagnose diabetes.

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 [11.1 mmol/L]), a second test is re-
quired for confirmation. It is recom-
mended that the same test be repeated
without delay using a new blood sample
for confirmation because there will be a
greater likelihood of concurrence. For ex-
ample, if the A1C is 7.0% (53 mmol/mol)
and a repeat result is 6.8% (51mmol/mol),
the diagnosis of diabetes is confirmed. If
two different tests (such as A1C and FPG)
are both above the diagnostic threshold,
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. 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 consid-
ered to have diabetes.

Since all the tests have preanalytic
and analytic variability, it is possible
that an abnormal result (i.e., above the
diagnostic threshold), when repeated,
will produce a value below the diagnos-
tic cut point. 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, the health
care professional should follow the pa-
tient closely and repeat the test in
3–6 months.

CATEGORIES OF INCREASED RISK
FOR DIABETES (PREDIABETES)

Recommendations

c Screening for prediabetes and risk
for future diabetes with an infor-
mal assessment of risk factors or
validated tools should be consid-
ered in asymptomatic adults. B

c Testing for prediabetes and risk
for future diabetes in asymptom-
atic people should be considered
in adults of any age who are over-
weight or obese (BMI $25 kg/m2

or $23 kg/m2 in Asian Ameri-
cans) and who have one or more
additional risk factors for diabe-
tes. B

c For all people, testing should be-
gin at age 45 years. B

c If tests are normal, repeat testing
carried out at a minimum of 3-year
intervals is reasonable. C

c To test for prediabetes, fasting
plasma glucose, 2-h plasma glucose
after 75-g oral glucose tolerance
test, and A1C are equally appropri-
ate. B

c In patients with prediabetes,
identify and, if appropriate, treat
other cardiovascular disease risk
factors. B

c Testing for prediabetes should be
considered in children and ado-
lescents who are overweight or
obese and who have two or more
additional risk factors for diabe-
tes. E

Description
In 1997 and 2003, the Expert Committee
on the Diagnosis and Classification of
Diabetes Mellitus (17,18) recognized a
group of individuals whose glucose lev-
els did not meet the criteria for diabetes
but were too high to be considered nor-
mal. “Prediabetes” is the term used for
individuals with IFG and/or IGT and/or
A1C 5.7–6.4% (39–47 mmol/mol). Pre-
diabetes should not be viewed as a clin-
ical entity in its own right but rather as
an increased risk for diabetes (Table 2.3)
and cardiovascular disease (CVD).
Prediabetes is associated with obe-
sity (especially abdominal or visceral
obesity), dyslipidemia with high triglyc-
erides and/or low HDL cholesterol, and
hypertension.

Diagnosis
The Expert Committee on the Diagnosis
and Classification of Diabetes Mellitus
(17,18) defined IFG as FPG levels be-
tween 100 and 125 mg/dL (between
5.6 and 6.9 mmol/L) and IGT as 2-h PG
after 75-g OGTT levels between 140 and
199mg/dL (between7.8and11.0mmol/L).
It should be noted that the World Health
Organization (WHO) and numerous other
diabetes 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 review of 44,203 individuals
from 16 cohort studies with a follow-up
interval averaging 5.6 years (range 2.8–
12 years), those with A1C between 5.5
and 6.0% (between 37 and 42 mmol/mol)

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 (11.1mmol/L) during anOGTT. The test should be performed as described
by the WHO, using a glucose load containing the equivalent of 75 g anhydrous glucose
dissolved in water.*

OR

A1C$6.5% (48 mmol/mol). The test should be performed in a laboratory using a method 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).

*In the absence of unequivocal hyperglycemia, results should be confirmed by repeat testing.
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had a substantially increased risk of diabe-
tes (5-year incidence from 9 to 25%). An
A1C range of 6.0–6.5% (42–48 mmol/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) (19). In a community-
based study of African American and
non-Hispanic white adults without diabe-
tes, baseline A1C was a stronger predictor
of subsequent diabetes and cardiovascu-
lar events than fasting glucose (20).
Other analyses suggest that A1C of
5.7% (39 mmol/mol) or higher is associ-
ated with a diabetes risk similar to that
of the high-risk participants in the Di-
abetes Prevention Program (DPP) (21),
and A1C at baseline was a strong pre-
dictor of the development of glucose-
defined diabetes during the DPP and its
follow-up (22).
Hence, it is reasonable to consider an

A1C range of 5.7–6.4% (39–47mmol/mol)
as identifying individuals with prediabe-
tes. 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
5 “Prevention or Delay of Type 2 Diabe-
tes”). Similar to glucose measurements,
the continuum of risk is curvilinear, so as
A1C rises, the diabetes risk rises dispro-
portionately (19). Aggressive interven-
tions and vigilant follow-up should be
pursued for those considered at very
high risk (e.g., those with A1C .6.0%
[42 mmol/mol]).

Table 2.4 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
screening (Fig. 2.1). For recommenda-
tions regarding risk factors and screen-
ing for prediabetes, see pp. S17–S18
(“Screening and Testing for Type 2 Di-
abetes and Prediabetes in Asymptom-
atic Adults” and “Screening and Testing
for Type 2 Diabetes and Prediabetes in
Children and Adolescents”).

TYPE 1 DIABETES

Recommendations

c Bloodglucose rather thanA1C should
be used to diagnose the acute onset
of type 1 diabetes in individuals with
symptoms of hyperglycemia. E

c Screening for type 1 diabetes with a
panel of autoantibodies is currently
recommended only in the setting
of a research trial or in first-degree
family members of a proband with
type 1 diabetes. B

c Persistence of two or more autoan-
tibodies predicts clinical diabetes

and may serve as an indication for
intervention in the setting of a clini-
cal trial. Outcomes may include re-
version of autoantibody status,
prevention of glycemic progression
within the normal or prediabetes
range, prevention of clinical diabe-
tes, or preservation of residual
C-peptide secretion. A

Diagnosis
In a patient with classic symptoms, mea-
surement of blood glucose is sufficient
to diagnose diabetes (symptoms of hy-
perglycemia or hyperglycemic crisis
plus a random plasma glucose $200
mg/dL [11.1 mmol/L]). In these cases,
knowing the blood glucose level is criti-
cal because, in addition to confirming
that symptoms are due to diabetes, it
will inform management decisions.
Some providers may also want to know
the A1C to determine how long a patient
has had hyperglycemia.

Immune-Mediated Diabetes
This form, previously called “insulin-
dependent diabetes” or “juvenile-onset
diabetes,” accounts for 5–10% of diabe-
tes and is due to cellular-mediated au-
toimmune destruction of the pancreatic
b-cells. Autoimmunemarkers include is-
let cell autoantibodies and autoanti-
bodies to GAD (GAD65), insulin, the
tyrosine phosphatases IA-2 and IA-2b,
and ZnT8. Type 1 diabetes is defined
by the presence of one or more of these
autoimmune 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.

The rate of b-cell destruction is quite
variable, being rapid in some individuals
(mainly infants and children) and slow in
others (mainly adults). Children and ado-
lescents may present with ketoacidosis as
the first manifestation of the disease.
Others havemodest fasting hyperglycemia

Table 2.3—Criteria for testing for diabetes or prediabetes in asymptomatic adults
1. Testing should be considered in overweight or obese (BMI$25 kg/m2 or$23 kg/m2 in Asian

Americans) adults who have one or more of the following risk factors:
c A1C $5.7% (39 mmol/mol), IGT, or IFG on previous testing
c first-degree relative with diabetes
c high-risk race/ethnicity (e.g., African American, Latino, Native American, Asian American,
Pacific Islander)

c women who were diagnosed with GDM
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 associatedwith insulin resistance (e.g., severe obesity, acanthosis
nigricans).

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

3. 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 (e.g., those with
prediabetes should be tested yearly) and risk status.

Table 2.4—Categories of increased risk for diabetes (prediabetes)*
FPG 100 mg/dL (5.6 mmol/L) to 125 mg/dL (6.9 mmol/L) (IFG)

OR

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

OR

A1C 5.726.4% (39247 mmol/mol)

*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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that can rapidly change to severe hyper-
glycemia and/or ketoacidosis with infec-
tion or other stress. Adults may retain
sufficient b-cell function to prevent

ketoacidosis for many years; such indi-
viduals eventually become dependent
on insulin for survival and are at risk for
ketoacidosis. At this latter stage of the

disease, there is little or no insulin secre-
tion, asmanifested by lowor undetectable
levelsofplasmaC-peptide. Immune-mediated
diabetes commonly occurs in childhood

Figure 2.1—ADA risk test.
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and adolescence, but it can occur at any
age, even in the 8th and9th decades of life.
Autoimmune destruction of b-cells

has multiple genetic predispositions
and is also related to environmental fac-
tors that are still poorly defined. Al-
though patients are not typically obese
when they present with type 1 diabetes,
obesity should not preclude the diag-
nosis. Patients with type 1 diabetes are
also prone to other autoimmune disor-
ders such as Hashimoto thyroiditis,
Graves disease, Addison disease, celiac
disease, vitiligo, autoimmune hepatitis,
myasthenia gravis, and pernicious ane-
mia (see Section 3 “Comprehensive
Medical Evaluation and Assessment of
Comorbidities”).

Idiopathic Type 1 Diabetes
Some forms of type 1 diabetes have no
known etiologies. These patients have
permanent insulinopenia and are prone
to ketoacidosis, but have no evidence of
b-cell autoimmunity. Although only a
minority of patients with type 1 diabetes
fall into this category, of those who do,
most are of African or Asian ancestry.
Individuals with this form of diabetes
suffer from episodic ketoacidosis and
exhibit varying degrees of insulin defi-
ciency between episodes. This form of
diabetes is strongly inherited and is not
HLA associated. An absolute requirement
for insulin replacement therapy in affected
patients may be intermittent.

Testing for Type 1 Diabetes Risk
The incidence and prevalence of type 1
diabetes is increasing (23). Patients with
type 1 diabetes often present with acute
symptoms of diabetes and markedly el-
evated blood glucose levels, and ap-
proximately one-third are diagnosed
with life-threatening ketoacidosis (3).
Several studies indicate that measuring
islet autoantibodies in relatives of those
with type 1 diabetes may identify indi-
viduals who are at risk for developing
type 1 diabetes (5). Such testing, cou-
pled with education about diabetes
symptoms and close follow-up, may en-
able earlier identification of type 1 di-
abetes onset. A study reported the risk
of progression to type 1 diabetes from
the time of seroconversion to autoanti-
body positivity in three pediatric co-
horts from Finland, Germany, and the
U.S. Of the 585 children who developed
more than two autoantibodies, nearly

70% developed type 1 diabetes within
10 years and 84% within 15 years (24).
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. Remarkably, the findings in
all three groupswere the same, suggesting
that the same sequence of events led to
clinical disease in both “sporadic” and fa-
milial cases of type 1 diabetes. Indeed, the
risk of type 1 diabetes increases as the
number of relevant autoantibodies de-
tected increases (25–27).

Although there is currently a lack of
accepted screening programs, one should
consider referring relatives of those with
type 1 diabetes for antibody testing for
risk assessment in the setting of a clinical
research study (http://www.diabetestrialnet
.org). Widespread clinical testing of
asymptomatic low-risk individuals is not
currently recommended due to lack of
approved therapeutic interventions. In-
dividuals who test positive will be coun-
seled about the risk of developing
diabetes, diabetes symptoms, and DKA
prevention. Numerous clinical studies
are being conducted to test various
methods of preventing type 1 diabetes
in those with evidence of autoimmunity
(www.clinicaltrials.gov).

TYPE 2 DIABETES

Recommendations

c Screening for type 2 diabetes with
an informal assessment of risk fac-
tors or validated tools shouldbe con-
sidered in asymptomatic adults. B

c Testing for type 2 diabetes in asymp-
tomatic people should be considered
in adults of any age who are over-
weight or obese (BMI $25 kg/m2

or $23 kg/m2 in Asian Americans)
andwhohaveoneormoreadditional
risk factors for diabetes. B

c For all people, testing should be-
gin at age 45 years. B

c If tests are normal, repeat testing
carried out at a minimum of 3-year
intervals is reasonable. C

c To test for type 2 diabetes, fasting
plasma glucose, 2-h plasma glucose
after 75-g oral glucose tolerance test,
and A1C are equally appropriate. B

c In patientswithdiabetes, identify and
treat other cardiovascular disease
risk factors. B

c Testing for type 2 diabetes should
be considered in children and ado-
lescents who are overweight or
obese andwhohave twoormore ad-
ditional risk factors for diabetes. E

Description
Type 2 diabetes, previously referred to
as “noninsulin-dependent diabetes” or
“adult-onset diabetes,” accounts for
90–95% of all diabetes. This form en-
compasses individuals who have relative
(rather than absolute) insulin deficiency
and have peripheral insulin resistance. At
least initially, and often throughout their
lifetime, these individuals may not need
insulin treatment to survive.

There are various causes of type 2 di-
abetes. Although the specific etiologies
are not known, autoimmune destruc-
tion of b-cells does not occur, and pa-
tients do not have any of the other
known causes of diabetes. Most, but
not all, patients with type 2 diabetes
are overweight or obese. Excess weight
itself causes some degree of insulin re-
sistance. Patients who are not obese or
overweight by traditional weight criteria
may have an increased percentage of
body fat distributed predominantly in
the abdominal region.

Ketoacidosis seldom occurs sponta-
neously in type 2 diabetes; when seen,
it usually arises in association with the
stress of another illness such as infec-
tion. Type 2 diabetes frequently goes
undiagnosed for many years because
hyperglycemia develops gradually and,
at earlier stages, is often not severe
enough for the patient to notice the
classic diabetes symptoms. Neverthe-
less, even undiagnosed patients are at
increased risk of developing macrovas-
cular and microvascular complications.

Whereas patients with type 2 diabe-
tes may have insulin levels that appear
normal or elevated, the higher blood
glucose levels in these patients would
be expected to result in even higher in-
sulin values had their b-cell function
been normal. Thus, insulin secretion is
defective in these patients and insuffi-
cient to compensate for insulin resis-
tance. Insulin resistance may improve with
weight reduction and/or pharmacological
treatment of hyperglycemia but is seldom
restored to normal.

The risk of developing type 2 diabetes
increases with age, obesity, and lack of
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physical activity. It occurs more fre-
quently in women with prior GDM, in
those with hypertension or dyslipide-
mia, and in certain racial/ethnic sub-
groups (African American, American
Indian,Hispanic/Latino, andAsianAmerican).
It is often associated with a strong
genetic predisposition, more so than
type 1 diabetes. However, the genetics
of type 2 diabetes is poorly understood.
In adults without traditional risk factors
for type 2 diabetes and/or younger age,
consider antibody testing for type 1 di-
abetes (i.e., GAD).

Screening and Testing for Type 2
Diabetes and Prediabetes in
Asymptomatic Adults
Screening for prediabetes and type 2 di-
abetes through an informal assessment
of risk factors (Table 2.3) or with an as-
sessment tool, such as the ADA risk test
(Fig. 2.1), is recommended to guide pro-
viders on whether performing a diag-
nostic test (Table 2.2) is appropriate.
Prediabetes and type 2 diabetes meet
criteria for conditions in which early de-
tection is appropriate. Both conditions
are common and impose significant clin-
ical and public health burdens. There is
often a long presymptomatic phase be-
fore the diagnosis of type 2 diabetes.
Simple tests to detect preclinical disease
are readily available. The duration of
glycemic burden is a strong predictor
of adverse outcomes. There are effec-
tive interventions that prevent progres-
sion from prediabetes to diabetes (see
Section 5 “Prevention or Delay of Type 2
Diabetes”) and reduce the risk of diabe-
tes complications (see Section 9 “Cardio-
vascular Disease and Risk Management”
and Section 10 “Microvascular Complica-
tions and Foot Care”).
Approximately one-quarter of people

with diabetes in the U.S. and nearly half
of Asian and Hispanic Americans with
diabetes are undiagnosed (28). Although
screening of asymptomatic individuals to
identify thosewithprediabetesordiabetes
might seem reasonable, rigorous clinical
trials to prove the effectiveness of such
screening have not been conducted and
are unlikely to occur.
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 (29). 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 fac-
tors were modestly but significantly
improved with intensive treatment
compared with routine care, but the in-
cidence of first CVD events or mortality
was not significantly different between
the groups (29). The excellent care pro-
vided to patients in the routine care
group and the lack of an unscreened
control arm limited the authors’ ability
to determine whether screening and
early treatment improved outcomes
compared with no screening and later
treatment after clinical diagnoses. Com-
puter simulation modeling studies sug-
gest that major benefits are likely to
accrue from the early diagnosis and treat-
ment of hyperglycemia and cardiovas-
cular risk factors in type 2 diabetes
(30); moreover, screening, beginning
at age 30 or 45 years and independent
of risk factors, may be cost-effective
(,$11,000 per quality-adjusted life-year
gained) (31).

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

Age

Screening recommendations for diabe-
tes in asymptomatic adults are listed in
Table 2.3. Age is a major risk factor for
diabetes. Testing should begin at age
45 years for all patients. Screening
should be considered in overweight or
obese adults of any age with one or
more risk factors for diabetes.

BMI and Ethnicity

In general, BMI $25 kg/m2 is a risk fac-
tor for diabetes. Data and recommenda-
tions from the ADA position statement
“BMI Cut Points to Identify At-Risk
Asian Americans for Type 2 Diabetes
Screening” (32,33) suggest that the
BMI cut point should be lower for the
Asian American population. 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. In determining a sin-
gle BMI cut point, it is important to bal-
ance sensitivity and specificity so as to
provide a valuable screening tool without

numerous false positives. An argument
can be made to push the BMI cut point
to lower than 23 kg/m2 in favor of in-
creased sensitivity; however, this would
lead to an unacceptably low specificity
(13.1%). Data from the WHO also suggest
that a BMI of$23 kg/m2 should be used
to define increased risk in Asian Ameri-
cans (34). The finding that half of diabe-
tes in Asian Americans is undiagnosed
suggests that testing is not occurring at
lower BMI thresholds (28).

Evidence also suggests that other
populations may benefit from lower
BMI cut points. For example, in a large
multiethnic cohort study, for an equiva-
lent incidence rate of diabetes, a BMI of
30 kg/m2 in non-Hispanic whites was
equivalent to a BMI of 26 kg/m2 in Afri-
can Americans (35).

Medications

Certain medications, such as glucocorti-
coids, thiazide diuretics, and atypical an-
tipsychotics (36), are known to increase
the risk of diabetes and should be consid-
ered when deciding whether to screen.

Testing Interval

The appropriate interval between
screening tests is not known (37). The
rationale for the 3-year interval is that
with this interval, the number of false-
positive tests that require confirmatory
testing will be reduced and individuals
with false-negative tests will be retested
before substantial time elapses and
complications develop (37).

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 not recommended be-
cause people with positive tests may
not seek, or have access to, appropriate
follow-up testing and care. Community
testing may also be poorly targeted; 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 (38).

Screening in Dental Practices

Because periodontal disease is associ-
ated with diabetes, the utility of chair-
side screening and referral to primary
care as a means to improve the diagno-
sis of prediabetes and diabetes has been
explored (39–41), with one study esti-
mating that 30% of patients $30 years
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of age seen in general dental practices
had dysglycemia (41). Further research
is needed to demonstrate the feasibility,
effectiveness, and cost-effectiveness of
screening in this setting.

Screening and Testing for Type 2
Diabetes and Prediabetes in Children
and Adolescents
In the last decade, the incidence and
prevalence of type 2 diabetes in ado-
lescents has increased dramatically,
especially in racial and ethnic minority
populations (23). Recent studies ques-
tion the validity of A1C in the pediatric
population, especially among certain
ethnicities, and suggest OGTT or FPG
as more suitable diagnostic tests (42).
However, many of these studies do not
recognize that diabetes diagnostic crite-
ria are based on long-term health out-
comes, and validations are not currently
available in the pediatric population
(43). The ADA acknowledges the limited
data supporting A1C for diagnosing
type 2 diabetes in children and adoles-
cents. 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
interference are appropriate for children
with hemoglobinopathies, the ADA con-
tinues to recommend A1C for diagnosis
of type 2 diabetes in this cohort (44,45).
The modified recommendations of the
ADA consensus report “Type 2 Diabetes
in Children and Adolescents” are sum-
marized in Table 2.5 (46).

GESTATIONAL DIABETES
MELLITUS

Recommendations

c Test for undiagnosed diabetes at
the first prenatal visit in those
with risk factors, using standard
diagnostic criteria. B

c Test for gestational diabetes mel-
litus at 24–28 weeks of gestation
in pregnant women not previously
known to have diabetes. A

c Test women with gestational dia-
betes mellitus for persistent dia-
betes at 4–12 weeks’ postpartum,
using the oral glucose tolerance
test and clinically appropriate
nonpregnancy diagnostic crite-
ria. E

c Women with a history of gesta-
tional diabetes mellitus should

have lifelong screening for the de-
velopment of diabetes or predia-
betes at least every 3 years. B

c Womenwith a history of gestational
diabetes mellitus found to have pre-
diabetes should receive intensive
lifestyle interventions or metformin
to prevent diabetes. A

Definition
For many years, GDM was defined as
any degree of glucose intolerance that
was first recognized during pregnancy
(17), regardless of whether the condi-
tion may have predated the pregnancy
or persisted after the pregnancy. This
definition facilitated a uniform strategy
for detection and classification of GDM,
but it was limited by imprecision.

The ongoing epidemic of obesity and
diabetes has led to more type 2 diabetes
in women of childbearing age, with an
increase in the number of pregnant
women with undiagnosed type 2 diabe-
tes (47). Because of the number of preg-
nant women with undiagnosed type 2
diabetes, it is reasonable to test women
with risk factors for type 2 diabetes
(Table 2.3) at their initial prenatal visit,
using standard diagnostic criteria (Table
2.2). Women diagnosed with diabetes in
the first trimester should be classified as
having preexisting pregestational diabe-
tes (type 2 diabetes or, very rarely,
type 1 diabetes). GDM is diabetes that
is first diagnosed in the second or third
trimester of pregnancy that is not clearly
either preexisting type 1 or type 2 dia-
betes (see Section 13 “Management of
Diabetes in Pregnancy”). The Interna-
tional Association of the Diabetes and
Pregnancy Study Groups (IADPSG)
GDM diagnostic criteria for the 75-g

OGTT were not derived from data in
the first half of pregnancy, so the diag-
nosis of GDM in early pregnancy by ei-
ther FPG or OGTT values is not evidence
based (48).

Diagnosis
GDM carries risks for the mother and
neonate. Not all adverse outcomes are
of equal clinical importance. The Hyper-
glycemia and Adverse Pregnancy Out-
come (HAPO) study (49), a large-scale
multinational cohort study completed
by more than 23,000 pregnant women,
demonstrated that risk of adverse ma-
ternal, fetal, and neonatal outcomes
continuously increased as a function of
maternal glycemia at 24–28weeks, even
within ranges previously considered
normal for pregnancy. For most compli-
cations, there was no threshold for risk.
These results have led to careful recon-
sideration of the diagnostic criteria for
GDM. GDM diagnosis (Table 2.6) can
be accomplished with either of two
strategies:

1. “One-step” 75-g OGTT or
2. “Two-step” approach with a 50-g

(nonfasting) screen followed by a
100-g OGTT for those who screen
positive

Different diagnostic criteria will identify
different degrees of maternal hypergly-
cemia and maternal/fetal risk, leading
some experts to debate, and disagree
on, optimal strategies for the diagnosis
of GDM.

One-Step Strategy

In the 2011 Standards of Care (50), the
ADA for the first time recommended
that all pregnant women not known to
have prior diabetes undergo a 75-g

Table 2.5—Testing for type 2 diabetes or prediabetes in asymptomatic children* (46)
Criteria

cOverweight (BMI.85th percentile for age and sex, weight for height.85th percentile, or
weight .120% of ideal for height)

Plus any two of the following risk factors:
c Family history of type 2 diabetes in first- or second-degree relative
c Race/ethnicity (Native American, African American, Latino, Asian American, Pacific
Islander)

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)

c Maternal history of diabetes or GDM during the child’s gestation

Age of initiation: age 10 years or at onset of puberty, if puberty occurs at a younger age

Frequency: every 3 years

*Persons aged #18 years.
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OGTT at 24–28 weeks of gestation,
based on a recommendation of the
IADPSG (51). The IADPSG defined diag-
nostic cut points for GDM as the average
fasting, 1-h, and 2-h plasma glucose val-
ues in the HAPO study at which odds for
adverse outcomes reached 1.75 times
the estimated odds of these outcomes
at themean fasting, 1-h, and 2-h PG levels
of the study population. This one-step
strategy was anticipated to signifi-
cantly 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 di-
agnosis. The ADA recognized that the
anticipated increase in the incidence of
GDM would have a substantial impact
on costs and medical infrastructure
needs and had the potential to “medi-
calize” pregnancies previously catego-
rized as normal. Nevertheless, the ADA
recommended these changes in diag-
nostic criteria with the intent of optimiz-
ing gestational outcomes because these
criteria were the only ones based on
pregnancy outcomes rather than end
points such as prediction of subsequent
maternal diabetes.
The expected benefits to the offspring

are inferred from intervention trials that
focused on women with lower levels of
hyperglycemia than identified using

older GDM diagnostic criteria. Those tri-
als found modest benefits including re-
duced rates of large-for-gestational-age
births and preeclampsia (52,53). It is im-
portant to note that 80–90% of women
being treated for mild GDM in two ran-
domized controlled trials could be man-
aged with lifestyle therapy alone. The
OGTT glucose cutoffs in these two trials
overlapped with the thresholds recom-
mended by the IADPSG, and in one trial
(53), the 2-h PG threshold (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 con-
trolled trials of identifying and treating
GDM using the IADPSG criteria versus
older criteria have been published to
date. Data are also lacking on how the
treatment of lower levels of hyperglyce-
mia affects a mother’s future risk for the
development of type 2 diabetes and her
offspring’s risk for obesity, diabetes, and
other metabolic disorders. Additional
well-designed clinical studies are needed
to determine the optimal intensity of
monitoring and treatment of women
with GDM diagnosed by the one-step
strategy.

Two-Step Strategy

In 2013, the National Institutes of Health
(NIH) convened a consensus develop-
ment conference to consider diagnostic

criteria for diagnosing GDM (54). The
15-member panel had representatives
from obstetrics/gynecology, maternal-
fetal medicine, pediatrics, diabetes re-
search, biostatistics, and other related
fields. The panel recommended a two-
step approach to screening that used a
1-h 50-g glucose load test (GLT) fol-
lowed by a 3-h 100-g OGTT for those
who screened positive. Commonly
used cutoffs for the 1-h 50-g GLT include
130, 135, and 140 mg/dL (7.2, 7.5, and
7.8 mmol/L). The American College of
Obstetricians and Gynecologists (ACOG)
recommends either 135 or 140 mg/dL
(45). A systematic review for the U.S. Pre-
ventive Services Task Force compared
GLT cutoffs of 130 mg/dL (7.2 mmol/L)
and 140 mg/dL (7.8 mmol/L) (55). 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 lim-
ited. As for other screening tests, choice
of a cutoff is based upon the tradeoff be-
tween sensitivity and specificity. The use
of A1C at 24–28 weeks as a screening test
for GDM does not function as well as the
GLT (56).

Key factors cited by the NIH panel in
their decision-making process were
the lack of clinical trial data demon-
strating the benefits of the one-step
strategy and the potential negative con-
sequences of identifying a large group of
womenwith GDM, includingmedicaliza-
tion of pregnancy with increased health
care utilization and costs. Moreover,
screening with a 50-g GLT does not re-
quire fasting and is therefore easier to
accomplish for many women. Treatment
of higher threshold maternal hypergly-
cemia, as identified by the two-step
approach, reduces rates of neonatal
macrosomia, large-for-gestational-age
births (57), and shoulder dystocia, with-
out increasing small-for-gestational-age
births. ACOG updated its guidelines in
2013 and supported the two-step ap-
proach (58). The ACOG recommends ei-
ther of two sets of diagnostic thresholds
for the 3-h 100-g OGTT (59,60). Each is
based on different mathematical con-
versions of the original recommended
thresholds, which used whole blood
and nonenzymatic methods for glucose
determination. A recent secondary anal-
ysis of data from a randomized clinical
trial of identification and treatment of

Table 2.6—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 24228 weeks of gestation in women not previously diagnosed with overt 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 overt diabetes.
If the plasma glucose level measured 1 h after the load is $130 mg/dL, 135 mg/dL, or

140 mg/dL* (7.2 mmol/L, 7.5 mmol/L, or 7.8 mmol/L), 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 if at least two of the following four plasma glucose levels

(measured fasting and 1 h, 2 h, 3 h after the OGTT) are met or exceeded:

Carpenter/Coustan (59) or NDDG (60)

c Fasting 95 mg/dL (5.3 mmol/L) 105 mg/dL (5.8 mmol/L)
c 1 h 180 mg/dL (10.0 mmol/L) 190 mg/dL (10.6 mmol/L)
c 2 h 155 mg/dL (8.6 mmol/L) 165 mg/dL (9.2 mmol/L)
c 3 h 140 mg/dL (7.8 mmol/L) 145 mg/dL (8.0 mmol/L)

NDDG, National Diabetes Data Group. *The ACOG recommends either 135 mg/dL (7.5 mmol/L)
or 140 mg/dL (7.8 mmol/L). A systematic review determined that a cutoff of 130 mg/dL
(7.2 mmol/L) was more sensitive but less specific than 140 mg/dL (7.8 mmol/L) (55).
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mild GDM (61) demonstrated that treat-
ment was similarly beneficial in patients
meeting only the lower thresholds (59)
and in those meeting only the higher
thresholds (60). If the two-step approach
is used, it would appear advantageous to
use the lower diagnostic thresholds as
shown in Step 2 in Table 2.6.

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 (62). 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 to change
practice based on correlation studies
rather than intervention trial results,
available infrastructure, and importance
of cost considerations).
As the IADPSG criteria (“one-step strat-

egy”) have been adopted internationally,
further evidence has emerged to support
improved pregnancy outcomes with cost
savings (63) and may be the preferred ap-
proach. Data comparing population-wide
outcomes with one-step versus two-step
approaches have been inconsistent to
date (64,65). In addition, pregnancies com-
plicated by GDM per the IADPSG criteria,
but not recognized as such, have compa-
rable outcomes to pregnancies diag-
nosed as GDM by the more stringent
two-step criteria (66,67). There remains
strong consensus that establishing a uni-
form approach to diagnosing GDM will
benefit patients, caregivers, and policy-
makers. Longer-term outcome studies
are currently under way.

MONOGENIC DIABETES
SYNDROMES

Recommendations

c All children diagnosed with diabe-
tes in the first 6 months of life
should have immediate genetic
testing for neonatal diabetes. A

c Children and adults, diagnosed in
early adulthood, who have diabe-
tes not characteristic of type 1 or
type 2 diabetes that occurs in suc-
cessive generations (suggestive of
an autosomal dominant pattern of

inheritance) should have genetic
testing for maturity-onset diabe-
tes of the young. A

c In both instances, consultation
with a center specializing in diabetes
genetics is recommended to under-
stand the significance of these mu-
tations and how best to approach
further evaluation, 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 2.7
describes the most common causes of
monogenic diabetes. For a comprehen-
sive list of causes, see Genetic Diagnosis
of Endocrine Disorders (68).

Neonatal Diabetes
Diabetes occurring under 6 months of
age is termed “neonatal” or “congeni-
tal” diabetes, and about 80–85% of
cases can be found to have an underly-
ing monogenic cause (69). Neonatal
diabetes occurs much less often after
6 months of age, whereas autoimmune
type 1 diabetes rarely occurs before
6 months of age. Neonatal diabetes
can either be transient or permanent.
Transient diabetes is most often due to
overexpression of genes on chromo-
some 6q24, is recurrent in about half
of cases, and may be treatable with med-
ications other than insulin. Permanent
neonatal diabetes is most commonly
due to autosomal dominant mutations
in the genes encoding the Kir6.2 subunit
(KCNJ11) and SUR1 subunit (ABCC8) of
the b-cell KATP channel. Correct diagnosis
has critical implications because most pa-
tients with KATP-related neonatal diabetes
will exhibit improved glycemic control
when treated with high-dose oral sulfo-
nylureas instead of insulin. Insulin gene
(INS) mutations are the second most
common cause of permanent neonatal
diabetes, and, while treatment presently
is intensive insulin management, there
are important genetic considerations as
most of the mutations that cause diabe-
tes 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, al-
though diagnosis may occur at older

ages). MODY is characterized by impaired
insulin secretion with minimal or no de-
fects in insulin action (in the absence of
coexistent obesity). It is inherited in an au-
tosomal dominant pattern with abnormal-
ities in at least 13 genes on different
chromosomes identified to date. The
most commonly reported forms are GCK-
MODY (MODY2), HNF1A-MODY (MODY3),
and HNF4A-MODY (MODY1).

Clinically, patients with GCK-MODY
exhibit mild, stable, fasting hyperglyce-
mia and do not require antihyperglyce-
mic therapy except sometimes during
pregnancy. Patients with HNF1A- or
HNF4A-MODY usually respond well to
low doses of sulfonylureas, which are
considered first-line therapy. Mutations
or deletions in HNF1B are associated
with renal cysts and uterine malforma-
tions (renal cysts and diabetes [RCAD]
syndrome). Other extremely rare forms
of MODY have been reported to involve
other transcription factor genes includ-
ing PDX1 (IPF1) and NEUROD1.

Diagnosis
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; sulfonylureas as
first-line therapy for HNF1A-MODY and
HNF4A-MODY). Additionally, diagnosis
can lead to identification of other affected
family members.

A diagnosis of MODY should be con-
sidered in individuals who have atypical
diabetes and multiple family members
with diabetes not characteristic of
type 1 or type 2 diabetes, although ad-
mittedly “atypical diabetes” is becoming
increasingly difficult to precisely define
in the absence of a definitive set of tests
for either type of diabetes. In most
cases, the presence of autoantibodies
for type 1 diabetes precludes further
testing for monogenic diabetes, but the
presence of autoantibodies in patients
with monogenic diabetes has been re-
ported (70). Individuals in whom mono-
genic diabetes is suspected should be
referred to a specialist for further eva-
luation if available, and consultation is
available from several centers. Readily
available commercial genetic testing
following the criteria listed below now
enables a cost-effective (71), often
cost-saving, genetic diagnosis that is in-
creasingly supported by health insurance. It
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is critical to correctly diagnose one of the
monogenic forms of diabetes because
these patients may be incorrectly diag-
nosed with type 1 or type 2 diabetes, lead-
ing to suboptimal, evenpotentially harmful,
treatment regimens and delays in diagnos-
ing other family members (72). The infor-
mation is especially critical for GCK-MODY
mutations where multiple studies have
shown that no complications ensue in
the absence of glucose-lowering therapy
(73). Genetic counseling is recommen-
ded to ensure that affected individuals
understand the patterns of inheritance
and the importanceof a correct diagnosis.
The diagnosis of monogenic diabetes

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

○ Diabetes diagnosed within the first
6 months of life (with occasional
cases presenting later, mostly INS
and ABCC8 mutations) (69,74)

○ Diabetes without typical features of
type 1 or type 2 diabetes (negative
diabetes–associated autoantibodies;
nonobese, lacking other metabolic

features, especially with strong family
history of diabetes)

○ 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), espe-
cially if nonobese

CYSTIC FIBROSIS–RELATED
DIABETES

Recommendations

c Annual screening for cystic fibrosis–
related diabetes with oral glucose
tolerance test should begin by age
10 years in all patients with cystic fi-
brosis not previously diagnosed with
cystic fibrosis–related diabetes. B

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

c Patients with cystic fibrosis–related
diabetes should be treated with in-
sulin to attain individualized glyce-
mic goals. A

c Beginning 5 years after the diagnosis
of cystic fibrosis–related diabetes,
annual monitoring for complications
of diabetes is recommended. E

Cystic fibrosis–related diabetes (CFRD) is
the most common comorbidity in people
with cystic fibrosis, occurring in about 20%
of adolescents and 40–50% of adults. Di-
abetes in this population, compared with
individuals with type 1 or type 2 diabetes,
is associated with worse nutritional status,
more severe inflammatory lung disease,
and greater mortality. Insulin insufficiency
is the primary defect in CFRD. Genetically
determined b-cell function and insulin re-
sistance associated with infection and in-
flammation may also contribute to the
development of CFRD. Milder abnormali-
ties of glucose tolerance are even more
common and occur at earlier ages than
CFRD.Whether individualswith IGT should
be treatedwith insulin replacementhasnot
currently been determined. 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 established
with respect to weight, height, BMI, or
lung function. Continuous glucosemonitor-
ing may be more sensitive than OGTT to
detect risk for progression to CFRD; how-
ever, evidence linking continuous glucose

Table 2.7—Most common causes of monogenic diabetes (68)

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 renaldisease (typicallycystic); 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 Transient or permanent: IUGR; rarely developmental delay; responsive to
sulfonylureas

6q24
(PLAGL1, HYMA1)

AD for paternal
duplications

Transient: IUGR;macroglossia;umbilical hernia;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

FOXP3 X-linked Permanent: immunodysregulation, polyendocrinopathy, enteropathy
X-linked (IPEX) syndrome: autoimmune diabetes; autoimmune thyroid
disease; exfoliative dermatitis; insulin requiring

AD, autosomal dominant; AR, autosomal recessive; IUGR, intrauterine growth restriction.
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monitoring results to long-term outcomes
is lacking, and its use is not recommended
for screening (75).
CFRD mortality has significantly de-

creased over time, and the gap in mor-
tality between cystic fibrosis patients
with and without diabetes has consider-
ably narrowed (76). There are limited
clinical trial data on therapy for CFRD.
The largest study compared three regi-
mens: premeal insulin aspart, repagli-
nide, or oral placebo in cystic fibrosis
patients with diabetes or abnormal glu-
cose tolerance. Participants all had weight
loss in the year preceding treatment; how-
ever, in the insulin-treated group, this pat-
tern 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
by6months. Theplacebogroup continued
to lose weight (77). Insulin remains the
most widely used therapy for CFRD (78).
Recommendations for the clinical

management of CFRD can be found in
the ADA position statement “Clinical
CareGuidelines for Cystic Fibrosis–Related
Diabetes: A Position Statement of the
American Diabetes Association and a
Clinical Practice Guideline of the Cystic
Fibrosis Foundation, Endorsed by the
Pediatric Endocrine Society” (79).

POSTTRANSPLANTATION
DIABETES MELLITUS

Recommendations

c Patients should be screened after
organ transplantation for hyper-
glycemia, with a formal diagnosis
of posttransplantation diabetes
mellitus being best made once a
patient is stable on an immuno-
suppressive regimen and in the ab-
sence of an acute infection. E

c The oral glucose tolerance test is
the preferred test to make a diag-
nosis of posttransplantation dia-
betes mellitus. B

c Immunosuppressive regimens
shown toprovide thebest outcomes
for patient and graft survival should
be used, irrespective of posttrans-
plantation diabetes mellitus risk. E

Several terms are used in the literature
to describe the presence of diabetes fol-
lowing organ transplantation. “New-
onset diabetes after transplantation”
(NODAT) is one such designation that

describes individuals who develop
new-onset diabetes following trans-
plant. NODAT excludes patients with
pretransplant diabetes that was undiag-
nosed as well as posttransplant hyper-
glycemia that resolves by the time of
discharge (80). Another term, “posttrans-
plantation diabetes mellitus” (PTDM)
(80), describes the presence of diabetes
in the posttransplant setting irrespective
of the timing of diabetes onset.

Hyperglycemia is very common dur-
ing the early posttransplant period,
with;90% of kidney allograft recipients
exhibiting hyperglycemia in the first
few weeks following transplant (80,81).
In most cases, such stress or steroid-
induced hyperglycemia resolves by the
time of discharge. Risk factors for PTDM
include both general diabetes risks (such
as age, family history of diabetes, etc.)
as well as transplant-specific factors,
such as use of immunosuppressant
agents. Whereas posttransplantation
hyperglycemia is an important risk factor
for subsequent PTDM, a formal diagnosis
of PTDM is optimally made once the pa-
tient is stable on maintenance immuno-
suppression and in the absence of acute
infection.

The OGTT is considered the gold stan-
dard test for the diagnosis of PTDM
(80,82–84). However, screening patients
using fasting glucose and/or A1C can
identify high-risk patients requiring fur-
ther assessment and may reduce the
number of overall OGTTs required (85).
There is currently a lack of clinical data
examining the use of antidiabetes agents
in the setting of PTDM to inform specific
recommendations for use in this popula-
tion. Although the use of immunosup-
pressive therapies is a major contributor
to the development of PTDM, the risks of
transplant rejection outweigh the risks of
PTDM and the role of the diabetes care
provider is to treat hyperglycemia appro-
priately regardless of the type of immuno-
suppression (80).
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3. Comprehensive Medical
Evaluation and Assessment
of Comorbidities
Diabetes Care 2017;40(Suppl. 1):S25–S32 | DOI: 10.2337/dc17-S006

PATIENT-CENTERED COLLABORATIVE CARE

Recommendation

c A patient-centered communication style that uses active listening, elicits pa-
tient 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

A successful medical evaluation depends on beneficial interactions between the
patient and the care team. The Chronic Care Model (1–3) (see Section 1 “Promoting
Health and Reducing Disparities in Populations”) is a patient-centered approach to
care that requires a close working relationship between the patient and clinicians
involved in treatment planning. People with diabetes should receive health care
from a team that may include physicians, nurse practitioners, physician assistants,
nurses, dietitians, exercise specialists, pharmacists, dentists, podiatrists, andmental
health professionals. Individuals with diabetes must assume an active role in their
care. The patient, family or support persons, physician, and health care team should
formulate the management plan, which includes lifestyle management (see Section
4 “Lifestyle Management”).
Treatment goals and plans should be created with the patients based on their

individual preferences, values, and goals. The management plan should take into
account the patient’s age, cognitive abilities, school/work schedule and condi-
tions, health beliefs, support systems, eating patterns, physical activity, social
situation, financial concerns, cultural factors, literacy and numeracy (mathemat-
ical literacy) skills, diabetes complications, comorbidities, health priorities, other
medical conditions, preferences for care, and life expectancy. Various strategies
and techniques should be used to support patients’ self-management efforts, in-
cluding providing education on problem-solving skills for all aspects of diabetes
management.
Provider communicationswith patients/families should acknowledge thatmultiple

factors impact glycemic management, but also emphasize that collaboratively devel-
oped treatment plans and a healthy lifestyle can significantly improve disease out-
comes 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 “noncompliance” or “nonadherence” when
the outcomes of self-management are not optimal (8). The familiar terms “non-
compliance” and “nonadherence” denote a passive, obedient role for a person with
diabetes in “following doctor’s orders” that is at odds with the active role people
with diabetes take in directing the day-to-day decision making, planning, monitor-
ing, evaluation, and problem-solving involved in diabetes self-management. Using
a nonjudgmental approach that normalizes periodic lapses in self-management
may help minimize patients’ resistance to reporting problems with self-management.
Empathizing and using active listening techniques, such as open-ended ques-
tions, reflective statements, and summarizing what the patient 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 treatment outcomes in diabetes
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2017;40(Suppl. 1):S25–S32

© 2017 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 infor-
mation is available at http://www.diabetesjournals
.org/content/license.

American Diabetes Association

Diabetes Care Volume 40, Supplement 1, January 2017 S25

M
ED

IC
A
L
EV

A
LU

A
TIO

N
A
N
D
C
O
M
O
R
B
ID
ITIES



(9–13) and should be a target of ongo-
ing assessment, patient education,
and treatment planning.

COMPREHENSIVE MEDICAL
EVALUATION

Recommendations

A completemedical evaluation should
be performed at the initial visit to

c Confirm the diagnosis and classify
diabetes. B

c Detect diabetes complications and
potential comorbid conditions. E

c Review previous treatment and risk
factor control in patients with estab-
lished diabetes. E

c Begin patient engagement in the
formulation of a care management
plan. B

c Develop aplan for continuing care.B

The comprehensive medical evaluation
(Table 3.1) includes the initial and ongo-
ing evaluations, assessment of com-
plications, psychosocial assessment,
management of comorbid conditions,
and engagement of the patient through-
out the process. The goal is to provide
the health care team information to opti-
mally support a patient. In addition to the
medical history, physical examination, and
laboratory tests, providers should assess di-
abetes self-management behaviors, nutri-
tion, and psychosocial health (see Section
4 “Lifestyle Management”) and give guid-
ance on routine immunizations. Consider
the assessment of sleep pattern and dura-
tion; a recent meta-analysis found that
poor sleep quality, short sleep, and long
sleep were associated with higher A1C in
people with type 2 diabetes (14).
Lifestyle management and psychosocial

care are the cornerstones of diabetes
management. Patients should be referred
for diabetes self-management education
(DSME), diabetes self-management sup-
port (DSMS), medical nutrition therapy
(MNT), andpsychosocial/emotional health
concerns if indicated. Patients should receive
recommended preventive care services
(e.g., immunizations, cancer screening, etc.);
smoking cessation counseling; and oph-
thalmological, dental, and podiatric re-
ferrals. Additional referrals should be
arranged as necessary (Table 3.2). Clini-
cians should ensure that individuals with
diabetes are appropriately screened for
complications and comorbidities. Discussing

and implementing an approach to glycemic
control with the patient is a part, not the
sole goal, of care.

Immunization

Recommendations

c Provide routine vaccinations for chil-
dren and adults with diabetes accord-
ingtoage-relatedrecommendations.C

c Annual vaccination against influenza
is recommended for all personswith
diabetes$6 months of age. C

c Vaccination against pneumonia is
recommended for all people with
diabetes 2 through 64 years of age
with pneumococcal polysaccharide
vaccine (PPSV23). At age$65years,
administer the pneumococcal conju-
gate vaccine (PCV13) at least 1 year
after vaccination with PPSV23, fol-
lowed by another dose of vaccine
PPSV23 at least 1 year after PCV13
and at least 5 years after the last
dose of PPSV23. C

c Administer 3-dose series of hepa-
titis B vaccine tounvaccinated adults
with diabetes who are age 19–59
years. C

c Consider administering 3-dose se-
ries of hepatitis B vaccine to un-
vaccinated adults with diabetes
who are age $60 years. C

As for the general population, all children
and adults with diabetes should receive
vaccinations (15,16) according to age-
specific recommendations. The child and
adolescent vaccination schedule is avail-
able at http://www.cdc.gov/vaccines/
schedules/hcp/imz/child-adolescent.html,
and the adult vaccination schedule is avail-
able at http://www.cdc.gov/vaccines/
schedules/hcp/imz/adult.html.

The Centers for Disease Control and
Prevention (CDC) Advisory Committee on
Immunization Practices (ACIP) recom-
mends influenza and pneumococcal vac-
cines for individuals with diabetes (http://
www.cdc.gov/vaccines/schedules).

Influenza

Influenza is a common, preventable in-
fectious disease associated with high
mortality and morbidity in vulnera-
ble populations including the young and
the elderly and people with chronic dis-
eases. In a case-control study, the influ-
enza vaccine was found to reduce
diabetes-related hospital admission by
asmuch as 79% during flu epidemics (17).

Pneumococcal Pneumonia

Like influenza, pneumococcal pneumonia
is a common, preventable disease. People
with diabetes may be at increased risk for
the bacteremic form of pneumococcal in-
fection and have been reported to have a
high risk of nosocomial bacteremia, with a
mortality rate as high as 50% (18). All pa-
tients with diabetes 2 years of age and
older should receive the pneumococcal
polysaccharide vaccine (PPSV23). There
is sufficient evidence to support that
adults with diabetes ,65 years of age
have appropriate serologic and clinical re-
sponses to these vaccinations (19). The
American Diabetes Association (ADA) en-
dorses recommendations from the CDC
ACIP that all adults 65 years of age or older
receive a dose of pneumococcal conjugate
vaccine (PCV13) followed by a dose of
PPSV23 at least 1 year later (and at least
5 years after their previous PPSV23 dose).

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 infected needles).
Because of the higher likelihood of trans-
mission, hepatitis B vaccine is recom-
mended for adults 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 and may
complicate management (20–24). Diabetes
comorbiditiesare conditions thataffectpeo-
ple with diabetes more often than age-
matched people without diabetes. The
list below includes many of the common
comorbidities observed in patients with
diabetes but is not necessarily inclusive of
all the conditions that have been reported.

Autoimmune Diseases

Recommendation

c Consider screening patients with
type 1 diabetes for autoimmune
thyroid disease and celiac disease
soon after diagnosis. E

People with type 1 diabetes are at in-
creased risk for other autoimmune dis-
eases including thyroid disease, primary
adrenal insufficiency, celiac disease, auto-
immune gastritis, autoimmune hepatitis,
dermatomyositis, and myasthenia gravis

S26 Comprehensive Medical Evaluation and Assessment of Comorbidities Diabetes Care Volume 40, Supplement 1, January 2017



(25,26). Type 1 diabetes may also occur
with other autoimmune diseases in the
context of specific genetic disorders or pol-
yglandular autoimmune syndromes (27).
In autoimmune diseases, the immune sys-
tem fails to maintain self-tolerance to spe-
cific peptides within target organs. It is
likely that many factors trigger autoim-
mune disease; however, common trigger-
ing factors are known for only some
autoimmune conditions (i.e., gliadin pep-
tides in celiac disease) (see Section 12
“Children and Adolescents”).

Cancer
Diabetes is associated with increased
risk of cancers of the liver, pancreas, en-
dometrium, colon/rectum, breast, andblad-
der (28). The association may result from

shared risk factors between type 2 diabetes
and cancer (older age, obesity, and physical
inactivity) but may also be due to diabetes-
related factors (29), such as underlying dis-
ease physiology or diabetes treatments,
although evidence for these links is scarce.
Patients with diabetes should be encour-
aged to undergo recommended age-
and sex-appropriate cancer screenings and
toreducetheirmodifiablecancer risk factors
(obesity, physical inactivity, and smoking).

Cognitive Impairment/Dementia

Recommendation

c In peoplewith cognitive impairment/
dementia, intensive glucose con-
trol cannot be expected to reme-
diate deficits. Treatment should

be tailored to avoid significant hy-
poglycemia. B

Diabetes is associated with a signifi-
cantly increased risk and rate of cogni-
tive decline and an increased risk of

Table 3.1—Components of the comprehensive diabetes medical evaluation*
Medical history

c Age and characteristics of onset of diabetes (e.g., diabetic ketoacidosis, asymptomatic laboratory finding)
c Eating patterns, nutritional status, weight history, sleep behaviors (pattern and duration), and physical activity habits; nutrition
education and behavioral support history and needs

c Complementary and alternative medicine use
c Presence of common comorbidities and dental disease
c Screen for depression, anxiety, and disordered eating using validated and appropriate measures**
c Screen for diabetes distress using validated and appropriate measures**
c Screen for psychosocial problems and other barriers to diabetes self-management, such as limited financial, logistical, and support resources
c History of tobacco use, alcohol consumption, and substance use
c Diabetes education, self-management, and support history and needs
c Review of previous treatment regimens and response to therapy (A1C records)
c Assess medication-taking behaviors and barriers to medication adherence
c Results of glucose monitoring and patient’s use of data
c Diabetic ketoacidosis frequency, severity, and cause
c Hypoglycemia episodes, awareness, and frequency and causes
c History of increased blood pressure, abnormal lipids
c Microvascular complications: retinopathy, nephropathy, and neuropathy (sensory, including history of foot lesions; autonomic, including
sexual dysfunction and gastroparesis)

c Macrovascular complications: coronary heart disease, cerebrovascular disease, and peripheral arterial disease
c For women with childbearing capacity, review contraception and preconception planning

Physical examination
c Height, weight, and BMI; growth and pubertal development in children and adolescents
c Blood pressure determination, including orthostatic measurements when indicated
c Fundoscopic examination
c Thyroid palpation
c Skin examination (e.g., for acanthosis nigricans, insulin injection or infusion set insertion sites)
c Comprehensive foot examination

○ Inspection
○ Palpation of dorsalis pedis and posterior tibial pulses
○ Presence/absence of patellar and Achilles reflexes
○ Determination of proprioception, vibration, and monofilament sensation

Laboratory evaluation
c A1C, if the results are not available within the past 3 months
c If not performed/available within the past year

○ Fasting lipid profile, including total, LDL, and HDL cholesterol and triglycerides, as needed
○ Liver function tests
○ Spot urinary albumin–to–creatinine ratio
○ Serum creatinine and estimated glomerular filtration rate
○ Thyroid-stimulating hormone in patients with type 1 diabetes

*The comprehensive medical evaluation should ideally be done on the initial visit, although different components can be done as appropriate on follow-up visits.
**Refer to the ADA position statement “Psychosocial Care for People With Diabetes” for additional details on diabetes-specific screening measures (65).

Table 3.2—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 for MNT
c DSME/DSMS
c Dentist for comprehensive dental and
periodontal examination

c Mental health professional, if indicated
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dementia (30,31). A recent meta-analysis
of prospective observational studies in
people with diabetes showed a 73% in-
creased risk of all types of dementia, a
56% increased risk of Alzheimer demen-
tia, and 127% increased risk of vascular
dementia compared with individuals
without diabetes (32). The reverse is
also true: people with Alzheimer demen-
tia are more likely to develop diabetes
than people without Alzheimer demen-
tia. In a 15-year prospective study of com-
munity-dwelling people.60 years of age,
the presence of diabetes at baseline sig-
nificantly increased the age- and sex-
adjusted incidence of all-cause dementia,
Alzheimer disease, and vascular dementia
comparedwith rates in thosewith normal
glucose tolerance (33).

Hyperglycemia

In thosewith 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 (34).
The Action to Control Cardiovascular Risk
in Diabetes (ACCORD) study found that
each 1% higher A1C level was associated
with lower cognitive function in individu-
als with type 2 diabetes (35). However,
the ACCORD study found no difference
in cognitive outcomes in participants ran-
domly assigned to intensive and standard
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 (36).

Hypoglycemia

In type 2 diabetes, severe hypoglycemia
is associated with reduced cognitive
function, and those with poor cognitive
function have more severe hypoglyce-
mia. In a long-term study of older pa-
tients with type 2 diabetes, individuals
with one or more recorded episode of
severe hypoglycemia had a stepwise in-
crease in risk of dementia (37). Likewise,
the ACCORD trial found that as cognitive
function decreased, the risk of severe
hypoglycemia increased (38). Tailoring
glycemic therapy may help to prevent
hypoglycemia in individuals with cogni-
tive dysfunction.

Nutrition

In one study, adherence to the Mediter-
ranean diet correlated with improved
cognitive function (39). However, a recent

Cochrane review found insufficient evi-
dence to recommend any dietary change
for the prevention or treatment of cogni-
tive dysfunction (40).

Statins

A systematic review has reported that
data do not support an adverse effect of
statins on cognition (41). The U.S. Food
and Drug Administration (FDA) postmar-
keting surveillance databases have also
revealed a low reporting rate for cogni-
tive-related adverse events, including
cognitive dysfunction or dementia, with
statin therapy, similar to rates seen with
other commonly prescribed cardiovascu-
lar medications (41). Therefore fear of
cognitive decline should not be a barrier
to statin use in individuals with diabetes
and a high risk for cardiovascular disease.

Fatty Liver Disease
Elevations of hepatic transaminase con-
centrations are associated with higher
BMI, waist circumference, and triglycer-
ide levels and lower HDL cholesterol
levels. In a prospective analysis, diabe-
tes was significantly associated with in-
cident nonalcoholic chronic liver disease
and with hepatocellular carcinoma (42).
Interventions that improve metabolic
abnormalities in patients with diabetes
(weight loss, glycemic control, and treat-
ment with specific drugs for hyperglyce-
mia or dyslipidemia) are also beneficial
for fatty liver disease (43,44).

Fractures
Age-specific hip fracture risk is signifi-
cantly increased in people with both
type 1 (relative risk 6.3) and type 2 (rel-
ative risk 1.7) diabetes in both sexes
(45). Type 1 diabetes is associated with
osteoporosis, but in type 2 diabetes, an
increased risk of hip fracture is seen de-
spite higher bonemineral density (BMD)
(46). In three large observational studies
of older adults, femoral neck BMD T score
and the World Health Organization Frac-
ture Risk Assessment Tool (FRAX) score
were associated with hip and nonspine
fractures. Fracture risk was higher in par-
ticipants with diabetes compared with
thosewithout diabetes for a given T score
and age for a given FRAX score (47). Pro-
viders should assess fracture history and
risk factors in older patientswith diabetes
and recommend measurement of BMD if
appropriate for the patient’s age and sex.
Fracture prevention strategies for people
with diabetes are the same as for the

general population and include vitamin
D supplementation. For patients with
type 2 diabetes with fracture risk factors,
thiazolidinediones (48) and sodium–

glucose cotransporter 2 inhibitors (49)
should be used with caution.

Hearing Impairment
Hearing impairment, both in high-frequency
and low/mid-frequency ranges, is more
common in people with diabetes than in
thosewithout, perhaps due to neuropathy
and/or vascular disease. In a National
Health and Nutrition Examination Survey
(NHANES) analysis, hearing impairment
was about twice as prevalent in people
with diabetes compared with those with-
out, after adjusting for age and other risk
factors for hearing impairment (50).

HIV

Recommendation

c PatientswithHIV shouldbe screened
for diabetes and prediabetes with
a fasting glucose level every 6–
12 months before starting antire-
troviral therapy and 3 months after
starting or changing antiretroviral
therapy. If initial screening results
are normal, checking fasting glu-
cose every year is advised. If predi-
abetes is detected, continue to
measure fasting glucose levels ev-
ery 3–6 months to monitor for pro-
gression to diabetes. E

Diabetes risk is increasedwith certain pro-
tease inhibitors (PIs) and nucleoside re-
verse transcriptase inhibitors (NRTIs).
New-onset diabetes is estimated to occur
in more than 5% of patients infected with
HIV on PIs, whereas more than 15% may
have prediabetes (51). PIs are associated
with insulin resistance and may also lead
to apoptosis of pancreatic b-cells. NRTIs
also affect fat distribution (both lipohy-
pertrophy and lipoatrophy), which is asso-
ciated with insulin resistance.

Individuals with HIV are at higher risk
for developing prediabetes and diabetes
on antiretroviral (ARV) therapies, so a
screening protocol is recommended
(52). The A1C test underestimates glyce-
mia in people with HIV and is not recom-
mended for diagnosis and may present
challenges for monitoring (53). In those
with prediabetes, weight loss through
healthy nutrition and physical activity may
reduce the progression toward diabetes.
Among patients with HIV and diabetes,
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preventive health care using an approach
similar to that used in patients without HIV
is critical to reduce the risks of microvascu-
lar and macrovascular complications.
ForpatientswithHIVandARV-associated

hyperglycemia, it may be appropriate to
consider discontinuing the problematic
ARV agents if safe and effective alterna-
tives are available (54). Before making
ARV substitutions, carefully consider the
possible effect on HIV virological control
and the potential adverse effects of new
ARV agents. In some cases, antihypergly-
cemic agents may still be necessary.

Low Testosterone in Men
Mean levels of testosterone are lower in
men with diabetes compared with age-
matched men without diabetes, but obe-
sity is amajor confounder (55). Treatment
in asymptomatic men is controversial. The
evidence that testosterone replacement
affects outcomes is mixed, and recent
guidelines do not recommend testing or
treating men without symptoms (56).

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 (57). 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% (58,59). In obese participants en-
rolled in the Action for Health in Diabetes
(Look AHEAD) trial, it exceeded 80% (60).
Sleep apnea treatment (lifestyle modifi-
cation, continuous positive airway pres-
sure, 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 (61).

Periodontal Disease
Periodontal disease is more severe, and
may be more prevalent, in patients
with diabetes than in those without
(62,63). Current evidence suggests
that periodontal disease adversely af-
fects diabetes outcomes, although ev-
idence for treatment benefits remains
controversial (24).

Psychosocial/Emotional Disorders
Prevalence of clinically significant psycho-
pathology in people with diabetes ranges
across diagnostic categories, and some

diagnoses are considerably more com-
mon in people with diabetes than for
those without the disease (64). Symp-
toms, both clinical and subclinical, that
interfere with the person’s ability to carry
out diabetes self-management must be
addressed. Diabetes distress is addressed
in Section 4 “Lifestyle Management,” as
this state is very common and distinct
from a psychological disorder (65).

Anxiety Disorders

Recommendations

c Consider screening for anxiety in
people exhibiting anxiety orworries
regarding diabetes complications,
insulin injections or infusion, taking
medications, and/or hypoglycemia
that interferewith self-management
behaviors and those who express
fear, dread, or irrational thoughts
and/or show anxiety symptoms
such as avoidance behaviors, exces-
sive repetitive behaviors, or social
withdrawal. Refer for treatment if
anxiety is present. B

c Persons with hypoglycemic un-
awareness, which can co-occur
with fear of hypoglycemia, should
be treated using blood glucose
awareness training (or other
evidence-based similar intervention)
to help re-establish awareness of
hypoglycemia and reduce fear of
hyperglycemia. A

Anxiety symptoms and diagnosable disor-
ders (e.g., generalized anxiety disorder,
body dysmorphic disorder, obsessive-
compulsive disorder, specific phobias,
and posttraumatic stress disorder) are
common in people with diabetes (66).
The Behavioral Risk Factor Surveillance
System (BRFSS) estimated the lifetime
prevalence of generalized anxiety disor-
der to be 19.5% in people with either
type 1 or type 2 diabetes (67). Common
diabetes-specific concerns include fears
related to hyperglycemia (68,69), not
meeting blood glucose targets (66), and
insulin injections or infusion (70). Onset
of complications presents another critical
point when anxiety can occur (71). People
with diabetes who exhibit excessive di-
abetes self-management behaviors well
beyond what is prescribed or needed to
achieve glycemic targets may be experi-
encing symptoms of obsessive-compulsive
disorder (72).

General anxiety is apredictorof injection-
related anxiety and associated with fear
of hypoglycemia (69,73). Fear of hypo-
glycemia andhypoglycemia unawareness
often co-occur, and interventions aimed
at treating one often benefit both (74).
Fear of hypoglycemia may explain avoid-
anceof behaviors associatedwith lowering
glucose such as increasing insulin doses or
frequency of monitoring. If fear of hypogly-
cemia is identified and a person does not
have symptoms of hypoglycemia, a struc-
tured program, blood glucose awareness
training, delivered in routine clinical prac-
tice, can improve A1C, reduce the rate of
severe hypoglycemia, and restore hypogly-
cemia awareness (75,76).

Depression

Recommendations

c Providers should consider annual
screening of all patients with dia-
betes, especially those with a self-
reported history of depression, for
depressive symptoms with age-
appropriate depression screening
measures, recognizing that further
evaluation will be necessary for
individuals who have a positive
screen. B

c Beginning at diagnosis of complica-
tions or when there are significant
changes in medical status, consider
assessment for depression. B

c Referrals for treatment of depres-
sion should be made to mental
health providers with experience
using cognitive behavioral ther-
apy, interpersonal therapy, or
other evidence-based treatment
approaches in conjunction with
collaborative care with the pa-
tient’s diabetes 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 indi-
vidual has other risk factors such as obe-
sity and family history of type 2 diabetes
(77–79). Elevated depressive symptoms
and depressive disorders affect one in
four patients with type 1 or type 2 di-
abetes (80). Thus, routine screening for
depressive symptoms is indicated in this
high-risk population including people
with prediabetes (particularly those who
are overweight), type 1 or type 2 diabe-
tes, gestational diabetes mellitus and
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postpartum diabetes. Regardless of diabe-
tes type, women have significantly higher
rates of depression than men (81).
Routine monitoring with patient-

appropriate validated measures can
help to identify if referral is warranted.
Remission of depressive symptoms or
disorder in adult patients suggests the
need for ongoingmonitoringof depression
recurrence within the context of routine
care (77). Integrating mental and physical
health care can improve outcomes.
When a patient is in psychological ther-
apy (talk therapy), the mental health pro-
vider should be incorporated into the
diabetes treatment team (82).

Disordered Eating Behavior

Recommendations

c Providers should consider reevalu-
ating the treatment regimen of
people with diabetes who present
with symptoms of disordered eat-
ing behavior, an eating disorder,
or disrupted patterns of eating. B

c Consider screening for disor-
dered or disrupted eating using
validated screening measures
when 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 behaviors and diagnosable eat-
ing disorders in people with diabetes
varies (83–85). For people with type 1
diabetes, insulin omission causing gly-
cosuria in order to lose weight is the
most commonly reported disordered
eating behavior (86,87); in people with
type 2 diabetes, bingeing (excessive
food intake with an accompanying
sense of loss of control) is most com-
monly reported. For people with type
2 diabetes treated with insulin, in-
tentional omission is also frequently re-
ported (88). People with diabetes and
diagnosable eating disorders have
high rates of comorbid psychiatric dis-
orders (89). People with type 1 diabe-
tes and eating disorders have high
rates of diabetes distress and fear of
hypoglycemia (90).

When evaluating symptoms of disor-
dered or disrupted eating in people with
diabetes, etiology and motivation for the
behavior should be considered (85,91). Ad-
junctive medication such as glucagon-like
peptide 1 receptor agonists (92) may help
individuals to not only meet glycemic tar-
gets but also to regulate hunger and food
intake, thus having the potential to re-
duce uncontrollable hunger and bulimic
symptoms.
Serious Mental Illness

Recommendations

c Annually screen people who are
prescribed atypical antipsychotic
medications for prediabetes or
diabetes. B

c If a second-generation antipsy-
chotic medication is prescribed for
adolescents or adults with diabetes,
changes in weight, glycemic con-
trol, and cholesterol levels should
be carefully monitored and the
treatment regimen should be reas-
sessed. C

c Incorporate monitoring of diabetes
self-care activities into treatment
goals in people with diabetes and
serious mental illness. B

Studies of individuals with serious men-
tal illness, particularly schizophrenia
and other thought disorders, show sig-
nificantly increased rates of type 2 dia-
betes (93). People with schizophrenia
should be monitored for type 2 diabetes
because of the known comorbidity. Dis-
ordered thinking and judgment can be
expected to make it difficult to engage
in behaviors that reduce risk factors for
type 2 diabetes, such as restrained eat-
ing for weight management. Coordinated
management of diabetes or prediabetes
and seriousmental illness is recommended
to achieve diabetes treatment targets. In
addition, those taking second-generation
(atypical) antipsychotics such as olanza-
pine require greater monitoring because
of an increase in risk of type 2 diabetes
associated with this medication (94).
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66. Smith KJ, Béland M, Clyde M, et al. Associ-
ation of diabetes with anxiety: a systematic re-
view and meta-analysis. J Psychosom Res 2013;
74:89–99
67. Li C, Barker L, Ford ES, Zhang X, Strine TW,
Mokdad AH. Diabetes and anxiety in US adults:
findings from the 2006 Behavioral Risk Factor Sur-
veillance System. Diabet Med 2008;25:878–881
68. Cox DJ, Irvine A, Gonder-Frederick L,
Nowacek G, Butterfield J. Fear of hypoglycemia:
quantification, validation, and utilization. Dia-
betes Care 1987;10:617–621
69. Wild D, von Maltzahn R, Brohan E,
Christensen T, Clauson P, Gonder-Frederick L.
A critical review of the literature on fear of hy-
poglycemia in diabetes: implications for diabe-
tes management and patient education. Patient
Educ Couns 2007;68:10–15
70. Zambanini A, Newson RB, Maisey M, Feher
MD. Injection related anxiety in insulin-treated di-
abetes. Diabetes Res Clin Pract 1999;46:239–246
71. Young-Hyman D, Peyrot M. Psychosocial
Care for People with Diabetes. Alexandria, VA,
American Diabetes Association, 2012
72. American Psychiatric Association. Diagnos-
tic and Statistical Manual of Mental Disorders
[Internet], 2013. 5th ed. Available from http://
psychiatryonline.org/doi/book/10.1176/appi
.books.9780890425596.Accessed29September
2016
73. Mitsonis C, Dimopoulos N, Psarra V. Clinical
implications of anxiety in diabetes: a critical review
of the evidence base. Eur Psychiatry 2009;24:S526
74. Yeoh E, Choudhary P, Nwokolo M, Ayis S,
Amiel SA. Interventions that restore awareness

of hypoglycemia in adults with type 1 diabetes:
a systematic review and meta-analysis. Diabe-
tes Care 2015;38:1592–1609
75. Cox DJ, Gonder-Frederick L, Polonsky W,
Schlundt D, Kovatchev B, Clarke W. Blood
glucose awareness training (BGAT-2): long-
term benefits. Diabetes Care 2001;24:637–
642
76. Gonder-Frederick LA, Schmidt KM, Vajda
KA, et al. Psychometric properties of the Hypo-
glycemia Fear Survey-II for adults with type 1
diabetes. Diabetes Care 2011;34:801–806
77. Lustman PJ, Griffith LS, Clouse RE. Depres-
sion in adults with diabetes. Results of 5-yr
follow-up study. Diabetes Care 1988;11:605–612
78. de Groot M, Crick KA, Long M, Saha C,
Shubrook JH. Lifetime duration of depressive dis-
orders in patients with type 2 diabetes. Diabetes
Care. 2016;12:2174–2181
79. Rubin RR, Ma Y, Marrero DG, et al.; Diabe-
tes Prevention Program Research Group. Ele-
vated depression symptoms, antidepressant
medicine use, and risk of developing diabetes
during the Diabetes Prevention Program. Diabe-
tes Care 2008;31:420–426
80. Anderson RJ, Freedland KE, Clouse RE,
Lustman PJ. The prevalence of comorbid de-
pression in adults with diabetes: a meta-analysis.
Diabetes Care 2001;24:1069–1078
81. Clouse RE, Lustman PJ, Freedland KE,
Griffith LS, McGill JB, Carney RM. Depression
and coronary heart disease in women with di-
abetes. Psychosom Med 2003;65:376–383
82. Katon WJ, Lin EHB, Von Korff M, et al. Collab-
orative care for patients with depression and
chronic illnesses. N Engl JMed2010;363:2611–2620
83. Pinhas-Hamiel O, Hamiel U, Levy-Shraga Y.
Eating disorders in adolescents with type 1 di-
abetes: challenges in diagnosis and treatment.
World J Diabetes 2015;6:517–526
84. PapelbaumM, Appolinário JC,Moreira R deO,
Ellinger VC, Kupfer R, CoutinhoWF. Prevalence of
eating disorders and psychiatric comorbidity in a

clinical sample of type 2 diabetes mellitus pa-
tients. Rev Bras Psiquiatr 2005;27:135–138
85. Young-Hyman DL, Davis CL. Disordered eat-
ing behavior in individuals with diabetes: impor-
tance of context, evaluation, and classification.
Diabetes Care 2010;33:683–689
86. Pinhas-Hamiel O, Hamiel U, Greenfield Y,
et al. Detecting intentional insulin omission for
weight loss in girls with type 1 diabetesmellitus.
Int J Eat Disord 2013;46:819–825
87. Goebel-Fabbri AE, Fikkan J, Franko DL,
Pearson K, Anderson BJ, Weinger K. Insulin re-
striction and associatedmorbidity andmortality
in women with type 1 diabetes. Diabetes Care
2008;31:415–419
88. Weinger K, Beverly EA. Barriers to achieving
glycemic targets: who omits insulin and why?
Diabetes Care 2010;33:450–452
89. Hudson JI, Hiripi E, Pope HG Jr, Kessler RC.
The prevalence and correlates of eating disor-
ders in the National Comorbidity Survey Repli-
cation. Biol Psychiatry 2007;61:348–358
90. Martyn-Nemeth P, Quinn L, Hacker E, Park H,
Kujath AS. Diabetes distress may adversely affect
the eating styles of women with type 1 diabetes.
Acta Diabetol 2014;51:683–686
91. Peterson CM, Fischer S, Young-Hyman D.
Topical review: a comprehensive risk model
for disordered eating in youth with type 1 di-
abetes. J Pediatr Psychol 2015;40:385–390
92. Garber AJ. Novel GLP-1 receptor agonists
for diabetes. Expert Opin Investig Drugs 2012;
21:45–57
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Lifestyle management is a fundamental aspect of diabetes care and includes di-
abetes self-management education (DSME), diabetes self-management support
(DSMS), nutrition therapy, physical activity, smoking cessation counseling, and psy-
chosocial care. Patients and care providers should focus together on how to opti-
mize lifestyle from the time of the initial comprehensive medical evaluation,
throughout all subsequent evaluations and follow-up, and during the assessment
of complications and management of comorbid conditions in order to enhance
diabetes care.

DIABETES SELF-MANAGEMENT EDUCATION AND SUPPORT

Recommendations

c In accordance with the national standards for diabetes self-management ed-
ucation and support, all people with diabetes should participate in diabetes
self-management education to facilitate the knowledge, skills, and ability
necessary for diabetes self-care and in diabetes self-management support
to assist with implementing and sustaining skills and behaviors needed for
ongoing self-management, both at diagnosis and as needed thereafter. B

c Effective self-management and improved clinical outcomes, health status,
and quality of life are key goals of diabetes self-management education
and support that should be measured and monitored as part of routine
care. C

c Diabetes self-management education and support should be patient centered,
respectful, and responsive to individual patient preferences, needs, and values
and should help guide clinical decisions. A

c Diabetes self-management education and support programs have the neces-
sary elements in their curricula to delay or prevent the development of type 2
diabetes. Diabetes self-management education and support programs should
therefore be able to tailor their content when prevention of diabetes is the
desired goal. B

c Because diabetes self-management education and support can improve out-
comes and reduce costs B, diabetes self-management education and support
should be adequately reimbursed by third-party payers. E

DSME and DSMS programs facilitate the knowledge, skills, and abilities necessary
for optimal diabetes self-care and incorporate the needs, goals, and life experi-
ences of the person with diabetes. The overall objectives of DSME and DSMS are
to support informed decision making, self-care behaviors, problem solving, and
active collaboration with the health care team to improve clinical outcomes,
health status, and quality of life in a cost-effective manner (1). Providers should
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 DSME or DSMS. Monitor patient performance of self-
management behaviors as well as psychosocial factors impacting the person’s
self-management.
DSME and DSMS, and the current national standards guiding them (1,2), are

based on evidence of their benefits. Specifically, DSME helps people with diabetes
to identify and implement effective self-management strategies and cope with di-
abetes at the four critical time points (described below) (1). Ongoing DSMS helps
people with diabetes to maintain effective self-management throughout a lifetime
of diabetes as they face new challenges and as advances in treatment become
available (3).

Suggested citation: American Diabetes Associa-
tion. Lifestyle management. Sec. 4. In Standards
of Medical Care in Diabetesd2017. Diabetes
Care 2017;40(Suppl. 1):S33–S43
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Four critical time points have been de-
fined when the need for DSME and DSMS
should be evaluated by the medical care
provider and/or multidisciplinary team,
with referrals made as needed (1):

1. At diagnosis
2. Annually for assessment of education,
nutrition, and emotional needs

3.When new complicating factors (health
conditions, physical limitations, emo-
tional factors, orbasic livingneeds) arise
that influence self-management

4. When transitions in care occur

DSMEfocusesonsupportingpatientempow-
erment by providing people with diabetes
thetools tomakeinformedself-management
decisions (4). Diabetes care has shifted to an
approach that is more patient centered and
places the person with diabetes and his or
her family at the center of the care model,
working incollaborationwithhealthcarepro-
fessionals. Patient-centered care is respectful
of and responsive to individual patient pref-
erences, needs, and values. It ensures that
patient values guide all decision making (5).

Evidence for the Benefits
Studies have found that DSME is associ-
ated with improved diabetes knowledge
and self-care behaviors (2), lower A1C
(6–9), lower self-reported weight (10,11),
improved quality of life (8,12), healthy
coping (13,14), and reduced health care
costs (15,16). Better outcomes were re-
ported for DSME interventions that were
over 10 h in total duration, included follow-
up with DSMS (3,17), were culturally
(18,19) and age appropriate (20,21),
were tailored to individual needs and
preferences, and addressed psychosocial
issues and incorporated behavioral strat-
egies (4,13,22,23). Individual and group
approaches are effective (11,24). Emerg-
ing evidence is pointing to the benefit of
Internet-based DSME programs for diabe-
tes prevention and the management of
type 2 diabetes (25,26). There is growing
evidence for the role of community health
workers (27), aswell as peer (27–29) and lay
(30) leaders, in providing ongoing support.
DSME is associated with an increased

use of primary care and preventive ser-
vices (15,31,32) and less frequent use of
acute care and inpatient hospital ser-
vices (10). Patients who participate in
DSME are more likely to follow best
practice treatment recommendations, par-
ticularly among the Medicare population,

and have lower Medicare and insurance
claim costs (16,31). Despite these bene-
fits, reports indicate that only 5–7% of
individuals eligible for DSME through
Medicare or a private insurance plan ac-
tually receive it (33,34). This low partic-
ipation may be due to lack of referral or
other identified barriers such as logistical
issues (timing, costs) and the lack of a
perceived benefit (35). Thus, alternative
and innovative models of DSME delivery
need to be explored and evaluated.

Reimbursement
Medicare reimburses DSME and DSMS,
when provided by a program that meets
the national standards (2) and is recog-
nized by the American Diabetes Associa-
tion (ADA) or other approval bodies.
DSME is also covered by most health in-
surance plans. DSMS has been shown to
be instrumental for improving outcomes
when it follows the completion of a DSME
program. DSME and DSMS are frequently
reimbursed when performed in person.
However, although DSME and DSMS can
also be provided via phone calls and tele-
health, these remote versions may not
always be reimbursed.

NUTRITION THERAPY

For many individuals with diabetes, the
most challenging part of the treatment
plan is determining what to eat and
following a food plan. There is not a
one-size-fits-all eating pattern for indi-
viduals with diabetes. Nutrition therapy
has an integral role in overall diabetes
management, and each person with
diabetes should be actively engaged in
education, self-management, and treat-
ment planning with his or her health
care team, including the collaborative
development of an individualized eating
plan (36,37). All individuals with diabe-
tes should receive individualized medi-
cal nutrition therapy (MNT), preferably
provided by a registered dietitian who is
knowledgeable and skilled in providing
diabetes-specific MNT. MNT delivered
by a registered dietitian is associated with
A1C decreases of 0.3–1% for people with
type1diabetes (38–40)and0.5–2%forpeo-
ple with type 2 diabetes (41–44).

It is important that each member of
the health care team be knowledgeable
about nutrition therapy principles for
people with all types of diabetes and
be supportive of their implementation.
Emphasis should be on healthful eating

patterns containing nutrient-dense, high-
quality foods with less focus on specific
nutrients. The Mediterranean (45), Die-
tary Approaches to Stop Hypertension
(DASH) (46,47), and plant-based diets
(48) are all examples of healthful eating
patterns. See Table 4.1 for specific nutri-
tion recommendations.

For complete discussion and refer-
ences, see the ADA position statement
“Nutrition Therapy Recommendations
for the Management of Adults With Di-
abetes” (37).

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

ing patterns, emphasizing a variety of
nutrient-dense foods in appropriate
portion sizes, in order to improve over-
all health and specifically to:
○ Achieve andmaintain bodyweight

goals
○ Attain individualized glycemic,

blood pressure, and lipid goals
○ Delay or prevent the complications

of diabetes
2. To address individual nutrition needs

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

3. Tomaintain the pleasure of eating by
providing nonjudgmental messages
about food choices

4. To provide an individual with diabe-
tes the practical tools for developing
healthy eating patterns rather than
focusing on individual macronutri-
ents, micronutrients, or single foods

Weight Management
Body weight management is important
for overweight and obese people with
type 1 and type 2 diabetes. Lifestyle in-
tervention programs should be intensive
and have frequent follow-up to achieve
significant reductions in excess body
weight and improve clinical indicators.
There is strong and consistent evidence
thatmodest persistentweight loss can de-
lay the progression from prediabetes to
type 2 diabetes (49,50) and is beneficial
to the management of type 2 diabetes
(see Section 7 “Obesity Management for
the Treatment of Type 2 Diabetes”).

In overweight and obese patients
with type 2 diabetes, modest weight
loss, defined as sustained reduction of
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Table 4.1—MNT recommendations

Topic Recommendations
Evidence
rating

Effectiveness of nutrition therapy c An individualized MNT program, preferably provided by a registered dietitian, is
recommended for all people with type 1 or type 2 diabetes.

A

c For people with type 1 diabetes and those with type 2 diabetes who are prescribed a
flexible insulin therapy program, education on how to use carbohydrate counting
and in some cases fat and protein gram estimation to determine mealtime insulin
dosing can improve glycemic control.

A

c For individuals whose daily insulin dosing is fixed, having a consistent pattern of
carbohydrate intake with respect to time and amount can result in improved
glycemic control and a reduced risk of hypoglycemia.

B

c A simple and effective approach to glycemia and weight management emphasizing
portion control and healthy food choices may be more helpful for those with type 2
diabetes who are not taking insulin, who have limited health literacy or numeracy,
and who are elderly and prone to hypoglycemia.

B

c Because diabetes nutrition therapy can result in cost savings B and improved
outcomes (e.g., A1C reduction) A, MNT should be adequately reimbursed by
insurance and other payers. E

B, A, E

Energy balance c Modest weight loss achievable by the combination of reduction of calorie intake and
lifestyle modification benefits overweight or obese adults with type 2 diabetes and
also those with prediabetes. Intervention programs to facilitate this process are
recommended.

A

Eating patterns and macronutrient
distribution

c As there is no single ideal dietary distribution of calories among carbohydrates, fats,
and proteins for people with diabetes, macronutrient distribution should be
individualized while keeping total calorie and metabolic goals in mind.

E

c A variety of eating patterns are acceptable for the management of type 2 diabetes
and prediabetes including Mediterranean, DASH, and plant-based diets.

B

c Carbohydrate intake from whole grains, vegetables, fruits, legumes, and dairy
products, with an emphasis on foods higher in fiber and lower in glycemic load,
should be advised over other sources, especially those containing sugars.

B

c People with diabetes and those at risk should avoid sugar-sweetened beverages in
order to control weight and reduce their risk for CVD and fatty liver B and should
minimize the consumption of foods with added sugar that have the capacity to
displace healthier, more nutrient-dense food choices A

B, A

Protein c In individuals with type 2 diabetes, ingested protein appears to increase insulin
response without increasing plasma glucose concentrations. Therefore,
carbohydrate sources high in protein should not be used to treat or prevent
hypoglycemia.

B

Dietary fat c Whereas data on the ideal total dietary fat content for people with diabetes are
inconclusive, an eating plan emphasizing elements of aMediterranean-style diet rich
in monounsaturated fats may improve glucose metabolism and lower CVD risk and
can be an effective alternative to a diet low in total fat but relatively high in
carbohydrates.

B

c Eating foods rich in long-chain v-3 fatty acids, such as fatty fish (EPA and DHA) and
nuts and seeds (ALA) is recommended to prevent or treat CVD B; however, evidence
does not support a beneficial role for v-3 dietary supplements. A

B, A

Micronutrients and herbal supplements c There is no clear evidence that dietary supplementation with vitamins, minerals,
herbs, or spices can improve outcomes in people with diabetes who do not have
underlying deficiencies, and there may be safety concerns regarding the long-term
use of antioxidant supplements such as vitamins E and C and carotene.

C

Alcohol c Adults with diabetes who drink alcohol should do so in moderation (no more than
one drink per day for adult women and no more than two drinks per day for adult
men).

C

c Alcohol consumption may place people with diabetes at increased risk for
hypoglycemia, especially if taking insulin or insulin secretagogues. Education and
awareness regarding the recognition and management of delayed hypoglycemia are
warranted.

B

Sodium c As for the general population, people with diabetes should limit sodium
consumption to ,2,300 mg/day, although further restriction may be indicated for
those with both diabetes and hypertension.

B

Nonnutritive sweeteners c The use of nonnutritive sweeteners has the potential to reduce overall calorie and
carbohydrate intake if substituted for caloric sweeteners and without compensation
by intake of additional calories from other food sources. Nonnutritive sweeteners
are generally safe to use within the defined acceptable daily intake levels.

B
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5% of initial body weight, has been shown
to improve glycemic control and to reduce
the need for glucose-lowering medications
(51–53). Sustaining weight loss can be chal-
lenging (54). Weight loss can be attained
with lifestyle programs that achieve a
500–750 kcal/day energy deficit or pro-
vide ;1,200–1,500 kcal/day for women
and 1,500–1,800 kcal/day for men, ad-
justed for the individual’s baseline body
weight. For many obese individuals with
type 2 diabetes, weight loss.5% is needed
to produce beneficial outcomes in glyce-
mic control, lipids, and blood pressure,
and sustained weight loss of $7% is op-
timal (54).
The diets used in intensive lifestyle

management for weight loss may differ
in the types of foods they restrict (e.g.,
high-fat vs. high-carbohydrate foods),
but their emphasis should be on nutrient-
dense foods, such as whole grains, vegeta-
bles, fruits, legumes, low-fat dairy, lean
meats, nuts, and seeds, aswell asonachiev-
ing the desired energy deficit (55–58). The
diet choice shouldbebasedon thepatients’
health status and preferences.

Carbohydrates
Studies examining the ideal amount of
carbohydrate intake for people with dia-
betes are inconclusive, althoughmonitor-
ing carbohydrate intake and considering
the blood glucose response to dietary car-
bohydrate are key for improving post-
prandial glucose control (59,60). The
literature concerning glycemic index and
glycemic load in individuals with diabetes
is complex, though in some studies low-
ering the glycemic load of consumed
carbohydrates has demonstrated A1C
reductions of –0.2% to –0.5% (61,62). A
systematic review (61) found that whole-
grain consumption was not associated
with improvements in glycemic control
in type 2 diabetes. One study did find a
potential benefit of whole-grain intake in
reducingmortality and cardiovascular dis-
ease (CVD) among individuals with type 2
diabetes (63).
As for all Americans, individuals with

diabetes should be encouraged to replace
refined carbohydrates and added sugars
with whole grains, legumes, vegetables,
and fruits. The consumption of sugar-
sweetened beverages and processed
“low-fat” or “nonfat” food products
with high amounts of refined grains
and added sugars should be strongly
discouraged (64).

Individuals with type 1 or type 2 di-
abetes taking insulin at mealtimes
should be offered intensive education
on the need to couple insulin administra-
tion with carbohydrate intake. For people
whose meal schedules or carbohydrate
consumption is variable, regular counsel-
ing to help them understand the com-
plex relationship between carbohydrate
intake and insulin needs is important.
In addition, education regarding the
carbohydrate-counting approach to
meal planning can assist themwith effec-
tively modifying insulin dosing frommeal
to meal and improving glycemic control
(39,59,65–67). Individuals who consume
meals containing more protein and
fat than usual may also need to make
mealtime insulin dose adjustments to
compensate for delayed postprandial
glycemic excursions (68,69). For individ-
uals on a fixed daily insulin schedule,
meal planning should emphasize a rela-
tively fixed carbohydrate consumption
pattern with respect to both time and
amount (37). By contrast, a simpler di-
abetes meal planning approach empha-
sizing portion control and healthful food
choices may be better suited for some
elderly individuals, those with cognitive
dysfunction, and those for whom there
are concerns over health literacy and nu-
meracy (37–39,41,59,65). The modified
plate method (which uses measuring
cups to assist with portion measure-
ment) may be an effective alternative
to carbohydrate counting for some pa-
tients in improving glycemia (70).

Protein
There is no evidence that adjusting the
daily level of protein ingestion (typically
1–1.5 g/kg body weight/day or 15–20%
total calories) will improve health in
individuals without diabetic kidney dis-
ease, and research is inconclusive re-
garding the ideal amount of dietary
protein to optimize either glycemic con-
trol or CVD risk (61). Therefore, protein
intake goals should be individualized
based on current eating patterns. Some
research has found successful manage-
ment of type 2 diabetes with meal plans
including slightly higher levels of pro-
tein (20–30%), which may contribute to
increased satiety (47).

For thosewith diabetic kidney disease
(with albuminuria and/or reduced esti-
mated glomerular filtration rate), die-
tary protein should be maintained at

the recommended daily allowance of
0.8 g/kg body weight/day. Reducing
the amount of dietary protein below
the recommended daily allowance is
not recommended because it does not
alter glycemic measures, cardiovascular
risk measures, or the rate at which glo-
merular filtration rate declines (71,72).

In individuals with type 2 diabetes, in-
gested protein may enhance the insulin
response to dietary carbohydrates (73).
Therefore, carbohydrate sources high in
protein should not be used to treat or
prevent hypoglycemia.

Fats
The ideal amount of dietary fat for indi-
viduals with diabetes is controversial. The
Institute of Medicine has defined an ac-
ceptable macronutrient distribution for
total fat for all adults to be 20–35% of
energy (74). The type of fats consumed
is more important than total amount of
fat when looking at metabolic goals and
CVD risk (64,75–78). Multiple random-
ized controlled trials including patients
with type 2 diabetes have reported that
a Mediterranean-style eating pattern
(75,79–82), rich in monounsaturated
fats, can improve both glycemic control
and blood lipids. However, supplements
do not seem to have the same effects. A
systematic review concluded that dietary
supplements with v-3 fatty acids did not
improve glycemic control in individuals
with type 2 diabetes (61). Randomized
controlled trials also do not support rec-
ommendingv-3 supplements for primary
or secondary prevention of CVD (83–87).
Peoplewithdiabetes should beadvised to
follow the guidelines for the general pop-
ulation for the recommended intakes of
saturated fat, dietary cholesterol, and
trans fat (64). In general, trans fats should
be avoided.

Sodium
As for the general population, people
with diabetes should limit their sodium
consumption to ,2,300 mg/day. Lower-
ing sodium intake (i.e., 1,500 mg/day)
may benefit blood pressure in certain cir-
cumstances (88). However, other studies
(89,90) have recommended caution for
universal sodium restriction to 1,500 mg
in people with diabetes. Sodium intake
recommendations should take into ac-
count palatability, availability, affordability,
and the difficulty of achieving low-sodium
recommendations in a nutritionally ade-
quate diet (91).
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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 under-
lying deficiencies (37). Metformin is as-
sociated with vitamin B12 deficiency,
with a recent report from the Diabetes
Prevention Program Outcomes Study
(DPPOS) suggesting that periodic testing
of vitamin B12 levels should be con-
sidered in metformin-treated patients,
particularly in those with anemia or peri-
pheral neuropathy (92). Routine supple-
mentation with antioxidants, such as
vitamins E and C and carotene, is not ad-
vised because of lack of evidence of effi-
cacy and concern related to long-term
safety. In addition, there is insufficient evi-
dence to support the routine use of herbals
andmicronutrients, such as cinnamon (93)
and vitamin D (94), to improve glycemic
control in people with diabetes (37,95).

Alcohol
Moderate alcohol consumption does
not have major detrimental effects on
long-termblood glucose control in people
with diabetes. Risks associated with alco-
hol consumption include hypoglycemia
(particularly for those using insulin or in-
sulin secretagogue therapies), weight
gain, and hyperglycemia (for those con-
suming excessive amounts) (37,95).

Nonnutritive Sweeteners
For people who are accustomed to sugar-
sweetened products, nonnutritive sweet-
eners have the potential to reduce overall
calorie and carbohydrate intake and may
be preferred to sugar when consumed in
moderation. Regulatory agencies set ac-
ceptable daily intake levels for each non-
nutritive sweetener, defined as the amount
that canbe safely consumedover aperson’s
lifetime (37,96).

PHYSICAL ACTIVITY

Recommendations

c Children and adolescents with
type 1 or type 2 diabetes or predi-
abetes should engage in 60min/day
or more of moderate- or vigorous-
intensity aerobic activity, with vig-
orous muscle-strengthening and
bone-strengthening activities at
least 3 days/week. C

c Most adults with with type 1 C and
type 2 B diabetes should engage in
150 min or more of moderate-to-

vigorous intensity physical activity
per week, spread over at least
3 days/week, with no more than
2 consecutive days without activ-
ity. Shorter durations (minimum
75 min/week) of vigorous-intensity
or interval training may be suffi-
cient for younger and more physi-
cally fit individuals.

c Adults with type 1 C and type 2 B
diabetes should engage in 2–3
sessions/week of resistance exer-
cise on nonconsecutive days.

c All adults, and particularly those
with type 2 diabetes, should de-
crease the amount of time spent
in daily sedentary behavior. B Pro-
longed sitting should be interrup-
ted every 30 min for blood glucose
benefits, particularly in adults with
type 2 diabetes. C

c 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 pref-
erences to increase flexibility,
muscular strength, and balance. C

Physical activity is a general term that
includes all movement that increases
energy use and is an important part of
the diabetesmanagement plan. Exercise
is a more specific form of physical activity
that is structured and designed to im-
prove physical fitness. Both physical activ-
ity and exercise are important. Exercise
has been shown to improve blood glucose
control, reduce cardiovascular risk fac-
tors, contribute to weight loss, and im-
prove well-being. 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
those with type 2 diabetes.

Structured 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 (97). There are also considerable
data for the health benefits (e.g., in-
creased cardiovascular fitness, greater
muscle strength, improved insulin sensi-
tivity, etc.) of regular exercise for those
with type 1 diabetes (98). Higher levels
of exercise intensity are associated with

greater improvements in A1C and in fit-
ness (99). Other benefits include slowing
the decline in mobility among overweight
patients with diabetes (100). The ADA
position statement “Physical Activity/
Exercise and Diabetes: A Position State-
ment of the American Diabetes Asso-
ciation” reviews the evidence for the
benefits of exercise in people with di-
abetes (101).

Exercise and Children
All children, including children with di-
abetes or prediabetes, should be en-
couraged to engage in at least 60 min
of physical activity each day. Chil-
dren should engage in at least 60 min
of moderate-to-vigorous aerobic activ-
ity every day with muscle- and bone-
strengthening activities at least 3 days
per week (102). In general, youth with
type 1 diabetes benefit from being phys-
ically active, and an active lifestyle
should be recommended to all.

Frequency and Type of Physical
Activity
The U.S. Department of Health and Hu-
man Services’ physical activity guide-
lines for Americans (103) suggest that
adults over age 18 years engage in
150 min/week of moderate-intensity
or 75 min/week of vigorous-intensity
aerobic physical activity, or an equiva-
lent combination of the two. In addition,
the guidelines suggest that adults do
muscle-strengthening activities that in-
volve all major muscle groups 2 or more
days/week. The guidelines suggest that
adults over age 65 years and those with
disabilities follow the adult guidelines if
possible or, if not possible, be as physi-
cally active as they are able.

Recent evidence supports that all in-
dividuals, including those with diabetes,
should be encouraged to reduce the
amount of time spent being sedentary
(e.g., working at a computer, watching
TV), by breaking up bouts of sedentary
activity (.30 min) by briefly standing,
walking, or performing at other light
physical activities (104,105). Avoiding
extended sedentary periods may help
prevent type 2 diabetes for those at
risk and may also aid in glycemic control
for those with diabetes.

Physical Activity and Glycemic
Control
Clinical trials have provided strong evi-
dence for the A1C-lowering value of
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resistance training in older adults with
type 2 diabetes (106) and for an additive
benefit of combined aerobic and resis-
tance exercise in adults with type 2 diabe-
tes (107). If not contraindicated, patients
with type 2 diabetes should be encour-
aged to do at least two weekly sessions
of resistance exercise (exercise with free
weights or weight machines), with each
session consisting of at least one set
(group of consecutive repetitive exercise
motions) of five or more different resis-
tance exercises involving the large muscle
groups (106).
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 re-
spect to glycemic management. Each in-
dividual with type 1 diabetes has a
variable glycemic response to exercise.
This variability should be taken into con-
sideration when recommending the
type and duration of exercise for a given
individual (98).
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-
tivity prior to and during their pregnan-
cies as tolerated (101).

Pre-exercise Evaluation
As discussed more fully in Section 9 “Car-
diovascular Disease and Risk Manage-
ment,” the best protocol for assessing
asymptomatic patients with diabetes for
coronary artery disease remains unclear.
The ADA consensus report “Screening for
Coronary Artery Disease in Patients With
Diabetes” (108) concluded that routine
testing is not recommended. However,
providers should perform a careful his-
tory, assess cardiovascular risk factors,
and be aware of the atypical presentation
of coronary artery disease in patientswith
diabetes. Certainly, high-risk patients
should be encouraged to start with short
periods of low-intensity exercise and
slowly increase the intensity and dura-
tion. Providers should assess patients for
conditions that might contraindicate cer-
tain types of exercise or predispose to in-
jury, such as uncontrolled hypertension,
untreated proliferative retinopathy, auto-
nomicneuropathy, peripheral neuropathy,
and a history of foot ulcers or Charcot foot.
The patient’s age and previous physical
activity level should be considered. The

provider should customize the exercise
regimen to the individual’s needs. Those
with complications may require a more
thorough evaluation (98).

Hypoglycemia
In individuals taking insulin and/or insu-
lin secretagogues, physical activity may
cause hypoglycemia if the medication
dose or carbohydrate consumption is
not altered. Individuals on these thera-
pies may need to ingest some added
carbohydrate if pre-exercise glucose
levels are,100 mg/dL (5.6 mmol/L), de-
pending on whether they can lower
insulin levels during the workout (such
as with an insulin pump or reduced pre-
exercise insulin dosage), the time of day
exercise is done, and the intensity and
duration of the activity (98,101). Hypo-
glycemia is less common in patients
with diabetes who are not treated with
insulin or insulin secretagogues, and no
routine preventive measures for hypo-
glycemia are usually advised in these
cases. In some patients, hypoglycemia
after exercise may occur and last for sev-
eral hours due to increased insulin sensi-
tivity. Intense activities may actually raise
blood glucose levels instead of lowering
them, especially if pre-exercise glucose
levels are elevated (109).

Exercise in the Presence of Specific
Long-term Complications of Diabetes

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 retinal
detachment (110). Consultation with an
ophthalmologist prior to engaging in
an intense exercise regimen may be
appropriate.

Peripheral Neuropathy

Decreasedpain sensationandahigherpain
threshold in the extremities result in an
increased risk of skin breakdown, 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 sensationduringphysical
activity, particularly in those with more se-
vere neuropathy. Studies have shown that
moderate-intensity walking may not lead
to an increased risk of foot ulcers or
reulceration in those with peripheral

neuropathy who use proper footwear
(111). In addition, 150 min/week of mod-
erate exercise was reported to improve
outcomes in patientswith prediabetic neu-
ropathy (112). All individuals with periph-
eral 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 hy-
potension, impaired thermoregulation,
impaired night vision due to impaired
papillary reaction, and greater suscepti-
bility to hypoglycemia (113). Cardiovascu-
lar autonomic neuropathy is also an
independent risk factor for cardiovascular
death and silent myocardial ischemia
(114). Therefore, individuals 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 increases the rate of progres-
sion of diabetic kidney disease, and
there appears to be no need for specific
exercise restrictions for people with di-
abetic kidney disease (110).

SMOKING CESSATION: TOBACCO
AND e-CIGARETTES

Recommendations

c Advise all patients not to use ciga-
rettes and other tobacco products
A or e-cigarettes. E

c Include smoking cessation coun-
seling and other forms of treat-
ment as a routine component of
diabetes care. B

Results from epidemiological, case-control,
and cohort studies provide convincing
evidence to support the causal link be-
tween cigarette smoking and health risks
(115). Recent data show tobacco use is
higher among adults with chronic condi-
tions (116). Other studies of individuals
with diabetes consistently demonstrate
that smokers (and people exposed to sec-
ondhand smoke) have a heightened risk of
CVD, premature death, and microvascular
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complications. Smoking may have a role in
the development of type 2 diabetes (117).
One study in smokers with newly diag-
nosed type 2 diabetes found that smoking
cessationwas associatedwith amelioration
of metabolic parameters and reduced
blood pressure and albuminuria at 1 year
(118).
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 tobacco
use. For the patientmotivated to quit, the
addition of pharmacological therapy to
counseling is more effective than either
treatment alone. Special considerations
should include assessment of level of nic-
otine dependence, which is associated
with difficulty in quitting and relapse
(119). Although some patients may gain
weight in the period shortly after smoking
cessation, recent research has demon-
strated that this weight gain does not di-
minish the substantial CVDbenefit realized
from smoking cessation (120).
Nonsmokers should be advised not to

use e-cigarettes. There are no rigorous
studies that have demonstrated that
e-cigarettes are a healthier alternative
to smoking or that e-cigarettes can facil-
itate smoking cessation. More extensive
research of their short- and long-term
effects is needed to determine their
safety and their cardiopulmonary effects
in comparison with smoking and stan-
dard approaches to smoking cessation
(121–123).

PSYCHOSOCIAL ISSUES

Recommendations

c Psychosocial care should be inte-
grated with a collaborative, patient-

centered approach and provided to
all people with diabetes, with the
goals of optimizing health outcomes
and health-related quality of life. A

c Psychosocial screening and follow-
up may include, but are not lim-
ited to, attitudes about the illness,
expectations for medical manage-
ment and outcomes, affect or mood,
general and diabetes-related qual-
ity of life, available resources (fi-
nancial, social, and emotional), and
psychiatric history. E

c Providers should consider assess-
ment for symptoms of diabetes
distress, depression, anxiety, dis-
ordered eating, and cognitive ca-
pacities using patient-appropriate
standardized and validated tools
at the initial visit, at periodic inter-
vals, and when there is a change in
disease, treatment, or life circum-
stance. Including caregivers and
family members in this assessment
is recommended. B

c Consider screening older adults
(aged $65 years) with diabetes
for cognitive impairment and de-
pression. B

Please refer to the ADA position state-
ment “Psychosocial Care for People with
Diabetes” for a list of assessment tools
and additional details (124).

Emotional well-being is an important
partofdiabetes careandself-management.
Psychological and social problems can
impair the individual’s (125–127) or fam-
ily’s (128) ability to carry out diabetes
care tasks and therefore potentially com-
promise health status. There are oppor-
tunities for the clinician to routinely
assess psychosocial status in a timely
and efficient manner for referral to appro-
priate services. A systematic review and
meta-analysis showed that psychosocial

interventions modestly but significantly
improved A1C (standardized mean differ-
ence–0.29%) andmental healthoutcomes
(129). However, there was a limited as-
sociation between the effects on A1C
and mental health, and no intervention
characteristics predicted benefit on
both outcomes.

Screening
Key opportunities for psychosocial screen-
ing occur at diabetes diagnosis, during reg-
ularly scheduledmanagement visits, during
hospitalizations, with new onset of compli-
cations, or when problems with glucose
control, quality of life, or self-management
are identified (1). Patients are likely to
exhibit psychological vulnerability at diag-
nosis, when their medical status changes
(e.g., end of the honeymoon period), when
theneedfor intensifiedtreatment isevident,
and when complications are discovered.

Providers can start with informal ver-
bal inquires, for example, by asking if
there have been changes in mood dur-
ing the past 2 weeks or since their last
visit. Providers should consider asking
if there are new or different barriers to
treatment and self-management, such
as feeling overwhelmed or stressed by
diabetes or other life stressors. Stan-
dardized and validated tools for psycho-
social monitoring and assessment can
also be used by providers, with positive
findings leading to referral to a mental
health provider specializing in diabetes
for comprehensive evaluation, diagno-
sis, and treatment.

Diabetes Distress

Recommendation

c Routinely monitor people with di-
abetes for diabetes distress, par-
ticularly when treatment targets
are not met and/or at the onset
of diabetes complications. B

Table 4.2—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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Diabetes distress (DD) is very common
and is distinct from other psychological
disorders (130–132). DD refers to signifi-
cant negative psychological reactions re-
lated to emotional burdens and worries
specific to an individual’s experience in
having to manage a severe, complicated,
and demanding chronic disease such as di-
abetes (131–133). The constant behavioral
demands (medication dosing, frequency,
and titration; monitoring blood glucose,
food intake, eating patterns, and physical
activity) of diabetes self-management
and the potential or actuality of disease
progression are directly associated with
reports of DD (131). The prevalence of
DD is reported to be 18–45% with an in-
cidence of 38–48% over 18months (133).
In the second Diabetes Attitudes, Wishes
and Needs (DAWN2) study, significant
DD was reported by 45% of the partici-
pants, but only 24% reported that their
health care teams asked them how
diabetes affected their lives (130).
High levels of DD significantly impact
medication-taking behaviors and are
linked to higher A1C, lower self-efficacy,
and poorer dietary and exercise behav-
iors (14,131,133). DSME has been shown
to reduce DD (14). It may be helpful to
provide counseling regarding expected
diabetes-related versus generalized
psychological distress at diagnosis
and when disease state or treatment
changes (134).
DD should be routinely monitored

(135) using patient-appropriate vali-
dated measures. If DD is identified, the
person should be referred for specific
diabetes education to address areas of
diabetes self-care that aremost relevant
to the patient and impact clinical man-
agement. People whose self-care re-
mains impaired after tailored diabetes
education should be referred by their
care team to a behavioral health pro-
vider for evaluation and treatment.
Other psychosocial issues known to

affect self-management and health
outcomes include attitudes about the
illness, expectations for medical manage-
ment and outcomes, available resources
(financial, social, and emotional) (136),
and psychiatric history. For additional
information on psychiatric comorbid-
ities (depression, anxiety, disordered
eating, and serious mental illness),
please refer to Section 3 “Comprehen-
sive Medical Evaluation and Assess-
ment of Comorbidities.”

Referral to a Mental Health Specialist
Indications for referral to a mental health
specialist familiar with diabetes manage-
ment may include positive screening for
overall stress related towork-life balance,
DD, diabetes management difficulties,
depression, anxiety, disordered eating,
and cognitive functioning difficulties (see
Table 4.2 for a complete list). It is prefer-
able to incorporate psychosocial assess-
ment and treatment into routine care
rather than waiting for a specific problem
or deterioration in metabolic or psycho-
logical status to occur (22,130). Providers
should identify behavioral and mental
health providers, ideally those who are
knowledgeable about diabetes treatment
and the psychosocial aspects of diabetes,
to whom they can refer patients. Ideally,
psychosocial care providers should be
embedded in diabetes care settings. Al-
though the clinicianmay not feel qualified
to treat psychological problems (137),
optimizing the patient–provider relation-
ship as a foundation may increase the
likelihood of the patient accepting re-
ferral for other services. Collaborative
care interventions and a team approach
have demonstrated efficacy in diabe-
tes self-management and psychosocial
functioning (14).
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5. Prevention or Delay of Type 2
Diabetes
Diabetes Care 2017;40(Suppl. 1):S44–S47 | DOI: 10.2337/dc17-S008

For guidelines related to screening for increased risk for type 2 diabetes (prediabe-
tes), please refer to Section 2 “Classification and Diagnosis of Diabetes.”

Recommendations

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

c Patients with prediabetes should be referred to an intensive behavioral life-
style intervention program modeled on the Diabetes Prevention Program to
achieve and maintain 7% loss of initial body weight and increase moderate-
intensity physical activity (such as brisk walking) to at least 150 min/week. A

c Technology-assisted tools including Internet-based social networks, distance
learning, DVD-based content, andmobile applications may be useful elements
of effective lifestyle modification to prevent diabetes. B

c Given the cost-effectiveness of diabetes prevention, such intervention pro-
grams should be covered by third-party payers. B

Screening for prediabetes and type 2 diabetes through an informal assessment of
risk factors (Table 2.3) or with an assessment tool, such as the American Diabetes
Association risk test (Fig. 2.1), is recommended to guide providers on whether
performing a diagnostic test for prediabetes (Table 2.4) and previously undiagnosed
type 2 diabetes (Table 2.2) is appropriate (see Section 2 “Classification andDiagnosis of
Diabetes”). Those determined to be at high risk for type 2 diabetes, including people
with A1C 5.7–6.4% (39–47mmol/mol), impaired glucose tolerance, or impaired fasting
glucose, are ideal candidates for diabetes prevention efforts. At least annual monitor-
ing for the development of diabetes in those with prediabetes is suggested.

LIFESTYLE INTERVENTIONS

The Diabetes Prevention Program
The strongest evidence for diabetes prevention comes from the Diabetes Preven-
tion Program (DPP) (1). The DPP demonstrated that an intensive lifestyle interven-
tion could reduce the incidence of type 2 diabetes by 58% over 3 years. Follow-up of
three large studies of lifestyle intervention for diabetes prevention has shown
sustained reduction in the rate of conversion to type 2 diabetes: 43% reduction
at 20 years in the Da Qing study (2), 43% reduction at 7 years in the Finnish Diabetes
Prevention Study (DPS) (1), and 34% reduction at 10 years in the U.S. Diabetes
Prevention Program Outcomes Study (DPPOS) (3).
The two major goals of the DPP intensive, behavioral, lifestyle intervention were

to achieve and maintain a minimum of 7% weight loss and 150 min of physical
activity per week similar in intensity to brisk walking. The DPP lifestyle intervention
was a goal-based intervention: all participants were given the same weight loss and
physical activity goals, but individualization was permitted in the specific methods
used to achieve the goals (4).
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 inter-
vention. The recommended pace of weight loss was 1–2 lb/week. Calorie goals were
calculated by estimating the daily calories needed to maintain the participant’s
initial weight and subtracting 500–1,000 calories/day (depending on initial body
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weight). The initial focus was on reduc-
ing total dietary fat. After several weeks,
the concept of calorie balance and the
need to restrict calories as well as fat
was introduced (4).
The goal for physical activity was

selected to approximate at least 700
kcal/week expenditure from physical ac-
tivity. For ease of translation, this goal was
described as at least 150min ofmoderate-
intensity physical activity perweek similar
in intensity to brisk walking. Partici-
pants were encouraged to distribute
their activity throughout the week with a
minimum frequency of three times per
week with at least 10 min per session. A
maximum of 75 min of strength train-
ing could be applied toward the total
150 min/week physical activity goal (4).
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 al-
lowed for tailoring of interventions to re-
flect the diversity of the population (4).
The DPP intervention was adminis-

tered as a structured core curriculum
followed by a more flexible mainte-
nance program of individual sessions,
group classes, motivational campaigns,
and restart opportunities. The 16-session
core curriculum was completed within
the first 24 weeks of the program and in-
cluded sections on lowering calories, in-
creasing physical activity, self-monitoring,
maintaining healthy lifestyle behaviors,
and psychological, social, and motivational
challenges. For further details on the core
curriculum sessions, refer to ref. 4.

Nutrition
Reducing caloric intake is of paramount
importance for those at high risk for de-
veloping type 2 diabetes, though recent
evidence suggests that the quality of
fats consumed in the diet is more impor-
tant than the total quantity of dietary fat
(5–7). For example, the Mediterranean
diet, which is relatively high in monoun-
saturated fats, may help to prevent type
2 diabetes (8–10).
Whereas overall healthy low-calorie

eating patterns should be encouraged,
there is also some evidence that par-
ticular dietary components impact di-
abetes risk. Data suggest that whole

grains may help to prevent type 2 dia-
betes (11). Higher intakes of nuts (12),
berries (13), yogurt (14), coffee, and
tea (15) are associated with reduced di-
abetes risk. Conversely, red meats and
sugar-sweetened beverages are associ-
ated with an increased risk of type 2
diabetes (6).

As is the case for those with diabetes,
individualized medical nutrition therapy
(see Section 4 “Lifestyle Management”
for more detailed information) is effec-
tive in lowering A1C in individuals diag-
nosed with prediabetes (16).

Physical Activity
Just as 150 min/week of moderate-
intensity physical activity, such as brisk
walking, showed beneficial effects in
those with prediabetes (17), moderate-
intensity physical activity has been
shown to improve insulin sensitivity
and reduce abdominal fat in children
and young adults (18,19). On the basis
of these findings, providers are encour-
aged to promote a DPP-style program,
including its focus on physical activity,
to all individuals who have been identi-
fied to be at an increased risk of type 2
diabetes. In addition to aerobic activity,
an exercise regimen designed to prevent
diabetes may include resistance training
(1,20). Breaking up prolonged sedentary
time may also be encouraged, as it is
associated with moderately lower post-
prandial glucose levels (21,22). The pre-
ventative effects of exercise appear to
extend to the prevention of gestational
diabetes mellitus (GDM) (23).

Technology Assistance to Deliver
Lifestyle Interventions
New information technology platforms
may effectively deliver the core compo-
nents of the DPP (24–26). Initial studies
have validated DVD-based content deliv-
ery (27). This has been corroborated in a
primary care patient population (28). Re-
cent studies support content delivery
through virtual small groups (29), Inter-
net-driven social networks (30,31), cellu-
lar phones, and other mobile devices.
Mobile applications for weight loss and
diabetes prevention have been validated
for their ability to reduce A1C in the set-
ting of prediabetes (31). The Centers for
Disease Control and Prevention (CDC) Di-
abetes Prevention Recognition Program
(DPRP) (http://www.cdc.gov/diabetes/
prevention/recognition/index.htm) has

begun to certify electronic and mobile
health-based modalities as effective vehi-
cles for DPP-based interventions that may
be considered alongside more traditional
face-to-face and coach-driven programs.
A recent study showed that an all-mobile
approach to administering DPP content
can be effective as a prevention tool, at
least over the short term, in overweight
and obese individuals at high risk for dia-
betes (32).

Cost-effectiveness
A cost-effectiveness model suggested
that the lifestyle intervention used in
the DPP was cost-effective (33). Actual
cost data from the DPP and DPPOS con-
firmed this (34). Group delivery of DPP
content in community settings has the po-
tential to reduce overall program costs
while still producingweight loss and diabe-
tes risk reduction (35,36). The CDC helps to
coordinate the National Diabetes Preven-
tion Program, a resource designed to bring
evidence-based lifestyle change programs
for preventing type 2 diabetes to com-
munities (http://www.cdc.gov/diabetes/
prevention/index.htm). On 7 July 2016,
the Centers for Medicare and Medicaid
Services (CMS) proposed expanded Medi-
care reimbursement coverage for DPP
programs in an effort to expand preven-
tive services using a cost-effective model
(https://www.cms.gov/site-search/search-
results.html?q5diabetes%20prevention).

PHARMACOLOGIC
INTERVENTIONS

Recommendations

c 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,womenwith prior gestational
diabetes mellitus, and/or those
with rising A1C despite lifestyle
intervention. A

c Long-term use of metformin may
be associated with biochemical
vitamin B12 deficiency, and peri-
odic measurement of vitamin
B12 levels should be considered
in metformin-treated patients, es-
pecially in those with anemia or
peripheral neuropathy. B

Pharmacologic agents including metfor-
min, a-glucosidase inhibitors, orlistat,
glucagon-like peptide 1 (GLP-1) receptor
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agonists, and thiazolidinediones have
each been shown to decrease incident
diabetes to various degrees in those with
prediabetes. Metformin has the strongest
evidence base and demonstrated long-
term safety as pharmacologic therapy for
diabetes prevention (37). For other drugs,
cost, side effects, and durable efficacy
require consideration.
Metformin was less effective than

lifestyle modification in the DPP and
DPPOS but may be cost-saving over a
10-year period (34). It was as effective
as lifestyle modification in participants
with BMI $35 kg/m2 but not signifi-
cantly better than placebo in those
over 60 years of age (17). In the DPP,
for womenwith history of GDM,metfor-
min and intensive lifestyle modification
led to an equivalent 50% reduction in
diabetes risk (38), and both interven-
tions remained highly effective dur-
ing a 10-year follow-up period (39).
Metformin should be recommended as
an option for high-risk individuals (e.g.,
those with a history of GDM, those who
are very obese, and/or those with rel-
atively more hyperglycemia) and/or
those with rising A1C despite lifestyle
intervention. Consider monitoring B12
levels in those taking metformin chroni-
cally to check for possible deficiency (see
Section 8 “Pharmacologic Approaches to
Glycemic Treatment” for more details).

PREVENTION OF CARDIOVASCULAR
DISEASE

Recommendation

c Screening for and treatment of
modifiable risk factors for cardio-
vascular disease is suggested for
those with prediabetes. B

People with prediabetes often have
other cardiovascular risk factors, includ-
ing hypertension and dyslipidemia, and
are at increased risk for cardiovascular
disease (40). Although treatment goals
for people with prediabetes are the
same as for the general population, in-
creased vigilance is warranted to identify
and treat these and other cardiovascular
risk factors (e.g., smoking).

DIABETES SELF-MANAGEMENT
EDUCATION AND SUPPORT

Recommendation

c Diabetes self-management educa-
tion and support programs may be

appropriate venues for people
with prediabetes to receive educa-
tion and support to develop and
maintain behaviors that can pre-
vent or delay the development of
diabetes. B

As for thosewith established diabetes, the
standards for diabetes self-management
educationandsupport (seeSection4“Life-
style Management”) can also apply to
people with prediabetes. Currently, there
are significant barriers to the provision of
education and support to those with pre-
diabetes. However, the strategies for sup-
porting successful behavior change, and
the healthy behaviors recommended for
people with prediabetes are comparable
to those for diabetes. Although reim-
bursement remains a barrier, studies
show that providers of diabetes self-
management education and support are
particularlywell equipped to assist people
with prediabetes in developing and main-
taining behaviors that can prevent or de-
lay the development of diabetes (16,41).
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6. Glycemic Targets
Diabetes Care 2017;40(Suppl. 1):S48–S56 | DOI: 10.2337/dc17-S009

ASSESSMENT OF GLYCEMIC CONTROL

Patient self-monitoring of blood glucose (SMBG) and A1C are available to health
care providers and patients to assess the effectiveness and safety of the man-
agement plan on glycemic control. Continuous glucose monitoring (CGM) also has
an important role in assessing the effectiveness and safety of treatment in sub-
groups of patients with type 1 diabetes and in selected patients with type 2
diabetes.

Recommendations

c Most patients using intensive insulin regimens (multiple-dose insulin or insulin
pump therapy) should perform self-monitoring of blood glucose (SMBG) prior
to meals and snacks, at bedtime, occasionally postprandially, prior to exercise,
when they suspect low blood glucose, after treating low blood glucose until
they are normoglycemic, and prior to critical tasks such as driving. B

c When prescribed as part of a broad educational program, SMBG may help to
guide treatment decisions and/or self-management for patients taking less
frequent insulin injections B or noninsulin therapies. E

c When prescribing SMBG, ensure that patients receive ongoing instruction and
regular evaluation of SMBG technique, SMBG results, and their ability to use
SMBG data to adjust therapy. E

c When used properly, continuous glucose monitoring (CGM) in conjunction
with intensive insulin regimens is a useful tool to lower A1C in selected adults
(aged $25 years) with type 1 diabetes. A

c Although the evidence for A1C lowering is less strong in children, teens, and
younger adults, CGM may be helpful in these groups. Success correlates with
adherence to ongoing use of the device. B

c CGM may be a useful tool in those with hypoglycemia unawareness and/or
frequent hypoglycemic episodes. C

c Given the variable adherence to CGM, assess individual readiness for continu-
ing CGM use prior to prescribing. E

c When prescribing CGM, robust diabetes education, training, and support are
required for optimal CGM implementation and ongoing use. E

c People who have been successfully using CGM should have continued access
after they turn 65 years of age. E

Self-monitoring of Blood Glucose
Major clinical trials of insulin-treated patients have included SMBG as part of the
multifactorial interventions to demonstrate the benefit of intensive glycemic con-
trol on diabetes complications. SMBG is thus an integral component of effective
therapy (1). SMBG allows patients to evaluate their individual response to therapy
and assess whether glycemic targets are being achieved. Integrating SMBG results
into diabetesmanagement can be a useful tool for guidingmedical nutrition therapy
and physical activity, preventing hypoglycemia, and adjusting medications (par-
ticularly prandial insulin doses). Among patients with type 1 diabetes, there is a
correlation between greater SMBG frequency and lower A1C (2). The patient’s
specific needs and goals should dictate SMBG frequency and timing.

Optimization

SMBG accuracy is dependent on the instrument and user, so it is important to
evaluate each patient’s monitoring technique, 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. Among patients who check their blood
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glucose at least once daily, many report
taking no action when results are high or
low. In a yearlong study of insulin-naive
patients with suboptimal initial glycemic
control, a group trained in structured
SMBG (a paper toolwas used at least quar-
terly to collect and interpret 7-point SMBG
profiles taken on 3 consecutive days) re-
duced their A1C by 0.3 percentage points
more than the control group (3). Patients
should be taught how touse SMBGdata to
adjust food intake, exercise, or pharmaco-
logical therapy to achieve specific goals.
The ongoing need for and frequency of
SMBG should be reevaluated at each rou-
tine visit to avoid overuse (4–6). SMBG is
especially important for insulin-treatedpa-
tients to monitor for and prevent asymp-
tomatic hypoglycemia and hyperglycemia.

For Patients on Intensive Insulin Regimens

Most patients using intensive insulin regi-
mens (multiple-dose insulin or insulin
pumptherapy) shouldperformSMBGprior
to meals and snacks, at bedtime, occasion-
ally postprandially, prior to exercise, when
they suspect lowblood glucose, after treat-
ing low blood glucose until they are nor-
moglycemic, and prior to critical tasks such
as driving. For many patients, this will re-
quire testing 6–10 (or more) times daily,
although individual needs may vary. A da-
tabase study of almost 27,000 children and
adolescents with type 1 diabetes showed
that, after adjustment for multiple con-
founders, increased daily frequency of
SMBG was significantly associated with
lower A1C (–0.2% per additional test per
day) and with fewer acute complications.

For Patients Using Basal Insulin or Oral Agents

The evidence is insufficient regarding
when to prescribe SMBG and how often
testing is needed for patients who do not
use intensive insulin regimens, such as
thosewith type2diabetesusingoral agents
or basal insulin. For patients using basal in-
sulin, lowering of A1C has been demon-
strated for those who adjust their dose to
attain a fasting glucose as determined by
SMBG within a targeted range (7,8).
For individuals with type 2 diabetes on

less intensive insulin therapy,more frequent
SMBG (e.g., fasting, before/after meals)
may be helpful, as increased frequency is
associated with meeting A1C targets (9).
Several randomized trials have called

into question the clinical utility and cost-
effectiveness of routine SMBG in noninsulin-
treated patients (10–12). Meta-analyses
have suggested that SMBG can reduce A1C

by 0.25–0.3% at 6 months (10,13), but the
effect was attenuated at 12 months in one
analysis (13). A key consideration is that per-
forming SMBG alone does not lower blood
glucose levels. To be useful, the information
must be integrated into clinical and self-
management plans.

Continuous Glucose Monitoring
CGM measures interstitial glucose (which
correlates well with plasma glucose) and in-
cludes sophisticated alarms for hypo- and
hyperglycemic excursions. The U.S. Food
and Drug Administration (FDA) has not yet
approved these devices as a sole device to
monitor glucose. CGMs require calibration
with SMBG, and SMBG is still required to
make treatment decisions. An FDA advisory
panel recently recommended approval for
use of one CGM device alone (without
SMBG) to make treatment decisions, but
the final FDA decision is still pending.

A 26-week randomized trial of 322 pa-
tients with type 1 diabetes showed that
adults aged $25 years using intensive
insulin therapy and CGM experienced a
0.5% reduction in A1C (from ;7.6% to
7.1% [;60 mmol/mol to 54 mmol/mol])
comparedwith thoseusing intensive insulin
therapy with SMBG (14). CGM use in those
aged ,25 years (children, teens, and
adults) did not result in significant A1C
lowering, and there was no significant dif-
ference in hypoglycemia in any group. The
greatest predictor of A1C lowering for all
age-groups was frequency of sensor use,
whichwas highest in those aged$25 years
and lower in younger age-groups. Other
small, short-term studies have demon-
strated similar A1C reductions using CGM
compared with SMBG in adults with A1C
levels$7% (53 mmol/mol) (15,16).

A registry study of 17,317 participants
confirmed that more frequent CGM use
is associated with lower A1C (17), whereas
another study showed that children
with .70% sensor use (i.e., $5 days per
week) missed fewer school days (18). Small
randomized controlled trials in adults and
childrenwith baseline A1C,7.0–7.5% (53–
58 mmol/mol) have confirmed favorable
outcomes including a reduced frequency
of hypoglycemia (defined as a blood glu-
cose level ,70 mg/dL [3.9 mmol/L]) and
maintaining A1C,7% (53 mmol/mol) dur-
ing the study period in groups using CGM,
suggesting that CGM may provide further
benefit for individuals with type 1 diabetes
who already have good glycemic control
(19–21).

A meta-analysis suggests that com-
pared with SMBG, CGM is associated with
short-term A1C lowering of ;0.26% in in-
sulin-treated patients (22). The long-term
effectiveness of CGM needs to be deter-
mined. This technology may be particularly
useful in insulin-treated patientswith hypo-
glycemia unawareness and/or frequent
hypoglycemic episodes, although studies
havenot shownconsistent reductions in se-
vere hypoglycemia (22–24). A CGM device
equipped with an automatic low glucose
suspend feature has been approved by
the FDA. The Automation to Simulate Pan-
creatic Insulin Response (ASPIRE) trial of
247patientswith type1diabetes anddocu-
mented nocturnal hypoglycemia showed
that sensor-augmented insulin pump ther-
apy with a low glucose suspend function
significantly reduced nocturnal hypoglyce-
mia over 3 months without increasing A1C
levels (25). These devices may offer the op-
portunity to reduce hypoglycemia for those
with ahistoryof nocturnal hypoglycemia. In
September 2016, the FDA approved the
first hybrid closed-loop system, which
may be considered as an option in those
already on an insulin pumpwhen it is avail-
able on the market. The safety of hybrid
closed-loop systems has been supported
in the literature (26).

Due to variable adherence, optimal
CGM use requires an assessment of in-
dividual readiness for the technology as
well as initial and ongoing education and
support (17,27). Additionally, providers
need to provide robust diabetes educa-
tion, training, and support for optimal
CGM implementation and ongoing use.
As people with type 1 or type 2 diabetes
are living longer healthier lives, individu-
als who have been successfully using
CGM should have continued access to
these devices after they turn 65 years of
age (28).

A1C TESTING

Recommendations

c Perform the A1C test at least two
times a year in patients who are
meeting treatment goals (and who
have stable glycemic control). E

c Perform the A1C test quarterly in
patients whose therapy has changed
or who are not meeting glycemic
goals. E

c Point-of-care testing forA1Cprovides
the opportunity for more timely
treatment changes. E

care.diabetesjournals.org Glycemic Targets S49



A1C reflects average glycemia over ap-
proximately 3 months and has strong
predictive value for diabetes complica-
tions (29,30). Thus, A1C testing should
be performed routinely in all patients
with diabetesdat initial assessment
and as part of continuing care. Measure-
ment approximately every 3 months de-
termines whether patients’ glycemic
targets have been reached and main-
tained. 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 between patients and
providers. Patients with type 2 diabe-
tes with stable glycemia well within
target may do well with A1C testing
only twice per year. Unstable or inten-
sively managed patients (e.g., pregnant
women with type 1 diabetes) may re-
quire testing more frequently than ev-
ery 3 months (31).

A1C Limitations
The A1C test is an indirect measure of
average glycemia and, as such, is subject
to limitations. Conditions that affect red
blood cell turnover (hemolysis, blood
loss) and hemoglobin variants must be
considered, particularly when the A1C
result does not correlate with the pa-
tient’s SMBG levels. For patients in
whom A1C/estimated average glucose
(eAG) and measured blood glucose ap-
pear discrepant, clinicians should con-
sider the possibilities of altered red
blood cell turnover. Options for moni-
toring include more frequent and/or
different timing of SMBG or CGM
use. Other measures of average gly-
cemia such as fructosamine and 1,5-
anhydroglucitol (1,5-AG) are available,
but their translation into average glu-
cose levels and their prognostic signifi-
cance are not as clear as for A1C (see
Section 2 “Classification and Diagnosis
of Diabetes”).
A1C does not provide a measure of

glycemic variability or hypoglycemia.
For patients prone to glycemic variabil-
ity, especially patients with type 1 dia-
betes or type 2 diabetes with severe
insulin deficiency, glycemic control is
best evaluated by the combination of
results from SMBG and A1C. A1C may
also confirm the accuracy of the pa-
tient’s meter (or the patient’s reported

SMBG results) and the adequacy of the
SMBG testing schedule.

A1C and Mean Glucose
Table 6.1 shows the correlation be-
tween A1C levels and mean glucose
levels based on two studies: the inter-
national A1C-Derived Average Glucose
(ADAG) study, which assessed the
correlation between A1C and fre-
quent SMBG and CGM in 507 adults
(83% non-Hispanic whites) with type 1,
type 2, and no diabetes (32), and an em-
pirical study of the average blood glu-
cose levels at premeal, postmeal, and
bedtime associated with specified A1C
levels using data from the ADAG trial
(27). The American Diabetes Associ-
ation (ADA) and the American Asso-
ciation 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 eAG result when a clinician or-
ders the A1C test (Table 6.1). Clinicians
should note that the mean plasma glu-
cose numbers in the table are based
on ;2,700 readings per A1C in the
ADAG trial.

A1C Differences in Ethnic Populations
and Children
In the ADAG study, there were no signif-
icant differences among racial and ethnic
groups in the regression lines between
A1C and mean glucose, although the
study was underpowered to detect a dif-
ference and there was a trend toward a
difference between the African/African
American and non-Hispanic white co-
horts, with higher values observed in
Africans/African Americans compared
with non-Hispanic whites. Other studies
have also demonstrated higher A1C levels
in African Amercans than in whites (33). 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 (r5 0.7) was sig-
nificantly lower than in the ADAG trial
(34). Whether there are clinically mean-
ingful differences in how A1C relates
to average glucose in children or in dif-
ferent ethnicities is an area for further
study (35,36). For the time being, the
question has not led to different recom-
mendations about testing A1C or to dif-
ferent interpretations of the clinical
meaning of given levels of A1C in those
populations. Until further evidence is

available, it seems prudent to establish
A1C goals in these populations with
consideration of both individualized
SMBG and A1C results.

A1C GOALS

For glycemic goals in children, please re-
fer to Section 12 “Children and Adoles-
cents.” For glycemic goals in pregnant
women, please refer to Section 13 “Man-
agement of Diabetes in Pregnancy.”

Recommendations

c A reasonable A1C goal for many
nonpregnant adults is ,7% (53
mmol/mol). A

c Providers might reasonably sug-
gest more stringent A1C goals
(such as ,6.5% [48 mmol/mol])
for selected individual patients
if this can be achieved without sig-
nificant hypoglycemia or other ad-
verse effects of treatment (i.e.,
polypharmacy). Appropriate pa-
tients might include those with
short duration of diabetes, type 2
diabetes treated with lifestyle or
metformin only, long life expec-
tancy, or no significant cardiovas-
cular disease. C

c Less stringent A1C goals (such
as ,8% [64 mmol/mol]) may be
appropriate for patients with a his-
tory of severe hypoglycemia, lim-
ited life expectancy, advanced
microvascular or macrovascular
complications, extensive comor-
bid conditions, or long-standing
diabetes in whom the goal is diffi-
cult to achieve despite diabetes
self-management education, ap-
propriate glucose monitoring,
and effective doses of multiple
glucose-lowering agents including
insulin. B

A1C and Microvascular Complications
Hyperglycemia defines diabetes, and
glycemic control is fundamental to dia-
betes management. The Diabetes Con-
trol and Complications Trial (DCCT) (1), a
prospective randomized controlled trial
of intensive versus standard glycemic
control in patients with type 1 diabetes,
showed definitively that better glycemic
control is associated with significantly de-
creased rates of development and pro-
gression of microvascular (retinopathy
[37] anddiabetic kidney disease) andneu-
ropathic complications. Follow-up of the
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DCCT cohorts in the Epidemiology of Di-
abetes Interventions and Complications
(EDIC) study (38) demonstrated persis-
tence of these microvascular benefits de-
spite the fact that the glycemic separation
between the treatment groups dimin-
ished and disappeared during follow-up.
The Kumamoto Study (39) and UK

Prospective Diabetes Study (UKPDS)
(40,41) confirmed that intensive glyce-
mic control significantly decreased rates
of microvascular and neuropathic com-
plications in patients with type 2 diabe-
tes. Long-term follow-up of the UKPDS
cohorts showed enduring effects of
early glycemic control on most micro-
vascular complications (42).
Therefore, achieving A1C targets

of,7% (53 mmol/mol) has been shown
to reduce microvascular complications of
diabetes. Epidemiological analyses of the
DCCT (1) andUKPDS (43) demonstrate a cur-
vilinear relationship between A1C and mi-
crovascular complications. Such analyses
suggest that,onapopulation level, thegreat-
est 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 microvascular complications, al-
thoughtheabsolute risk reductionsbecome
much smaller. Given the substantially in-
creased risk of hypoglycemia in type 1 di-
abetes trials and with polypharmacy in
type 2 diabetes, the risks of lower glyce-
mic targets outweigh the potential bene-
fits on microvascular complications.

ACCORD, ADVANCE, and VADT

Three landmark trials (Action to Control
Cardiovascular Risk in Diabetes [ACCORD],
Action in Diabetes and Vascular Disease:
Preterax and Diamicron MR Controlled
Evaluation [ADVANCE], and Veterans Af-
fairs Diabetes Trial [VADT]) showed that
lower A1C levels were associated with re-
duced onset or progression ofmicrovascu-
lar complications (44–46).

The concerning mortality findings in
the ACCORD trial (47), discussed below,
and the relatively intense efforts required
to achieve near-euglycemia should also be
considered when setting glycemic targets.
However,on thebasisofphysician judgment

and patient preferences, select patients, es-
pecially those with little comorbidity and
long life expectancy, may benefit from
adopting more intensive glycemic targets
(e.g., A1C target,6.5% [48mmol/mol]) as
long as significant hypoglycemia does
not become a barrier.

A1C and Cardiovascular Disease
Outcomes

Cardiovascular Disease and Type 1

Diabetes

Cardiovascular disease (CVD) is a more
common cause of death than microvas-
cular complications in populations with
diabetes. There is evidence for a cardio-
vascular benefit of intensive glycemic
control after long-term follow-upof cohorts
treated early in the course of type 1 and
type 2 diabetes. In the DCCT, there was a
trend toward lower risk of CVD events with
intensive control. In the 9-year post-DCCT
follow-up of the EDIC cohort, participants
previously randomized to the intensive arm
had a significant 57% reduction in the risk
of nonfatal myocardial infarction (MI),
stroke, or cardiovascular death compared
with those previously randomized to the

Table 6.1—Mean glucose levels for specified A1C levels (27,32)

A1C Mean plasma glucose* Mean fasting glucose Mean premeal glucose Mean postmeal glucose Mean bedtime glucose

% (mmol/mol) mg/dL mmol/L mg/dL mmol/L mg/dL mmol/L mg/dL mmol/L mg/dL mmol/L

6 (42) 126
(100–152)

7.0
(5.5–8.5)

5.5–6.49
(37–47)

122
(117–127)

6.8
(6.5–7.0)

118
(115–121)

6.5
(6.4–6.7)

144
(139–148)

8.0
(7.7–8.2)

136
(131–141)

7.5
(7.3–7.8)

6.5–6.99
(47–53)

142
(135–150)

7.9
(7.5–8.3)

139
(134–144)

7.7
(7.4–8.0)

164
(159–169)

9.1
(8.8–9.4)

153
(145–161)

8.5
(8.0–8.9)

7 (53) 154
(123–185)

8.6
(6.8–10.3)

7.0–7.49
(53–58)

152
(143–162)

8.4
(7.9–9.0)

152
(147–157)

8.4
(8.2–8.7)

176
(170–183)

9.8
(9.4–10.2)

177
(166–188)

9.8
(9.2–10.4)

7.5–7.99
(58–64)

167
(157–177)

9.3
(8.7–9.8)

155
(148–161)

8.6
(8.2–8.9)

189
(180–197)

10.5
(10.0–10.9)

175
(163–188)

9.7
(9.0–10.4)

8 (64) 183
(147–217)

10.2
(8.1–12.1)

8.0–8.5
(64–69)

178
(164–192)

9.9
(9.1–10.7)

179
(167–191)

9.9
(9.3–10.6)

206
(195–217)

11.4
(10.8–12.0)

222
(197–248)

12.3
(10.9–13.8)

9 (75) 212
(170–249)

11.8
(9.4–13.9)

10 (86) 240
(193–282)

13.4
(10.7–15.7)

11 (97) 269
(217–314)

14.9
(12.0–17.5)

12 (108) 298
(240–347)

16.5
(13.3–19.3)

Data in parentheses represent 95% CI, unless otherwise noted. A calculator for converting A1C results into eAG, in either mg/dL or mmol/L, is
available at http://professional.diabetes.org/eAG. *These estimates are based on ADAG data of;2,700 glucose measurements over 3 months per
A1C measurement in 507 adults with type 1, type 2, and no diabetes. The correlation between A1C and average glucose was 0.92 (32).
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standard arm (48). The benefit of intensive
glycemic control in this cohort with type 1
diabetes has been shown to persist for
several decades (49) and to be associ-
ated with a modest reduction in all-cause
mortality (50).

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. During the UKPDS,
there was a 16% reduction in CVD events
(combined fatal or nonfatal MI and sud-
den 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). However, after
10 years of observational follow-up, those
originally randomized to intensive glyce-
mic control had significant long-term re-
ductions in MI (15% with sulfonylurea or
insulin as initial pharmacotherapy, 33%
with metformin as initial pharmacother-
apy) and in all-cause mortality (13% and
27%, respectively) (42).
The ACCORD, ADVANCE, and VADT

suggested no significant reduction in
CVD outcomes with intensive glycemic
control in participants followed for 3.5–
5.6 years who had 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 factors. The targetA1Camong intensive
control subjects was ,6% (42 mmol/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% versus 7.5%
(46 mmol/mol vs. 58 mmol/mol) in
ACCORD, 6.5% versus 7.3% (48 mmol/
mol vs. 56 mmol/mol) in ADVANCE, and
6.9% versus 8.4% (52 mmol/mol vs.
68 mmol/mol) in VADT. Details of these
studies are reviewed extensively in the
ADAposition statement “IntensiveGlycemic
Control and the Prevention of Cardiovascu-
lar Events: Implications of the ACCORD,
ADVANCE,andVADiabetesTrials:APosition
Statement of the American Diabetes Asso-
ciation and a Scientific Statement of the
American College of Cardiology Foundation
and the American Heart Association” (51).
The glycemic control comparison in

ACCORD was halted early due to an

increased mortality rate in the intensive
compared with the standard treatment
arm (1.41% vs. 1.14% per year; hazard ra-
tio 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 mortal-
ity in the intensive treatment arm (47).

Longer-term follow-uphas shownnoev-
idence of cardiovascular benefit or harm in
the ADVANCE trial (52). The end-stage re-
nal disease rate was lower in the intensive
treatment group over follow-up. However,
10-year follow-up of the VADT cohort (53)
showeda reduction in the risk of cardiovas-
cular events (52.7 [control group] vs. 44.1
[intervention group] events per 1,000 per-
son-years)withnobenefit in cardiovascular
or overall mortality. Heterogeneity of mor-
tality effects across studies was noted,
which may reflect differences in glycemic
targets, therapeutic approaches, and pop-
ulation characteristics (54).

Mortality findings in ACCORD (47)
and subgroup analyses of VADT (55) sug-
gest that the potential risks of intensive
glycemic control may outweigh its bene-
fits in higher-risk patients. In all three tri-
als, severe hypoglycemia was significantly
more likely in participants who were ran-
domly assigned to the intensive glycemic
control arm. Those patients with long
duration of diabetes, a known history of
hypoglycemia, advanced atherosclerosis,
or advanced age/frailty may benefit from
less aggressive targets (56,57).

Providers should be vigilant in pre-
venting hypoglycemia in patients with
advanced disease and should not aggres-
sively attempt to achieve near-normal
A1C levels in patients in whom such tar-
gets cannot be safely and reasonably
achieved. Severe or frequent hypoglyce-
mia is an absolute indication for the
modification of treatment regimens, in-
cluding setting higher glycemic goals.

Many factors, including patient prefer-
ences, should be taken into account when
developing a patient’s individualized goals
(Table 6.2)

A1C and Glycemic Targets
Numerous aspects must be considered
when setting glycemic targets. The
ADA proposes optimal targets, but
each target must be individualized to
the needs of each patient and his or her
disease factors.

When possible, such decisions should
be made with the patient, reflecting his
or her preferences, needs, and values.
Figure 6.1 is not designed to be applied
rigidly but to be used as a broad con-
struct to guide clinical decision making
(58), both in type 1 and type 2 diabetes.

Recommended glycemic targets for
many nonpregnant adults are shown in
Table 6.2. The recommendations in-
clude blood glucose levels that appear
to correlate with achievement of an
A1C of ,7% (53 mmol/mol). The issue
of preprandial versus postprandial SMBG
targets is complex (59). Elevated post-
challenge (2-h oral glucose tolerance
test) glucose values have been associ-
ated with increased cardiovascular risk
independent of fasting plasma glucose
in some epidemiological studies, but in-
tervention trials have not shown post-
prandial glucose to be a cardiovascular
risk factor independent of A1C. In sub-
jects with diabetes, surrogate measures
of vascular pathology, such as endothelial
dysfunction, are negatively affected by
postprandial hyperglycemia. It is clear
that postprandial hyperglycemia, like
preprandial 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
shown A1C to be the primary predictor
of complications, and landmark trials

Table 6.2—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. Goals should
be individualized based on duration of diabetes, age/life expectancy, comorbid conditions,
known CVD or advanced microvascular complications, hypoglycemia unawareness, and
individual patient considerations. †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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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 in-
sulin regimens targeting postprandial glu-
cose compared with those targeting
preprandial glucose (60). Therefore, it is
reasonable for postprandial testing to be
recommended for individuals who have
premeal glucose values within target but
have A1C values above target. Measuring
postprandial plasma glucose 1–2 h after
the start of a meal and using treat-
ments aimed at reducing postprandial
plasma glucose values to ,180 mg/dL
(10.0 mmol/L) may help to lower A1C.
An analysis of data from 470 participants

in the ADAG study (237 with type 1 diabe-
tes and 147 with type 2 diabetes) found
that actual average glucose levels associ-
ated with conventional A1C targets were
higher than older DCCT and ADA targets
(Table 6.1) (27,29). These findings support
that premeal glucose targets may be re-
laxedwithoutunderminingoverall glycemic
control as measured by A1C. These data
prompted the revision in the ADA-
recommended premeal glucose target
to 80–130 mg/dL (4.4–7.2 mmol/L) but did
not affect the definition of hypoglycemia.

HYPOGLYCEMIA

Recommendations

c Individuals at risk for hypoglyce-
mia shouldbeaskedabout symptom-
atic and asymptomatic hypoglycemia
at each encounter. C

c Glucose (15–20 g) is the preferred
treatment for the conscious individu-
al with hypoglycemia (glucose alert
value of #70 mg/dL [3.9 mmol/L]),
although any form of carbohydrate
that contains glucose may be used.
Fifteen minutes after treatment, if
SMBG shows continued hypoglyce-
mia, the treatment should be re-
peated. Once SMBG returns to
normal, the individual should con-
sume a meal or snack to prevent re-
currence of hypoglycemia. E

c Glucagon should be prescribed for
all individuals at increased risk of clin-
ically significant hypoglycemia, de-
fined as blood glucose ,54 mg/dL
(3.0 mmol/L), so it is available should
it be needed. Caregivers, school per-
sonnel, or family members of these
individuals should know where it is
and when and how to administer it.
Glucagon administration is not lim-
ited to health care professionals. E

c Hypoglycemia unawareness or one
or more episodes of severe hypo-
glycemia should trigger reevalua-
tion of the treatment regimen. E

c Insulin-treated patientswith hypo-
glycemia unawareness or an episode
of clinically significant hypoglyce-
mia should be advised to raise
their glycemic targets to strictly
avoid hypoglycemia for at least
several weeks in order to par-
tially reverse hypoglycemia un-
awareness and reduce risk of future
episodes. A

c Ongoing assessment of cognitive
function is suggested with in-
creased vigilance for hypoglycemia
by the clinician, patient, and care-
givers if low cognition or declining
cognition is found. B

Hypoglycemia is the major limiting fac-
tor in the glycemic management of
type 1 and type 2 diabetes. Recommen-
dations from the International Hypogly-
caemia Study Group regarding the
classification of hypoglycemia are out-
lined in Table 6.3 (61). Of note, this clas-
sification scheme considers a blood
glucose ,54 mg/dL (3.0 mmol/L) de-
tected by SMBG, CGM (for at least
20 min), or laboratory measurement of
plasma glucose as sufficiently low to in-
dicate serious, clinically significant hypo-
glycemia that should be included in
reports of clinical trials of glucose-lowering
drugs for the treatment of diabetes
(61). However, a glucose alert value of
$70 mg/dL (3.9 mmol/L) can be impor-
tant for therapeutic dose adjustment of
glucose-lowering drugs in clinical care
and is often related to symptomatic hy-
poglycemia. Severe hypoglycemia is de-
fined as severe cognitive impairment
requiring assistance from another person
for recovery (62).

Symptoms of hypoglycemia include,
but are not limited to, shakiness, irritabil-
ity, confusion, tachycardia, and hunger.
Hypoglycemia may be inconvenient or
frightening to patients with diabetes. Se-
vere hypoglycemia may be recognized or
unrecognized and can progress to loss of
consciousness, seizure, coma, or death. It is
reversed by administration of rapid-acting
glucose or glucagon. Clinically signifi-
cant hypoglycemia can cause acute harm
to the person with diabetes or others, es-
pecially if it causes falls, motor vehicle

Figure 6.1—Depicted are patient and disease factors used to determine optimal A1C targets. Char-
acteristics and predicaments toward the left justify more stringent efforts to lower A1C; those toward
the right suggest less stringent efforts. Adapted with permission from Inzucchi et al. (58).
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accidents, or other injury. A large cohort
study suggested that among older adults
with type 2 diabetes, a history of severe
hypoglycemia was associated with greater
risk of dementia (63). Conversely, in a sub-
study of the ACCORD trial, cognitive
impairment at baseline or decline in
cognitive function during the trial was
significantly associated with subsequent
episodes of severe hypoglycemia (64).
Evidence from DCCT/EDIC, which in-
volved adolescents and younger adults
with type 1 diabetes, found no associa-
tion between frequency of severe hypo-
glycemia and cognitive decline (65), as
discussed in Section 12 “Children and
Adolescents.”
Severe hypoglycemia was associated

with mortality in participants in both the
standard and the intensive glycemia arms
of the ACCORD trial, but the relationships
betweenhypoglycemia, achievedA1C, and
treatment intensity were not straightfor-
ward. An association of severe hypoglyce-
mia with mortality was also found in the
ADVANCE trial (66). An association be-
tween self-reported severe hypoglycemia
and 5-year mortality has also been report-
ed in clinical practice (67).
Young children with type 1 diabetes

and the elderly are noted as particularly
vulnerable to clinically significant hypo-
glycemia because of their reduced ability
to recognize hypoglycemic symptoms and
effectively communicate their needs. In-
dividualized glucose targets, patient edu-
cation, dietary intervention (e.g., bedtime
snack toprevent overnight hypoglycemia),
exercise management, medication ad-
justment, glucose monitoring, and rou-
tine clinical surveillance may improve
patient outcomes (62).
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
demonstrated that higher glycemic tar-
gets corresponded to A1C goals (27). An

additional goal of raising the lower range
of the glycemic target was to limit over-
treatment and provide a safety margin in
patients titrating glucose-lowering drugs
such as insulin to glycemic targets.

Hypoglycemia Treatment
Providers should continue to counsel
patients to treat hypoglycemia with
fast-acting carbohydrates at the blood
glucose alert value of 70 mg/dL (3.9
mmol/L) or less. Hypoglycemia treat-
ment requires ingestionof glucose- or car-
bohydrate-containing foods. 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 contains glucose will
raise blood glucose. Added fat may retard
and then prolong the acute glycemic re-
sponse. Ongoing insulin activity or insulin
secretagogues may lead to recurrent hypo-
glycemia unless further food is ingested af-
ter recovery. Once the glucose 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 un-
able or unwilling to consume carbohy-
drates by mouth. Those in close contact
with, or having custodial care of, people
with hypoglycemia-prone diabetes (fam-
ily members, roommates, school person-
nel, child care providers, correctional
institution staff, or coworkers) should
be instructed on the use of glucagon
kits including where the kit is and when
and how to administer glucagon. An indi-
vidual does not need to be a health care
professional to safely administer glucagon.
Care should be taken to ensure that gluca-
gon kits are not expired.

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

SMBG and, for some patients, CGM are
essential tools to assess therapy and de-
tect incipient hypoglycemia. Patients
should understand situations that in-
crease their risk of hypoglycemia, such
as fasting for tests or procedures, de-
layed meals, during or after intense ex-
ercise, and during sleep. Hypoglycemia
may increase the risk of harm to self or
others, such as with driving. Teaching
people with diabetes to balance insulin
use and carbohydrate intake and exer-
cise are necessary, but these strategies
are not always sufficient for prevention.

In type 1 diabetes and severely insulin-
deficient type2diabetes, hypoglycemiaun-
awareness (or hypoglycemia-associated
autonomic failure) can severely compro-
mise stringent diabetes control and qual-
ity of life. This syndrome is characterized
by deficient counterregulatory hormone
release, especially in older adults, and a
diminished autonomic response, which
both are 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 counterregulation and hypo-
glycemia awareness in many patients
(68). Hence, patients with one or more
episodes of clinically significant hypogly-
cemia may benefit from at least short-
term relaxation of glycemic targets.

INTERCURRENT ILLNESS

For further information on management
of patients with hyperglycemia in the
hospital, please refer to Section 14 “Di-
abetes Care in the Hospital.”

Stressful events (e.g., illness, trauma,
surgery, etc.) may worsen glycemic con-
trol and precipitate diabetic ketoacidosis
or nonketotic hyperosmolar state, life-
threatening conditions that require imme-
diatemedical care toprevent complications
and death. Any condition leading to deteri-
oration in glycemic control necessitates
more frequent monitoring of blood glu-
cose; ketosis-prone patients also require

Table 6.3—Classification of hypoglycemia (61)

Level Glycemic criteria Description

Glucose alert value (level 1) #70 mg/dL (3.9 mmol/L) Sufficiently low for treatment with fast-acting carbohydrate
and dose adjustment of glucose-lowering therapy

Clinically significant hypoglycemia (level 2) ,54 mg/dL (3.0 mmol/L) Sufficiently low to indicate serious, clinically important
hypoglycemia

Severe hypoglycemia (level 3) No specific glucose threshold Hypoglycemia associated with severe cognitive impairment
requiring external assistance for recovery
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urineorbloodketonemonitoring. If accom-
panied by ketosis, vomiting, or alteration in
the level of consciousness, marked hyper-
glycemia requires temporary adjustment of
the treatment regimen and immediate in-
teraction with the diabetes care team. The
patient treatedwithnoninsulin therapiesor
medical nutrition therapy alone may tem-
porarily require insulin. Adequate fluid and
caloric intakemust be ensured. Infection or
dehydration is more likely to necessitate
hospitalization of the person with diabetes
than the person without diabetes.
A physician with expertise in diabetes

management should treat the hospital-
ized patient. For further information on
the management of diabetic ketoacidosis
and the hyperglycemic nonketotic hyper-
osmolar state, please refer to the ADA
consensus report “Hyperglycemic Crises
in Adult Patients With Diabetes” (69).
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Treatment of Type 2 Diabetes
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There is strong and consistent evidence that obesity management can delay the pro-
gression from prediabetes to type 2 diabetes (1,2) and may be beneficial in the treat-
ment of type 2 diabetes (3–8). In overweight and obese patients with type 2 diabetes,
modest and sustained weight loss has been shown to improve glycemic control and to
reduce the need for glucose-lowering medications (3–5). Small studies have demon-
strated that in obese patients with type 2 diabetes more extreme dietary energy
restriction with very low-calorie diets can reduce A1C to ,6.5% (48 mmol/mol) and
fasting glucose to,126mg/dL (7.0mmol/L) in the absence of pharmacological therapy
or ongoing procedures (7,9,10). Weight loss–induced improvements in glycemia are
most likely to occur early in the natural history of type 2 diabetes when obesity-
associated insulin resistance has caused reversible b-cell dysfunction but insulin secre-
tory capacity remains relatively preserved (5,8,10). The goal of this section is to provide
evidence-based recommendations for dietary, pharmacological, and surgical interven-
tions for obesity management as treatments for hyperglycemia in type 2 diabetes.

ASSESSMENT

Recommendation

c At each patient encounter, BMI should be calculated and documented in the
medical record. B

At each routine patient encounter, BMI should be calculated from the height and
weight. BMI should be classified to determine the presence of overweight or
obesity, discussed with the patient, and documented in the patient record. In Asian
Americans, the BMI cutoff points to define overweight and obesity are lower than
in other populations (Table 7.1) (11,12). Providers should advise overweight and
obese patients that higher BMIs increase the risk of cardiovascular disease and all-
cause mortality. Providers should assess each patient’s readiness to achieve weight
loss and jointly determine weight loss goals and intervention strategies. Strategies
include diet, physical activity, behavioral therapy, pharmacological therapy, and
metabolic surgery (Table 7.1). The latter two strategies may be prescribed for
carefully selected patients as adjuncts to diet, physical activity, and behavioral
therapy.

DIET, PHYSICAL ACTIVITY, AND BEHAVIORAL THERAPY

Recommendations

c Diet, physical activity, and behavioral therapy designed to achieve .5%
weight loss should be prescribed for overweight and obese patients with
type 2 diabetes ready to achieve weight loss. A

c Such interventions should be high intensity ($16 sessions in 6 months) and
focus on diet, physical activity, and behavioral strategies to achieve a 500–750
kcal/day energy deficit. A

c Diets should be individualized, as those that provide the same caloric restric-
tion but differ in protein, carbohydrate, and fat content are equally effective in
achieving weight loss. A

c For patients who achieve short-term weight loss goals, long-term ($1-year)
comprehensive weight maintenance programs should be prescribed. Such
programs should provide at least monthly contact and encourage ongo-
ing monitoring of body weight (weekly or more frequently), continued
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consumption of a reduced calorie
diet, and participation in high
levels of physical activity (200–
300 min/week). A

c To achieve weight loss of .5%,
short-term (3-month) interven-
tions that use very low-calorie di-
ets (#800 kcal/day) and total meal
replacements may be prescribed
for carefully selected patients by
trained practitioners in medical
care settings with close medical
monitoring. To maintain weight
loss, such programs must incorpo-
rate long-term comprehensive
weight maintenance counseling. B

Among overweight or obese patients with
type 2 diabetes and inadequate glycemic,
blood pressure, and lipid control and/or
other obesity-related medical conditions,
lifestyle changes that result in modest
and sustained weight loss produce clini-
cally meaningful reductions in blood glu-
cose, A1C, and triglycerides (3–5). Greater
weight loss produces even greater bene-
fits, including reductions in bloodpressure,
improvements in LDL and HDL cholesterol,
and reductions in theneed formedications
to control blood glucose, blood pressure,
and lipids (13,14).

Look AHEAD Trial
Although the Action for Health in Diabe-
tes (Look AHEAD) trial did not show that
an intensive lifestyle intervention re-
duced cardiovascular events in over-
weight or obese adults with type 2
diabetes (13), it did show the feasibility
of achieving and maintaining long-term
weight loss in patients with type 2
diabetes. In the Look AHEAD intensive
lifestyle intervention group, mean
weight loss was 4.7% at 8 years (14).
Approximately 50% of intensive lifestyle
intervention participants lost $5% and

27% lost $10% of their initial body
weight at 8 years (14). Participants ran-
domly assigned to the intensive lifestyle
group achieved equivalent risk factor
control but required fewer glucose-,
blood pressure–, and lipid-lowering
medications than those randomly as-
signed to standard care. Secondary
analyses of the Look AHEAD trial and
other large cardiovascular outcome
studies document other benefits of
weight loss in patients with type 2 di-
abetes, including improvements in mo-
bility, physical and sexual functioning,
and health-related quality of life (15).

Lifestyle Interventions
Weight loss can be attained with life-
style programs that achieve a 500–750
kcal/day energy deficit or provide ap-
proximately 1,200–1,500 kcal/day for
women and 1,500–1,800 kcal/day for
men, adjusted for the individual’s base-
line body weight. Although benefits
may be seen with as little as 5% weight
loss, sustained weight loss of $7% is
optimal.

These diets may differ in the types of
foods they restrict (such as high-fat or
high-carbohydrate foods) but are effec-
tive if they create the necessary energy
deficit (16–19). Use of meal replace-
ment plans prescribed by trained prac-
titioners, with close patient monitoring,
can be beneficial. Within the intensive
lifestyle intervention group of the Look
AHEAD trial, for example, use of a
partial meal replacement plan was as-
sociated with improvements in diet
quality (20). The diet choice should be
based on the patient’s health status
and preferences.

Intensive behavioral lifestyle inter-
ventions should include $16 sessions
in 6 months and focus on diet, physical
activity, and behavioral strategies to
achieve an ;500–750 kcal/day energy

deficit. Interventions should be pro-
vided by trained interventionists in ei-
ther individual or group sessions (21).

Overweight and obese patients with
type 2 diabetes who have lost weight
during the 6-month intensive behavioral
lifestyle intervention should be enrolled
in long-term ($1-year) comprehensive
weight loss maintenance programs
that provide at least monthly contact
with a trained interventionist and focus
on ongoing monitoring of body weight
(weekly or more frequently), continued
consumption of a reduced calorie diet,
and participation in high levels of phys-
ical activity (200–300 min/week). Some
commercial and proprietary weight loss
programs have shown promising weight
loss results (22).

When provided by trained practi-
tioners in medical care settings with
close medical monitoring, short-term
(3-month) interventions that use very
low-calorie diets (defined as #800 kcal/
day) and total meal replacements may
achieve greater short-term weight loss
(10–15%) than intensive behavioral life-
style interventions that typically achieve
5% weight loss. Weight regain follow-
ing the cessation of very low-calorie
diets is greater than following inten-
sive behavioral lifestyle interventions
unless a long-term comprehensive
weight loss maintenance program is
provided (23,24).

PHARMACOTHERAPY

Recommendations

c When choosing glucose-lowering
medications for overweight or
obese patients with type 2 di-
abetes, consider their effect on
weight. E

c Whenever possible, minimize the
medications for comorbid condi-
tions that are associated with
weight gain. E

c Weight loss medications may be
effective as adjuncts to diet, physi-
cal activity, and behavioral counsel-
ing for selected patients with type
2 diabetes and BMI $27 kg/m2.
Potential benefitsmust beweighed
against the potential risks of the
medications. A

c If a patient’s response to weight
loss medications is ,5% weight
loss after 3 months or if there are
any safety or tolerability issues at

Table 7.1—Treatment for overweight and obesity in type 2 diabetes

BMI category (kg/m2)

Treatment
23.0* or
25.0–26.9 27.0–29.9

27.5* or
30.0–34.9 35.0–39.9 $40

Diet, physical activity,
and behavioral therapy ┼ ┼ ┼ ┼ ┼

Pharmacotherapy ┼ ┼ ┼ ┼
Metabolic surgery ┼ ┼ ┼

*Cutoff points for Asian American individuals.
┼Treatment may be indicated for selected motivated patients.
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any time, the medication should
be discontinued and alternative
medications or treatment ap-
proaches should be considered. A

Antihyperglycemic Therapy
When evaluating pharmacological treat-
ments for overweight or obese patients
with type 2 diabetes, providers should first
consider their choice of glucose-lowering
medications. Whenever possible, medica-
tions should be chosen to promote weight
loss or to be weight neutral. Agents asso-
ciatedwith weight loss includemetformin,
a-glucosidase inhibitors, sodium–glucose
cotransporter 2 inhibitors, glucagon-like
peptide 1 agonists, and amylin mimetics.
Dipeptidyl peptidase 4 inhibitors ap-
pear to be weight neutral. Unlike these
agents, insulin secretagogues, thiazolidin-
ediones, and insulin have often been
associated with weight gain (see Section
8 “Pharmacologic Approaches to Glyce-
mic Treatment”).

Concomitant Medications
Providers should carefully review the pa-
tient’s concomitant medications and,
whenever possible, minimize or provide
alternatives for medications that promote
weight gain. Medications associated with
weight gain include atypical antipsychotics
(e.g., clozapine, olanzapine, risperidone,
etc.) and antidepressants (e.g., tricyclic
antidepressants, selective serotonin re-
uptake inhibitors, and monoamine oxi-
dase inhibitors), glucocorticoids, oral
contraceptives that contain progestins,
anticonvulsants including gabapentin,
and a number of antihistamines and
anticholinergics.

Approved Weight Loss Medications
The U.S. Food and Drug Administration
(FDA) has approved five weight loss
medications (or combination medica-
tions) for long-term use (more than a
few weeks) by patients with BMI
$27 kg/m2 with one or more obesity-
associated comorbid conditions (e.g.,
type 2 diabetes. hypertension, and
dyslipidemia) and by patients with
BMI $30 kg/m2 who are motivated to
lose weight (25–27). Medications ap-
proved for long-term weight loss and
weight loss maintenance and their
advantages and disadvantages are sum-
marized in Table 7.2. The rationale for
weight loss medications is to help pa-
tients to more consistently adhere to

low-calorie diets and to reinforce life-
style changes including physical activity.
Providers should be knowledgeable
about the product label and should bal-
ance the potential benefits of successful
weight loss against the potential risks of
the medication for each patient. These
medications are contraindicated in
women who are or may become preg-
nant. Women in their reproductive years
must be cautioned to use a reliable
method of contraception.

Assessing Efficacy and Safety
Efficacy and safety should be assessed at
leastmonthly for thefirst 3monthsof treat-
ment. If a patient’s response is deemed
insufficient (weight loss ,5%) or if there
are any safety or tolerability issues at any
time, the medication should be discontin-
ued and alternative medications or treat-
ment approaches should be considered.

In general, pharmacological treat-
ment of obesity has been limited by
low adherence, modest efficacy, adverse
effects, and weight regain after medica-
tion cessation (25).

METABOLIC SURGERY

Recommendations

c Metabolic surgery should be recom-
mended to treat type 2 diabetes in
appropriate surgical candidates with
BMI $40 kg/m2 (BMI $37.5 kg/m2

in Asian Americans), regardless of
the level of glycemic control or com-
plexity of glucose-lowering regi-
mens, and in adults with BMI 35.0–
39.9 kg/m2 (32.5–37.4 kg/m2 in
Asian Americans) when hypergly-
cemia is inadequately controlled
despite lifestyle and optimalmedical
therapy. A

c Metabolic surgery should be con-
sidered for adults with type 2 di-
abetes and BMI 30.0–34.9 kg/m2

(27.5–32.4 kg/m2 in Asian Ameri-
cans) if hyperglycemia is in-
adequately controlled despite
optimal medical control by either
oral or injectable medications (in-
cluding insulin). B

c Metabolic surgery should be per-
formed in high-volume centers
with multidisciplinary teams that
understand and are experienced
in the management of diabetes
and gastrointestinal surgery. C

c Long-term lifestyle support and rou-
tine monitoring of micronutrient

and nutritional status must be pro-
vided to patients after surgery,
according to guidelines for postop-
erative management of metabolic
surgery by national and interna-
tional professional societies. C

c People presenting for metabolic
surgery should receive a compre-
hensive mental health assessment.
B Surgery should be postponed in
patients with histories of alcohol or
substance abuse, significant de-
pression, suicidal ideation, or other
mental health conditions until
these conditions have been fully
addressed. E

c People who undergo metabolic
surgery should be evaluated to as-
sess the need for ongoing mental
health services to help them ad-
just to medical and psychosocial
changes after surgery. C

Several gastrointestinal (GI) operations
promote dramatic and durable improve-
ment of type 2 diabetes. Given the mag-
nitude and rapidity of the effect of GI
surgery on hyperglycemia, and experi-
mental evidence that rearrangements of
GI anatomy similar to those in somemet-
abolic procedures directly affect glucose
homeostasis (28), GI interventions have
been suggested as treatments for type 2
diabetes, and in that context are termed
“metabolic surgery.”

A substantial body of evidence has now
accumulated, including data from numer-
ous randomized controlled clinical trials,
demonstrating that metabolic surgery
achieves superior glycemic control and
reduction of cardiovascular risk factors
in obese patients with type 2 diabetes
compared with various lifestyle/medical
interventions (29). Improvements in
micro- and macrovascular complications
of diabetes, cardiovascular disease, and
cancer have been observed only in
nonrandomized observational studies
(30–37). Cohort studies attempting to
match surgical and nonsurgical subjects
suggest that the procedure may reduce
longer-term mortality (31).

On the basis of this mounting evi-
dence, several organizations and gov-
ernment agencies have recommended
expanding the indications for metabolic
surgery to include patients with inade-
quately controlled type 2 diabetes and
BMI as low as 30 kg/m2 (27.5 kg/m2 for
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Asian Americans) (38–41). Please refer
to the American Diabetes Association con-
sensus report “Metabolic Surgery in the
Treatment Algorithm for Type 2 Diabe-
tes: A Joint Statement by International
Diabetes Organizations” for a thorough
review (29).
Randomized controlled trials with

postoperative follow-up ranging from
1 to 5 years have documented sustained
diabetes remission in 30–63% of pa-
tients (29). Available data suggest an
erosion of diabetes remission over
time: 35–50% or more of patients who
initially achieve remission of diabetes
eventually experience recurrence. How-
ever, the median disease-free period
among such individuals following
Roux-en-Y gastric bypass (RYGB) is 8.3
years (42,43). With or without diabetes
relapse, the majority of patients who
undergo surgery maintain substan-
tial improvement of glycemic control
from baseline for at least 5 (44) to 15
(31,32,43,45–47) years.
Younger age, shorter durationof diabe-

tes (e.g.,,8 years) (48), nonuseof insulin,
and better glycemic control are consis-
tently associated with higher rates of di-
abetes remission and/or lower risk of
recidivism (31,46,48). Greater baseline
visceral fat area may also help to predict
better postoperative outcomes, espe-
cially among Asian American patients
with type 2 diabetes, who typically have
more visceral fat compared with Cauca-
sians with diabetes of the same BMI (49).
Beyond improving glycemia, metabolic

surgery has been shown to confer addi-
tional health benefits in randomized
controlled trials, including greater re-
ductions in cardiovascular disease risk
factors (29) and enhancements in qual-
ity of life (44,48,50).
The safety of metabolic surgery has

improved significantly over the past
two decades, with continued refine-
ment of minimally invasive approaches
(laparoscopic surgery), enhanced train-
ing and credentialing, and involvement
ofmultidisciplinary teams.Mortality rates
with metabolic operations are typically
0.1–0.5%, similar to cholecystectomy or
hysterectomy (51–55). Morbidity has
also dramatically declined with laparo-
scopic approaches. Major complications
rates are 2–6%, with minor complications
in up to 15% (51–59), comparing favor-
ably with other commonly performed
elective operations (55). Empirical data

suggest that proficiency of the operating
surgeon is an important factor for deter-
miningmortality, complications, reopera-
tions, and readmissions (60).

Although metabolic surgery has been
shown to improve themetabolic profiles
of morbidly obese patients with type 1
diabetes, establishing the role of meta-
bolic surgery in such patients will re-
quire larger and longer studies (61).

Retrospective analyses and modeling
studies suggest that metabolic surgery
may be cost-effective or even cost-saving
for patients with type 2 diabetes, but the
results are largely dependent on assump-
tions about the long-term effectiveness
and safety of the procedures (62,63).

Adverse Effects
Metabolic surgery is costly and has as-
sociated risks. Longer-term concerns in-
clude dumping syndrome (nausea, colic,
diarrhea), vitamin and mineral deficien-
cies, anemia, osteoporosis, and, rarely
(64), severe hypoglycemia from insulin
hypersecretion. Long-term nutritional
and micronutrient deficiencies and re-
lated complications occur with variable
frequency depending on the type of pro-
cedure and require lifelong vitamin/
nutritional supplementation (65,66).
Postprandial hypoglycemia is most
likely to occur with RYGB (66,67). The
exact prevalence of symptomatic hy-
poglycemia is unknown. In one study,
it affected 11% of 450 patients who
had undergone RYGB or vertical sleeve
gastrectomy (67). Patients who un-
dergo metabolic surgery may be at in-
creased risk for substance use, including
drug and alcohol use and cigarette
smoking (68).

People with diabetes presenting for
metabolic surgery also have increased
rates of depression and other major psy-
chiatric disorders (69). Candidates formet-
abolic surgery with histories of alcohol
or substance abuse, significant depres-
sion, suicidal ideation, or other mental
health conditions should therefore first
be assessed by a mental health profes-
sional with expertise in obesitymanage-
ment prior to consideration for surgery
(70). Individuals with preoperative psy-
chopathology should be assessed regu-
larly following metabolic surgery to
optimize mental health management
and to ensure psychiatric symptoms do
not interfere withweight loss and lifestyle
changes.
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Swedish Obese Subjects Study. Effects of bari-
atric surgery on mortality in Swedish obese sub-
jects. N Engl J Med 2007;357:741–752
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8. Pharmacologic Approaches to
Glycemic Treatment
Diabetes Care 2017;40(Suppl. 1):S64–S74 | DOI: 10.2337/dc17-S011

PHARMACOLOGIC THERAPY FOR TYPE 1 DIABETES

Recommendations

c Mostpeoplewith type1diabetes shouldbe treatedwithmultiple daily injections of
prandial insulin and basal insulin or continuous subcutaneous insulin infusion. A

c Most individuals with type 1 diabetes should use rapid-acting insulin analogs
to reduce hypoglycemia risk. A

c Consider educating individuals with type 1 diabetes on matching prandial
insulin doses to carbohydrate intake, premeal blood glucose levels, and antic-
ipated physical activity. E

c Individuals with type 1 diabetes who have been successfully using continuous
subcutaneous insulin infusion should have continued access to this therapy
after they turn 65 years of age. E

Insulin Therapy
Insulin is the mainstay of therapy for individuals with type 1 diabetes. Generally, the
starting insulin dose is based on weight, with doses ranging from 0.4 to 1.0 units/kg/
day of total insulin with higher amounts required during puberty. The American Diabetes
Association/JDRF Type 1 Diabetes Sourcebook notes 0.5 units/kg/day as a typical starting
dose in patients who are metabolically stable, with higher weight-based dosing required
immediately following presentation with ketoacidosis (1), and provides detailed informa-
tion on intensification of therapy to meet individualized needs. The American Diabetes
Association (ADA) position statement “Type 1 Diabetes Management Through the Life
Span” additionally provides a thorough overview of type 1 diabetes treatment and asso-
ciated recommendations (2).
Education regarding matching prandial insulin dosing to carbohydrate intake, pre-

meal glucose levels, and anticipated activity should be considered, and selected indi-
viduals who have mastered carbohydrate counting should be educated on fat and
protein gram estimation (3–5). Although most studies of multiple daily injections
(MDI) versus continuous subcutaneous insulin infusion (CSII) have been small and of
short duration, a systematic review andmeta-analysis concluded that there areminimal
differences between the two forms of intensive insulin therapy in A1C (combinedmean
between-group difference favoring insulin pump therapy 20.30% [95% CI 20.58
to 20.02]) and severe hypoglycemia rates in children and adults (6). A 3-month ran-
domized trial in patients with type 1 diabetes with nocturnal hypoglycemia reported
that sensor-augmented insulin pump therapy with the threshold suspend feature re-
duced nocturnal hypoglycemia without increasing glycated hemoglobin levels (7). In-
tensive management using CSII and continuous glucose monitoring (CGM) should be
encouraged in selected patientswhen there is active patient/family participation (8–10).
The Diabetes Control and Complications Trial (DCCT) clearly showed that intensive

therapy with MDI or CSII delivered by multidisciplinary teams of physicians, nurses, dieti-
tians, and behavioral scientists improved glycemia and resulted in better long-term out-
comes (11–13). The study was carried out with short-acting and intermediate-acting
human insulins. Despite better microvascular, macrovascular, and all-causemortality
outcomes, intensive therapy was associated with a high rate of severe hypoglycemia
(61 episodes per 100 patient-years of therapy). Since the DCCT, a number of rapid-
acting and long-acting insulin analogs have been developed. These analogs are as-
sociated with less hypoglycemia in type 1 diabetes, while matching the A1C lowering
of human insulins (14,15).

Suggested citation: American Diabetes Associa-
tion. Pharmacologic approaches to glycemic
treatment. Sec. 8. In Standards of Medical
Care in Diabetesd2017. Diabetes Care 2017;
40(Suppl. 1):S64–S74
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Rapid-acting inhaled insulin used be-
fore meals in type 1 diabetes was shown
to be noninferior when compared with
aspart insulin for A1C lowering, with less
hypoglycemia observed with inhaled in-
sulin therapy (16). However, the mean
reduction in A1C was greater with aspart
(20.21% vs. 20.40%, satisfying the non-
inferiority margin of 0.4%), and more pa-
tients in the insulin aspart group
achieved A1C goals of #7.0% (53
mmol/mol) and #6.5% (48 mmol/mol).
Because inhaled insulin cartridges are
only available in 4, 8, and 12 unit doses,
people with type 1 diabetes may have
limited dosing increments to fine-tune
prandial insulin doses when using this
therapy.
Postprandial glucose excursions may be

better controlled by adjusting the timing
of prandial (bolus) insulin dose adminis-
tration. The optimal time to administer
prandial insulin varies, based on the
type of insulin used (regular, rapid-acting
analog, inhaled, etc.), the measured
blood glucose level, timing of meals,
and carbohydrate consumption. Rec-
ommendations for prandial insulin
dose administration should therefore
be individualized.

Pramlintide
Pramlintide, an amylin analog, is an
agent that delays gastric emptying,
blunts pancreatic secretion of glucagon,
and enhances satiety. It is U.S. Food and
Drug Administration (FDA)–approved
for use in adults with type 1 diabetes. It
has been shown to induce weight loss
and lower insulin doses. Concurrent re-
duction of prandial insulin dosing is re-
quired to reduce the risk of severe
hypoglycemia.

Pancreas and Islet Transplantation
Pancreas and islet transplantation have
been shown to normalize glucose levels
but require lifelong immunosuppression
to prevent graft rejection and recurrence
of autoimmune islet destruction. Given
the potential adverse effects of immuno-
suppressive therapy, pancreas transplan-
tation should be reserved for patients
with type 1 diabetes undergoing simulta-
neous renal transplantation, following
renal transplantation, or for those with
recurrent ketoacidosis or severe hypogly-
cemia despite intensive glycemic manage-
ment (17). Islet transplantation remains
investigational. Autoislet transplantation
may be considered for patients requiring

total pancreatectomy for medically refrac-
tory chronic pancreatitis.

Investigational Agents

Metformin

Adding metformin to insulin therapy may
reduce insulin requirements and improve
metabolic control in overweight/obese pa-
tients with poorly controlled type 1 diabe-
tes. In ameta-analysis,metformin in type1
diabetes was found to reduce insulin re-
quirements (6.6 units/day, P, 0.001) and
led to small reductions in weight and total
and LDL cholesterol but not to improved
glycemic control (absolute A1C reduction
0.11%, P 5 0.42) (18). Metformin is not
FDA-approved for use in patients with
type 1 diabetes.

Incretin-Based Therapies

Due to their potential protection of b-cell
mass and suppression of glucagon release,
glucagon-like peptide 1 (GLP-1) receptor
agonists and dipeptidyl peptidase 4 (DPP-4)
inhibitors are being studied in patients with
type 1 diabetes but are not currently FDA-
approved for use in patients with type 1
diabetes.

Sodium–Glucose Cotransporter

2 Inhibitors

Sodium–glucose cotransporter 2 (SGLT2)
inhibitors provide insulin-independent glu-
cose lowering by blocking glucose reab-
sorption in the proximal renal tubule by
inhibiting SGLT2. These agents provide
modest weight loss and blood pressure
reduction in type 2 diabetes. There are
three FDA-approved agents for patients
with type 2 diabetes, but none are FDA-
approved for the treatment of patients
with type 1 diabetes (2). The FDA issued a
warning about the risk of ketoacidosis oc-
curring in the absence of significant hyper-
glycemia (euglycemic diabetic ketoacidosis)
in patients with type 1 and type 2 diabetes
treatedwith SGLT2 inhibitors. Symptomsof
ketoacidosis includedyspnea, nausea, vom-
iting, and abdominal pain. Patients should
be instructed to stop taking SGLT2 inhibi-
tors and seek medical attention immedi-
ately if they have symptoms or signs of
ketoacidosis (19).

PHARMACOLOGIC THERAPY FOR
TYPE 2 DIABETES

Recommendations

c Metformin, if not contraindicated
and if tolerated, is the preferred ini-
tial pharmacologic agent for the
treatment of type 2 diabetes. A

c Long-term use of metformin may
be associated with biochemical
vitamin B12 deficiency, and peri-
odic measurement of vitamin B12
levels should be considered in
metformin-treated patients, es-
pecially in those with anemia or
peripheral neuropathy. B

c Consider initiating insulin therapy
(with or without additional agents)
in patients with newly diagnosed
type 2 diabetes who are symptom-
atic and/or have A1C $10% (86
mmol/mol) and/or blood glucose
levels$300 mg/dL (16.7 mmol/L). E

c If noninsulin monotherapy at
maximum tolerated dose does not
achieve or maintain the A1C target
after 3 months, add a second oral
agent, a glucagon-like peptide 1 re-
ceptor agonist, or basal insulin. A

c A patient-centered approach should
be used to guide the choice of phar-
macologic agents. Considerations in-
clude efficacy, hypoglycemia risk,
impact on weight, potential side ef-
fects, cost, and patient preferences. E

c For patients with type 2 diabetes
who are not achieving glycemic
goals, insulin therapy should not
be delayed. B

c In patients with long-standing
suboptimally controlled type 2 di-
abetes and established athero-
sclerotic cardiovascular disease,
empagliflozin or liraglutide should
be considered as they have been
shown to reduce cardiovascular
and all-cause mortality when
added to standard care. Ongoing
studies are investigating the cardio-
vascular benefits of other agents in
these drug classes. B

The use of metformin as first-line ther-
apy was supported by findings from
a large meta-analysis, with selection
of second-line therapies based on
patient-specific considerations (20).
An ADA/European Association for the
Study of Diabetes position statement
(21) recommended a patient-centered
approach, including assessment of ef-
ficacy, hypoglycemia risk, impact on
weight, side effects, costs, and patient
preferences. Renal effectsmayalsobe con-
sidered when selecting glucose-lowering
medications for individual patients. Life-
style modifications that improve health
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(see Section 4 “Lifestyle Management”)
should be emphasized along with any
pharmacologic therapy.

Initial Therapy
Metforminmonotherapy should be started
at diagnosis of type 2 diabetes unless
there are contraindications. Metformin
is effective and safe, is inexpensive, and
may reduce risk of cardiovascular events
and death (22). Metforminmay be safely
used in patients with estimated glo-
merular filtration rate (eGFR) as low as
30 mL/min/1.73 m2 (23), and the U.S.
label for metformin was recently re-
vised to reflect its safety in patients
with eGFR $30 mL/min/1.73 m2 (24).
Patients should be advised to stop the

medication in cases of nausea, vomiting,
or dehydration. Metformin is associated
with vitamin B12 deficiency, with a recent
report from the Diabetes Prevention Pro-
gram Outcomes Study (DPPOS) suggesting
that periodic testing of vitamin B12 levels
should be considered inmetformin-treated
patients, especially in those with anemia or
peripheral neuropathy (25).

In patients with metformin contrain-
dications or intolerance, consider an ini-
tial drug from another class depicted in
Fig. 8.1 under “Dual Therapy” and pro-
ceed accordingly. When A1C is $9%
(75 mmol/mol), consider initiating dual
combination therapy (Fig. 8.1) to more
expeditiously achieve the target A1C
level. Insulin has the advantage of being

effective where other agents may not be
and should be considered as part of any
combination regimen when hyperglycemia
is severe, especially if symptoms are pre-
sent or any catabolic features (weight
loss, ketosis) are present. Consider ini-
tiating combination insulin injectable
therapy (Fig. 8.2) when blood glucose
is $300 mg/dL (16.7 mmol/L) or A1C
is$10% (86 mmol/mol) or if the patient
has symptoms of hyperglycemia (i.e.,
polyuria or polydipsia). As the patient’s
glucose toxicity resolves, the regimen
may, potentially, be simplified.

Combination Therapy
Although there are numerous trials com-
paring dual therapywithmetformin alone,

Figure 8.1—Antihyperglycemic therapy in type 2 diabetes: general recommendations. The order in the chart was determined by historical availability and
the route of administration, with injectables to the right; it is not meant to denote any specific preference. Potential sequences of antihyperglycemic
therapy for patients with type 2 diabetes are displayed, with the usual transition moving vertically from top to bottom (although horizontal movement
within therapy stages is also possible, depending on the circumstances). DPP-4-i, DPP-4 inhibitor; fxs, fractures; GI, gastrointestinal; GLP-1 RA, GLP-1
receptor agonist; GU, genitourinary; HF, heart failure; Hypo, hypoglycemia; SGLT2-i, SGLT2 inhibitor; SU, sulfonylurea; TZD, thiazolidinedione. *See ref. 21 for
description of efficacy and cost categorization. §Usually a basal insulin (NPH, glargine, detemir, degludec). Adapted with permission from Inzucchi et al. (21).
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fewdirectly comparedrugs as add-on ther-
apy. A comparative effectiveness meta-
analysis (23) suggests that each new class
of noninsulin agents added to initial ther-
apy generally lowers A1C approximately
0.9–1.1%. If the A1C target is not achieved
after approximately 3 months, consider a
combination of metformin and one of

the six available treatment options: sul-
fonylurea, thiazolidinedione, DPP-4 in-
hibitor, SGLT2 inhibitor, GLP-1 receptor
agonist, or basal insulin (Fig. 8.1). If A1C
target is still not achieved after ;3
months of dual therapy, proceed to
three-drug combination (Fig. 8.1). Again,
if A1C target is not achieved after

;3 months of triple therapy, proceed
to combination injectable therapy
(Fig. 8.2).

Drug choice is based on patient pref-
erences (26), as well as various patient,
disease, and drug characteristics, with
the goal of reducing blood glucose levels
while minimizing side effects, especially

Figure 8.2—Combination injectable therapy for type 2 diabetes. FBG, fasting blood glucose; GLP-1 RA, GLP-1 receptor agonist; hypo, hypoglycemia.
Adapted with permission from Inzucchi et al. (21).
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hypoglycemia. Table 8.1 lists drugs com-
monly used in the U.S. Cost-effectiveness
models have suggested that some of the
newer agents may be of relatively lower
clinical utility based on high cost and
moderate glycemic effect (27). Table 8.2
provides cost information for currently ap-
proved noninsulin therapies. Of note, pri-
ces listed are average wholesale prices
(AWP) and do not account for discounts,
rebates, or other price adjustments often
involved in prescription sales that affect
the actual cost incurred by the patient.
While there are alternative means to esti-
mate medication prices, AWP was utilized
to provide a comparison of list prices with
the primary goal of highlighting the impor-
tance of cost considerations when pre-
scribing antihyperglycemic treatments. The
ongoing Glycemia Reduction Approaches
in Diabetes: A Comparative Effectiveness
Study (GRADE) will compare four drug
classes (sulfonylurea, DPP-4 inhibitor,
GLP-1 receptor agonist, and basal insulin)
when added to metformin therapy over
4 years on glycemic control and other
medical, psychosocial, and health eco-
nomic outcomes (28).

Rapid-acting secretagogues (megliti-
nides) may be used instead of sulfonyl-
ureas in patients with sulfa allergies,
irregularmeal schedules, or thosewho de-
velop late postprandial hypoglycemia
when taking a sulfonylurea. Other drugs
not shown in Fig. 8.1 (e.g., inhaled insulin,
a-glucosidase inhibitors, colesevelam, bro-
mocriptine, and pramlintide) may be tried
in specific situations but are not often used
due to modest efficacy in type 2 diabetes,
the frequency of administration, the po-
tential for drug interactions, and/or side
effects.

Cardiovascular Outcome Trials
Several recently published cardiovascular
outcome trials (CVOTs) have provided
data on patients with type 2 diabetes
with cardiovascular disease or at high
risk for cardiovascular disease. The BI
10773 (Empagliflozin) Cardiovascular
Outcome Event Trial in Type 2 Diabetes
Mellitus Patients (EMPA-REG OUTCOME)
was a randomized, double-blind trial that
assessed the effect of empagliflozin, a
SGLT2 inhibitor, versus placebo and stan-
dard care, on cardiovascular outcomes in
patients with type 2 diabetes and existing
cardiovascular disease. Study participants
had a mean age of 63 years, 57% had di-
abetes for more than 10 years, and 99%
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had established cardiovascular disease.
EMPA-REG OUTCOME showed that over a
median follow-up of 3.1 years, treatment
reduced the composite outcome of MI,
stroke, and cardiovascular death by 14%
(absolute rate 10.5% vs. 12.1% in the pla-
cebo group) and cardiovascular death by
38% (absolute rate 3.7%vs. 5.9%) (29). The
FDA recently added a new indication for
empagliflozin, to reduce the risk of cardio-
vascular death in adults with type 2 diabe-
tes and cardiovascular disease. Whether
other SGLT2 inhibitors will have the same
effect in high-risk patients and whether
empagliflozin or other SGLT2 inhibitors
will have a similar effect in lower-risk pa-
tients with diabetes remains unknown.
The Liraglutide Effect and Action in Di-

abetes: Evaluation of Cardiovascular Out-
come Results: A Long Term Evaluation

(LEADER) trial was a randomized double-
blind trial that assessed the effect of
liraglutide, a GLP-1 receptor agonist, ver-
sus placebo and standard care, on cardio-
vascular outcomes in patients with type 2
diabetes at high risk for cardiovascular dis-
ease or with cardiovascular disease. Study
participants had a mean age of 64 years
and amean duration of diabetes of nearly
13 years. Over 80% of study participants
had established cardiovascular disease
inclusive of a prior myocardial infarction
(MI), prior stroke or transient ischemic
attack, prior revascularization procedure,
or $50% stenosis of coronary, carotid,
or lower-extremity arteries. LEADER
showed that the composite primary out-
come (MI, stroke, or cardiovascular death)
occurred in fewer participants in the treat-
ment group (13.0%) when compared with

the placebo group (14.9%) after a median
follow-up of 3.8 years (30). Whether other
GLP-1 receptor agonists will have the same
effect inhigh-riskpatientsor if thisdrugclass
will havesimilareffects in lower-riskpatients
with diabetes remains unknown.

CVOT data for the DPP-4 inhibitors
sitagliptin (31), saxagliptin (32), and
alogliptin (33) have also been reported,
with no significant difference in rates of
major cardiovasculareventsnotedbetween
treatment and placebo groups in any of
these trials.

Insulin Therapy
Many patients with type 2 diabetes even-
tually require and benefit from insulin
therapy. The progressive nature of type
2 diabetes should be regularly and objec-
tively explained to patients. Providers

Table 8.2—Median monthly cost of maximum approved daily dose of noninsulin glucose-lowering agents in the U.S. (48)

Class Compound(s)
Dosage strength/product

(if applicable)
Median AWP
(min, max)†

Maximum approved
daily dose*

Biguanides c Metformin 500 mg (IR) $84 ($5, $94) 2,000 mg

850 mg (IR) $108 ($5, $108) 2,550 mg

1,000 mg (IR) $86 ($4, $87) 2,000 mg

500 mg (ER) $90 ($82, $6,672) 2,000 mg

750 mg (ER) $72 ($65, $92) 1,500 mg

1,000 mg (ER) $1,028 ($1,010, $7,213) 2,000 mg

Sulfonylureas (2nd Gen) c Glyburide 5 mg $94 ($64, $103) 20 mg
6 mg (micronized) $50 ($48, $71) 12 mg (micronized)

c Glipizide 10 mg (IR) $74 ($67, $97) 40 mg (IR)
10 mg (XL) $97 20 mg (XL)

c Glimepiride 4 mg $74 ($71, $198) 8 mg

Meglitinides (glinides) c Repaglinide 2 mg $799 ($163, $878) 16 mg
c Nateglinide 120 mg $156 360 mg

TZDs c Pioglitazone 45 mg $349 ($348, $349) 45 mg
c Rosiglitazone 4 mg $355 8 mg

a-Glucosidase inhibitors c Acarbose 100 mg $104 ($104, 105) 300 mg
c Miglitol 100 mg $241 300 mg

DPP-4 inhibitors c Sitagliptin 100 mg $436 100 mg
c Saxagliptin 5 mg $436 5 mg
c Linagliptin 5 mg $428 5 mg
c Alogliptin 25 mg $436 25 mg

Bile acid sequestrant c Colesevelam 625 mg tabs $679 3.75 g
1.875 g suspension $1,357 3.75 g

Dopamine-2 agonists c Bromocriptine 0.8 mg $719 4.8 mg

SGLT2 inhibitors c Canagliflozin 300 mg $470 300 mg
c Dapagliflozin 10 mg $470 10 mg
c Empagliflozin 25 mg $470 25 mg

GLP-1 receptor agonists c Exenatide 10 mg pen $729 20 mg
c Exenatide
(extended-release)

2 mg powder for suspension or pen $692 2 mg**

c Liraglutide 18 mg/3 mL pen $831 1.8 mg
c Albiglutide 50 mg pen $527 50 mg**
c Dulaglutide 1.5/0.5 mL pen $690 1.5 mg**

Amylin mimetics c Pramlintide 120 mg pen $2,124 120 mg/injection††

ER and XL, extended release; IR, immediate release; TZD, thiazolidinedione. †Calculated for 30 day supply (AWP unit price3 number of doses required to
providemaximum approved daily dose3 30 days); median AWP listed alonewhen only one product and/or price. *Utilized to calculatemedian AWP
(min, max); generic prices used, if available commercially. **Administered once weekly. ††AWP calculated based on 120 mg three times daily.
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should avoid using insulin as a threat or
describing it as a sign of personal failure
or punishment.
Equipping patients with an algorithm for

self-titration of insulin doses based on self-
monitoring of blood glucose (SMBG) im-
proves glycemic control in patients with
type 2 diabetes initiating insulin (34). Com-
prehensive education regarding SMBG,
diet, and the avoidance of and appropriate
treatment of hypoglycemia are critically
important in any patient using insulin.

Basal Insulin

Basal insulin alone is the most convenient
initial insulin regimen, beginning at 10 units
per day or 0.1–0.2 units/kg/day, depending
on the degree of hyperglycemia. Basal in-
sulin is usually prescribed in conjunction
with metformin and sometimes one addi-
tional noninsulin agent. While there is evi-
dence for reduced risk of hypoglycemia
with newer, longer-acting basal insulin
analogs, people with type 2 diabetes

without a history of hypoglycemia may
use NPH insulin safely and at much lower
cost (27,35). Table 8.3 provides average
wholesale price information (cost per
1,000 units) for currently available insulin
products in the U.S. There have been sub-
stantial increases in the price of insulin over
the past decade and the cost-effectiveness
of different antihyperglycemic agents is an
important consideration when selecting
therapies (36). A follow-on U-100 (100
units/mL) glargine product (basaglar) is
now available in the U.S. This product was
approved through an abbreviated FDA ap-
proval pathway based, in part, on the FDA’s
finding of safety and effectiveness for the
reference U-100 glargine product.

Bolus Insulin

Many individuals with type 2 diabetesmay
require mealtime bolus insulin dosing in
addition to basal insulin. Rapid-acting
analogs are preferred due to their
prompt onset of action after dosing. The

recommended starting dose of mealtime
insulin is 4 units, 0.1 U/kg, or 10% of the
basal dose. If A1C is ,8% (64 mmol/mol)
when starting mealtime bolus insulin, con-
sideration should be given to decreasing
the basal insulin dose.

Premixed Insulin

Premixed insulin products contain both a
basal and prandial component, allowing
coverage of both basal and prandial needs
with a single injection. NPH/Regular 70/30
insulin, for example, is composed of
70% NPH insulin and 30% regular insulin.
The use of premixed insulin products has
its advantages and disadvantages, as
discussed below in COMBINATION INJECTABLE

THERAPY.

Concentrated Insulin Products

Several concentrated insulin preparations
are currently available. U-500 regular insu-
lin, by definition, is five times as concen-
trated as U-100 regular insulin and has a
delayed onset and longer duration of

Table 8.3—Median cost of insulins in the U.S. calculated as average wholesale price per 1,000 units of specified dosage
form/product (48)

Insulins Compounds Dosage form/product
Median AWP package
price (min, max)*

Rapid-acting analogs

c Lispro U-100 vial $306
U-100 3 mL cartridges $306 ($306, $379)
U-100 prefilled pen; U-200 prefilled pen $394

c Aspart U-100 vial $306
U-100 3 mL cartridges $380
U-100 prefilled pen $395

c Glulisine U-100 vial $283
U-100 prefilled pen $365

c Inhaled insulin Inhalation cartridges $557 ($453, $754)

Short-acting

c Human Regular U-100 vial $165

Intermediate-acting

c Human NPH U-100 vial $165
U-100 prefilled pen $350

Concentrated Human Regular insulin

c U-500 Human Regular insulin U-500 vial $165
U-500 prefilled pen $213

Basal analogs

c Glargine U-100 vial; U-100 prefilled pen; U-300 prefilled pen $298

c Detemir U-100 vial; U-100 prefilled pen $323

c Degludec U-100 prefilled pen; U-200 prefilled pen $355

Premixed products

c NPH/Regular 70/30 U-100 vial $165
U-100 prefilled pen $350

c Lispro 50/50 U-100 vial $317
U-100 prefilled pen $394

c Lispro 75/25 U-100 vial $317
U-100 prefilled pen $394

c Aspart 70/30 U-100 vial $318
U-100 prefilled pen $395

AWP listed alone when only one product and/or price.
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action thanU-100 regular, posessing both
prandial and basal properties. U-300
glargine and U-200 degludec are three
and two times as concentrated as their
U-100 formulations, have longer dura-
tions of action, and allow higher doses
of basal insulin administration per volume
used. The FDA has also approved a concen-
trated formulation of rapid-acting insulin
lispro, U-200 (200 units/mL). These concen-
trated preparations may be more comfort-
able for the patient and may improve
adherence for patients with insulin resis-
tance who require large doses of insulin.
While U-500 regular insulin is available in
both prefilled pens and vials (a dedicated
syringe was FDA approved in July 2016),
other concentrated insulins are available
only in prefilled pens to minimize the risk
of dosing errors.

Inhaled Insulin

Inhaled insulin is available for prandial
use with a more limited dosing range.
It 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. It requires spirometry
(FEV1) testing to identify potential lung
disease in all patients prior to and after
starting 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)
and A1C remains above target, consider
advancing to combination injectable
therapy (Fig. 8.2). When initiating com-
bination injectable therapy, metformin
therapy should be maintained while
other oral agents may be discontinued
on an individual basis to avoid unneces-
sarily complex or costly regimens (i.e.,
adding a fourth antihyperglycemic
agent). In general, GLP-1 receptor ago-
nists should not be discontinued with the
initiation of basal insulin. Sulfonylureas,
DPP-4 inhibitors, and GLP-1 receptor ago-
nists are typically stopped oncemore com-
plex insulin regimens beyond basal are
used. In patients with suboptimal blood
glucose control, especially those requiring
large insulin doses, adjunctive use of a thia-
zolidinedione or SGLT2 inhibitor may help
to improve control and reduce the amount
of insulin needed, though potential side
effects should be considered. Once an in-
sulin 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
formulation (pattern control).

Studies have demonstrated the non-
inferiority of basal insulin plus a single
injection of rapid-acting insulin at the
largest meal relative to basal insulin
plus a GLP-1 receptor agonist relative
to two daily injections of premixed insulins
(Fig. 8.2). Basal insulin plus GLP-1 receptor
agonists are associated with less hypogly-
cemia and with weight loss instead of
weight gain but may be less tolerable
and have a greater cost (37,38). In No-
vember 2016, the FDA approved two
different once-daily combination products
containing basal insulin plus a GLP-1 recep-
tor agonist: insulin glargine plus lixisenatide
and insulin degludec plus liraglutide. Other
options for treatment intensification include
adding a single injection of rapid-acting in-
sulin analog (lispro, aspart, or glulisine) be-
fore the largest meal or stopping the basal
insulin and initiating a premixed (or bi-
phasic) insulin (NPH/Regular 70/30, 70/30
aspartmix, 75/25 or 50/50 lispromix) twice
daily, usually before breakfast and before
dinner. Each approach has its advantages
and disadvantages. For example, providers
may wish to consider regimen flexibility
when devising a plan for the initiation and
adjustment of insulin therapy in people
with type 2 diabetes, with rapid-acting in-
sulin offering greater flexibility in terms
of meal planning than premixed insulin. If
one regimen is not effective (i.e., basal in-
sulin 1 GLP-1 receptor agonist), consider
switching to another regimen to achieve
A1C targets (i.e., basal insulin1 single in-
jection of rapid-acting insulin or premixed
insulin twice daily) (39,40). Regular human
insulin and human NPH/Regular premixed
formulations (70/30) are less costly alter-
natives to rapid-acting insulin analogs and
premixed insulin analogs, respectively,
but their pharmacodynamic profiles may
make them less optimal.

Figure 8.2 outlines these options, as
well as recommendations for further in-
tensification, if needed, to achieve gly-
cemic goals. If a patient is still above the
A1C target on premixed insulin twice
daily, consider switching to premixed
analog insulin three times daily (70/30
aspartmix, 75/25 or 50/50 lispromix). In
general, three times daily premixed an-
alog insulins have been found to be non-
inferior to basal-bolus regimens with

similar rates of hypoglycemia (41). If a
patient is still above the A1C target on
basal insulin1 single injection of rapid-
acting insulin before the largest meal, ad-
vance to a basal-bolus regimen with $2
injections of rapid-acting insulin before
meals. Consider switching patients from
one regimen to another (i.e., premixed
analog insulin three times daily to basal-
bolus regimen or vice-versa) if A1C targets
are not being met and/or depending on
other patient considerations (39,40).
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9. Cardiovascular Disease and Risk
Management
Diabetes Care 2017;40(Suppl. 1):S75–S87 | DOI: 10.2337/dc17-S012

For prevention and management of diabetes complications in children and adoles-
cents, please refer to Section 12 “Children and Adolescents.”
Atherosclerotic cardiovascular disease (ASCVD)ddefined as acute coronary syn-

dromes (ACSs), a history of myocardial infarction (MI), stable or unstable angina,
coronary or other arterial revascularization, stroke, transient ischemic attack, or
peripheral arterial disease presumed to be of atherosclerotic origindis the leading
cause of morbidity and mortality for individuals with diabetes and is the largest
contributor to the direct and indirect costs of diabetes. The 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 pre-
venting or slowing ASCVD in people with diabetes. Large benefits are seen when
multiple risk factors are addressed simultaneously. 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 (1) and that ASCVD morbidity and
mortality have decreased (2–4).
In all patients with diabetes, cardiovascular risk factors should be systematically

assessed at least annually. These risk factors include hypertension, dyslipidemia,
smoking, a family history of premature coronary disease, and the presence of
albuminuria. Abnormal risk factors should be treated as described in these
guidelines.

HYPERTENSION/BLOOD PRESSURE CONTROL

Recommendations

Screening and Diagnosis
c Blood pressure should be measured at every routine visit. Patients found to

have elevated blood pressure should have blood pressure confirmed on a
separate day. B

Goals
c Most patients with diabetes and hypertension should be treated to a systolic

blood pressure goal of ,140 mmHg and a diastolic blood pressure goal
of ,90 mmHg. A

c Lower systolic and diastolic blood pressure targets, such as 130/80 mmHg,
may be appropriate for individuals at high risk of cardiovascular disease, if they
can be achieved without undue treatment burden. C

c In pregnant patients with diabetes and chronic hypertension, blood pres-
sure targets of 120–160/80–105 mmHg are suggested in the interest of
optimizing long-term maternal health and minimizing impaired fetal
growth. E

Treatment
c Patients with confirmed office-based blood pressure.140/90 mmHg should,

in addition to lifestyle therapy, have prompt initiation and timely titration of
pharmacologic therapy to achieve blood pressure goals. A

c Patients with confirmed office-based blood pressure.160/100mmHg should,
in addition to lifestyle therapy, have prompt initiation and timely titration of
two drugs or a single pill combination of drugs demonstrated to reduce car-
diovascular events in patients with diabetes. A

Suggested citation: American Diabetes Associa-
tion. Cardiovascular disease and risk manage-
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c Treatment for hypertension should
include drug classes demonstrated
to reducecardiovascular events inpa-
tients with diabetes (ACE inhibitors,
angiotensin receptor blockers, thia-
zide-like diuretics, or dihydropyridine
calcium channel blockers). Multiple-
drug therapy is generally required to
achieve blood pressure targets (but
not a combination of ACE inhibitors
and angiotensin receptor blockers).A

c An ACE inhibitor or angiotensin re-
ceptor blocker, at the maximum
tolerated dose indicated for blood
pressure treatment, is the recom-
mended first-line treatment for
hypertension in patients with dia-
betes and urinary albumin–to–
creatinine ratio $300 mg/g creati-
nine (A) or 30–299 mg/g creatinine
(B). If one class is not tolerated, the
other should be substituted. B

c For patients treated with an ACE
inhibitor, angiotensin receptor
blocker, or diuretic, serum creatinine/
estimated glomerular filtration rate
and serum potassium levels should
be monitored. B

c For patients with blood pres-
sure .120/80 mmHg, lifestyle in-
tervention consists of weight loss
if overweight or obese; a Dietary
Approaches to Stop Hypertension–
style dietary pattern including
reducing sodium and increasing
potassium intake; moderation of
alcohol intake; and increased phys-
ical activity. B

Hypertension, defined as a sustained
blood pressure $140/90 mmHg, is a
common comorbidity of type 1 and
type 2 diabetes. The prevalence of hy-
pertension depends on type of diabetes,
age, sex, BMI, and race/ethnicity. Hyper-
tension is a major risk factor for both
ASCVD and microvascular complica-
tions. In type 1 diabetes, hypertension
is often the result of underlying diabetic
kidney disease, while in type 2 diabetes,
it usually coexists with other cardiome-
tabolic risk factors. Please refer to the
American Diabetes Association (ADA)
position statement “Diabetes and Hy-
pertension” for a detailed review (5).

Screening and Diagnosis
Blood pressure should bemeasured by a
trained individual and should follow the
guidelines established for the general

population: 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 should be confirmed on a separate
day. Postural changes in blood pressure
and pulse may be evidence of autonomic
neuropathy and therefore require adjust-
ment of blood pressure targets.

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. Studies
in individuals without diabetes found that
homemeasurementsmay better correlate
with ASCVD risk than officemeasurements
(6,7). However, most of the evidence of
benefits of hypertension treatment in
people with diabetes is based on office
measurements.

Treatment Goals
Epidemiological analyses show that
blood pressure.115/75 mmHg is asso-
ciated with increased cardiovascular
event rates and mortality in individuals
with diabetes (8). Randomized clinical
trials have demonstrated the benefit
(reduction of CHD events, stroke, and
diabetic kidney disease) of lowering
blood pressure to ,140 mmHg systolic
and ,90 mmHg diastolic in individuals
with diabetes (9,10). There is limited
prespecified clinical trial evidence for
the benefits of lower systolic blood pres-
sure (SBP) or diastolic blood pressure
(DBP) targets (11). A meta-analysis of
randomized trials of adults with type 2
diabetes comparing intensive blood
pressure targets (upper limit of 130
mmHg systolic and 80 mmHg diastolic)
with standard targets (upper limit of
140–160 mmHg systolic and 85–100
mmHg diastolic) found no significant
reduction in mortality or nonfatal MI.
There was a statistically significant 35%
relative risk (RR) reduction in stroke
with intensive targets, but the absolute
risk reduction was only 1%, and inten-
sive targets were associated with an in-
creased risk for adverse events such as
hypotension and syncope (12).

Randomized Controlled Trials of Intensive

Versus Standard Blood Pressure Control

Given the epidemiological relationship
between lower blood pressure and bet-
ter long-term clinical outcomes, two

landmark trials, Action to Control Cardio-
vascular Risk in Diabetes (ACCORD) and
Action in Diabetes and Vascular Disease:
Preterax and Diamicron MR Controlled
Evaluation–Blood Pressure (ADVANCE-
BP), examined the benefit of tighter blood
pressure control in patients with type 2
diabetes. Additional studies, such as the
Systolic Blood Pressure Intervention Trial
(SPRINT) and the Hypertension Optimal
Treatment (HOT) trial, also examined the
potential benefits of intensive versus stan-
dard control, though the relevance of their
results to peoplewith diabetes is less clear.

ACCORD. The ACCORD trial examined
whether an SBP of ,120 mmHg in pa-
tients with type 2 diabetes at high risk
for ASCVD provided greater cardio-
vascular protection than an SBP of
130–140 mmHg (13). The study did not
find a benefit in the primary end point
(nonfatal MI, nonfatal stroke, and car-
diovascular death) comparing intensive
blood pressure treatment (intensive BP;
goal ,120 mmHg, average blood pres-
sure achieved 119/64 mmHg on 3.4
medications) with standard treatment
(standard BP; average blood pressure
achieved 143/70 mmHg on 2.1 medica-
tions). However, a follow-upanalysis found
a strong interaction between glycemic con-
trol and blood pressure control. Compared
with the standard glycemia/standard BP
control group in the blood pressure trial,
the intensive BP/intensive glycemia, inten-
sive BP/standard glycemia, and standard
BP/intensive glycemia groups all showed
benefit for reducing the risk of major
cardiovascular disease (14). Stroke was
significantly reduced in the intensive BP
treatment groups, but the intensive BP/
intensive glycemia group showed no ev-
idence of incremental benefit compared
with either single intensive intervention
(14). Thus, more intensive blood pres-
sure control may be reasonable in cer-
tain motivated, ACCORD-like patients
(40–79 years of age with prior evidence
of cardiovascular disease or multiple car-
diovascular risk factors) who have been
educated about the added treatment
burden, side effects, and costs of more
intensive blood pressure control and for
patients who prefer to lower their risk of
stroke beyond what can be achieved
through standard care.

ADVANCE. In ADVANCE, the active blood
pressure intervention arm (a single-pill,
fixed-dose combination of perindopril
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and indapamide) showed a significant
reduction in the risk of the primary com-
posite end point (major macrovascular
or microvascular event) and significant
reductions in the risk of death from any
cause and of death from cardiovascular
causes (15). The baseline blood pres-
sure among the study subjects was
145/81 mmHg. Compared with the pla-
cebo group, the patients treated with a
single-pill, fixed-dose combination of
perindopril and indapamide experienced
an average reduction of 5.6 mmHg in
SBP and 2.2 mmHg in DBP. The final
blood pressure in the treated group was
136/73 mmHg, not quite the intensive or
tight control achieved in ACCORD. The
recently published 6-year follow-up of
the ADVANCE trial, the ADVANCE–Post-
Trial Observational Study (ADVANCE-ON),
reported that the reductions in the risk of
death from any cause and of death from
cardiovascular causes in the intervention
group were attenuated but remained sig-
nificant (16).

HOT. The Hypertension Optimal Treat-
ment (HOT) trial included patients with
and without diabetes and compared
DBP targets of #90, #85, and #80
mmHg. Post hoc analyses found cardio-
vascular benefit with more intensive
targets in the subpopulation with dia-
betes (17). The HOT trial results, taken
together with the higher quality data
from ACCORD and ADVANCE, support
the current recommendation to achieve
blood pressure levels ,140/90 mmHg,
with lower targets in selected patients.

SPRINT. The Systolic Blood Pressure In-
tervention Trial (SPRINT) was a multi-
center, randomized controlled trial
that compared two strategies for treat-
ing SBP with either the standard target
of ,140 mmHg or an intensive target
of ,120 mmHg; primary outcomes
were MI, ACS, stroke, heart failure,
and death due to cardiovascular dis-
ease. Patients assigned to the intensive
SBP target of ,120 mmHg, compared
with a target SBP of 140 mmHg, had
reduced RR of cardiovascular events
by almost a third and of death by almost
a quarter, though risks of electrolyte ab-
normalities and acute kidney injury were
increased (18). Of note, patients with di-
abetes were excluded from participating
in this trial, so the results have no direct
implications for blood pressure manage-
ment in patients with diabetes.

Systolic Blood Pressure

The evidence that SBP .140 mmHg is
harmful is irrefutable, suggesting that
clinicians promptly initiate and ti-
trate therapy to achieve and maintain
SBP ,140 mmHg in most patients. For
some patients, lower SBP targets closer
to 130 mmHg are appropriate. A recent
systematic review and meta-analysis
evaluating SBP lowering in adults with
type 2 diabetes showed that each
10 mmHg reduction of SBP was associ-
ated with significantly lower risk of
mortality, cardiovascular events, CHD,
stroke, albuminuria, and retinopathy.
However, when trials were stratified by
mean baseline SBP $140 mmHg or
,140 mmHg, blood pressure–lowering
treatment was associated with lower
risks of stroke and albuminuria, regard-
less of initial SBP (9). Therefore, indivi-
duals in whom cardiovascular disease
risk, particularly stroke, is a concern
may, as part of shared decision making,
have lower systolic targets than 140
mmHg. This is especially true if lower
blood pressure can be achieved with
few drugs and without side effects of
therapy. For older adults, treating to
an SBP of ,130 mmHg has not been
shown to improve cardiovascular out-
comes (19).

Diastolic Blood Pressure

Similarly, strong evidence from random-
ized clinical trials supports DBP targets
of,90 mmHg. These targets are in har-
mony with the Eighth Joint National
Committee (JNC 8) recommendation
of a DBP threshold of ,90 mmHg for
individuals over 18 years of age with di-
abetes (11). A DBP of ,80 mmHg may
still be appropriate for patients with
long life expectancy, chronic kidney dis-
ease, elevated urinary albumin excretion,
evidence of cardiovascular disease, or
additional risk factors such as dyslipidemia,
smoking, or obesity (17). In older adults,
treating to a DBP of,70 mmHg has been
associated with a greater risk of mortality
(20).

Treatment Strategies

Lifestyle Intervention

Although there are no well-controlled
studies of diet and exercise in the treat-
ment of elevated blood pressure or hy-
pertension in individuals with diabetes,
the Dietary Approaches to Stop Hyperten-
sion (DASH) study evaluated the impact of
healthy dietary patterns in individuals

without diabetes and has shown antihy-
pertensive effects similar to those of phar-
macologic monotherapy.

Lifestyle therapy consists of reduc-
ing excess body weight through caloric
restriction, 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
2 servings per day in men and no more
than 1 serving per day in women) (21),
and increasing activity levels (11).

These lifestyle (nonpharmacologic)
strategies may also positively affect gly-
cemia and lipid control and should be
encouraged in those with even mildly
elevated blood pressure, although the
impact of lifestyle therapy on cardiovas-
cular events has not been established.
Nonpharmacologic therapy is reasonable
in individuals with diabetes and mildly el-
evated blood pressure (SBP .120 mmHg
or DBP.80 mmHg). If the blood pressure
is confirmed to be $140 mmHg systolic
and/or $90 mmHg diastolic, pharma-
cologic therapy should be initiated
along with nonpharmacologic therapy
(11). A lifestyle therapy plan should be
developed in collaboration with the pa-
tient and discussed as part of diabetes
management.

Pharmacologic Interventions

Lowering of blood pressure with regimens
based on a variety of antihypertensive
agents, including ACE inhibitors, angioten-
sin receptor blockers (ARBs), diuretics, and
calcium channel blockers has been shown
to be effective in reducing cardiovascular
events (9,22).

In people with diabetes and albumin-
uria, ACE inhibitors or ARBs may have
unique advantages for initial or early
treatment of hypertension. In a trial of
individuals at high risk for ASCVD,
including a large subset with diabetes,
an ACE inhibitor reduced ASCVD out-
comes and the development of albumin-
uria when compared with placebo, even
after adjustment for differences in
blood pressure, an effect that has been
termed a “blood pressure independent
effect” (23). In patients with congestive
heart failure, including subgroups with
diabetes, ARBs have been shown to re-
duce major ASCVD outcomes (24–26).
Among patients with type 2 diabetes,
urine albumin–to–creatinine ratio (UACR)
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$300 mg/g creatinine, and elevated se-
rum creatinine concentration, an ARB sig-
nificantly reduced progression of kidney
disease compared with placebo (27). A
meta-analysis confirmed that treatment
of patients with diabetic kidney disease
with an ACE inhibitor or ARB reduces the
risk of progressing to end-stage renal dis-
ease, though strong evidence of benefit
was limited to participants with baseline
UACR$300 mg/g creatinine (28). Smaller
trials also suggest reduction in composite
cardiovascular events and reduced pro-
gression of advanced nephropathy
(29–31).
However, the superiority of ACE in-

hibitors or ARBs over other antihyper-
tensive agents for prevention of
cardiovascular outcomes has not been
consistently shown for all patients with
diabetes (22,28,32,33). In particular, a recent
meta-analysis suggests that thiazide-
type diuretics or dihydropyridine calcium
channel blockers have cardiovascular
benefit similar to that of ACE inhibitors
or ARBs (22). Therefore, among patients
without albuminuria for whom cardio-
vascular disease prevention is the pri-
mary goal of blood pressure control, a
thiazide-like diuretic or dihydropyridine
calcium channel blocker may be consid-
ered instead of or in addition to an ACE
inhibitor or ARB.
There are no adequate head-to-head

comparisons of ACE inhibitors and ARBs,
but there is clinical trial support for each
of the following statements: In patients
with type 1 diabetes with hypertension
and any degree of albuminuria, ACE in-
hibitors have been shown to reduce loss
of glomerular filtration rate and delay
the progression of nephropathy. In
patients with type 2 diabetes, hyper-
tension, and UACR 30–299 mg/g cre-
atinine, ACE inhibitors and ARBs have
been shown to delay the progression to
UACR $300 mg/g creatinine. The use of
both ACE inhibitors and ARBs in combina-
tion is not recommended given the lack of
added ASCVD benefit and increased rate
of adverse eventsdnamely, hyperkale-
mia, syncope, and acute kidney injury
(34,35).

Combination Drug Therapy

The blood pressure arm of the ADVANCE
trial demonstrated that routine admin-
istration of a fixed-dose combination
of the ACE inhibitor perindopril and
the thiazide-like diuretic indapamide

significantly reduced combined micro-
vascular and macrovascular outcomes,
as well as death from cardiovascular
causes and total mortality. The improved
outcomes could also have been due to
lower achieved blood pressure in the
perindopril–indapamidearm (15). Another
trial showed a decrease in morbidity and
mortality in those receiving ACE inhibi-
tor benazepril and calcium channel
blocker amlodipine versus benazepril
and thiazide-like diuretic hydrochloro-
thiazide (36,37). If needed to achieve
blood pressure targets, amlodipine
and indapamide or hydrochlorothia-
zide or thiazide-like diuretic chlorthalidone
can be added. If estimated glomerular
filtration rate is ,30 mL/min/1.73 m2,
a loop diuretic should be prescribed.
Titration of and/or addition of further
blood pressure medications should be
made in a timely fashion to overcome
clinical inertia in achieving blood pres-
sure targets.

Bedtime Dosing

Growing evidence suggests that there is
an association between absence of noc-
turnal blood pressure dipping and the
incidence of ASCVD. A randomized con-
trolled trial of 448 participants with
type 2 diabetes and hypertension dem-
onstrated reduced cardiovascular events
andmortality with median follow-up of
5.4 years if at least one antihyperten-
sive medication was given at bedtime
(38). Consider administering one or
more antihypertensive medications at
bedtime (39).

Other Considerations

An important caveat is that most pa-
tients with diabetes and hypertension
require multiple-drug therapy to reach
blood pressure treatment goals (21).
Identifying and addressing barriers to
medication adherence (such as cost
and side effects) should routinely be
done. If blood pressure remains uncon-
trolled despite confirmed adherence
to optimal doses of at least three
antihypertensive agents of different
classes, one of which should be a di-
uretic, clinicians should consider an
evaluation for secondary causes of
hypertension.

Pregnancy and Antihypertensive

Medications

Since there is a lack of randomized con-
trolled trials of antihypertensive ther-
apy in pregnant women with diabetes,

recommendations for the management
of hypertension in pregnant women
with diabetes should be similar to those
for all pregnant women. The American
College of Obstetricians and Gynecolo-
gists (ACOG) has recommended that
women with mild gestational hyperten-
sion (SBP ,160 mmHg or DBP ,110
mmHg) do not need to be treated with
antihypertensivemedications as there is
no benefit identified that clearly out-
weighs potential risks of therapy (40).
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 conclusive ev-
idence for or against blood pressure
treatment to reduce the risk of pre-
eclampsia for the mother or effects
on perinatal outcomes such as preterm
birth, small-for-gestational-age in-
fants, or fetal death (41). For pregnant
women who require antihypertensive
therapy, SBP levels of 120–160 mmHg
and DBP levels of 80–105 mmHg are
suggested to optimize maternal health
without risking fetal harm. Lower tar-
gets (SBP 110–119 mmHg and DBP 65–
79 mmHg) may contribute to improved
long-term maternal health; however,
they may be associated with impaired
fetal growth. Pregnant women with
hypertension and evidence of end-organ
damage from cardiovascular and/or
renal disease may be considered for
lower blood pressure targets to avoid
progression of these conditions during
pregnancy.

During pregnancy, treatment with
ACE inhibitors, ARBs, and spironolac-
tone are contraindicated as they may
cause fetal damage. Antihypertensive
drugs known to be effective and safe
in pregnancy include methyldopa, labe-
talol, hydralazine, carvedilol, clonidine,
and long-acting nifedipine (40). Di-
uretics are not recommended for blood
pressure control in pregnancy but may
be used during late-stage pregnancy if
needed for volume control (40,42).
ACOG also recommends that postpar-
tum patients with gestational hyperten-
sion, preeclampsia, and superimposed
preeclampsia have their blood pres-
sures observed for 72 h in hospital and
for 7–10 days postpartum. Long-term
follow-up is recommended for these
women as they have increased lifetime
cardiovascular risk (43).
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LIPID MANAGEMENT

Recommendations

c In adults not taking statins, it is
reasonable to obtain a lipid profile
at the time of diabetes diagnosis,
at an initial medical evaluation, and
every 5 years thereafter, or more
frequently if indicated. E

c Obtain a lipid profile at initiation
of statin therapy and periodically
thereafter as it may help to monitor
the response to therapy and inform
adherence. E

c Lifestyle modification focusing on
weight loss (if indicated); the reduc-
tion of saturated fat, trans fat, and
cholesterol intake; increase of di-
etaryv-3 fatty acids, viscous fiber,
and plant stanols/sterols intake;
and increased physical activity
should be recommended to im-
prove the lipid profile in patients
with diabetes. A

c Intensify lifestyle therapy and opti-
mize glycemic control for patients
with elevated triglyceride levels
($150 mg/dL [1.7 mmol/L]) and/or
low HDL cholesterol (,40 mg/dL
[1.0 mmol/L] for men, ,50 mg/dL
[1.3 mmol/L] for women). C

c For patients with fasting triglyceride
levels $500 mg/dL (5.7 mmol/L),
evaluate for secondary causes of
hypertriglyceridemia and consider
medical therapy to reduce the risk
of pancreatitis. C

c For patients of all ages with diabe-
tes and atherosclerotic cardiovas-
cular disease, high-intensity statin
therapy should be added to life-
style therapy. A

c For patients with diabetes aged
,40 years with additional athero-
sclerotic cardiovascular disease risk
factors, consider using moderate-
intensity or high-intensity statin
and lifestyle therapy. C

c For patients with diabetes aged
40–75 years without additional
atherosclerotic cardiovascular dis-
ease risk factors, consider using
moderate-intensity statin and life-
style therapy. A

c For patients with diabetes aged
40–75 years with additional ath-
erosclerotic cardiovascular dis-
ease risk factors, consider using
high-intensity statin and lifestyle
therapy. B

c For patients with diabetes aged
.75 years without additional ath-
erosclerotic cardiovascular dis-
ease risk factors, consider using
moderate-intensity statin therapy
and lifestyle therapy. B

c For patients with diabetes aged
.75 years with additional athero-
sclerotic cardiovascular disease risk
factors, consider using moderate-
intensity or high-intensity statin
therapy and lifestyle therapy. B

c In clinical practice, providers may
need to adjust intensity of statin
therapy based on individual patient
response to medication (e.g., side
effects, tolerability, LDL cholesterol
levels). E

c The addition of ezetimibe to
moderate-intensity statin therapy
has been shown to provide addi-
tional cardiovascular benefit com-
pared with moderate-intensity
statin therapy alone for patients with
recent acute coronary syndrome
and LDL cholesterol $50 mg/dL
(1.3 mmol/L) and should be consid-
ered for these patients A and also
in patients with diabetes and his-
tory of ASCVD who cannot tolerate
high-intensity statin therapy. E

c Combination therapy (statin/fibrate)
has not been shown to improve ath-
erosclerotic cardiovascular disease
outcomes and is generally not rec-
ommended. A However, therapy
with statin and fenofibrate may
be considered for men with both
triglyceride level $204 mg/dL
(2.3 mmol/L) and HDL cholesterol
level #34 mg/dL (0.9 mmol/L). B

c Combination therapy (statin/niacin)
has not been shown to provide ad-
ditional cardiovascular benefit above
statin therapy alone and may in-
crease the risk of stroke and is not
generally recommended. A

c Statin therapy is contraindicated
in pregnancy. B

Lifestyle Intervention
Lifestyle intervention, including weight
loss, increased physical activity, and
medical nutrition therapy, allows some
patients to reduce ASCVD risk factors.
Nutrition intervention should be tai-
lored according to each patient’s age,
diabetes type, pharmacologic treatment,
lipid levels, and medical conditions.

Recommendations should focus on re-
ducing saturated fat, cholesterol, and
trans fat intake and increasing plant
stanols/sterols, v-3 fatty acids, and vis-
cous fiber (such as in oats, legumes, and
citrus). Glycemic control may also benefi-
cially modify plasma lipid levels, particularly
in patients with very high triglycerides and
poor glycemic control.

Statin Treatment

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 phar-
macologic (statin) therapy on ASCVD
outcomes in subjects with and without
CHD (44,45). Subgroup analyses of pa-
tients with diabetes in larger trials
(46–50) and trials in patients with dia-
betes (51,52) showed significant pri-
mary and secondary prevention of
ASCVD events and CHD death in patients
with diabetes. Meta-analyses, including
data from over 18,000 patients with di-
abetes from 14 randomized trials of
statin therapy (mean follow-up4.3 years),
demonstrate a 9% proportional reduc-
tion in all-cause mortality and 13% re-
duction in vascular mortality for each
mmol/L (39 mg/dL) reduction in LDL
cholesterol (53).

As in those without diabetes, abso-
lute reductions in ASCVD outcomes
(CHD death and nonfatal MI) are great-
est in people with high baseline ASCVD
risk (known ASCVD and/or very high LDL
cholesterol levels), but the overall ben-
efits of statin therapy in people with di-
abetes at moderate or even low risk for
ASCVD are convincing (54,55). Statins
are the drugs of choice for LDL choles-
terol lowering and cardioprotection.

Most trials of statins and ASCVD out-
comes tested specific doses of statins
against placebo or other statins rather
than aiming for specific LDL cholesterol
goals (56), suggesting that the initiation
and intensification of statin therapy
be based on risk profile (Table 9.1 and
Table 9.2).

The Risk Calculator. The American College
of Cardiology/American Heart Associa-
tion ASCVD risk calculator may be a use-
ful tool to estimate 10-year ASCVD risk
(http://my.americanheart.org). As dia-
betes itself confers increased risk for
ASCVD, the risk calculator has limited
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use for assessing cardiovascular risk in
individuals with diabetes.

Age 40–75 Years

In low-risk patients with diabetes aged
40–75 years, moderate-intensity statin
treatment should be considered in addi-
tion to lifestyle therapy. Clinical trials in
high-risk patients with increased cardio-
vascular risk (e.g., LDL cholesterol$100
mg/dL [2.6 mmol/L], high blood pres-
sure, smoking, albuminuria, and family
history of premature ASCVD) and with
ASCVD (57–59) have demonstrated that
more aggressive therapy with high
doses of statins led to a significant re-
duction in cardiovascular events. High-
intensity statins are recommended in all
such patients.

Age >75 Years

For adults with diabetes .75 years of
age, there are limited data regarding
the benefits and risks of statin therapy.
Statin therapy should be individualized

based on risk profile. High-intensity sta-
tins, if well tolerated, are still appropri-
ate and recommended for older adults
with ASCVD. High-intensity statin ther-
apy may also be appropriate in adults
with diabetes.75 years of age with ad-
ditional ASCVD risk factors. However,
the risk–benefit profile should be rou-
tinely evaluated in this population,
with downward titration (e.g., high to
moderate intensity) performed as
needed. See Section 11 “Older Adults”
for more details on clinical consider-
ations 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. In the Heart
Protection Study (lower age limit 40
years), the subgroup of ;600 patients
with type 1 diabetes had a proportion-
ately similar, although not statistically

significant, reduction in risk as patients
with type 2 diabetes (47). Even though
the data are not definitive, similar statin
treatment approaches should be consid-
ered for patients with type 1 or type 2
diabetes, particularly in the presence of
other cardiovascular risk factors. Please
refer to “Type 1 Diabetes Mellitus and
Cardiovascular Disease: A Scientific
Statement From the American Heart As-
sociation and American Diabetes Associ-
ation” (60) for additional discussion.

High-intensity statin therapy is rec-
ommended for all patients with diabe-
tes and ASCVD. Treatment with a
moderate dose of statin should be con-
sidered if the patient does not have
ASCVD but has additional ASCVD risk
factors.

Ongoing Therapy and Monitoring
With Lipid Panel
In adults with diabetes, it is reasonable
to obtain a lipid profile (total choles-
terol, LDL cholesterol, HDL cholesterol,
and triglycerides) at the time of diagno-
sis, at the initial medical evaluation, and
at least every 5 years thereafter. A lipid
panel should also be obtained immedi-
ately before initiating statin therapy.
Once a patient is taking a statin, testing
for LDL cholesterol may be considered
on an individual basis (e.g., to monitor
for adherence and efficacy). In cases
where patients are adherent but the
LDL cholesterol level is not responding,
clinical judgment is recommended to
determine the need for and timing of
lipid panels. In individual patients, the
highly variable LDL cholesterol–lowering
response seen with statins is poorly un-
derstood (61). Whenmaximally tolerated
doses of statins fail to substantially lower
LDL cholesterol (,30% reduction from
the patient’s baseline), there is no strong
evidence that combination therapy should
be used. Clinicians should attempt to
find a dose or alternative statin that is tol-
erable, if side effects occur. There is evi-
dence for benefit from even extremely
low, less than daily, statin doses (62).

Increased frequency of LDL choles-
terol monitoring should be considered
for patients with new-onset ACS. In-
creased frequency of LDL cholesterol
monitoring may also be considered in
adults with heterozygous familial hyper-
cholesterolemia who require additional
lowering of LDL cholesterol.

Table 9.1—Recommendations for statin and combination treatment in people
with diabetes

Age Risk factors
Recommended
statin intensity*

,40 years None None

ASCVD risk factor(s)** Moderate or high

ASCVD High

40–75 years None Moderate

ASCVD risk factors High

ASCVD High

ACS and LDL cholesterol $50 mg/dL (1.3 mmol/L)
or in patients with a history of ASCVD who
cannot tolerate high-dose statins

Moderate plus
ezetimibe

.75 years None Moderate

ASCVD risk factors Moderate or high

ASCVD High

ACS and LDL cholesterol $50 mg/dL (1.3 mmol/L)
or in patients with a history of ASCVD who
cannot tolerate high-dose statins

Moderate plus
ezetimibe

*In addition to lifestyle therapy. **ASCVD risk factors include LDL cholesterol $100 mg/dL
(2.6 mmol/L), high blood pressure, smoking, chronic kidney disease, albuminuria, and family
history of premature ASCVD.

Table 9.2—High-intensity and moderate-intensity statin therapy*

High-intensity statin therapy Moderate-intensity statin therapy
(lowers LDL cholesterol by $50%) (lowers LDL cholesterol by 30% to ,50%)

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 2–4 mg

*Once-daily dosing. XL, extended release.
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Combination Therapy for LDL
Cholesterol Lowering

Statins and Ezetimibe

The IMProved Reduction of Outcomes:
Vytorin Efficacy International Trial
(IMPROVE-IT) was a randomized con-
trolled trial comparing the addition of eze-
timibe to simvastatin therapy versus
simvastatin alone. Individuals were $50
years of age, had experienced an ACS
within the preceding 10 days, and had
an LDL cholesterol level $50 mg/dL
(1.3 mmol/L). In those with diabetes
(27%), the combination of moderate-
intensity simvastatin (40mg) andezetimibe
(10 mg) showed a significant reduction of
major adverse cardiovascular events with
an absolute risk reduction of 5% (40% vs.
45%) and RR reduction of 14% (RR 0.86
[95% CI 0.78–0.94]) overmoderate-intensity
simvastatin (40mg) alone (63). Therefore,
for people meeting IMPROVE-IT eligibil-
ity criteria, ezetimibe should be added
to moderate-intensity statin therapy.
Though not explicitly studied, these re-
sults may also suggest that the addition
of ezetimibe should be considered for
any patient with diabetes and history of
ASCVD who cannot tolerate high-intensity
statin therapy.

Statins and PCSK9 Inhibitors

Placebo-controlled trials evaluating
the addition of the PCSK9 inhibitors
evolocumab and alirocumab to maxi-
mally tolerated doses of statin therapy
in participants who were at high risk for
ASCVD demonstrated an average reduc-
tion in LDL cholesterol ranging from 36%
to 59%. These agents may therefore be
considered as adjunctive therapy for
patients with diabetes at high risk for
ASCVD events who require additional
lowering of LDL cholesterol or who re-
quire but are intolerant to high-intensity
statin therapy (64,65). It is important to
note that the effects of this novel class
of agents on ASCVD outcomes are un-
known as phase 4 studies are currently
under way.

Treatment of Other Lipoprotein
Fractions or Targets
Hypertriglyceridemia should be ad-
dressed with dietary and lifestyle
changes including abstinence from alco-
hol (66). Severe hypertriglyceridemia
(.1,000 mg/dL) may warrant pharma-
cologic therapy (fibric acid derivatives
and/or fish oil) to reduce the risk of
acute pancreatitis.

Low levels of HDL cholesterol, often
associated with elevated triglyceride
levels, are the most prevalent pattern
of dyslipidemia in individuals with
type 2 diabetes. However, the evidence
for the use of drugs that target these
lipid fractions is substantially less robust
than that for statin therapy (67). In a
large trial in patients with diabetes, fe-
nofibrate failed to reduce overall cardio-
vascular outcomes (68).

Combination Therapy

Statin and Fibrate

Combination therapy (statin and fi-
brate) is associated with an increased
risk for abnormal transaminase levels,
myositis, and rhabdomyolysis. The risk
of rhabdomyolysis is more common
with higher doses of statins and renal
insufficiency and appears to be higher
when statins are combined with gemfi-
brozil (compared with fenofibrate) (69).

In the ACCORD study, in patients with
type 2 diabetes who were at high risk for
ASCVD, the combination of fenofibrate
and simvastatin did not reduce the rate
of fatal cardiovascular events, nonfatal
MI, or nonfatal stroke as compared with
simvastatin alone. Prespecified sub-
group analyses suggested heterogeneity
in treatment effects with possible ben-
efit 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) (70).

Statin and Niacin

The Atherothrombosis Intervention in
Metabolic Syndrome With Low HDL/High
Triglycerides: Impact on Global Health
Outcomes (AIM-HIGH) trial randomized
over 3,000 patients (about one-third
with diabetes) with established ASCVD,
low LDL cholesterol levels (,180 mg/dL
[4.7 mmol/L]), low HDL cholesterol lev-
els (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 niacin or pla-
cebo. The trial was halted early due to
lack of efficacy on the primary ASCVD
outcome (first event of the composite
of death from CHD, nonfatal MI, ische-
mic stroke, hospitalization for an ACS,
or symptom-driven coronary or cere-
bral revascularization) and a possible
increase in ischemic stroke in those on
combination therapy (71). Therefore,
combination therapy with a statin and

niacin is not recommended given the
lack of efficacy on major ASCVD out-
comes, possible increase in risk of ische-
mic stroke, and side effects.

Diabetes With Statin Use
Several studies have reported an in-
creased risk of incident diabetes with
statin use (72,73), which may be limited
to those with diabetes risk factors.
An analysis of one of the initial studies
suggested that although statins were
linked to diabetes risk, the cardiovascu-
lar event rate reduction with statins far
outweighed the risk of incident diabetes
even for patients at highest risk for di-
abetes (74). The absolute risk increase
was small (over 5 years of follow-up,
1.2% of participants on placebo devel-
oped diabetes and 1.5% on rosuvastatin
developed diabetes) (74). Ameta-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 (onaverage) treatmentof255patients
with statins for 4 years resulted in one
additional case of diabetes while simulta-
neously preventing 5.4 vascular events
among those 255 patients (73).

Statins and Cognitive Function
A recent systematic review of the U.S.
Food and Drug Administration’s post-
marketing surveillance databases, ran-
domized controlled trials, and cohort,
case-control, and cross-sectional stud-
ies evaluating cognition in patients re-
ceiving statins found that published
data do not reveal an adverse effect of
statins on cognition. Therefore, a concern
that statins might cause cognitive dys-
function or dementia should not deter
their use in individuals with diabetes at
high risk for ASCVD (75).

ANTIPLATELET AGENTS

Recommendations

c Useaspirin therapy (75–162mg/day)
as a secondary prevention strat-
egy in those with diabetes and a
history of atherosclerotic cardio-
vascular disease. A

c For patients with atherosclerotic
cardiovascular disease and docu-
mented aspirin allergy, clopidogrel
(75 mg/day) should be used. B

c Dual antiplatelet therapy is reason-
able for up to a year after an acute
coronary syndrome and may have
benefits beyond this period. B
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c Consider aspirin therapy (75–162
mg/day) as a primary prevention
strategy in those with type 1 or
type 2 diabetes who are at in-
creased cardiovascular risk. This
includes most men and women
with diabetes aged $50 years
who have at least one additional
major risk factor (family history
of premature atherosclerotic car-
diovascular disease, hypertension,
dyslipidemia, smoking, or albu-
minuria) and are not at increased
risk of bleeding. C

c Aspirin should not be recommended
for atherosclerotic cardiovascular
disease prevention for adults with
diabetes at low atherosclerotic car-
diovascular disease risk, such as
in men or women with diabetes
aged,50 years with no othermajor
atherosclerotic cardiovascular dis-
ease risk factors, as the potential ad-
verse effects from bleeding likely
offset the potential benefits. C

c When considering aspirin therapy
in patients with diabetes ,50
years of age with multiple other
atherosclerotic cardiovascular dis-
ease risk factors, clinical judgment
is required. E

Risk Reduction
Aspirin has been shown to be effective
in reducing cardiovascular morbidity
and mortality in high-risk patients with
previous MI or stroke (secondary preven-
tion). Its net benefit in primary prevention
among patients with no previous cardio-
vascular events is more controversial both
for patients with diabetes and for patients
without diabetes (76,77). Previous ran-
domized controlled trials of aspirin specif-
ically in patients with diabetes failed to
consistently show a significant reduction
in overall ASCVD end points, raising ques-
tions about the efficacy of aspirin for pri-
mary prevention in people with diabetes,
although some sex differences were sug-
gested (78–80).
The Antithrombotic Trialists’ (ATT)

collaborators published an individual
patient-level meta-analysis of the six
large trials of aspirin for primary pre-
vention in the general population. These
trials collectively 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% (RR 0.88 [95%
CI 0.82–0.94]). The largest reduction
was for nonfatal MI, with little effect
on CHD death (RR 0.95 [95% CI 0.78–
1.15]) or total stroke. There was some
evidence of a difference in aspirin effect
by sex: aspirin significantly reduced
ASCVD events in men but not in women.
Conversely, aspirin had no effect on
stroke in men but significantly reduced
stroke in women. However, there was
no heterogeneity of effect by sex in the
risk of serious vascular events (P 5 0.9).

Sex differences in aspirin’s effects
have not been observed in studies of
secondary prevention (76). In the six tri-
als examined by the ATT collaborators,
the effects of aspirin on major vascular
events were similar for patients with or
without diabetes: RR 0.88 (95% CI 0.67–
1.15) and RR 0.87 (95% CI 0.79–0.96),
respectively. The confidence interval
was wider for those with diabetes be-
cause of smaller numbers.

Aspirin appears to have a modest ef-
fect on ischemic vascular events, with
the absolute decrease in events depend-
ing on the underlying ASCVD risk. The
main adverse effects appear to be an
increased risk of gastrointestinal bleed-
ing. The excess risk may be as high as
1–5 per 1,000 per year in real-world
settings. In adults with ASCVD risk .1%
per year, the number of ASCVDevents pre-
ventedwill be similar to or greater than the
number of episodes of bleeding induced,
although these complications do not have
equal effects on long-term health (81).

Treatment Considerations
In 2010, a position statement of the
ADA, the American Heart Association,
and the American College of Cardiol-
ogy Foundation recommended that
low-dose (75–162 mg/day) aspirin for
primary prevention is reasonable for
adults with diabetes and no previous
history of vascular disease who are at
increased ASCVD risk and who are not
at increased risk for bleeding (82). This
previous statement included sex-specific
recommendations for use of aspirin ther-
apy as primary prevention persons with
diabetes. However, since that time,
multiple recent well-conducted studies
and meta-analyses have reported a risk
of heart disease and stroke that is
equivalent if not higher in women com-
paredwithmenwith diabetes, including
among nonelderly adults. Thus, current

recommendations for using aspirin as
primary prevention include both men
and women aged$50 years with diabe-
tes 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 (83–86). While risk calcu-
lators such as those from the American
College of Cardiology/American Heart As-
sociation (http://my.americanheart.org)
may be a useful tool to estimate 10-year
ASCVD risk, diabetes itself confers in-
creased risk for ASCVD. As a result, such
risk calculators have limited utility in help-
ing to assess the potential benefits of as-
pirin therapy in individuals with diabetes.
Noninvasive imaging techniques such as
coronary computed tomography angiog-
raphy may potentially help further tailor
aspirin therapy, particularly in those at
low risk (87), but are not generally recom-
mended. Sex differences in the antiplate-
let effect of aspirin have been suggested
in the general population (88); however,
further studies are needed to investigate
the presence of such differences in indi-
viduals with diabetes.

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 or more risk factors or older
patients with no risk factors) until fur-
ther research is available. Patients’ will-
ingness to undergo long-term aspirin
therapy should also be considered
(89). 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 50 mg to 650 mg
but were mostly in the range of 100–
325 mg/day. There is little evidence to
support any specific dose, but using the
lowest possible dose may help to re-
duce side effects (90). In the U.S., the
most common low-dose tablet is 81 mg.
Although platelets from patients with
diabetes have altered function, it is
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unclear what, if any, effect that finding
has on the required dose of aspirin for
cardioprotective effects in the patient
with diabetes. Many alternate pathways
for platelet activation exist that are in-
dependent of thromboxane A2 and thus
not sensitive to the effects of aspirin
(91). “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) (88),
but other studies suggest no impairment
in aspirin response among patients with
diabetes (92). A recent trial suggested
that more frequent dosing regimens of
aspirin may reduce platelet reactivity in
individuals with diabetes (93); however,
these observations alone are insuffi-
cient to empirically recommend that
higher doses of aspirin be used in this
group at this time. It appears that 75–
162 mg/day is optimal.

Indications for P2Y12 Use
A P2Y12 receptor antagonist in combi-
nation with aspirin should be used for at
least 1 year in patients following an ACS
and may have benefits beyond this
period. Evidence supports use of either
ticagrelor or clopidogrel if no percuta-
neous coronary intervention was per-
formed and clopidogrel, ticagrelor, or
prasugrel if a percutaneous coronary
intervention was performed (94). In pa-
tients with diabetes and prior MI (1–3
years before), adding ticagrelor to as-
pirin significantly reduces the risk of
recurrent ischemic events including car-
diovascular and coronary heart disease
death (95). More studies are needed to
investigate the longer-term benefits of
these therapies after ACS among pa-
tients with diabetes.

CORONARY HEART DISEASE

Recommendations

Screening
c In asymptomatic patients, routine

screening for coronary artery dis-
ease is not recommended as it
does not improve outcomes as
long as atherosclerotic cardiovascu-
lar disease risk factors are treated. A

c Consider investigations for coro-
nary artery disease in the presence
of any of the following: atypical
cardiac symptoms (e.g., unexplained
dyspnea, chest discomfort); signs

or symptoms of associated vascular
disease including carotidbruits, tran-
sient ischemic attack, stroke, claudi-
cation, or peripheral arterial disease;
or electrocardiogram abnormalities
(e.g., Q waves). E

Treatment
c In patients with known atheroscle-

rotic cardiovascular disease, use
aspirin and statin therapy (if not
contraindicated) A and consider
ACE inhibitor therapy C to reduce
the risk of cardiovascular events.

c In patients with prior myocardial
infarction, b-blockers should be
continued for at least 2 years after
the event. B

c In patients with symptomatic
heart failure, thiazolidinedione
treatment should not be used. A

c In patients with type 2 diabetes
with stable congestive heart failure,
metforminmay be used if estimated
glomerular filtration remains .30
mL/minbut should be avoided in un-
stable or hospitalized patients with
congestive heart failure. B

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 reason-
able for cardiovascular risk assessment.
Pharmacologic 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
testing and are unable to exercise
should undergo pharmacologic stress
echocardiography or nuclear imaging.

Screening Asymptomatic Patients
The screening of asymptomatic pa-
tients with high ASCVD risk is not rec-
ommended (96), in part because these
high-risk patients should already be re-
ceiving intensive medical therapydan
approach that provides similar benefit
as invasive revascularization (97,98).
There is also some evidence that silent

MI may reverse over time, adding to
the controversy concerning aggressive
screening strategies (99). In prospective
trials, coronary artery calcium has been
established as an independent predictor
of future ASCVD events in patients with
diabetes and is superior to both the UK
Prospective Diabetes Study (UKPDS) risk
engine and the Framingham Risk Score
in predicting risk in this population
(100–102). However, a randomized ob-
servational trial demonstrated no clini-
cal benefit to routine screening of
asymptomatic patients with type 2 dia-
betes and normal ECGs (103). Despite
abnormal myocardial perfusion imaging
in more than one in five patients, cardiac
outcomes were 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
evaluation and subsequent follow-up for
coronary artery disease fails to identify
which patients with type 2 diabetes will
have silent ischemia on screening tests
(104,105). Any benefit of newer noninva-
sive coronary artery disease screening
methods, such as computed tomography
and computed tomography angiography,
to identify patient subgroups for different
treatment strategies remains unproven.
Although asymptomatic patients with
diabetes with higher coronary disease
burden have more future cardiac events
(100,106,107), the role of these tests be-
yond risk stratification is not clear. Their
routine use leads to radiation exposure
and may result in unnecessary invasive
testing such as coronary angiography
and revascularization procedures. The ul-
timate balance of benefit, cost, and risks
of such an approach in asymptomatic pa-
tients remains controversial, particularly
in the modern setting of aggressive
ASCVD risk factor control.

Lifestyle and Pharmacologic
Interventions
Intensive lifestyle intervention focusing
on weight loss through decreased calo-
ric intake and increased physical activity
as performed in the Action for Health in
Diabetes (Look AHEAD) trial may be con-
sidered for improving glucose control,
fitness, and some ASCVD risk factors
(108). Patients at increased ASCVD risk
should receive aspirin and a statin and
ACE inhibitor or ARB therapy if the

care.diabetesjournals.org Cardiovascular Disease and Risk Management S83



patient has hypertension, unless there
are contraindications to a particular
drug class. While clear benefit exists
for ACE inhibitor and ARB therapy in pa-
tients with nephropathy or hyperten-
sion, the benefits in patients with
ASCVD in the absence of these condi-
tions are less clear, especially when
LDL cholesterol is concomitantly con-
trolled (109,110). In patients with prior
MI, b-blockers should be continued for
at least 2 years after the event (111).

Diabetes and Heart Failure
As many as 50% of patients with type 2
diabetes may develop heart failure (112).
Data on the effects of glucose-lowering
agents on heart failure outcomes have
demonstrated that thiazolidinediones
have a strong and consistent relation-
ship with heart failure (113–115). There-
fore, thiazolidinedione use should be
avoided in patients with symptomatic
heart failure.
Recent studies have also examined

the relationship between dipeptidyl
peptidase 4 (DPP-4) inhibitors and heart
failure and have had mixed results. The
Saxagliptin Assessment of Vascular Out-
comes Recorded in Patients with Diabetes
Mellitus–Thrombolysis in Myocardial In-
farction 53 (SAVOR-TIMI 53) study showed
that patients treated with saxagliptin
(a DPP-4 inhibitor) were more likely to
be hospitalized for heart failure than
were those given placebo (3.5% vs. 2.8%,
respectively) (116). Two other recent
multicenter, randomized, double-blind,
noninferiority trials, Examination of Car-
diovascular Outcomes with Alogliptin
versus Standard of Care (EXAMINE) and
Trial Evaluating Cardiovascular Out-
comes with Sitagliptin (TECOS), did not
show associations between DPP-4 inhib-
itor use and heart failure. EXAMINE re-
ported that the hospital admission rate
for heart failure was 3.1% for patients
randomly assigned to alogliptin com-
pared with 2.9% for those randomly as-
signed to placebo (hazard ratio 1.07
[95% CI 0.79–1.46]) (117). Alogliptin had
no effect on the composite end point of
cardiovascular death and hospital admis-
sion for heart failure in the post hoc anal-
ysis (hazard ratio 1.00 [95% CI 0.82–1.21])
(117). TECOS showed a nonsignificant dif-
ference in the rate of heart failure hospi-
talization for the sitagliptin group (3.1%;
1.07 per 100 person-years) compared

with the placebo group (3.1%; 1.09 per
100 person-years) (118).

Antihyperglycemic Therapies and
Cardiovascular Outcomes
Recently published cardiovascular out-
come trials have provided additional
data on cardiovascular outcomes in
patients with type 2 diabetes with car-
diovascular disease or at high risk for
cardiovascular disease. The BI 10773
(Empagliflozin) Cardiovascular Outcome
Event Trial in Type 2 Diabetes Mellitus
Patients (EMPA-REG OUTCOME) was a
randomized, double-blind trial that
assessed the effect of empagliflozin, a
sodium–glucose cotransporter 2 (SGLT2)
inhibitor, versus placebo and standard
care on cardiovascular outcomes in pa-
tients with type 2 diabetes and existing
cardiovascular disease. Study partici-
pants had a mean age of 63 years, 57%
had diabetes for more than 10 years, and
99% had established cardiovascular dis-
ease. EMPA-REG OUTCOME showed that
over a median follow-up of 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) and cardio-
vascular death by 38% (absolute rate
3.7% vs. 5.9%) (119). The FDA recently
added a new indication for empagliflozin,
to reduce the risk of cardiovascular death
in adults with type 2 diabetes and cardio-
vascular disease. Whether other SGLT2
inhibitors will have the same effect in
high-risk patients andwhether empagliflo-
zin or other SGLT2 inhibitors will have a
similar effect in lower-risk patients with
diabetes remains unknown.

The Liraglutide Effect and Action in Di-
abetes: Evaluation of Cardiovascular Out-
come ResultsdA Long Term Evaluation
(LEADER) trial was a randomized, double-
blind trial that assessed the effect of
liraglutide, a glucagon-like peptide 1 recep-
tor agonist, versus placebo and standard
careoncardiovascularoutcomes inpatients
with type 2 diabetes at high risk for cardio-
vascular disease or with cardiovascular dis-
ease. Study participants had a mean age of
64years andameandurationofdiabetesof
nearly 13 years. Over 80% of study partici-
pants had established cardiovascular dis-
ease inclusive of a prior MI, prior stroke
or transient ischemic attack, prior revascu-
larization procedure, or $50% stenosis of
coronary, carotid, or lower-extremity ar-
teries. LEADER showed that the composite

primary outcome (MI, stroke, or cardiovas-
cular death) occurred in fewer participants
in the treatment group (13.0%) when com-
pared with the placebo group (14.9%) after
a median follow-up of 3.8 years (120).
Whether other glucagon-like peptide 1 re-
ceptor agonists will have the same effect
in high-risk patients or if this drug class
will have similar effects in lower-risk pa-
tients with diabetes remains unknown.
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DIABETIC KIDNEY DISEASE

Recommendations

Screening
c At least once a year, assess urinary albumin (e.g., spot urinary albumin–to–

creatinine ratio) and estimated glomerular filtration rate in patients with
type 1 diabetes with duration of$5 years, in all patients with type 2 diabetes,
and in all patients with comorbid hypertension. B

Treatment
c Optimize glucose control to reduce the risk or slow the progression of diabetic

kidney disease. A
c Optimize blood pressure control to reduce the risk or slow the progression of

diabetic kidney disease. A
c For people with nondialysis-dependent diabetic kidney disease, dietary pro-

tein intake should be approximately 0.8 g/kg body weight per day (the rec-
ommended daily allowance). For patients on dialysis, higher levels of dietary
protein intake should be considered. B

c In nonpregnant patients with diabetes and hypertension, either an ACE
inhibitor or an angiotensin receptor blocker is recommended for those
with modestly elevated urinary albumin–to–creatinine ratio (30–299 mg/g
creatinine) B and is strongly recommended for those with urinary albumin–
to–creatinine ratio$300 mg/g creatinine and/or estimated glomerular filtra-
tion rate ,60 mL/min/1.73 m2. A

c Periodically monitor serum creatinine and potassium levels for the develop-
ment of increased creatinine or changes in potassium when ACE inhibitors,
angiotensin receptor blockers, or diuretics are used. E

c Continued monitoring of urinary albumin–to–creatinine ratio in patients with
albuminuria treatedwith an ACE inhibitor or an angiotensin receptor blocker is
reasonable to assess the response to treatment and progression of diabetic
kidney disease. E

c An ACE inhibitor or an angiotensin receptor blocker is not recommended for
the primary prevention of diabetic kidney disease in patients with diabetes
who have normal blood pressure, normal urinary albumin–to–creatinine ratio
(,30 mg/g creatinine), and normal estimated glomerular filtration rate. B

c When estimated glomerular filtration rate is ,60 mL/min/1.73 m2, evaluate
and manage potential complications of chronic kidney disease. E

c Patients should be referred for evaluation for renal replacement treatment if
they have an estimated glomerular filtration rate ,30 mL/min/1.73 m2. A

c Promptly refer to a physician experienced in the care of kidney disease for
uncertainty about the etiology of kidney disease, difficult management issues,
and rapidly progressing kidney disease. B

Assessment of Albuminuria and Estimated Glomerular Filtration Rate
Chronic kidney disease (CKD) is diagnosed by the presence of elevated urinary
albumin excretion (albuminuria), low estimated glomerular filtration rate (eGFR),
or other manifestations of kidney damage (1,2). Diabetic kidney disease, or CKD
attributed to diabetes, occurs in 20–40% of patients with diabetes and is the leading
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cause of end-stage renal disease (ESRD)
(1). Diabetic kidney disease typically
develops after a diabetes duration of 10
years, or at least 5 years in type 1 diabe-
tes, but may be present at diagnosis of
type 2 diabetes.
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 collec-
tions are more burdensome and add little
to prediction or accuracy. Measurement
of a spot urine sample for albumin alone
(whether by immunoassay or by using a
sensitive dipstick test specific for albumin-
uria) without simultaneously measuring
urine creatinine (Cr) is less expensive but
susceptible to false-negative and false-
positive determinations as a result of varia-
tion in urine concentration due to hydration.
Normal UACR is generally defined as

,30 mg/g Cr, and increased urinary albu-
min excretion is defined as $30 mg/g Cr.
However, UACR is a continuous measure-
ment, and differences within the normal
and abnormal ranges are associated with
renal and cardiovascular outcomes. Fur-
thermore, because of biological variability
in urinary albumin excretion, two of three
specimens of UACR collectedwithin a 3- to
6-month period should be abnormal be-
fore considering apatient tohavealbumin-
uria. Exercise within 24 h, infection, fever,
congestive heart failure, marked hypergly-
cemia, menstruation, and marked hyper-
tension may elevate UACR independently
of kidney damage.
eGFR should be calculated from serum

Cr using a validated formula. The Chronic
Kidney Disease Epidemiology Collabora-
tion (CKD-EPI) equation is generally pre-
ferred (2). eGFR is routinely reported by
laboratories with serum Cr, and eGFR cal-
culators are available from http://www
.nkdep.nih.gov. An eGFR ,60 mL/min/
1.73 m2 is generally considered abnormal,
though optimal thresholds for clinical di-
agnosis are debated (3).
Urinary albumin excretion and eGFR

each vary within people over time, and
abnormal results should be confirmed
to stage CKD (1,2). Since 2003, stage
1–2 CKD has been defined by evidence
of kidney damage (usually albuminuria)
with eGFR $60 mL/min/1.73 m2, while
stages 3–5 CKD have been defined by
progressively lower ranges of eGFR (4)
(Table 10.1). More recently, Kidney Dis-
ease: Improving Global Outcomes (KDIGO)
recommended a more comprehensive

CKD staging that incorporates albuminuria
and is more closely associated with risks
of cardiovascular disease (CVD) and CKD
progression (2). It has not been deter-
mined whether application of the more
complex system aids clinical care or im-
proves health outcomes.

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 the absence of signs or symp-
toms of other primary causes of kidney
damage. The typical presentation of di-
abetic kidney disease is considered
to include a long-standing duration of
diabetes, retinopathy, albuminuria
without hematuria, and gradually pro-
gressive kidney disease. However, signs
of CKD may be present at diagnosis or
without retinopathy in type 2 diabetes,
and reduced eGFR without albuminuria
has been frequently reported in type 1
and type 2 diabetes and is becoming
more common over time as the preva-
lence of diabetes increases in the U.S.
(5–8).

An active urinary sediment (contain-
ing red or white blood cells or cellular
casts), rapidly increasing albuminuria or
nephrotic syndrome, rapidly decreasing
eGFR, or the absence of retinopathy (in
type 1 diabetes) may suggest alternative
or additional causes of kidney disease.
For patients with these features, referral
to a nephrologist for further diagnosis,
including the possibility of kidney bi-
opsy, should be considered. It is rare
for patients with type 1 diabetes to de-
velop kidney disease without retinopa-
thy. In type 2 diabetes, retinopathy is
only moderately sensitive and specific
for CKD caused by diabetes, as confirmed
by kidney biopsy (9).

Surveillance

Albuminuria and eGFR should be moni-
tored regularly to enable timely diagnosis

of diabetic kidney disease, monitor pro-
gression of diabetic kidney disease, assess
risk of CKD complications, dose drugs ap-
propriately, and determine whether ne-
phrology referral is needed (Table 10.2).
Albuminuria and eGFR may change due
to progression of diabetic kidney disease,
development of superimposed kidney dis-
ease, or the effects of medication, includ-
ing many antihypertensive medications
(e.g., ACE inhibitors, angiotensin receptor
blockers [ARBs], and diuretics) and some
glucose-lowering medications (e.g.,
sodium–glucose cotransporter 2 [SGLT2]
inhibitors). For patients with eGFR
,60 mL/min/1.73 m2, appropriate medi-
cationdosing should be verified, exposure
to nephrotoxins (e.g., nonsteroidal anti-
inflammatory drugs and iodinated con-
trast) should be minimized, and potential
CKD complications should be evaluated.

The need for annual quantitative as-
sessment of albumin excretion after di-
agnosis of albuminuria, institution of
ACE inhibitors or ARB therapy, and
achieving blood pressure control is a
subject of debate. Continued surveil-
lance can assess both response to ther-
apy and disease progression and may
aid in assessing adherence to ACE inhib-
itor or ARB therapy. In addition, in clin-
ical trials of ACE inhibitors or ARB
therapy in type 2 diabetes, reducing al-
buminuria from levels$300mg/g Cr has
been associated with improved renal
and cardiovascular outcomes, leading
some to suggest that medications
should be titrated to minimize UACR.
However, this approach has not been
formally evaluated in prospective trials,
and in type 1 diabetes, remission of al-
buminuria may occur spontaneously and
is not associated with improved clinical
outcomes (10). The prevalence of CKD
complications correlates with eGFR.
When eGFR is ,60 mL/min/1.73 m2,
screening for complications of CKD is in-
dicated (Table 10.2). Early vaccination

Table 10.1—Stages of CKD

Stage Description eGFR (mL/min/1.73 m2)

1 Kidney damage* with normal or increased eGFR $90

2 Kidney damage* with mildly decreased eGFR 60–89

3 Moderately decreased eGFR 30–59

4 Severely decreased eGFR 15–29

5 Kidney failure ,15 or dialysis

*Kidney damage is defined as UACR persistently $30 mg/g Cr or other abnormalities on
pathological, urine, blood, or imaging tests. Adapted from Levey et al. (4).
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against hepatitis B virus is indicated in pa-
tients likely to progress to ESRD.

Interventions

Nutrition

For people with nondialysis-dependent
diabetic kidney disease, dietary protein
intake should be approximately 0.8 g/kg
body weight per day (the recommended
daily allowance) (1). Compared with
higher levels of dietary protein intake,
this level slowed GFR decline with evi-
dence of a greater effect over time.
Higher levels of dietary protein intake
(.20% of daily calories from protein
or .1.3 g/kg/day) have been associated
with increasedalbuminuria,more rapid kid-
ney function loss, and CVD mortality and
therefore should be avoided. Reducing the
amount of dietary protein below the rec-
ommended daily allowance of 0.8 g/kg/day
is not recommended because it does not
alter glycemicmeasures, cardiovascular risk
measures, or the course of GFR decline.

Glycemia

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 reduced
eGFR in patients with type 1 diabetes
(11,12) and type 2 diabetes (1,13–17).
Insulin alone was used to lower blood
glucose in the Diabetes Control and
Complications Trial (DCCT)/Epidemiology
of Diabetes Interventions and Complica-
tions (EDIC) study of type 1 diabetes,

while a variety of agents were used in clin-
ical trials of type 2diabetes, supporting the
conclusion that glycemic control itself
helps prevent diabetic kidney disease
and its progression. The effects of glucose-
lowering therapies on diabetic kidney dis-
ease have helped define hemoglobin A1C
targets (Table 6.2).

Some glucose-lowering medications
also have effects on the kidney that are
direct, i.e., notmediated throughglycemia.
For example, SGLT2 inhibitors reduce
renal tubular glucose reabsorption, intra-
glomerular pressure, and albuminuria and
slow GFR loss through mechanisms that
appear independent of glycemia (18–20).
Glucagon-like peptide 1 receptor agonists
and dipeptidyl peptidase 4 inhibitors also
have direct effects on the kidney and have
been reported to improve renal outcomes
compared with placebo (21,22). Renal ef-
fects may be considered among other fac-
tors when selecting glucose-lowering
medications for individual patients (see
Section 8 “Pharmacologic Approaches to
Glycemic Treatment”).

The presence of diabetic kidney dis-
ease affects the risks and benefits of in-
tensive glycemic control and a number
of specific glucose-lowering medica-
tions. In the Action to Control Cardio-
vascular Risk in Diabetes (ACCORD) trial
of type 2 diabetes, adverse effects of in-
tensive glycemic control (hypoglycemia
andmortality) were increased among pa-
tients with kidney disease at baseline
(23,24). 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
(17,25,26). Therefore, in some patients
with prevalent diabetic kidney disease and
substantial comorbidity, target A1C levels
should be .7% (53 mmol/mol) (1,27).
The glucose-lowering effects of SGLT2 in-
hibitors are blunted with reduced eGFR,
but the renal and cardiovascular benefits
of empagliflozin, compared with placebo,
were not reduced among trial participants
with baseline eGFR30–59mL/min/1.73m2,
compared with participants with baseline
eGFR$60 mL/min/1.73 m2 (19,28).

With reduced eGFR, drug dosing may
require modification (1). The U.S. Food
and Drug Administration (FDA) revised
guidance for the use metformin in dia-
betic kidney disease in 2016 (29), rec-
ommending use of eGFR instead of
serum Cr to guide treatment and expand-
ing the pool of patientswith kidneydisease
for whommetformin treatment should be
considered. Revised FDA guidance states
that metformin is contraindicated in
patients with an eGFR ,30 mL/min/
1.73 m2, eGFR should be monitored while
taking metformin, the benefits and risks of
continuing treatment shouldbe reassessed
when eGFR falls ,45 mL/min/1.73 m2,
metformin should not be initiated for pa-
tients with an eGFR,45mL/min/1.73 m2,
and metformin should be temporarily dis-
continued at the time of or before iodin-
ated contrast imaging procedures in
patients with eGFR 30–60 mL/min/
1.73 m2. Other glucose-lowering medica-
tions also require dose adjustment or dis-
continuation at low eGFR (1).

Cardiovascular Disease and Blood Pressure

Patients with diabetic kidney disease are
at high risk of CVD. To reduce cardiovas-
cular risk, statin therapy and blood pres-
sure treatment should be considered in
patients with diabetic kidney disease.
Blood pressure control reduces risk of
cardiovascular events (30).

Hypertension is a strong risk factor for
the development and progression of di-
abetic kidney disease. Antihypertensive
therapy reduces the risk of albuminuria
(30–32), and among patients with type 1
or 2 diabetes with established diabetic
kidneydisease (eGFR,60mL/min/1.73m2

and UACR$300mg/g Cr), ACE inhibitor or
ARB therapy reduce the risk of progression
to ESRD (33–35).

Table 10.2—Management of CKD in diabetes

eGFR
(mL/min/1.73 m2) Recommended management

All patients Yearly measurement of UACR, serum Cr, potassium

45–60 Referral to a nephrologist if possibility for nondiabetic kidney disease
exists (duration of type 1diabetes,10 years, persistent albuminuria,
abnormal findings on renal ultrasound, resistant hypertension, rapid
fall in eGFR, or active urinary sediment on urine microscopic
examination)

Consider the need for dose adjustment of medications
Monitor eGFR every 6 months
Monitor electrolytes, bicarbonate, hemoglobin, calcium, phosphorus,

and parathyroid hormone at least yearly
Assure vitamin D sufficiency
Vaccinate against Hep B virus
Consider bone density testing
Referral for dietary counseling

30–44 Monitor eGFR every 3 months
Monitor electrolytes, bicarbonate, calcium, phosphorus, parathyroid

hormone, hemoglobin, albumin, and weight every 3–6 months
Consider the need for dose adjustment of medications

,30 Referral to a nephrologist
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Blood pressure levels ,140/90 mmHg
in diabetes are recommended to reduce
CVD mortality and slow CKD progression.
In individuals with albuminuria, who are at
increased risk of CVDandCKDprogression,
lower blood pressure targets (e.g.,,130/80
mmHg) may be considered (36). Of note,
there is an adverse safety signal in clini-
cal trials of diabetic kidney disease when
diastolic blood pressure is treated to
,70 mmHg and especially ,60 mmHg in
older populations. As a result, clinical
judgment should be used when attempt-
ing to achieve systolic blood pressure
targets ,130 mmHg to avoid diastolic
blood pressure levels,60–70 mmHg.
ACE inhibitors or ARBs are the pre-

ferred first-line agent for blood pressure
treatment among patients with diabetes,
hypertension, eGFR,60mL/min/1.73m2,
and UACR $300 mg/g Cr because of
their proven benefits for prevention of
CKD progression and major CVD events
(37). In general, ACE inhibitors and ARBs
are considered to have similar benefits
(38) 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 progression to
more advanced albuminuria ($300 mg/g
Cr) and cardiovascular events but not pro-
gression to ESRD (37,39). While ACE inhib-
itors or ARB are often prescribed for
albuminuria without hypertension, clinical
trials have not been performed in this set-
ting to determine whether this improves
renal outcomes.
Absent kidney disease, ACE inhibitors

or ARBs are useful to control blood pres-
sure but may not be superior to alterna-
tive classes of antihypertensive therapy
(40). In a trial of people with type 2 di-
abetes and normal urine albumin excre-
tion, an ARB reduced or suppressed the
development of albuminuria but in-
creased the rate of cardiovascular events
(41). In a trial of people with type 1 di-
abetes exhibiting neither albuminuria nor
hypertension, ACE inhibitors or ARBs did
not prevent the development of diabetic
glomerulopathy assessed by kidney biopsy
(42). Therefore, ACE inhibitors or ARBs are
not recommended for patients without hy-
pertension to prevent the development of
diabetic kidney disease.
Two clinical trials studied the combina-

tions of ACE inhibitors and ARBs and found
no benefits on CVD or diabetic kidney dis-
ease, and thedrug combinationhadhigher
adverse event rates (hyperkalemia and/or

acute kidney injury) (43). Therefore, the
combined use of ACE inhibitors and ARBs
should be avoided.

Mineralocorticoid receptor antagonists
(spironolactone, eplerenone, and finere-
none) in combination with ACE inhibitors
or ARBs remain an area of great interest.
Mineralocorticoid receptor antagonists
are effective for management of resistant
hypertension, have been shown to reduce
albuminuria in short-term studies of dia-
betic kidney disease, and may have addi-
tional cardiovascular benefits (44–46).
There has been, however, an increase in
hyperkalemic episodes in those on dual
therapy, and larger, longer trials with clin-
ical outcomes are needed before recom-
mending such therapy.

Diuretics, calcium channel blockers,
andb-blockers canbeusedas add-on ther-
apy to achieve blood pressure goals in pa-
tients treatedwithmaximumdoses of ACE
inhibitors or ARBs (47) or as alternate
therapy in the rare individual unable to
tolerate ACE inhibitors and ARBs.

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, difficult management
issues (anemia, secondary hyperparathy-
roidism, metabolic bone disease, resistant
hypertension, or electrolyte disturbances),
or advanced kidney disease (eGFR ,30
mL/min/1.73 m2) requiring discussion of
renal replacement therapy for ESRD. The
threshold for referral may vary depending
on the frequency with which a provider
encounters patients with diabetes and
kidney disease. Consultation with a ne-
phrologist 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 (48). However,
other specialists and providers should
also educate their patients about the pro-
gressive nature of diabetic kidney disease,
the kidney preservation benefits of proac-
tive treatment of blood pressure and
blood glucose, and the potential need for
renal replacement therapy.

DIABETIC RETINOPATHY

Recommendations

c Optimize glycemic control to reduce
the risk or slow the progression of
diabetic retinopathy. A

c Optimize blood pressure and serum
lipid control to reduce the risk or

slow the progression of diabetic ret-
inopathy. A

Screening
c Adults with type 1 diabetes should

have an initial dilated and compre-
hensive eye examination by an
ophthalmologist or optometrist
within 5 years after the onset of
diabetes. B

c Patients with type 2 diabetes
should have an initial dilated and
comprehensive eye examination
by an ophthalmologist or optome-
trist at the time of the diabetes
diagnosis. B

c If there is no evidence of retinop-
athy for one or more annual eye
exams and glycemia is well con-
trolled, then exams every 2 years
may be considered. If any level of
diabetic retinopathy is present,
subsequent dilated retinal exami-
nations should be repeated at
least annually by anophthalmologist
or optometrist. If retinopathy is pro-
gressing or sight-threatening, then
examinations will be required more
frequently. B

c While retinal photography may
serve as a screening tool for reti-
nopathy, it is not a substitute for a
comprehensive eye exam. E

c 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

c Eye examinations should occur be-
fore pregnancy or in the first trimes-
ter in patients with preexisting
type 1 or type 2 diabetes, and then
patients should be monitored every
trimester and for 1 year postpartum
as indicated by the degree of reti-
nopathy. B

Treatment
c Promptly refer patients with any

level of macular edema, severe non-
proliferative diabetic retinopathy (a
precursor of proliferative diabetic
retinopathy), or any proliferative di-
abetic retinopathy to an ophthal-
mologist who is knowledgeable and
experienced in the management of
diabetic retinopathy. A

c Laser photocoagulation therapy is
indicated to reduce the risk of vision
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loss in patients with high-risk prolif-
erative diabetic retinopathy and, in
some cases, severe nonproliferative
diabetic retinopathy. A

c Intravitreal injections of anti–vascular
endothelial growth factor are indi-
cated for central-involved diabetic
macular edema, which occurs be-
neath the foveal center and may
threaten reading vision. A

c The presence of retinopathy is
not a contraindication to aspirin
therapy for cardioprotection, as
aspirin does not increase the risk
of retinal hemorrhage. 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 con-
trol. Diabetic retinopathy is the most
frequent cause of new cases of blind-
ness among adults aged 20–74 years in
developed countries. Glaucoma, cata-
racts, and other disorders of the eye oc-
cur earlier andmore frequently in people
with diabetes.
In addition to diabetes duration, factors

that increase the risk of, or are associated
with, retinopathy includechronichypergly-
cemia (49), nephropathy (50), hyperten-
sion (51), and dyslipidemia (52). 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 progression of diabetic retinopathy
and potentially improve patient-reported
visual function (14,53–55).
Lowering blood pressure has been

shown to decrease retinopathy progres-
sion, although tight targets (systolic blood
pressure ,120 mmHg) do not impart ad-
ditional benefit (54). ACE inhibitors and
ARBs are both effective treatments in di-
abetic retinopathy (56). In patients with
dyslipidemia, retinopathy progression
may be slowed by the addition of fenofi-
brate, particularly with very mild nonpro-
liferative diabetic retinopathy (NPDR) at
baseline (52). Several case series and a
controlled prospective study suggest that
pregnancy in patientswith type 1 diabetes
may aggravate retinopathy and threaten
vision, especially when glycemic control is
poor at the time of conception (57,58).
Laser photocoagulation surgery can mini-
mize the risk of vision loss (58).

Screening
The preventive effects of therapy and
the fact that patients with proliferative
diabetic retinopathy (PDR) or macular
edema may be asymptomatic provide
strong support for screening to detect
diabetic retinopathy.

An ophthalmologist or optometrist
who is knowledgeable and experienced
in diagnosing diabetic retinopathy should
perform the examinations. If diabetic reti-
nopathy is present, prompt referral to an
ophthalmologist is recommended. Subse-
quent examinations for patients with
type 1 or type 2 diabetes are generally re-
peated annually for patients with minimal
to no retinopathy. Exams every 2 years
may be cost-effective after one or more
normal eye exams, and in a population
with well-controlled type 2 diabetes, there
was essentially no risk of development of
significant retinopathy with a 3-year inter-
val after a normal examination (59). More
frequent examinations by the ophthal-
mologist will be 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 (60,61). 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 (62). In-person ex-
ams are still necessary when the retinal
photos are of unacceptable quality and
for follow-up if abnormalities are de-
tected. Retinal photos arenot a substitute
for comprehensive eye exams, which
should be performed at least initially
and at intervals thereafter as recom-
mended by an eye care professional. Re-
sults of eye examinations should be
documented and transmitted to the re-
ferring 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 di-
abetes should have an initial dilated and
comprehensive eye examination within
5 years after the diagnosis of diabetes
(63).

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
progression of diabetic retinopathy
(64,65). Women with preexisting type 1
or type 2 diabetes who are planning preg-
nancy or who have become pregnant
should be counseled on the risk of devel-
opment and/or progression of diabetic
retinopathy. In addition, rapid implemen-
tation of intensive glycemic management
in the setting of retinopathy is associated
with early worsening of retinopathy (58).
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 ret-
inopathy during pregnancy (66).

Treatment
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, the Diabetic Retinopa-
thy 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 photocoagula-
tion surgery. The DRS (67) showed that
panretinal photocoagulation surgery re-
duced 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 base-
line disease (disc neovascularization or
vitreous hemorrhage). The ETDRS also
verified the benefits of panretinal photo-
coagulation for high-risk PDR and in
older-onset patients with severe NPDR
or less-than-high-risk PDR. Panretinal la-
ser photocoagulation is still commonly
used tomanage complications of diabetic
retinopathy that involve retinal neovascu-
larization and its complications.

Anti–Vascular Endothelial Growth Factor

Treatment

While the ETDRS (68) established the
benefit of focal laser photocoagulation
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surgery in eyes with clinically significant
macular edema (defined as retinal
edema located at or within 500 mm of
the center of the macula), current data
from well-designed clinical trials dem-
onstrate that intravitreal anti–vascular
endothelial growth factor (anti-VEGF)
agents provide a more effective treat-
ment regimen for central-involved dia-
betic macular edema than monotherapy
or even combination therapy with laser
(69–71).
In both trials, laser photocoagula-

tion surgery was beneficial in reducing
the risk of further visual loss in af-
fected patients but generally not ben-
eficial in reversing already diminished
acuity. Now, anti-VEGF improves vi-
sion and has replaced the need for
laser photocoagulation in the vast ma-
jority of patients with diabetic macular
edema in most cases (72). Most pa-
tients require near-monthly adminis-
tration of intravitreal therapy with
anti-VEGF agents during the first
12 months of treatment with fewer in-
jections needed in subsequent years
to maintain remission from central-
involved diabetic macular edema. In-
travitreous anti-VEGF therapy is also a
potentially viable alternative treat-
ment for PDR (73). Other emerging
therapies for retinopathy that may
use sustained intravitreal delivery of
pharmacologic agents are currently
under investigation.

NEUROPATHY

Recommendations

Screening
c All patients should be assessed

for diabetic peripheral neu-
ropathy starting at diagnosis of
type 2 diabetes and 5 years af-
ter the diagnosis of type 1 dia-
betes and at least annually
thereafter. B

c Assessment for distal symmetric
polyneuropathy should include
a careful history and assessment
of 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 monofilament testing
to identify feet at risk for ulcera-
tion and amputation. B

c Symptoms and signs of autonomic
neuropathy should be assessed in
patients with microvascular and
neuropathic complications. E

Treatment
c Optimize glucose control to pre-

vent or delay the development of
neuropathy in patients with type 1
diabetes A and to slow the pro-
gression of neuropathy in patients
with type 2 diabetes. B

c Assess and treat patients to reduce
pain related to diabetic peripheral
neuropathy B and symptoms of au-
tonomic neuropathy and to improve
quality of life. E

c Either pregabalin or duloxetine are
recommended as initial pharmaco-
logic treatments for neuropathic
pain in diabetes. A

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. Numerous treatment options exist
for symptomatic diabetic neuropathy.

3. Up to 50% of diabetic peripheral neu-
ropathy (DPN)maybeasymptomatic. If
not recognized and if preventive foot
care is not implemented, patients are
at risk for injuries to their insensate
feet.

4. Recognition and treatment of auto-
nomic neuropathymay improve symp-
toms, reduce sequelae, and improve
quality of life.

Specific treatment for the underlying
nerve damage, other than improved gly-
cemic control, is currently not available.
Glycemic control can effectively prevent
DPN and cardiac autonomic neuropathy
(CAN) in type 1 diabetes (74,75) andmay
modestly slow their progression in
type 2 diabetes (16) but does not
reverse neuronal loss. Therapeutic strat-
egies (pharmacologic and nonpharma-
cologic) for the relief of painful DPN
and symptoms of autonomic neuropa-
thy can potentially reduce pain (76)
and improve 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 DPN using the medical history and
simple clinical tests. Symptoms vary
according to the class of sensory fibers
involved. Themost common early symp-
toms are induced by the involvement of
small fibers and include pain and dyses-
thesias (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, 10-g monofilament, and an-
kle reflexes

3. Protective sensation: 10-gmonofilament

These tests not only screen for the pres-
ence of dysfunction but also predict
future risk of complications. Electrophysi-
ological 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
should be considered, including toxins
(alcohol), neurotoxicmedications (chemo-
therapy), vitamin B12 deficiency, hypo-
thyroidism, renal disease, malignancies
(multiple myeloma, bronchogenic carci-
noma), infections (HIV), chronic inflamma-
tory demyelinating neuropathy, inherited
neuropathies, and vasculitis (77).

Diabetic Autonomic Neuropathy

The symptoms and signs of autonomic
neuropathy should be elicited carefully
during the history and physical examina-
tion. Major clinical manifestations of di-
abetic autonomic neuropathy include
hypoglycemia unawareness, resting
tachycardia, orthostatic hypotension,
gastroparesis, constipation, diarrhea,
fecal incontinence, erectile dysfunction,
neurogenic bladder, and sudomotor dys-
function with either increased or de-
creased sweating.
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Cardiac Autonomic Neuropathy

CAN is associated with mortality inde-
pendently of other cardiovascular risk
factors (78,79). In its early stages, CAN
may be completely asymptomatic and
detected only by decreased heart rate
variability with deep breathing. Ad-
vanced disease may be associated with
resting tachycardia (.100 bpm) and or-
thostatic hypotension (a fall in systolic
or diastolic blood pressure by.20 mmHg
or.10mmHg, respectively, upon stand-
ing without an appropriate increase in
heart rate). CAN treatment is generally
focused on alleviating symptoms.

Gastrointestinal Neuropathies

Gastrointestinal neuropathies may in-
volve any portion of the gastrointestinal
tract with manifestations including
esophageal dysmotility, gastroparesis,
constipation, diarrhea, and fecal inconti-
nence. Gastroparesis should be suspected
in individuals with erratic glycemic control
or with upper gastrointestinal symptoms
without another identified cause. Exclu-
sion of organic causes of gastric outlet ob-
struction or peptic ulcer disease (with
esophagogastroduodenoscopy or a bar-
ium study of the stomach) is needed
before considering a diagnosis of or spe-
cialized testing for gastroparesis. The di-
agnostic gold standard for gastroparesis
is the measurement of gastric emptying
with scintigraphy of digestible solids at
15-min intervals for 4 h after food intake.
The use of 13C octanoic acid breath test
is emerging as a viable alternative.

Genitourinary Disturbances

Diabetic autonomic neuropathy may
also cause genitourinary disturbances,
including sexual dysfunction and blad-
der dysfunction. In men, diabetic auto-
nomic neuropathy may cause erectile
dysfunction and/or retrograde ejacula-
tion (76). Female sexual dysfunction
occurs more frequently in those with
diabetes and presents as decreased sex-
ual desire, increased pain during inter-
course, decreased sexual arousal, and
inadequate lubrication (80). Lower uri-
nary tract symptomsmanifest as urinary
incontinence and bladder dysfunction
(nocturia, frequent urination, urination
urgency, and weak urinary stream).
Evaluation of bladder function should
be performed for individuals with diabe-
tes who have recurrent urinary tract in-
fections, pyelonephritis, incontinence,
or a palpable bladder.

Treatment

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
(81–84). Although the evidence for the
benefit of near-normal glycemic control
is not as strong for type 2 diabetes, some
studies have demonstrated a modest
slowing of progression without reversal
of neuronal loss (16,85). Specific glucose-
lowering strategies may have different
effects. In a post hoc analysis, partici-
pants, particularly men, in the Bypass An-
gioplasty Revascularization Investigation
in Type 2 Diabetes (BARI 2D) trial treated
with insulin sensitizers had a lower inci-
dence of distal symmetric polyneurop-
athy over 4 years than those treated
with insulin/sulfonylurea (86).

Neuropathic Pain

Neuropathic pain can be severe and can
impact quality of life, limit mobility, and
contribute to depression and social dys-
function (87). 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.

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 (88). Comparative
effectiveness studies and trials that in-
clude quality-of-life outcomes are rare,
so treatment decisions must consider
each patient’s presentation and comor-
bidities and often follow a trial-and-error
approach. Given the range of partially ef-
fective treatment options, a tailored and
stepwise pharmacologic strategy with
careful attention to relative symptom im-
provement, medication adherence, and
medication side effects is recommended
to achieve pain reduction and improve
quality of life (89–91).

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 pro-
portion of participants with at least 30–

50% improvement in pain (88,90,92–95).
However, not all trials with pregabalin
have been positive (88,90,96,97), es-
pecially when treating patients with
advanced refractory DPN (94). Adverse
effects may be more severe in older pa-
tients (98) and may be attenuated by
lower starting doses and more gradual
titration.

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 (88,90,95,97). Duloxe-
tine also appeared to improveneuropathy-
related quality of life (99). In longer-term
studies, a small increase in A1C was
reported in people with diabetes treat-
ed with duloxetine compared with pla-
cebo (100). Adverse events may bemore
severe in older people, but may be at-
tenuated with lower doses and slower
titrations of duloxetine.

Tapentadol is a centrally acting opioid
analgesic that exerts its analgesic effects
through both m-opioid receptor ago-
nism and noradrenaline reuptake inhibi-
tion. Extended-release tapentadol was
approved by the FDA for the treatment
of neuropathic pain associated with
diabetes based on data from two mul-
ticenter clinical trials in which partici-
pants titrated to an optimal dose of
tapentadol were randomly assigned to
continue that dose or switch to placebo
(101,102). However, both used a design
enriched for patients who responded to
tapentadol and therefore their results
are not generalizable. A recent system-
atic review and meta-analysis by the
Special Interest Group on Neuropathic
Pain of the International Association
for the Study of Pain found the evidence
supporting the effectiveness of tapenta-
dol in reducing neuropathic pain to be
inconclusive (88). Therefore, given the
high risk for addiction and safety concerns
compared with the relatively modest
pain reduction, the use of tapentadol ER
is not generally recommended as a first-
or second-line therapy.

Tricyclic antidepressants, gabapentin,
venlafaxine, carbamazepine, tramadol,
and topical capsaicin, although not ap-
proved for the treatment of painful DPN,
may be effective and considered for the
treatment of painful DPN (76,88,90).
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Orthostatic Hypotension

Treating orthostatic hypotension is chal-
lenging. The therapeutic goal is tominimize
postural symptoms rather than to restore
normotension. Most patients require both
nonpharmacologicmeasures (e.g., ensuring
adequate salt intake, avoiding medications
that aggravate hypotension, or using com-
pressive garments over the legs and ab-
domen) and pharmacologic measures.
Physical activity and exercise should be en-
couraged to avoid deconditioning, which is
known to exacerbate orthostatic intoler-
ance, and volume repletion with fluids
and salt is critical.Midodrine anddroxidopa
are approved by the FDA for the treatment
of orthostatic hypotension.

Gastroparesis

Treatment for diabetic gastroparesis may be
very challenging. Dietary changes may be
useful, such as eating multiple small meals
and decreasing dietary fat and fiber intake.
Withdrawing drugs with adverse effects on
gastrointestinal motility including opioids,
anticholinergics, tricyclic antidepressants,
glucagon-like peptide 1 receptor agonists,
pramlintide, and possibly dipeptidyl pepti-
dase4 inhibitors,mayalso improve intestinal
motility (103,104). In cases of severe gastro-
paresis, pharmacologic interventions are
needed. Only metoclopramide, a prokinetic
agent, is approved by the FDA for the treat-
ment of gastroparesis. However, the level of
evidence regarding the benefits of metoclo-
pramide for the management of gastro-
paresis isweak, and given the risk for serious
adverse effects (extrapyramidal signs suchas
acute dystonic reactions, drug-induced par-
kinsonism, akathisia, and tardive dyskinesia),
its use in the treatment of gastroparesis be-
yond 5 days is no longer recommended by
the FDA or the EuropeanMedicines Agency.
It should be reserved for severe cases that
are unresponsive to other therapies (104).

Erectile Dysfunction

Treatments for erectile dysfunction may
include phosphodiesterase type 5 inhibitors,
intracorporeal or intraurethral prostaglan-
dins, vacuum devices, or penile prostheses.
AswithDPN treatments, these interventions
do not change the underlying pathology and
natural history of the disease process but
may improve the patient’s quality of life.

FOOT CARE

Recommendations

c Perform a comprehensive foot eval-
uation at least annually to identify

risk factors for ulcers and amputa-
tions. B

c All patients with diabetes should
have their feet inspected at every
visit. C

c Obtain a prior history of ulcera-
tion, amputation, Charcot foot,
angioplasty or vascular surgery,
cigarette smoking, retinopathy,
and renal disease and assess cur-
rent symptoms of neuropathy
(pain, burning, numbness) and
vascular disease (leg fatigue,
claudication). B

c The examination should include in-
spection of the skin, assessment of
footdeformities, neurological assess-
ment (10-g monofilament testing
with at least one other assessment:
pinprick, temperature, vibration, or
ankle reflexes), and vascular assess-
ment including pulses in the legs
and feet. B

c Patients who are 50 years or older
and any patients with symptoms
of claudication or decreased and/or
absent pedal pulses should be re-
ferred for further vascular assess-
ment as appropriate. C

c A multidisciplinary approach is rec-
ommended for individuals with
foot ulcers and high-risk feet
(e.g., dialysis patients and those
with Charcot foot, prior ulcers, or
amputation). B

c Refer patients who smoke or
who have histories of prior lower-
extremity complications, loss of
protective sensation, structural ab-
normalities, or peripheral arterial
disease to foot care specialists for
ongoing preventive care and life-
long surveillance. C

c Provide general preventive foot
self-care education to all patients
with diabetes. B

c Theuse specialized therapeutic foot-
wear is recommended for high-risk
patients with diabetes including
those with severe neuropathy, foot
deformities, or history of amputa-
tion. B

Foot ulcers and amputation, which are
consequences of diabetic neuropathy
and/or peripheral arterial disease
(PAD), are common and representmajor
causes of morbidity and mortality in
people with diabetes. Early recognition

and treatment of patients with diabe-
tes and feet at risk for ulcers and am-
putations can delay or prevent adverse
outcomes.

The risk of ulcers or amputations is
increased in people who have the fol-
lowing risk factors:

○ Poor glycemic control
○ Peripheral neuropathy with LOPS
○ Cigarette smoking
○ Foot deformities
○ Preulcerative callus or corn
○ PAD
○ History of foot ulcer
○ Amputation
○ Visual impairment
○ Diabetic nephropathy (especially pa-

tients on dialysis)

Clinicians are encouraged to review
American Diabetes Association screen-
ing recommendations for further details
and practical descriptions of how to per-
form components of the comprehensive
foot examination (105).

Evaluation for Loss of Protective
Sensation
All adults with diabetes should undergo
a comprehensive foot evaluation at
least annually. Detailed foot assess-
ments may occur more frequently in
patients with histories of ulcers or am-
putations, foot deformities, insensate
feet, and PAD (106). Foot inspections
should occur at every visit in all patients
with diabetes. To assess risk, clinicians
should ask about history of foot ulcers
or amputation, neuropathic and periph-
eral vascular symptoms, impaired vision,
renal disease, tobacco use, and foot care
practices. A general inspection of skin in-
tegrity and musculoskeletal deformities
should be performed. Vascular assess-
ment should include inspection and pal-
pation 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 vi-
bration sensation using a 128-Hz tuning
fork, or ankle reflexes). Absent monofila-
ment sensation suggests LOPS, while at
least two normal tests (and no abnormal
test) rules out LOPS.
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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.

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 (107). Patients at risk should
understand the implications of foot de-
formities, LOPS, and PAD; the proper
care of the foot, including nail and skin
care; and the importance of foot moni-
toring on a daily basis. Patients with
LOPS should be educated on ways to
substitute other sensory modalities
(palpation 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. Patients’ understand-
ing of these issues and their physical
ability to conduct proper foot surveillance
and care should be assessed. Patients with
visual difficulties, physical constraints pre-
venting movement, or cognitive problems
that impair their ability to assess the con-
dition of the foot and to institute appro-
priate responses will need other people,
such as family members, to assist with
their care.

Treatment
People with neuropathy or evidence of
increased plantar pressures (e.g., ery-
thema, warmth, or calluses) may be ade-
quately managed with well-fitted walking
shoes or athletic shoes that cushion the
feet and redistribute pressure. People
with bony deformities (e.g., hammertoes,
prominent metatarsal heads, bunions)
mayneedextrawideor deep shoes. People
with bony deformities, including Charcot
foot, who cannot be accommodated with
commercial therapeutic footwear, will re-
quire custom-molded shoes. Special con-
sideration and a thorough workup should
be performed when patients with neurop-
athy present with the acute onset of a red,
hot, swollen foot or ankle, and Charcot
neuroarthropathy should be excluded.
Early diagnosis and treatment of Charcot

neuroarthropathy is the best way to pre-
vent deformities that increase the risk of
ulceration and amputation. The routine
prescription of therapeutic footwear is
not generally recommended. However,
patients should be provided adequate in-
formation toaid in selectionof appropriate
footwear.General footwear recommenda-
tions include a broad and square toe box,
laces with three or four eyes per side, pad-
ded tongue, quality lightweight materials,
and sufficient size to accommodate a cush-
ioned insole. Use of custom therapeutic
footwear can help reduce the risk of future
foot ulcers in high-risk patients (106,108).

Most diabetic foot infections are poly-
microbial, 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
therapy can be narrowly targeted at
gram-positive cocci in many patients
with acute infections, but those at risk
for infection with antibiotic-resistant
organisms or with chronic, previously
treated, or severe infections require
broader-spectrum regimens and should
be referred to specialized care centers
(109). 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 (109).
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et al. The effect of irbesartan on the development
of diabetic nephropathy in patients with type 2 di-
abetes. N Engl J Med 2001;345:870–878
40. Bangalore S, Fakheri R, Toklu B, Messerli
FH. Diabetes mellitus as a compelling indication
for use of renin angiotensin system blockers:
systematic review and meta-analysis of ran-
domized trials. BMJ 2016;352:i438
41. Haller H, Ito S, Izzo JL, et al. Olmesartan for
the delay or prevention of microalbuminuria in
type 2 diabetes. N Engl J Med 2011;364:907–917
42. MauerM, Zinman B, Gardiner R, et al. Renal
and retinal effects of enalapril and losartan in
type 1 diabetes. N Engl J Med 2009;361:40–51
43. ONTARGET Investigators, Yusuf S, Teo KK,
et al. Telmisartan, ramipril, or both in patients at
high risk for vascular events. N Engl J Med 2008;
358:1547–1559
44. Bakris GL, Agarwal R, Chan JC, et al. Effect of
finerenone on albuminuria in patients with di-
abetic nephropathy: a randomized clinical trial.
JAMA 2015;314:884–894
45. Williams B, MacDonald TM, Morant S, et al.
Spironolactone versus placebo, bisoprolol, and
doxazosin to determine the optimal treatment
for drug-resistant hypertension (PATHWAY-2): a
randomised, double-blind, crossover trial. Lan-
cet 2015;386:2059–2068
46. Filippatos G, Anker SD, Böhm M, et al. A
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Recommendations

c Consider the assessment of medical, mental, functional, and social geriatric
domains in older adults to provide a framework to determine targets and
therapeutic approaches for diabetes management. C

c Screening for geriatric syndromes may be appropriate in older adults experi-
encing limitations in their basic and instrumental activities of daily living, as
they may affect diabetes self-management and be related to health-related
quality of life. C

c Annual screening for early detection ofmild cognitive impairment or dementia
is indicated for adults 65 years of age or older. B

c Older adults ($65 years of age) with diabetes should be considered a high-
priority population for depression screening and treatment. B

c Hypoglycemia should be avoided in older adults with diabetes. It should be
assessed and managed by adjusting glycemic targets and pharmacologic in-
terventions. B

c Older adults who are cognitively and functionally intact and have significant
life expectancy may receive diabetes care with goals similar to those devel-
oped for younger adults. C

c Glycemic goals for some older adults might reasonably be relaxed using indi-
vidual criteria, but hyperglycemia leading to symptoms or risk of acute hyper-
glycemic complications should be avoided in all patients. C

c Screening for diabetes complications should be individualized in older adults.
Particular attention should be paid to complications that would lead to func-
tional impairment. C

c Treatment of hypertension to individualized target levels is indicated in most
older adults. C

c Treatment of other cardiovascular risk factors should be individualized in older
adults considering the time frame of benefit. Lipid-lowering therapy and as-
pirin therapy may benefit those with life expectancies at least equal to the
time frame of primary prevention or secondary intervention trials. E

c Whenpalliative care is needed in older adultswith diabetes, strict blood pressure
control may not be necessary, and withdrawal of therapy may be appropriate.
Similarly, the intensity of lipid management can be relaxed, and withdrawal of
lipid-lowering therapy may be appropriate. E

c Consider diabetes education for the staff of long-term care facilities to im-
prove the management of older adults with diabetes. E

c Patients with diabetes residing in long-term care facilities need careful assess-
ment to establish glycemic goals and to make appropriate choices of glucose-
lowering agents based on their clinical and functional status. E

c Overall comfort, prevention of distressing symptoms, and preservation of
quality of life and dignity are primary goals for diabetes management at the
end of life. E

Diabetes is an important health condition for the aging population; approximately
one-quarter of people over the age of 65 years have diabetes (1), and this pro-
portion is expected to increase rapidly in the coming decades. Older individuals with
diabetes have higher rates of premature death, functional disability, and coexisting
illnesses, such as hypertension, coronary heart disease, and stroke, than those
without diabetes. Older adults with diabetes also are at greater risk than other
older adults for several common geriatric syndromes, such as polypharmacy, cog-
nitive impairment, urinary incontinence, injurious falls, and persistent pain.

Suggested citation: American Diabetes Asso-
ciation. Older adults. Sec. 11. In Standards of
Medical Care in Diabetesd2017. Diabetes Care
2017;40(Suppl. 1):S99–S104
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Screening for diabetes complications in
older adults should be individualized and
periodically revisited, as the results of
screening tests may impact therapeutic
approaches and targets. Older adults are
at increased risk for depression and
should therefore be screened and treat-
ed accordingly (2). Diabetes manage-
ment may require assessment of
medical, mental, functional, and social
domains. This may provide a framework
to determine targets and therapeutic
approaches. Particular attention should
be paid to complications that can de-
velop over short periods of time and/or
that would significantly impair functional
status, such as visual and lower-extremity
complications. Please refer to the Amer-
ican Diabetes Association (ADA) con-
sensus report “Diabetes in Older Adults”
for details (3).

NEUROCOGNITIVE FUNCTION

Older adults with diabetes are at higher
risk of cognitive decline and institution-
alization (4,5). 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 vas-
cular dementia than people with normal
glucose tolerance (6). The effects of hy-
perglycemia and hyperinsulinemia on
the brain are areas of intense research.
Clinical trials of specific interventionsd
including cholinesterase inhibitors and
glutamatergic antagonistsdhave not
shown positive therapeutic benefit in
maintaining or significantly improving
cognitive function or in preventing cog-
nitive decline (7). Recent pilot studies in
patients withmild cognitive impairment
evaluating the potential benefits of in-
tranasal insulin therapy and metformin
therapy provide insights for future clini-
cal trials and mechanistic studies (8–10).
The presence of cognitive impairment

can make it challenging for clinicians to
help their patients to reach individual-
ized glycemic, blood pressure, and lipid
targets. Cognitive dysfunction makes it
difficult for patients to perform complex
self-care tasks, such as glucose monitor-
ing and adjusting insulin doses. It also
hinders their ability to appropriately
maintain the timing and content of
diet. When clinicians are managing
these types of patients, it is critical to

simplify drug regimens and to involve
caregivers in all aspects of care.

Poor glycemic control is associated
with a decline in cognitive function
(11), and longer duration of diabetes
worsens cognitive function. There are
ongoing studies evaluating whether pre-
venting or delaying diabetes onset may
help to maintain cognitive function in
older adults. However, studies examining
the effects of intensive glycemic and
blood pressure control to achieve specific
targets have not demonstrated a reduc-
tion in brain function decline (12).

Older adults with diabetes should be
carefully screened and monitored for
cognitive impairment (3). Several orga-
nizations have released simple assess-
ment tools, such as the Mini-Mental
State Examination (13) and the Mon-
treal Cognitive Assessment (14), which
may help to identify patients requiring
neuropsychological evaluation, particu-
larly those in whom dementia is sus-
pected (i.e., experiencing memory loss
and decline in their basic and instru-
mental activities of daily living). Annual
screening for cognitive impairment is
indicated for adults 65 years of age or
older for early detection of mild cogni-
tive impairment or dementia (15). Peo-
ple who screen positive for cognitive
impairment should receive diagnostic
assessment as appropriate, including
referral to a behavioral health provider
for formal cognitive/neuropsychological
evaluation (16).

HYPOGLYCEMIA

It is important to prevent hypoglycemia
to reduce the risk of cognitive decline
(17) and other major adverse outcomes.
It is also important to carefully assess
and reassess patients’ risk for worsening
of glycemic control and functional de-
cline. Older adults are at higher risk of
hypoglycemia for many reasons, includ-
ing insulin deficiency necessitating in-
sulin therapy and progressive renal
insufficiency. In addition, older adults
tend to have higher rates of unidentified
cognitive deficits, causing difficulty in
complex self-care activities (e.g., glu-
cose monitoring, adjusting insulin
doses, etc.). These cognitive deficits
have been associated with increased
risk of hypoglycemia, and, conversely,
severe hypoglycemia has been linked
to increased risk of dementia. There-
fore, it is important to routinely screen

older adults for cognitive dysfunction
and discuss findings with the patients
and their caregivers. Hypoglycemic
events should be diligently monitored
and avoided, whereas glycemic targets
and pharmacologic interventions may
need to be adjusted to accommodate
for the changing needs of the older
adult (3).

TREATMENT GOALS

Rationale
The care of older adults with diabetes is
complicated by their clinical, mental,
and functional heterogeneity. Some
older individuals may have developed
diabetes years earlier and have signifi-
cant complications, others are newly di-
agnosed and may have had years of
undiagnosed diabetes with resultant
complications, and still other older
adults may have truly recent-onset dis-
ease with few or no complications (18).
Some older adults with diabetes have
other underlying chronic conditions,
substantial diabetes-related comorbid-
ity, limited cognitive or physical func-
tioning, or frailty (19,20). Other older
individuals with diabetes have little co-
morbidity and are active. Life expectan-
cies are highly variable but are often
longer than clinicians realize. Providers
caring for older adults with diabetes
must take this heterogeneity into consid-
eration when setting and prioritizing
treatment goals (21) (Table 11.1). In ad-
dition, older adults with diabetes should
be assessed for disease treatment and
self-management knowledge, health lit-
eracy, and mathematical literacy (nu-
meracy) at the onset of treatment.

Healthy Patients With Good
Functional Status
There are few long-term studies in older
adults demonstrating the benefits of in-
tensive glycemic, blood pressure, and
lipid control. Patients who can be ex-
pected to live long enough to reap the
benefits of long-term intensive diabetes
management, who have good cognitive
and physical function, and who choose
to do so via shared decision making may
be treated using therapeutic interven-
tions and goals similar to those for
younger adults with diabetes. As with
all patients with diabetes, diabetes self-
management education and ongoing
diabetes self-management support are
vital components of diabetes care
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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 behaviorsmay be an indication
for referral of older adults with diabetes
for cognitive and physical functional as-
sessment using age-normalized evalua-
tion tools (16,22).

Patients With Complications and
Reduced Functionality
For patients with advanced diabetes
complications, life-limiting comorbid ill-
nesses, or substantial cognitive or func-
tional impairments, it is reasonable to
set less intensive glycemic goals. These
patients are less likely to benefit from
reducing the risk of microvascular com-
plications and more likely to suffer seri-
ous adverse effects from hypoglycemia.
However, patients with poorly con-
trolled diabetes may be subject to acute
complications of diabetes, including de-
hydration, poor wound healing, and
hyperglycemic hyperosmolar coma.
Glycemic goals at a minimum should
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 symptoms and complications
from glycemic management. Thus,
when organ failure develops, several
agents will have to be titrated or discon-
tinued. For the dying patient, most
agents for type 2 diabetes may be re-
moved. There is, however, no consensus
for the management of type 1 diabetes
in this scenario (23,24).

Beyond Glycemic Control
Although hyperglycemia control may be
important in older individuals with dia-
betes, 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 clin-
ical trials of the value of treating hyperten-
sion in older adults (25,26). There is less
evidence for lipid-lowering therapy and
aspirin therapy, although the benefits of
these interventions for primary preven-
tion and secondary intervention are
likely to apply to older adults whose
life expectancies equal or exceed the
time frames of the clinical trials.

T
a
b
le

11.1
—
Fra

m
e
w
o
rk

fo
r
co

n
sid

e
rin

g
tre

a
tm

e
n
t
g
o
a
ls

fo
r
g
ly
ce

m
ia
,
b
lo
o
d
p
re
ssu

re
,
a
n
d
d
y
slip

id
e
m
ia

in
o
ld
e
r
a
d
u
lts

w
ith

d
ia
b
e
te
s

P
atien

t
ch
aracteristics/h

ealth
statu

s
R
atio

n
ale

R
easo

n
ab

le
A
1C

go
al‡

Fastin
g
o
r
p
rep

ran
d
ial

glu
co
se

B
ed

tim
e
glu

co
se

B
lo
o
d
p
ressu

re
Lip

id
s

H
ealth

y
(few

co
existin

g
ch
ro
n
ic

illn
esses,in

tact
co
gn
itive

an
d

fu
n
ctio

n
alstatu

s)

Lo
n
ger

rem
ain

in
g
life

exp
ectan

cy
,
7.5%

(58
m
m
o
l/m

o
l)

90
–130

m
g/d

L
(5.0

–7.2
m
m
o
l/L)

90
–150

m
g/d

L
(5.0

–8.3
m
m
o
l/L)

,
140/90

m
m
H
g

Statin
u
n
less

co
n
train

d
icated

o
r
n
o
t
to
lerated

C
o
m
p
lex/in

term
ed

iate
(m

u
ltip

le
co
existin

g
ch
ro
n
ic
illn

esses*
o
r
21

in
stru

m
en

talA
D
L

im
p
airm

en
ts
o
r
m
ild
-to

-
m
o
d
erate

co
gn
itive

im
p
airm

en
t)

In
term

ed
iate

rem
ain

in
g

life
exp

ectan
cy,h

igh
treatm

en
t
b
u
rd
en

,
h
yp
o
glycem

ia
vu
ln
erab

ility,fallrisk

,
8.0%

(64
m
m
o
l/m

o
l)

90
–150

m
g/d

L
(5.0

–8.3
m
m
o
l/L)

100
–180

m
g/d

L
(5.6

–10.0
m
m
o
l/L)

,
140/90

m
m
H
g

Statin
u
n
less

co
n
train

d
icated

o
r
n
o
t
to
lerated

V
ery

co
m
p
lex/p

o
o
r
h
ealth

(LTC
o
r

en
d
-stage

ch
ro
n
ic
illn

esses**
o
r
m
o
d
erate-to

-severe
co
gn
itive

im
p
airm

en
t
o
r

21
A
D
L
d
ep

en
d
en

cies)

Lim
ited

rem
ain

in
g
life

exp
ectan

cy
m
akes

b
en

e
fi
t
u
n
certain

,
8.5%

†
(69

m
m
o
l/m

o
l)

100
–180

m
g/d

L
(5.6

–10.0
m
m
o
l/L)

110
–200

m
g/d

L
(6.1

–11.1
m
m
o
l/L)

,
150/90

m
m
H
g

C
o
n
sid

er
likelih

o
o
d
o
f
b
en

e
fi
t

w
ith

statin
(seco

n
d
ary

p
reven

tio
n
m
o
re

so
th
an

p
rim

ary)

Th
is
rep

resen
ts
a
co
n
sen

su
s
fram

ew
o
rk
fo
rco

n
sid

erin
g
treatm

en
tgo

als
fo
rglycem

ia,b
lo
o
d
p
ressu

re,an
d
d
yslip

id
em

ia
in
o
ld
er

ad
u
lts

w
ith

d
iab

etes.Th
e
p
atien

tch
aracteristic

catego
ries

are
gen

eralco
n
cep

ts.N
o
t

every
p
atien

t
w
illclearly

fallin
to

a
p
articu

lar
catego

ry.C
o
n
sid

eratio
n
o
f
p
atien

t
an
d
caregiver

p
referen

ces
is
an

im
p
o
rtan

t
asp

ect
o
f
treatm

en
t
in
d
ivid

u
alizatio

n
.
A
d
d
itio

n
ally,a

p
atien

t’s
h
ealth

statu
s
an
d

p
referen

ces
m
ay

ch
an
ge

o
ver

tim
e.A

D
L,activities

o
f
d
aily

livin
g.‡A

lo
w
er

A
1C

go
alm

ay
b
e
set

fo
r
an

in
d
ivid

u
alif

ach
ievab

le
w
ith

o
u
t
recu

rren
t
o
r
severe

h
yp
o
glycem

ia
o
r
u
n
d
u
e
treatm

en
t
b
u
rd
en

.*C
o
existin

g
ch
ro
n
ic
illn

esses
are

co
n
d
itio

n
s
serio

u
s
en

o
u
gh

to
req

u
ire

m
ed

icatio
n
s
o
r
lifestyle

m
an

agem
en

t
an
d
m
ay

in
clu

d
e
arth

ritis,can
cer,co

n
gestive

h
eart

failu
re,d

ep
ressio

n
,em

p
h
ysem

a,falls,h
yp
erten

sio
n
,

in
co
n
tin

en
ce,stage

3
o
r
w
o
rse

ch
ro
n
ic
kid

n
ey

d
isease,m

yo
card

ialin
farctio

n
,an

d
stro

ke.B
y
“m

u
ltip

le, ”
w
e
m
ean

atleast
th
ree,b

u
t
m
an

y
p
atien

ts
m
ay

h
ave

fi
ve

o
r
m
o
re

(40).**Th
e
p
resen

ce
o
fa

sin
gle

en
d
-stage

ch
ro
n
ic
illn

ess,su
ch

as
stage

3
–4

co
n
gestive

h
eart

failu
re

o
r
o
xygen

-d
ep

en
d
en

t
lu
n
g
d
isease,ch

ro
n
ic
kid

n
ey

d
isease

req
u
irin

g
d
ialysis,o

r
u
n
co
n
tro

lled
m
etastatic

can
cer,m

ay
cau

se
sign

ifi
can

t
sym

p
to
m
s
o
r

im
p
airm

en
t
o
f
fu
n
ctio

n
alstatu

s
an
d
sign

ifi
can

tly
red

u
ce

life
exp

ectan
cy.

†A
1C

o
f
8.5%

(69
m
m
o
l/m

o
l)
eq

u
ates

to
an

estim
ated

average
glu

co
se

o
f
;
200

m
g/d

L
(11.1

m
m
o
l/L).Lo

o
ser

A
1C

targets
ab
o
ve

8.5%
(69

m
m
o
l/m

o
l)
are

n
o
t
reco

m
m
en

d
ed

as
th
ey

m
ay

exp
o
se

p
atien

ts
to

m
o
re

freq
u
en

t
h
igh

er
glu

co
se

valu
es

an
d
th
e
acu

te
risks

fro
m

glyco
su
ria,d

eh
yd
ratio

n
,h

yp
erglycem

ic
h
yp
ero

sm
o
lar

syn
d
ro
m
e,

an
d
p
o
o
r
w
o
u
n
d
h
ealin

g.

care.diabetesjournals.org Older Adults S101



PHARMACOLOGIC THERAPY

Special care is required in prescribing
and monitoring pharmacologic thera-
pies in older adults (27). Cost may be
an important consideration, espe-
cially as older adults tend to be on
many medications.

Metformin
Metformin is the first-line agent for older
adults with type 2 diabetes. Recent stud-
ies have indicated that it may be used
safely in patients with estimated glomer-
ular filtration rate $30 mL/min/1.73 m2

(28). However, it is contraindicated in pa-
tientswith advanced renal insufficiency or
significant heart failure. Metformin may
be temporarily discontinued before pro-
cedures, during hospitalizations, and
when acute illnessmay compromise renal
or liver function.

Thiazolidinediones
Thiazolidinediones, if used at all, should
be used very cautiously in those with,
or at risk for, congestive heart failure and
those at risk for falls or fractures.

Insulin Secretagogues
Sulfonylureas and other insulin secreta-
gogues are associated with hypoglyce-
mia and should be used with caution.
If used, shorter-duration sulfonylureas
such as glipizide are preferred. Glybur-
ide is a longer-duration sulfonylurea and
contraindicated in older adults (29).

Incretin-Based Therapies
Oral dipeptidyl peptidase 4 inhibitors
have few side effects and minimal hypo-
glycemia, but their costs may be a bar-
rier to some older patients. A systematic
review concluded that incretin-based
agents do not increase major adverse
cardiovascular events (30).
Glucagon-like peptide 1 receptor ag-

onists are injectable agents, which re-
quire visual, motor, and cognitive skills.
They may be associated with nausea,
vomiting, and diarrhea. Also, weight
loss with GLP-1 receptor agonists may
not be desirable in some older patients,
particularly those with cachexia.

Sodium–Glucose Cotransporter 2
Inhibitors
Sodium–glucose cotransporter 2 inhibi-
tors offer an oral route, which may be
convenient for older adults with diabe-
tes; however, long-term experience is
limited despite the initial efficacy and
safety data reported with these agents.

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 abil-
ity of the older patient to administer in-
sulin 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-
jections of insulin may be too complex
for the older patient with advanced di-
abetes complications, life-limiting co-
morbid illnesses, or limited functional
status.

Other Factors to Consider
The needs of older adults with diabetes
and their caregivers should be evaluated
to construct a tailored care plan. Social
difficulties may impair their quality of
life and increase the risk of functional
dependency (31). The patient’s living sit-
uation must be considered, as it may
affect diabetes management and sup-
port. Social and instrumental support
networks (e.g., adult children, care-
takers) that provide instrumental or
emotional support for older adults
with diabetes should be included in di-
abetes 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 liv-
ing centers) may rely completely on the
care plan and nursing support. Those re-
ceiving palliative care (with or without
hospice) may require an approach that
emphasizes comfort and symptomman-
agement, while deemphasizing strict
metabolic and blood pressure control.

TREATMENT IN SKILLED NURSING
FACILITIES AND NURSING HOMES

Management of diabetes in the long-
term care (LTC) setting (i.e., nursing
homes and skilled nursing facilities) is
unique. Individualization of health care
is important in all patients; however,
practical guidance is needed for medical
providers as well as the LTC staff and
caregivers (32). The American Medical
Directors Association guidelines offer
a 12-step program for staff (33). This

training includes diabetes detection
and institutional quality assessment.
The guidelines also recommend that
LTC facilities develop their own policies
and procedures for prevention 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 metabolic complications of di-
abetes and the need to provide ade-
quate diabetes training to LTC staff
(3,34). For more information, see the
ADA position statement “Management
of Diabetes in Long-term Care and
Skilled Nursing Facilities: A Position
Statement of the American Diabetes
Association” (32).

Nutritional Considerations
An older adult residing in an LTC facility
mayhave irregular andunpredictablemeal
consumption, undernutrition, anorexia,
and impaired swallowing. Furthermore,
therapeutic diets may inadvertently
lead to decreased food intake and con-
tribute to unintentional weight loss and
undernutrition. Diets tailored to a pa-
tient’s culture, preferences, and per-
sonal goals might increase quality of
life, satisfaction with meals, and nutri-
tion status (35).

Hypoglycemia
Older adults with diabetes in LTC are
especially vulnerable to hypoglycemia.
They have a disproportionately high
number of clinical complications and co-
morbidities that can increase hypogly-
cemia risk: impaired cognitive and
renal function, slowed hormonal regula-
tion and counterregulation, suboptimal
hydration, variable appetite and nutri-
tional intake, polypharmacy, and slowed
intestinal absorption (36).

Another consideration for the LTC
setting is that unlike the hospital 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 once every 60 days.
Although in practice the patients may
actually be seen more frequently, the
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concern is that patientsmay have uncon-
trolled glucose levels or wide excursions
without the practitioner being notified.
Providers may make adjustments to
treatment regimens by telephone, fax,
or order directly at the LTC facilities pro-
vided they are given timely notification
from a standardized alert system.
The following alert strategy could be

considered:

1. Call provider immediately: in case of
low blood glucose levels (,70 mg/dL
[3.9 mmol/L]). Low finger-stick blood
glucose values should be confirmed
by laboratory glucose measurement.

2. Call as soon as possible: a) glucose
values between 70 and 100 mg/dL
(between 3.9 and 5.6 mmol/L) (regi-
men may need to be adjusted), b) glu-
cose values greater than 250 mg/dL
(13.9 mmol/L) within a 24-h period, c)
glucose values greater than 300 mg/dL
(16.7 mmol/L) within 2 consecutive
days, d) when any reading is too high,
or e) the patient is sick, with vomit-
ing or other malady that can reflect
hyperglycemic crisis and may lead to
poor oral intake, thus requiring regi-
men adjustment.

END-OF-LIFE CARE

The management of the older adult at
the end of life receiving palliative
medicine or hospice care is a unique
situation. Overall, palliative medicine
promotes comfort, symptom control
and prevention (pain, hypoglycemia,
hyperglycemia, and dehydration) and
preservation of dignity and quality-of-
life in patients with limited life ex-
pectancy (34,37). A patient has the
right to refuse testing and treatment,
whereas providers may consider with-
drawing treatment and limiting diagnos-
tic testing, including a reduction in the
frequency of finger-stick testing (38).
Glucose targets should aim to prevent
hypoglycemia and hyperglycemia.
Treatment interventions need to be
mindful of quality of life. Careful moni-
toring of oral intake is warranted. The
decision process may need to involve
the patient, family, and caregivers, lead-
ing to a care plan that is both convenient
and effective for the goals of care (39).
The pharmacologic therapy may include
oral agents as first line, followed by a
simplified insulin regimen. If needed,

basal insulin can be implemented, ac-
companied by oral agents and without
rapid-acting insulin. Agents that can
cause gastrointestinal symptoms such
as nausea or excess weight loss may
not be good choices in this setting. As
symptoms progress, some agents may
be slowly tapered and discontinued.

Strata have been proposed for diabe-
tesmanagement in those with advanced
disease (24).

1. A stable patient: continue with the
patient’s previous regimen, with a
focus on the prevention of hypogly-
cemia and the management of hy-
perglycemia 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
not be stopped. For those with type 2
diabetes, agents that may cause hy-
poglycemia should be titrated. The
main goal is to avoid hypoglycemia,
allowing for glucose values in the
upper level of the desired 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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12. Children and Adolescents
Diabetes Care 2017;40(Suppl. 1):S105–S113 | DOI: 10.2337/dc17-S015

TYPE 1 DIABETES

Three-quarters of all cases of type 1 diabetes are diagnosed in individuals ,18
years of age (although recent data using genetic risk scoring would suggest that
over 40% of patients with autoimmune diabetes are diagnosed over the age of
30 years) (1). The provider must consider the unique aspects of care and manage-
ment of children and adolescents with type 1 diabetes, such as changes in insulin
sensitivity related to physical growth and sexual maturation, ability to provide
self-care, supervision in the child care and school environment, and neurological
vulnerability to hypoglycemia and hyperglycemia in young children, as well as
possible adverse neurocognitive effects of diabetic ketoacidosis (DKA) (2,3). Atten-
tion to family dynamics, developmental stages, and physiological differences re-
lated to sexual maturity are all essential in developing and implementing an
optimal diabetes treatment plan (4). Due to the paucity of clinical research in
children, the recommendations for children and adolescents are less likely to be
based on clinical trial evidence. However, expert opinion and a review of available
and relevant experimental data are summarized in the American Diabetes Associ-
ation (ADA) position statement “Care of Children and Adolescents With Type 1
Diabetes” (5) and have been updated in the ADA position statement “Type 1 Di-
abetes Through the Life Span” (6).
A multidisciplinary team of specialists trained in pediatric diabetes management

and sensitive to the challenges of children and adolescents with type 1 diabetes and
their families should provide care for this population. It is essential that diabetes
self-management education (DSME) and support (DSMS), medical nutrition ther-
apy, and psychosocial support be provided at diagnosis and regularly thereafter in a
developmentally appropriate format that builds on prior knowledge by individuals
experienced with the educational, nutritional, behavioral, and emotional needs of
the growing child and family. The appropriate balance between adult supervision
and independent self-care should be defined at the first interaction and reeval-
uated at subsequent visits. The balance between adult supervision and inde-
pendent self-care will evolve as the adolescent gradually becomes an emerging
young adult.

Diabetes Self-management Education and Support

Recommendation

c Youthwith type 1 diabetes and parents/caregivers (for patients aged,18 years)
should receive culturally sensitive and developmentally appropriate individual-
ized diabetes self-management education and support according to national
standards at diagnosis and routinely thereafter. B

Nomatter how sound themedical regimen, 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 diabetesmanagement throughout childhood and adolescence. Health care
providers (the diabetes care team) who care for children and adolescents must be
capable of evaluating the educational, behavioral, emotional, and psychosocial factors
that impact implementation of a treatment plan and must work with the individual
and family to overcome barriers or redefine goals as appropriate. DSME and DSMS
require 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 day care providers, school nurses, or other school
personnel who participate in the care of the young child with diabetes (7).
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School and Child Care
As a large portion of a child’s day is spent
in school, close communication with and
the cooperation of school or day care
personnel are essential for optimal dia-
betes management, safety, and maximal
academic opportunities. Refer to the
ADA position statements “Diabetes
Care in the School Setting” (8) and
“Care of Young Children With Diabetes
in the Child Care Setting” (9) for addi-
tional details.

Psychosocial Issues

Recommendations

c At diagnosis and during routine
follow-up care, assess psychoso-
cial issues and family stresses
that could impact adherence to di-
abetes management and provide
appropriate referrals to trained
mental health professionals, pref-
erably experienced in childhood
diabetes. E

c Mental health professionals should
be considered integral members of
the pediatric diabetes multidisci-
plinary team. E

c Encourage developmentally appro-
priate family involvement in diabe-
tes management tasks for children
and adolescents, recognizing that
premature transfer of diabetes
care to the child can result in non-
adherence and deterioration in gly-
cemic control. B

c Providers should assess children’s
and adolescents’ diabetes distress,
social adjustment (peer relation-
ships), and school performance to
determine whether further inter-
vention is needed. B

c In youth and families with behav-
ioral self-care difficulties, repeated
hospitalizations for diabetic keto-
acidosis, or significant distress,
consider referral to a mental
health provider for evaluation and
treatment. E

c Adolescents should have time by
themselves with their care pro-
vider(s) starting at age 12 years. E

c Starting at puberty, preconception
counseling should be incorporated
into routine diabetes care for all
girls of childbearing potential. A

Rapid and dynamic cognitive, develop-
mental, and emotional changes occur dur-
ing childhood, adolescence, and emerging

adulthood. Diabetes management during
childhood and adolescence places sub-
stantial burdens on the youth and family,
necessitating ongoing assessment of psy-
chosocial status anddiabetes distress dur-
ing routine diabetes visits (10–12). Early
detection of depression, anxiety, eating
disorders, and learning disabilities can fa-
cilitate effective treatment options and
helpminimize adverse effects on diabetes
management and disease outcomes (13).
Furthermore, the complexities of diabe-
tes management require ongoing pa-
rental involvement in care throughout
childhood with developmentally appro-
priate family teamwork between the
growing child/teen and parent in order
tomaintain adherence and to prevent de-
terioration in glycemic control (14,15). As
diabetes-specific family conflict is related
to poorer adherence and glycemic con-
trol, 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 (16). Monitoring of social ad-
justment (peer relationships) and school
performance can facilitate both well-
being and academic achievement. Sub-
optimal glycemic control is a risk factor
for below average school performance
and increased absenteeism (17).

Shared decision-making with youth re-
garding the adoption of regimen compo-
nents and self-management behaviors can
improve diabetes self-efficacy, adherence,
and metabolic outcomes (18). 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 general
medical treatment, except in cases in
which refusal would significantly endanger
health (19).

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 un-
planned pregnancies and poor metabolic
control and the use of effective contra-
ception to prevent unplanned pregnancy.
Preconception counseling using develop-
mentally appropriate educational tools
enables adolescent girls to make well-
informed decisions (20). Preconception
counseling resources tailored for adoles-
cents are available at no cost through the
ADA (21).

Screening

Screening for psychosocial distress and
mental health problems is an important
component of ongoing care. 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 dia-
betes distress, fear of hypoglycemia (and
hyperglycemia), symptoms of anxiety, dis-
ordered eating behaviors as well as eating
disorders, and symptoms of depression
(22). Consider assessing youth for diabetes
distress, generally starting at 7 or 8 years of
age (13). Consider screening for depres-
sion and disordered eating behaviors us-
ing available screening tools (10,23).With
respect to disordered eating, it is impor-
tant to recognize the unique and dan-
gerous disordered eating behavior of
insulin omission for weight control in
type 1 diabetes (24). The presence of a
mental health professional on pediatric
multidisciplinary teams highlights the
importance of attending to the psycho-
social issues of diabetes. These psycho-
social factors are significantly related to
nonadherence, suboptimal glycemic
control, reduced quality of life, and
higher rates of acute and chronic diabe-
tes complications.

Glycemic Control

Recommendation

c AnA1Cgoalof,7.5%(58mmol/mol)
is recommended across all pediat-
ric age-groups. E

Current standards for diabetes manage-
ment reflect the need to lower glucose as
safely as possible. This should be done
with stepwise goals. When establishing
individualized glycemic targets, special
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
hypoglycemia.

Type 1 diabetes can be associated
with adverse effects on cognition during
childhood and adolescence. Factors that
contribute to adverse effects on brain
development and function include
young age or DKA at onset of type 1 di-
abetes, severe hypoglycemia,6 years of
age, and chronic hyperglycemia (25,26).
However, meticulous use of new therapeu-
ticmodalities, suchas rapid- and long-acting
insulin analogs, technological advances
(e.g., continuous glucose monitors, low
glucose suspend insulin pumps), and
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intensive self-management education
now make it more feasible to achieve ex-
cellent glycemic control while reducing
the incidence of severe hypoglycemia
(27,28).
The Diabetes Control and Complica-

tions Trial (DCCT), which did not enroll
children,13 years of age, demonstrated
that near normalization of blood glucose
levelswasmore difficult to achieve in ado-
lescents than in adults. Nevertheless, the
increased use of basal-bolus regimens, in-
sulin pumps, frequent blood glucosemon-
itoring, goal setting, and improved patient
education in youth from infancy through
adolescence have been associated with
more children reaching the blood glu-
cose targets recommended by the ADA
(29–32), particularly in those families in
which both the parents and the child
with diabetes participate jointly to
perform the required diabetes-related
tasks. Furthermore, studies documenting
neurocognitive imaging differences re-
lated to hyperglycemia in children pro-
vide another motivation for lowering
glycemic targets (2).
In selecting glycemic goals, the long-

term health benefits of achieving a lower
A1C should be balanced against the risks
of hypoglycemia and the developmental
burdens of intensive regimens in children
and youth. In addition, achieving lower
A1C levels is more likely to be related to
setting lower A1C targets (33,34). A1C
goals are presented in Table 12.1.

Autoimmune Conditions

Recommendation

c Assess for the presence of auto-
immune conditions associated
with type 1 diabetes soon after
the diagnosis and if symptoms
develop. E

Because of the increased frequency
of other autoimmune diseases in type 1
diabetes, screening for thyroid dysfunc-
tion and celiac disease should be consid-
ered. Periodic screening in asymptomatic
individuals has been recommended, but
the optimal frequency and benefit of
screening are unclear.

Although much less common than
thyroid dysfunction and celiac disease,
other autoimmune conditions, such as
Addison disease (primary adrenal insuf-
ficiency), autoimmune hepatitis, auto-
immune gastritis, dermatomyositis, and
myasthenia gravis, occur more com-
monly in the population with type 1 di-
abetes than in the general pediatric
population and should be assessed and
monitored as clinically indicated.

Thyroid Disease

Recommendations

c Consider testing individuals with
type 1 diabetes for antithyroid per-
oxidase and antithyroglobulin anti-
bodies soon after the diagnosis. E

c Measure thyroid-stimulating hor-
mone concentrations soon after
the diagnosis of type 1 diabetes
and after glucose control has been
established. If normal, consider re-
checking every 1–2 years or sooner
if the patient develops symptoms
suggestive of thyroid dysfunction,
thyromegaly, an abnormal growth
rate, or an unexplained glycemic
variation. E

Autoimmune thyroid disease is the
most common autoimmune disorder
associated with diabetes, occurring in
17–30% of patients with type 1 di-
abetes (35). At the time of diagnosis,
about 25% of children with type 1 di-
abetes have thyroid autoantibodies

(36); their presence is predictive of
thyroid dysfunctiondmost commonly
hypothyroidism, although hyperthy-
roidism occurs in ;0.5% of patients
with type 1 diabetes (37,38). Thyroid
function tests may be misleading (eu-
thyroid sick syndrome) if performed at
time of diagnosis owing to the effect of
previous hyperglycemia, ketosis or keto-
acidosis, weight loss, etc. Therefore, thy-
roid function tests should be performed
soon after a period of metabolic stability
and good glycemic control. Subclinical
hypothyroidism may be associated with
increased risk of symptomatic hypogly-
cemia (39) and reduced linear growth
rate. Hyperthyroidism alters glucose
metabolism and usually causes deterio-
ration of glycemic control.

Celiac Disease

Recommendations

c Consider screening individuals with
type 1 diabetes for celiac disease
by measuring either tissue transglu-
taminase or deamidated gliadin an-
tibodies, with documentation of
normal total serum IgA levels, soon
after the diagnosis of diabetes. E

c Consider screening individuals
who have a first-degree relative
with celiac disease, growth failure,
weight loss, failure to gain weight,
diarrhea, flatulence, abdominal
pain, or signs of malabsorption or
in individuals with frequent unex-
plained hypoglycemia or deterio-
ration in glycemic control. E

c Individuals with biopsy-confirmed
celiac disease should be placed
on a gluten-free diet and have
a consultation with a dietitian ex-
perienced in managing both dia-
betes and celiac disease. B

Table 12.1—Blood glucose and A1C goals for children and adolescents with type 1 diabetes

Blood glucose goal range

A1C RationaleBefore meals Bedtime/overnight

90–130 mg/dL
(5.0–7.2 mmol/L)

90–150 mg/dL
(5.0–8.3 mmol/L)

,7.5%
(58 mmol/mol)

A lower goal (,7.0% [53 mmol/mol]) is reasonable if it can be
achieved without excessive hypoglycemia

Key concepts in setting glycemic goals:

c Goals should be individualized, and lower goals may be reasonable based on a benefit-risk assessment.
c Blood glucose goals should be modified in children with frequent hypoglycemia 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.
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Celiac disease is an immune-mediated
disorder that occurs with increased
frequency in patients with type 1 dia-
betes (1.6–16.4% of individuals com-
pared with 0.3–1% in the general
population) (40–42).
Screening. Screening for celiac disease
includes measuring serum levels of
IgA and anti–tissue transglutaminase
antibodies, or, with IgA deficiency,
screening can include measuring IgG
tissue transglutaminase antibodies
or IgG deamidated gliadin peptide
antibodies. Because most cases of
celiac disease are diagnosed within
the first 5 years after the diagnosis
of type 1 diabetes, screening should
be considered at the time of di-
agnosis and repeated 2 and 5 years
thereafter.
Although celiac disease can be diag-

nosed more than 10 years after diabe-
tes diagnosis, there are insufficient data
after 5 years to determine the optimal
screening frequency. Measurement of
anti–tissue transglutaminase antibody
should be considered at other times
in patients with symptoms suggestive
of celiac disease (42). A small-bowel
biopsy in antibody-positive children
is recommended to confirm the diag-
nosis (43). European guidelines on
screening for celiac disease in children
(not specific to children with type 1
diabetes) suggest that biopsy may
not be necessary in symptomatic chil-
dren with high antibody titers (i.e.,
greater than 10 times the upper limit
of normal) provided that further testing
is performed (verification of endomy-
sial antibody positivity on a separate
blood sample). It is also advisable to
check for HLA types in patients who
are diagnosed without a small intesti-
nal biopsy. Asymptomatic at-risk chil-
dren should have an intestinal biopsy
(44).
In symptomatic children with type 1

diabetes and confirmed celiac dis-
ease, gluten-free diets reduce symp-
toms and rates of hypoglycemia (45).
The challenging dietary restrictions
associated with having both type 1
diabetes and celiac disease place a
significant burden on individuals.
Therefore, a biopsy to confirm the di-
agnosis of celiac disease is recom-
mended, especially in asymptomatic
children, before endorsing significant
dietary changes.

Management of Cardiovascular Risk
Factors

Hypertension

Recommendations

Screening
c Blood pressure should be measured

at each routine visit. Children found
to have high-normal blood pressure
(systolic blood pressure or diastolic
blood pressure$90th percentile for
age, sex, andheight) or hypertension
(systolic blood pressure or diastolic
blood pressure $95th percentile
for age, sex, and height) should
have elevated blood pressure con-
firmed on 3 separate days. B

Treatment
c Initial treatment of high-normal

blood pressure (systolic blood pres-
sure or diastolic blood pressure
consistently $90th percentile for
age, sex, and height) includes di-
etary modification and increased
exercise, if appropriate, aimed at
weight control. If target blood
pressure is not reached within
3–6months of initiating lifestyle in-
tervention, pharmacologic treat-
ment should be considered. E

c In addition to lifestyle modification,
pharmacologic treatment of hy-
pertension (systolic blood pressure
or diastolic blood pressure consis-
tently$95th percentile for age, sex,
and height) should be considered as
soon as hypertension is confirmed. E

c ACE inhibitors or angiotensin recep-
tor blockers should be considered
for the initial pharmacologic treat-
ment of hypertension, following
reproductive counseling and imple-
mentation of effective birth control
due to the potential teratogenic ef-
fects of both drug classes. E

c The goal of treatment is blood
pressure consistently ,90th per-
centile for age, sex, and height. E

Blood pressure measurements should
be performed using the appropriate size
cuff with the child seated and relaxed.
Hypertension should be confirmed on at
least 3 separate days. Evaluation should
proceed as clinically indicated. 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) (46).

Normal blood pressure levels for age, sex,
and height and appropriate methods for
measurement are available online at
www.nhlbi.nih.gov/health/prof/heart/
hbp/hbp_ped.pdf.

Dyslipidemia

Recommendations

Testing
c Obtain a fasting lipid profile in

children$10 years of age soon af-
ter the diagnosis (after glucose
control has been established). E

c If lipids are abnormal, annual moni-
toring is reasonable. If LDLcholesterol
values are within the accepted risk
level (,100 mg/dL [2.6 mmol/L]), a
lipid profile repeated every 3–5 years
is reasonable. E

Treatment
c Initial therapy should consist of op-

timizing glucose control and medi-
cal nutrition therapy using a Step
2 American Heart Association diet
to decrease the amount of satu-
rated fat in the diet. B

c After the age of 10 years, addition
of a statin is suggested in patients
who, despite medical nutrition
therapy and lifestyle changes,
continue to have LDL cholesterol
.160 mg/dL (4.1 mmol/L) or LDL
cholesterol.130mg/dL (3.4mmol/L)
and one or more cardiovascular
disease risk factors, following re-
productive counseling and imple-
mentation of effective birth control
due to the potential teratogenic ef-
fects of statins. E

c 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 cardiovascular disease
(CVD) risk factors (47–49), and the prev-
alence of CVD risk factors increases with
age (49), with girls having a higher risk
burden than boys (48).
Pathophysiology. The atherosclerotic
process begins in childhood, and although
CVD events are not expected to occur dur-
ing childhood, observations using a variety
of methodologies show that youth with
type 1 diabetes may have subclinical CVD
within thefirst decadeofdiagnosis (50–52).
Studies of carotid intima-media thickness
have yielded inconsistent results (46).
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Treatment. Pediatric lipid guidelines
provide some guidance relevant to chil-
dren with type 1 diabetes (53–55); how-
ever, there are few studies on modifying
lipid levels in children with type 1 diabe-
tes. A 6-month trial of dietary counsel-
ing produced a significant improvement
in lipid levels (56); likewise, a lifestyle
intervention trial with 6 months of exer-
cise in adolescents demonstrated im-
provement in lipid levels (57).
Although intervention data are sparse,

the American Heart Association (AHA)
categorizes children with type 1 diabetes
in the highest tier for cardiovascular risk
and recommends both lifestyle and
pharmacologic treatment for those
with elevated LDL cholesterol levels
(55,58). Initial therapy should be with
a Step 2 AHA diet, which restricts satu-
rated fat to 7% of total calories and re-
stricts dietary cholesterol to 200mg/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 (59).
For children with a significant family

history of CVD, the National Heart,
Lung, and Blood Institute recommends
obtaining a fasting lipid panel beginning
at 2 years of age (53). Abnormal results
from a random lipid panel should be con-
firmed with a fasting lipid panel. Data
from the SEARCH for Diabetes in Youth
(SEARCH) study show that improved glu-
cose control over a 2-year period is asso-
ciated with a more favorable lipid profile;
however, improved glycemic control alone
will not normalize lipids in youth with
type 1 diabetes and dyslipidemia (60).
Neither long-term safety nor cardiovas-

cular outcome efficacy of statin therapy
has been established for children; how-
ever, studies have shown short-termsafety
equivalent to that seen in adults and effi-
cacy in lowering LDL cholesterol levels in
familial hypercholesterolemiaor severehy-
perlipidemia, improving endothelial func-
tion and causing regression of carotid
intimal thickening (61,62). 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. Statins are category X in
pregnancy; therefore, prevention of un-
planned pregnancies is of paramount im-
portance for postpubertal girls (see
Section 13 “Management of Diabetes in
Pregnancy” for more information).

Smoking

Recommendation

c Elicit a smoking history at initial
and follow-up diabetes visits. Dis-
courage smoking in youth who do
not smoke and encourage smoking
cessation in thosewho do smoke.B

The adverse health effects of smoking
are well recognized with respect to fu-
ture cancer and CVD risk. Despite this,
smoking rates are significantly higher
among youth with diabetes than among
youth without diabetes (63,64). In youth
with diabetes, it is important to avoid ad-
ditional 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 (53,65).
Discouraging cigarette smoking, includ-
ing e-cigarettes, is an important part of
routine diabetes care. In younger chil-
dren, it is important to assess exposure
to cigarette smoke in the home due to
the adverse effects of secondhand
smoke and to discourage youth from
ever smoking if exposed to smokers in
childhood.

Microvascular Complications

Nephropathy

Recommendations

Screening
c Annual screening for albuminuria

with a random spot urine sample
for albumin-to-creatinine ratio
should be considered once the
child has had type 1 diabetes for
5 years. B

c Estimate glomerular filtration rate
at initial evaluation and then
based on age, diabetes duration,
and treatment. E

Treatment
c When persistently elevated uri-

nary albumin-to-creatinine ratio
(.30 mg/g) is documented with
at least two of three urine sam-
ples, treatment with an ACE inhib-
itor should be considered and the
dose titrated to maintain blood
pressurewithin the age-appropriate
normal range. The urine samples
should be obtained over a 6-month
interval following efforts to improve
glycemic control and normalize
blood pressure. C

Data from 7,549 participants ,20 years
of age in the T1D Exchange clinic regis-
try emphasize the importance of good
glycemic and blood pressure control,
particularly as diabetes duration in-
creases, in order to reduce the risk of
nephropathy. The data also underscore
the importance of routine screening
to ensure early diagnosis and timely
treatment of albuminuria (66). An estima-
tion of glomerular filtration rate (GFR), cal-
culated using GFR estimating equations
from the serum creatinine, height, age,
and sex (67), should be determined at
baseline and repeated as indicated based
on clinical status, age, diabetes duration,
and therapies. Estimated GFR is calcu-
lated from a serum creatinine measure-
ment using an estimating equation. There
are ongoing clinical trials assessing the
efficacy of early treatment of persistent
albuminuria with ACE inhibitors (68).

Retinopathy

Recommendations

c An initial dilated and comprehen-
sive eye examination is recom-
mended at age $10 years or after
puberty has started, whichever is
earlier, once the youth has had
type 1 diabetes for 3–5 years. B

c After the initial examination, an-
nual routine follow-up is generally
recommended. Less frequent ex-
aminations, every 2 years, may
be acceptable on the advice of an
eye care professional. E

Retinopathy (like albuminuria)most com-
monly occurs after the onset of puberty
and after 5–10 years of diabetes duration
(69). Referrals should be made to eye
care professionals with expertise in dia-
betic retinopathy and experience in
counseling the pediatric patient and fam-
ily on the importance of early prevention
and intervention.

Neuropathy

Recommendation

c Consider an annual comprehensive
foot exam for the child at the start
of puberty or at age $10 years,
whichever is earlier, once the
youth has had type 1 diabetes for
5 years. E

Diabetic neuropathy rarely occurs in pre-
pubertal children or after only 1–2 years
of diabetes (69). A comprehensive foot
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exam, including inspection, palpation
of dorsalis pedis and posterior tibial
pulses, assessment of the patellar and
Achilles reflexes, and determination of
proprioception, vibration, and monofil-
ament sensation, should be performed
annually along with an assessment of
symptoms of neuropathic pain. Foot in-
spection can be performed at each
visit to educate youth regarding the im-
portance of foot care (see Section
10 “Microvascular Complications and
Foot Care”).

TYPE 2 DIABETES

For information on testing for type 2 di-
abetes and prediabetes in children
and adolescents, please refer to Sec-
tion 2 “Classification and Diagnosis of
Diabetes.”
Type 2 diabetes in youth has in-

creased over the past 20 years and re-
cent estimates suggest an incidence of
;5,000 new cases per year in the U.S.
(70). The Centers for Disease Control and
Prevention published projections for
type 2 diabetes prevalence using the
SEARCH database: assuming a 2.3% an-
nual increase, the prevalence in those
under 20 years of age will quadruple in
40 years (71,72).
Evidence suggests that type 2 diabe-

tes in youth is different not only from
type 1 diabetes but also from type 2 di-
abetes in adults and has unique features,
such as a more rapidly progressive de-
cline in b-cell function and accelerated
development of diabetes complica-
tions (73,74). Type 2 diabetes dispropor-
tionately impacts youth of ethnic and
racial minorities and can occur in com-
plex psychosocial and cultural environ-
ments, which may make it difficult to
sustain healthy lifestyle changes and
self-management behaviors. Additional
risk factors associated with type 2 dia-
betes in youth include adiposity, family
history of diabetes, female sex, and low
socioeconomic status (74).
As with type 1 diabetes, youth with

type 2 diabetes spend much of the day
in school. Therefore, close communica-
tion with and the cooperation of school
personnel are essential for optimal dia-
betes management, safety, and maximal
academic opportunities.

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 (75),
and diabetes-associated autoantibodies
and ketosis may be present in pediatric
patients with features of type 2 diabetes
(including obesity and acanthosis nigri-
cans) (76). At onset, DKA occurs in ;6%
of youth aged 10–19 years with type 2
diabetes (77). Accurate diagnosis is criti-
cal as treatment regimens, educational
approaches, dietary advice, and out-
comes differ markedly between patients
with the two diagnoses.

Treatment
The general treatment goals for youth
with type 2 diabetes are the same as
those for youth with type 1 diabetes. A
multidisciplinary diabetes team, includ-
ing a physician, diabetes nurse educator,
registered dietitian, and psychologist or
social worker, is essential. In addition to
blood glucose control, initial treatment
must includemanagementof comorbidities
suchasobesity, dyslipidemia, hypertension,
and microvascular complications.

Current treatment options for youth-
onset type 2 diabetes are limited to two
approved drugsdinsulin and metfor-
min (73). Presentation with ketosis or
ketoacidosis requires a period of insulin
therapy until fasting and postprandial
glycemia have been restored to normal
or near-normal levels. Metformin ther-
apy may be used as an adjunct after
resolution of ketosis/ketoacidosis. Ini-
tial treatment should also be with in-
sulin when the distinction between
type 1 diabetes and type 2 diabetes is
unclear and in patients who have ran-
dom blood glucose concentrations
$250 mg/dL (13.9 mmol/L) and/or
A1C .9% (75 mmol/mol) (78).

Patients and their families must pri-
oritize lifestyle modifications such as
eating a balanced diet, achieving and
maintaining a healthy weight, and ex-
ercising regularly. A family-centered
approach to nutrition and lifestyle mod-
ification is essential in children with
type 2 diabetes, and nutrition recom-
mendations should be culturally appro-
priate and sensitive to family resources
(see Section 4 “Lifestyle Management”).
Given the complex social and environ-
mental context surrounding youth with
type 2 diabetes, individual-level lifestyle
interventions may not be sufficient to
target the complex interplay of family

dynamics, mental health, community
readiness, and the broader environmen-
tal system (73).

When insulin treatment is not re-
quired, initiation of metformin is rec-
ommended. The Treatment Options for
type 2 Diabetes in Adolescents and Youth
(TODAY) study found that metformin
alone provided durable glycemic control
(A1C #8% [64 mmol/mol] for 6 months)
in approximately half of the subjects (79).
To date, the TODAY study is the only trial
combining lifestyle and metformin ther-
apy in youth with type 2 diabetes; the
combination did not perform better
than metformin alone in achieving dura-
ble glycemic control (79).

Small retrospective analyses and a
recent prospective multicenter non-
randomized study suggest that bariatric
or metabolic surgery may have similar
benefits in obese adolescents with
type 2 diabetes compared with 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 (80). No random-
ized trials, however, have yet compared
the effectiveness and safety of surgery to
those of conventional treatment options
in adolescents (81).

Comorbidities
Comorbidities may already be present at
the time of diagnosis of type 2 diabetes in
youth (74,82). Therefore, blood pressure
measurement, a fasting lipid panel, as-
sessment of random urine albumin-to-
creatinine ratio, and a dilated eye exami-
nation should be performed at diagnosis.
Thereafter, screening guidelines and treat-
ment recommendations for hypertension,
dyslipidemia, urine albumin excretion, and
retinopathy are similar to those for youth
with type 1 diabetes. Additional problems
that may need to be addressed include
polycystic ovary disease and other comor-
bidities associated with pediatric obesity,
such as sleep apnea, hepatic steatosis, or-
thopedic complications, and psychosocial
concerns. The ADA consensus report
“Youth-Onset Type 2 Diabetes Consensus
Report: Current Status, Challenges, and
Priorities” (73) and an American Academy
of Pediatrics clinical practice guideline (83)
provide guidance on the prevention,
screening, and treatment of type 2 diabe-
tes and its comorbidities in children and
adolescents.
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TRANSITION FROM PEDIATRIC TO
ADULT CARE

Recommendations

c Health care providers and families
should begin to prepare youth with
diabetes in early to midadoles-
cence and, at the latest, at least
1 year before the transition to
adult health care. E

c Both pediatricians and adult
health care providers should assist
in providing support and links to
resources for the teen and emerg-
ing adult. B

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 the older teen enters the
next developmental stage referred to
as emerging adulthood (84), 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 di-
abetes, making medical appointments,
and financing health care, once they
are no longer covered by their parents’
health insurance plans (ongoing cover-
age until age 26 years is now available
under provisions of the Affordable Care
Act). In addition to lapses in health care,
this is also a period associated with de-
terioration in glycemic control; increased
occurrence of acute complications; psy-
chosocial, emotional, and behavioral
challenges; and the emergence of chronic
complications (85–88).
Although scientific evidence is limited,

it is clear that comprehensive and coordi-
nated planning that begins in early ado-
lescence, or at least 1 year before the
dateof transition, is necessary to facilitate
a seamless transition from pediatric to
adult health care (85,86). A comprehen-
sive discussion regarding the challenges
facedduring this period, including specific
recommendations, is found in the ADA
position statement “Diabetes Care for
Emerging Adults: Recommendations for
Transition From Pediatric to Adult Diabe-
tes Care Systems” (86).

The National Diabetes Education Pro-
gram (NDEP) has materials available to
facilitate the transition process (http://
ndep.nih.gov/transitions), and the En-
docrine Society in collaboration with
the ADA and other organizations has de-
veloped transition tools for clinicians
and youth and families (http://www
.endo-society.org/clinicalpractice/
transition_of_care.cfm).
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13. Management of Diabetes
in Pregnancy
Diabetes Care 2017;40(Suppl. 1):S114–S119 | DOI: 10.2337/dc17-S016

For guidelines related to the diagnosis of gestational diabetes mellitus, please refer
to Section 2 “Classification and Diagnosis of Diabetes.”

Recommendations

Preexisting Diabetes
c Starting at puberty, preconception counseling should be incorporated into

routine diabetes care for all girls of childbearing potential. A
c Family planning should be discussed and effective contraception should be

prescribed and used until a woman is prepared and ready to become preg-
nant. A

c Preconception counseling should address the importance of glycemic control
as close to normal as is safely possible, ideally A1C ,6.5% (48 mmol/mol), to
reduce the risk of congenital anomalies. B

c Women with preexisting type 1 or type 2 diabetes who are planning preg-
nancy or who have become pregnant should be counseled on the risk of
development and/or progression of diabetic retinopathy. Dilated eye exam-
inations should occur before pregnancy or in the first trimester, and then
patients should be monitored every trimester and for 1 year postpartum as
indicated by degree of retinopathy and as recommended by the eye care
provider. B

Gestational Diabetes Mellitus
c Lifestyle change is an essential component of management of gestational

diabetes mellitus and may suffice for the treatment for many women. Med-
ications should be added if needed to achieve glycemic targets. A

c Insulin is the preferred medication for treating hyperglycemia in gestational
diabetes mellitus, as it does not cross the placenta to a measurable extent.
Metformin and glyburide may be used, but both cross the placenta to the
fetus, withmetformin likely crossing to a greater extent than glyburide. All oral
agents lack long-term safety data. A

c Metformin, when used to treat polycystic ovary syndrome and induce ovula-
tion, need not be continued once pregnancy has been confirmed. A

General Principles for Management of Diabetes in Pregnancy
c Potentially teratogenic medications (ACE inhibitors, statins, etc.) should be

avoided in sexually active women of childbearing age who are not using reli-
able contraception. B

c Fasting and postprandial self-monitoring of blood glucose are recommended
in both gestational diabetes mellitus and preexisting diabetes in pregnancy to
achieve glycemic control. Some women with preexisting diabetes should also
test blood glucose preprandially. B

c Due to increased red blood cell turnover, A1C is lower in normal pregnancy
than in normal nonpregnant women. The A1C target in pregnancy is 6–6.5%
(42–48 mmol/mol); ,6% (42 mmol/mol) may be optimal if this can be
achieved without significant hypoglycemia, but the target may be relaxed
to ,7% (53 mmol/mol) if necessary to prevent hypoglycemia. B

c In pregnant patients with diabetes and chronic hypertension, blood pressure
targets of 120–160/80–105 mmHg are suggested in the interest of optimizing
long-term maternal health and minimizing impaired fetal growth. E
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DIABETES IN PREGNANCY

The prevalence of diabetes in pregnancy
has been increasing in the U.S. The ma-
jority is gestational diabetes mellitus
(GDM) with the remainder primarily
preexisting type 1 diabetes and type 2
diabetes. The rise in GDM and type 2
diabetes in parallel with obesity both
in the U.S. and worldwide is of particu-
lar concern. Both type 1 diabetes and
type 2 diabetes confer significantly
greater maternal and fetal risk than
GDM, with some differences according
to type of diabetes as outlined below. In
general, specific risks of uncontrolled di-
abetes in pregnancy include spontaneous
abortion, fetal anomalies, preeclampsia,
fetal demise, macrosomia, neonatal hy-
poglycemia, and neonatal hyperbilirubine-
mia, among others. In addition, diabetes in
pregnancymay increase the risk of obesity
and type 2 diabetes in offspring later in life
(1,2).

PRECONCEPTION COUNSELING

All women of childbearing age with di-
abetes should be counseled about the
importance of tight glycemic control prior
to conception. Observational studies show
an increased risk of diabetic embryopathy,
especially anencephaly, microcephaly, con-
genital heart disease, and caudal regression
directly proportional to elevations in A1C
during the first 10 weeks of pregnancy. Al-
though observational studies are confounded
by the association between elevated
periconceptional A1C and other poor self-
carebehaviors, thequantity andconsistency
of data are convincing and support the rec-
ommendation to optimize glycemic con-
trol prior to conception, with A1C,6.5%
(48 mmol/mol) associated with the low-
est risk of congenital anomalies (3,4).
There are opportunities to educate all

women and adolescents of reproductive
age with diabetes about the risks of un-
planned pregnancies and the opportuni-
ties for improved maternal and fetal
outcomes with pregnancy planning (5).
Effective preconception counseling
could avert substantial health and asso-
ciated cost burden in offspring (6). Fam-
ily planning should be discussed, and
effective contraception should be pre-
scribed and used, until a woman is pre-
pared and ready to become pregnant.
To minimize the occurrence of com-

plications, beginning at the onset of pu-
berty or at diagnosis, all women with

diabetes of childbearing potential
should receive education about 1) the
risks of malformations associated with
unplanned pregnancies and poor meta-
bolic control and 2) the use of effective
contraception at all times when prevent-
ing a pregnancy. Preconception counseling
using developmentally appropriate edu-
cational tools enables adolescent girls to
make well-informed decisions (5). Pre-
conception counseling resources tailored
for adolescents are available at no cost
through the American Diabetes Associa-
tion (ADA) (7).

Preconception Testing
Preconception counseling visits should in-
clude rubella, syphilis, hepatitis B virus,
and HIV testing, as well as Pap smear, cer-
vical cultures, blood typing, prescriptionof
prenatal vitamins (with at least 400 mg of
folic acid), and smoking cessation counsel-
ing if indicated. Diabetes-specific testing
should include A1C, thyroid-stimulating
hormone, creatinine, and urinary albumin–
to–creatinine ratio; review of the medi-
cation list for potentially teratogenic
drugs, i.e., ACE inhibitors (8), angiotensin
receptor blockers (8), and statins (9,10);
and referral for a comprehensive eye
exam. Women with preexisting diabetic
retinopathy will need close monitoring
during pregnancy to ensure that retinop-
athy does not progress.

GLYCEMIC TARGETS IN
PREGNANCY

Pregnancy in women with normal glu-
cose metabolism is characterized by
fasting 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 post-
prandial hyperglycemia and carbohydrate
intolerance as a result of diabetogenic
placental hormones.

Insulin Physiology
Early pregnancy is a time of insulin sen-
sitivity, lower glucose levels, and lower
insulin requirements in women with
type 1 diabetes. The situation rapidly
reverses as insulin resistance increases
exponentially during the second and
early third trimesters and levels off to-
ward the end of the third trimester. In
women with normal pancreatic func-
tion, insulin production is sufficient to
meet the challenge of this physiological
insulin resistance and to maintain

normal glucose levels. However, in
women with GDM and preexisting dia-
betes, hyperglycemia occurs if treat-
ment is not adjusted appropriately.

Glucose Monitoring
Reflecting this physiology, fasting and
postprandial monitoring of blood glucose
is recommended to achieve metabolic
control in pregnant women with diabe-
tes. Preprandial testing is also recom-
mended for women with preexisting
diabetes using insulin pumps or basal-
bolus therapy, so that premeal rapid-
acting insulin dosage can be adjusted.
Postprandial monitoring is associated
with better glycemic control and lower
risk of preeclampsia (11–13). There are
no adequately powered randomized trials
comparing different fasting and postmeal
glycemic targets in diabetes in pregnancy.

Similar to the targets recommended by
the American College of Obstetricians and
Gynecologists (14), theADA-recommended
targets for women with type 1 or type 2
diabetes (the same as for GDM; described
below) are as follows:

○ Fasting#95 mg/dL (5.3 mmol/L) and
either

○ One-hour postprandial #140 mg/dL
(7.8 mmol/L) or

○ Two-hour postprandial #120 mg/dL
(6.7 mmol/L)

These values represent optimal control if
they can be achieved safely. In practice, it
may be challenging for womenwith type 1
diabetes to achieve these targets without
hypoglycemia, particularly women with a
history of recurrent hypoglycemia or hypo-
glycemia unawareness.

If women cannot achieve these tar-
gets without significant hypoglycemia,
the ADA suggests less stringent targets
based on clinical experience and individ-
ualization of care.

A1C in Pregnancy
Observational studies show the lowest
rates of adverse fetal outcomes in associa-
tionwith A1C,6–6.5% (42–48mmol/mol)
early in gestation (4,15–17). Clinical tri-
als have not evaluated the risks and ben-
efits of achieving these targets, and
treatment goals should account for the
risk of maternal hypoglycemia in set-
ting an individualized target of ,6%
(42 mmol/mol) to ,7% (53 mmol/mol).
Due to physiological increases in red
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blood cell turnover, A1C levels fall during
normal pregnancy (18,19). Additionally, as
A1C represents an integrated measure of
glucose, it may not fully capture postpran-
dial hyperglycemia, which drives macro-
somia. Thus, although A1C may be useful,
it should be used as a secondary measure
of glycemic control, after self-monitoring
of blood glucose.
In the second and third trimesters,

A1C,6% (42 mmol/mol) has the lowest
risk of large-for-gestational-age infants,
whereas other adverse outcomes increase
withA1C$6.5% (48mmol/mol). Takingall
of this into account, a target of 6–6.5%
(42–48 mmol/mol) is recommended but
,6% (42 mmol/mol) may be optimal as
pregnancy progresses. These levels should
be achieved without hypoglycemia, which,
in addition to the usual adverse sequelae,
may increase the risk of low birth weight.
Given the alteration in red blood cell kinet-
ics during pregnancy and physiological
changes in glycemic parameters, A1C levels
mayneed tobemonitoredmore frequently
than usual (e.g., monthly).

MANAGEMENT OF GESTATIONAL
DIABETES MELLITUS

GDM is characterized by increased risk
of macrosomia and birth complications
and an increased risk of maternal type 2
diabetes after pregnancy. The associa-
tion of macrosomia and birth complica-
tions with oral glucose tolerance test
(OGTT) results is continuous, with no
clear inflection points (20). In other
words, risks increase with progressive hy-
perglycemia. Therefore, all womenshould
be tested as outlined in Section 2 “Clas-
sification and Diagnosis of Diabetes.”
Although there is some heterogeneity,
many randomized controlled trials
suggest that the risk of GDM may be
reduced by diet, exercise, and lifestyle
counseling (21,22).

Lifestyle Management
After diagnosis, treatment starts with
medical nutrition therapy, physical activ-
ity, and weight management depending
on pregestational weight, as outlined in
the section below on preexisting type 2
diabetes, and glucose monitoring aiming
for the targets recommended by the Fifth
International Workshop-Conference on
Gestational Diabetes Mellitus (23):

○ Fasting#95 mg/dL (5.3 mmol/L) and
either

○ One-hour postprandial #140 mg/dL
(7.8 mmol/L) or

○ Two-hour postprandial #120 mg/dL
(6.7 mmol/L)

Depending on the population, studies
suggest that 70–85%ofwomendiagnosed
with GDM under Carpenter-Coustan or
National Diabetes Data Group (NDDG)
criteria can control GDM with lifestyle
modificationalone; it is anticipated that this
proportion will be even higher if the lower
International Association of the Diabetes
and Pregnancy Study Groups (IADPSG)
(24) diagnostic thresholds are used.

Pharmacologic Therapy
Women with greater initial degrees of hy-
perglycemia may require early initiation of
pharmacologic therapy. Treatment has
been demonstrated to improve perinatal
outcomes in two large randomized studies
as summarized in a U.S. Preventive Ser-
vices Task Force review (25). Insulin is the
first-line agent recommended for treat-
ment of GDM in the U.S. While individual
randomized controlled trials support the
efficacy and short-term safety of metfor-
min (26,27) and glyburide (28) for the
treatment of GDM, both agents cross the
placenta. Long-term safety data are not
available for any oral agent (29).

Sulfonylureas

Concentrations of glyburide in umbilical
cord plasma are approximately 70% of
maternal levels (30). Glyburide may be
associated with a higher rate of neona-
tal hypoglycemia and macrosomia than
insulin or metformin (31).

Metformin

Metformin may be associated with a
lower risk of neonatal hypoglycemia
and less maternal weight gain than in-
sulin (31–33); however, metformin may
slightly increase the risk of prematurity.
Furthermore, nearly half of patients
with GDM who were initially treated
with metformin in a randomized trial
needed insulin in order to achieve ac-
ceptable glucose control (26). Umbilical
cord blood levels of metformin are
higher than simultaneous maternal lev-
els (34,35). None of these studies or
meta-analyses evaluated long-term out-
comes in the offspring. Patients treated
with oral agents should be informed that
they cross the placenta, and although no
adverse effects on the fetus have been
demonstrated, long-term studies are
lacking.

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
(36), and there is no evidence-based
need to continue metformin in such pa-
tients once pregnancy has been con-
firmed (37–39).

Insulin

Insulin may be required to treat hyper-
glycemia, and its use should follow the
guidelines below.

MANAGEMENT OF PREEXISTING
TYPE 1 DIABETES AND TYPE 2
DIABETES IN PREGNANCY

Insulin Use
Insulin is the preferred agent for manage-
ment of both type 1 diabetes and type 2
diabetes in pregnancy.

The physiology of pregnancy necessi-
tates frequent titration of insulin to
match changing requirements and un-
derscores the importance of daily and
frequent self-monitoring of blood glu-
cose. In the first trimester, there is
often a decrease in total daily insulin
requirements, and women, particularly
those with type 1 diabetes, may experi-
ence increased hypoglycemia. In the
second trimester, rapidly increasing in-
sulin resistance requires weekly or bi-
weekly increases in insulin dose to
achieve glycemic targets. In general, a
smaller proportion of the total daily dose
should be given as basal insulin (,50%)
and a greater proportion (.50%) as pran-
dial insulin. In the late third trimester,
there is often a leveling off or small de-
crease in insulin requirements. Due to
the complexity of insulin management in
pregnancy, referral to a specialized center
offering team-based care (with team
members including high-risk obstetrician,
endocrinologist or other provider experi-
enced in managing pregnancy in women
with preexisting diabetes, dietitian, nurse,
and social worker, as needed) is recom-
mended if this resource is available.

None of the currently available insulin
preparations have been demonstrated
to cross the placenta.

Type 1 Diabetes
Women with type 1 diabetes have an in-
creased risk of hypoglycemia in the first
trimester and, like all women, have al-
tered counterregulatory response in
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pregnancy that may decrease hypoglycemia
awareness. Education for patients and
family members about the prevention,
recognition, and treatment of hypogly-
cemia is important before, during, and
after pregnancy to help to prevent and
manage the risks of hypoglycemia. In-
sulin resistance drops rapidly with de-
livery of the placenta. Women become
very insulin sensitive immediately fol-
lowing delivery and may initially re-
quire much less insulin than in the
prepartum period.
Pregnancy is a ketogenic state, and

women with type 1 diabetes, and to a
lesser extent those with type 2 diabe-
tes, are at risk for diabetic ketoacidosis
at lower blood glucose levels than in the
nonpregnant state. Women with preex-
isting diabetes, especially type 1 diabe-
tes, need ketone strips at home and
education on diabetic ketoacidosis pre-
vention and detection. In addition, rapid
implementation of tight glycemic con-
trol in the setting of retinopathy is asso-
ciated with worsening of retinopathy
(40).

Type 2 Diabetes
Type 2 diabetes is often associated with
obesity. Recommended weight gain
during pregnancy for overweight
women is 15–25 lb and for obese
women is 10–20 lb (41). Glycemic con-
trol is often easier to achieve in women
with type 2 diabetes than in those with
type 1 diabetes but can require much
higher doses of insulin, sometimes ne-
cessitating concentrated insulin formu-
lations. As in type 1 diabetes, insulin
requirements drop dramatically after
delivery. The risk for associated hyper-
tension 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 appar-
ent duration, with pregnancy loss ap-
pearing to be more prevalent in the
third trimester in women with type 2 di-
abetes compared with the first trimester
in women with type 1 diabetes (42,43).

POSTPARTUM CARE

Postpartum care should include psychoso-
cial assessment and support for self-care.

Lactation
In light of the immediate nutritional and
immunological benefits of breastfeed-
ing 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 (44) and off-
spring (45).

Gestational Diabetes Mellitus

Initial Testing

Because GDM may represent preexisting
undiagnosed type 2 or even type 1 diabe-
tes, women with GDM should be tested
for persistent diabetes or prediabetes
at 4–12 weeks’ postpartum with a 75-g
OGTT using nonpregnancy criteria as
outlined in Section 2 “Classification and
Diagnosis of Diabetes.”

Postpartum Follow-up

The OGTT is recommended over A1C at
the time of the 4- to 12-week postpar-
tum visit because A1C may be persis-
tently impacted (lowered) by the
increased red blood cell turnover re-
lated to pregnancy or blood loss at de-
livery and because the OGTT is more
sensitive at detecting glucose intoler-
ance, including both prediabetes and
diabetes. Reproductive-aged women
with prediabetes may develop type 2 di-
abetes by the time of their next preg-
nancy and will need preconception
evaluation. Because GDM is associated
with increased maternal risk for diabe-
tes, women should also be tested every
1–3 years thereafter if the 4- to 12-week
75-g OGTT is normal, with frequency of
testing depending on other risk factors
including family history, prepregnancy
BMI, and need for insulin or oral glucose-
lowering medication during pregnancy.
Ongoing evaluation may be performed
with any recommended glycemic test
(e.g., hemoglobin A1C, fasting plasma
glucose, or 75-g OGTT using nonpreg-
nant thresholds).

Gestational Diabetes Mellitus and Type 2

Diabetes

Women with a history of GDM have a
greatly increased risk of conversion to
type 2 diabetes over time and not solely
within the 4- to 12-week postpartum
time frame (46). In the prospective
Nurses’ Health Study II, subsequent di-
abetes risk after a history of GDM was
significantly lower in women who fol-
lowed healthy eating patterns (47). Ad-
justing for BMI moderately, but not
completely, attenuated this associa-
tion. Interpregnancy or postpartum
weight gain is associated with increased

risk of adverse pregnancy outcomes in
subsequent pregnancies (48) and ear-
lier progression to type 2 diabetes.

Both metformin and intensive life-
style intervention prevent or delay pro-
gression to diabetes in women with
prediabetes and a history of GDM. Of
women with a history of GDM and pre-
diabetes, only 5–6 women need to be
treated with either intervention to pre-
vent one case of diabetes over 3 years
(49). In these women, lifestyle interven-
tion and metformin reduced progres-
sion to diabetes by 35% and 40%,
respectively, over 10 years compared
with placebo (50). If the pregnancy has
motivated the adoption of a healthier
diet, building on these gains to support
weight loss is recommended in the post-
partum period.

Preexisting Type 1 and Type 2
Diabetes
Insulin sensitivity increases with deliv-
ery of the placenta and then returns to
prepregnancy levels over the following
1–2weeks. In women taking insulin, par-
ticular attention should be directed to
hypoglycemia prevention in the setting
of breastfeeding and erratic sleep and
eating schedules.

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 and
preventive health services. Therefore,
all women with diabetes of childbearing
potential should have family planning
options reviewed at regular intervals.
This applies to women in the immediate
postpartum period. Women with diabe-
tes have the same contraception options
and recommendations as those without
diabetes. The risk of an unplanned preg-
nancy outweighs the risk of any given
contraception option.

PREGNANCY AND DRUG
CONSIDERATIONS

In normal pregnancy, blood pressure is
lower than in the nonpregnant state.
In a pregnancy complicated by diabe-
tes and chronic hypertension, target
goals for systolic blood pressure 120–
160 mmHg and diastolic blood pres-
sure 80–105 mmHg are reasonable
(51). Lower blood pressure levels may
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be associated with impaired fetal growth.
In a 2015 study targeting diastolic blood
pressure of 100mmHg versus 85mmHg in
pregnant women, only 6% of whom had
GDMat enrollment, there was no differ-
ence in pregnancy loss, neonatal care,
or other neonatal outcomes, although
women in the less intensive treatment
group had a higher rate of uncontrolled
hypertension (52).
During pregnancy, treatment with

ACE inhibitors and angiotensin receptor
blockers is contraindicated because
they may cause fetal renal dysplasia, oli-
gohydramnios, and intrauterine growth
restriction (8). Antihypertensive drugs
known to be effective and safe in preg-
nancy include methyldopa, labetalol, dil-
tiazem, clonidine, and prazosin. Chronic
diuretic use during pregnancy is not rec-
ommended as it has been associated
with restricted maternal plasma volume,
which may reduce uteroplacental perfu-
sion (53). On the basis of available evi-
dence, statins should also be avoided in
pregnancy (54).
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14. Diabetes Care in the Hospital
Diabetes Care 2017;40(Suppl. 1):S120–S127 | DOI: 10.2337/dc17-S017

Recommendations

c Perform an A1C for all patients with diabetes or hyperglycemia admitted to
the hospital if not performed in the prior 3 months. B

c Insulin therapy should be initiated for treatment of persistent hyperglycemia
starting at a threshold $180 mg/dL (10.0 mmol/L). Once insulin therapy is
started, a target glucose range of 140–180 mg/dL (7.8–10.0 mmol/L) is recom-
mended for the majority of critically ill patients A and noncritically ill patients. C

c More stringent goals, such as ,140 mg/dL (,7.8 mmol/L), may be appropri-
ate for selected patients, as long as this can be achieved without significant
hypoglycemia. C

c Intravenous insulin infusions should be administered using validated written
or computerized protocols that allow for predefined adjustments in the insulin
infusion rate based on glycemic fluctuations and insulin dose. E

c Basal insulin or a basal plus bolus correction insulin regimen is the preferred
treatment for noncritically ill patients with poor oral intake or those who are
taking nothing by mouth. An insulin regimen with basal, nutritional, and cor-
rection components is the preferred treatment for noncritically ill hospitalized
patients with good nutritional intake. A

c Sole use of sliding scale insulin in the inpatient hospital setting is strongly
discouraged. A

c A hypoglycemia management protocol should be adopted and implemented
by each hospital or hospital system. A plan for preventing and treating hypo-
glycemia should be established for each patient. Episodes of hypoglycemia in
the hospital should be documented in the medical record and tracked. E

c The treatment regimen should be reviewed and changed as necessary to
prevent further hypoglycemia when a blood glucose value is ,70 mg/dL
(3.9 mmol/L). C

c There should be a structured discharge plan tailored to the individual patient
with diabetes. B

In the hospital, both hyperglycemia and hypoglycemia are associated with adverse
outcomes including death (1,2). Therefore, inpatient goals should include the pre-
vention of both hyperglycemia and hypoglycemia. Hospitals should promote the
shortest, safe hospital stay and provide an effective transition out of the hospital
that prevents acute complications and readmission.
For in-depth review of inpatient hospital practice, consult recent reviews that

focus on hospital care for diabetes (3,4).

HOSPITAL CARE DELIVERY STANDARDS

High-quality hospital care for diabetes requires both hospital care delivery stan-
dards, often assured by structured order sets, and quality assurance standards for
process improvement. “Best practice” protocols, reviews, and guidelines (2) are
inconsistently implemented within hospitals. To correct this, hospitals have estab-
lished protocols for structured patient care and structured order sets, which include
computerized physician order entry (CPOE).

Considerations on Admission
Initial orders should state the type of diabetes (i.e., type 1 or type 2 diabetes) or no
previous history of diabetes. Because inpatient insulin use (5) and discharge orders
(6) can be more effective if based on an A1C level on admission (7), perform an A1C
test on all patients with diabetes or hyperglycemia admitted to the hospital if the
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test has not been performed in the prior
3 months. In addition, diabetes self-
management knowledge and behaviors
should be assessed on admission and
diabetes self-management education
(DSME) should be provided, if appropri-
ate. DSME should include appropriate
skills needed after discharge, such as
taking antihyperglycemic medications,
monitoring glucose, and recognizing
and treating hypoglycemia (2).

Computerized Physician Order Entry
The Institute of Medicine recommends
CPOE to prevent medication-related er-
rors and to increase efficiency in medica-
tionadministration (8). A Cochrane review
of randomized controlled trials using
computerized advice to improve 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 (9). 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 struc-
tured insulin order sets should be incor-
porated into the CPOE (10).

Diabetes Care Providers in the
Hospital
Appropriately trained specialists or spe-
cialty teams may reduce length of stay,
improve glycemic control, and improve
outcomes, but studies are few. A call to
action outlined the studies needed to
evaluate these outcomes (11). Details
of team formation are available from the
Society of Hospital Medicine and the Joint
Commission standards for programs.

Quality Assurance Standards
Even the best orders may not be carried
out in away that improves quality, nor are
they automatically updatedwhen newev-
idence arises. To this end, the Joint Com-
mission has an accreditation program for
the hospital care of diabetes (12), and the
Society of Hospital Medicine has a work-
book for program development (13).

GLYCEMIC TARGETS IN
HOSPITALIZED PATIENTS

Standard Definition of Glucose
Abnormalities
Hyperglycemiainhospitalizedpatients isde-
fined as blood glucose levels .140 mg/dL

(7.8mmol/L). Bloodglucose levels that are
persistently above this level may require
alterations in diet or a change in medica-
tions that cause hyperglycemia. An admis-
sion A1C value $6.5% (48 mmol/mol)
suggests that diabetes preceded hos-
pitalization (see Section 2 “Classification
and Diagnosis of Diabetes”). Previously,
hypoglycemia in hospitalized patients
has been defined as blood glucose
,70 mg/dL (3.9 mmol/L) and severe hy-
poglycemia as ,40 mg/dL (2.2 mmol/L)
(14). However, the American Diabetes As-
sociation (ADA) now defines clinically sig-
nificant hypoglycemia as glucose values
,54mg/dL (3.0mmol/L), while severe hy-
poglycemia is defined as that associated
with severe cognitive impairment regard-
less of blood glucose level (see Section 6
“Glycemic Targets” for additional detail on
the new hypoglycemia criteria) (15). A
blood glucose level of #70 mg/dL is con-
sidered an alert value and may be used as
a threshold for further titration of insulin
regimens.

Moderate Versus Tight Glycemic
Control
A meta-analysis of over 26 studies, in-
cluding the Normoglycemia in Intensive
Care Evaluation–Survival Using Glucose
Algorithm Regulation (NICE-SUGAR)
study, showed increased rates of severe
hypoglycemia (blood glucose,40mg/dL)
andmortality in tightly versusmoderately
controlled cohorts (16). This evidence es-
tablished new standards: insulin therapy
should be initiated for treatment of per-
sistent hyperglycemia starting at a
threshold $180 mg/dL (10.0 mmol/L).
Once insulin therapy is started, a tar-
get glucose range of 140–180 mg/dL
(7.8–10.0 mmol/L) is recommended for
the majority of critically ill and noncriti-
cally ill patients (2). More stringent goals,
such as,140mg/dL (,7.8mmol/L), may
be appropriate for selected patients, as
long as this can be achieved without sig-
nificant hypoglycemia. Conversely, higher
glucose ranges may be acceptable in ter-
minally ill patients, in patients with severe
comorbidities, and in inpatient care set-
tings where frequent glucose monitoring
or close nursing supervision is not feasible.

Clinical judgment combined with on-
going assessment of the patient’s clinical
status, including changes in the trajectory
of glucose measures, illness severity,
nutritional status, or concomitant medi-
cations that might affect glucose levels

(e.g., glucocorticoids), should be incor-
porated into the day-to-day decisions re-
garding insulin doses (2).

BEDSIDE BLOOD GLUCOSE
MONITORING

Indications
In the patient who is eating meals, glu-
cose monitoring should be performed
before meals. In the patient who is not
eating, glucosemonitoring is advised ev-
ery 4–6 h (2). More frequent blood glu-
cose testing ranging from every 30 min
to every 2 h is required for patients re-
ceiving intravenous insulin. Safety stan-
dards should be established for blood
glucose monitoring that prohibit the
sharing of fingerstick lancing devices,
lancets, and needles (17).

Point-of-Care Meters
Point-of-care (POC)meters have limitations
for measuring blood glucose. Although the
U.S. Food and Drug Administration (FDA)
has standards for blood glucose meters
used by lay persons, there have been
questions about the appropriateness of
these criteria, especially in the hospital
and for lower blood glucose readings
(18). Significant discrepancies between
capillary, venous, and arterial plasma
samples have been observed in patients
with low or high hemoglobin concentra-
tions andwith hypoperfusion. Any glucose
result that does not correlate with the pa-
tient’s clinical status should be confirmed
through conventional laboratory glucose
tests. The FDA established a separate cat-
egory for POC glucose meters for use in
health care settings and has released a
guidance on in-hospital use with stricter
standards (19). Before choosing a device
for in-hospital use, consider the device’s
approval status and accuracy.

Continuous Glucose Monitoring
Continuous glucose monitoring (CGM)
provides frequent measurements of inter-
stitial glucose levels, as well as direction
and magnitude of glucose trends, which
may have an advantage over POC glucose
testing in detecting and reducing the inci-
dence of hypoglycemia. Several inpatient
studies have shown that CGM use did not
improve glucose control but detected a
greater number of hypoglycemic events
thanPOC testing.However, a recent review
has recommended against using CGM in
adults in ahospital settinguntilmore safety
and efficacy data become available (20).
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ANTIHYPERGLYCEMIC AGENTS
IN HOSPITALIZED PATIENTS

In most instances in the hospital setting,
insulin is the preferred treatment for
glycemic control (2). However, in certain
circumstances, it may be appropriate to
continue home regimens including oral
antihyperglycemic medications (21). If
oral medications are held in the hospital,
there should be a protocol for resuming
them 1–2 days before discharge. Insulin
pens are the subject of an FDA warning
due to potential blood-borne diseases,
and care should be taken to follow the
label insert “For single patient use only.”

Insulin Therapy

Critical Care Setting

In the critical care setting, continuous in-
travenous insulin infusion has been shown
to be the best method for achieving gly-
cemic targets. Intravenous insulin infu-
sions should be administered based on
validated written or computerized proto-
cols that allow for predefined adjustments
in the infusion rate, accounting for glyce-
mic fluctuations and insulin dose (2).

Noncritical Care Setting

Outside of critical care units, scheduled
insulin regimens are recommended to
manage hyperglycemia in patients with
diabetes. Regimens using insulin analogs
and human insulin result in similar glyce-
mic control in the hospital setting (22).
The use of subcutaneous rapid- or

short-acting insulin before meals or
every 4–6 h if no meals are given or if
the patient is receiving continuous en-
teral/parenteral nutrition is indicated to
correct hyperglycemia (2). Basal insulin
or a basal plus bolus correction insulin
regimen is the preferred treatment for
noncritically ill patients with poor oral
intake or those who are taking nothing
by mouth (NPO). An insulin regimenwith
basal, nutritional, and correction com-
ponents is the preferred treatment for
noncritically ill hospitalized patients
with good nutritional intake.
If the patient is eating, insulin injections

should align with meals. In such instances,
POC glucose testing should be performed
immediately before meals. If oral intake is
poor, a safer procedure is to administer the
rapid-acting insulin immediately after the
patient eats or to count the carbohydrates
and cover the amount ingested (22).
A randomized controlled trial has shown

that basal-bolus treatment improved

glycemic control and reduced hospital
complications compared with sliding
scale insulin in general surgery patients
with type 2 diabetes (23). Prolonged
sole use of sliding scale insulin in the
inpatient hospital setting is strongly
discouraged (2,11).

While there is evidence for using pre-
mixed insulin formulations in the out-
patient setting (24), a recent inpatient
study of 70/30 NPH/regular versus
basal-bolus therapy showed compara-
ble glycemic control but signifcantly in-
creased hypoglycemia in the group
receiving premixed insulin. Therefore,
premixed insulin regimens are not rou-
tinely 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, increasing
both hypoglycemia and hyperglycemia
risks and potentially leading to diabetic
ketoacidosis (DKA). Typically basal insulin
dosing schemes are based on body
weight, with some evidence that pa-
tients with renal insufficiency should be
treated with lower doses (25).

Transitioning Intravenous to

Subcutaneous Insulin

When discontinuing intravenous insu-
lin, a transition protocol is associated
with less morbidity and lower costs of
care (26) and is therefore recommended.
A patient with type 1 or type 2 diabetes
being transitioned to outpatient subcu-
taneous insulin should receive subcu-
taneous basal insulin 1–2 h before the
intravenous insulin is discontinued. Con-
verting to basal insulin at 60–80% of the
daily infusion dose has been shown to be
effective (2,26,27). For patients continuing
regimens with concentrated insulin in the
inpatient setting, it is important to ensure
the correct dosingbyutilizing an individual
pen and cartrige for each patient, meticu-
lous pharmacist supervision of the dose
administered, or other means (28,29).

Noninsulin Therapies
The safety and efficacy of noninsulin
antihyperglycemic therapies in the hospi-
tal setting is an area of active research. A
recent randomized pilot trial in general
medicine and surgery patients reported
that a dipeptidyl peptidase 4 inhibitor
alone or in combination with basal in-
sulin was well tolerated and resulted
in similar glucose control and frequency

of hypoglycemia compared with a basal-
bolus regimen (30). However, a recent
FDA bulletin states that providers should
consider discontinuing saxagliptin and
alogliptin in people who develop heart
failure (31). A review of antihyper-
glycemic medications concluded that
glucagon-like peptide 1 receptor ago-
nists show promise in the inpatient set-
ting (32); however, proof of safety and
efficacy await the results of randomized
controlled trials (33). Moreover, the gas-
trointestinal symptoms associated with
the glucagon-like peptide 1 receptor ago-
nists may be problematic in the inpatinet
setting.

Regarding the sodium–glucose trans-
porter 2 (SGLT2) inhibitors, the FDA in-
cludes warnings about DKA and urosepsis
(34), urinary tract infections, and kidney
injury (35) on the drug labels. A recent
review suggested SGLT2 inhibitors be
avoided in severe illness, when ketone
bodies are present, and during prolonged
fasting and surgical procedures (3). Until
safety and effectivenss are established,
SGLT2 inhibitors cannot be recommended
for routine in-hospital use.

HYPOGLYCEMIA

Patients with or without diabetes may
experience hypoglycemia in the hospital
setting. While hypoglycemia is associ-
ated with increased mortality, hypogly-
cemia may be a marker of underlying
disease rather than the cause of increased
mortality. However, until it is proven not
to be causal, it is prudent to avoid hypo-
glycemia. Despite the preventable nature
of many inpatient episodes of hypoglyce-
mia, institutions are more likely to have
nursing protocols for hypoglycemia treat-
ment than for its prevention when both
are needed.

A hypoglycemia prevention and man-
agement protocol should be adopted
and implemented by each hospital or
hospital system. There should be a stan-
dardized hospital-wide, nurse-initiated
hypoglycemia treatment protocol to im-
mediately address blood glucose levels
of #70 mg/dL [3.9 mmol/L], as well as
individualized plans for preventing and
treating hypoglycemia for each patient.
An ADA consensus report suggested
that a patient’s overall treatment regi-
men be reviewed when a blood glucose
value of,70mg/dL (3.9 mmol/L) is iden-
tified because such readings often pre-
dict imminent severe hypoglycemia (2).
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Episodes of hypoglycemia in the hospital
should be documented in the medical
record and tracked (2).

Triggering Events
Iatrogenic hypoglycemia triggers may
include sudden reduction of corticoste-
roid dose, reduced oral intake, emesis,
new NPO status, inappropriate timing of
short-acting insulin in relation to meals,
reduced infusion rate of intravenous
dextrose, unexpected interruption of
oral, enteral, or parenteral feedings,
and altered ability of the patient to re-
port symptoms.

Predictors of Hypoglycemia
In one study, 84% of patients with
an episode of severe hypoglycemia
(,40 mg/dL [2.2 mmol/L]) had a prior
episode of hypoglycemia (,70 mg/dL
[3.9 mmol/L]) during the same admission
(36). In another study of hypoglycemic
episodes (,50 mg/dL [2.8 mmol/L]),
78% of patients were using basal insulin,
with the incidence of hypoglycemia
peaking between midnight and 6 A.M.

Despite recognition of hypoglycemia,
75% of patients did not have their dose
of basal insulin changed before the next
insulin administration (37).

Prevention
Common preventable sources of iatro-
genic hypoglycemia are improper pre-
scribing of hypoglycemic medications,
inappropriate management of the first
episode of hypoglycemia, and nutrition–
insulin mismatch, often related to an
unexpected interruption of nutrition.
Studies of “bundled” preventative thera-
pies including proactive surveillance of
glycemic outliers and an interdisciplinary
data-driven approach to glycemic man-
agement showed that hypoglycemic
episodes in the hospital could be pre-
vented. Compared with baseline, two
such studies found that hypoglycemic
events fell by 56% to 80% (38,39). The
Joint Commission recommends that all
hypoglycemic episodes be evaluated
for a root cause and the episodes be
aggregated and reviewed to address
systemic issues.

MEDICAL NUTRITION THERAPY
IN THE HOSPITAL

The goals of medical nutrition therapy in
the hospital are to provide adequate cal-
ories to meet metabolic demands, opti-
mize glycemic control, address personal

food preferences, and facilitate creation
of a discharge plan. The ADA does not
endorse any single meal plan or speci-
fied percentages of macronutrients, and
the term “ADA diet” should no longer be
used. Current nutrition recommenda-
tions advise individualization based on
treatment goals, physiological parame-
ters, and medication use. Consistent
carbohydrate meal plans are preferred
by many hospitals as they facilitate
matching the prandial insulin dose to
the amount of carbohydrate consumed
(40). Regarding enteral nutritional ther-
apy, diabetes-specific formulas appear
to be superior to standard formulas in
controlling postprandial glucose, A1C
and the insulin response (41).

When the nutritional issues in the hos-
pital are complex, a registered dietitian,
knowledgeable and skilled in medical nu-
trition therapy, can serve as an individual
inpatient team member. That person
should be responsible for integrating in-
formation about the patient’s clinical con-
dition, meal planning, and lifestyle habits
and for establishing realistic treatment
goals after discharge. Orders should also
indicate that the meal delivery and nutri-
tional insulin coverage should be coordi-
nated, as their variability often creates
the possibility of hyperglycemic and hy-
poglycemic events.

SELF-MANAGEMENT IN THE
HOSPITAL

Diabetes self-management in the hospital
may be appropriate for select youth and
adult patients. Candidates include patients
who successfully conduct self-management
of diabetes at home, have the cognitive
and physical skills needed to successfully
self-administer insulin, and perform self-
monitoring of blood glucose. In addition,
they should have adequate oral intake, be
proficient in carbohydrate estimation,
use multiple daily insulin injections or
continuous subcutaneous insulin infusion
(CSII) pump therapy, have stable insulin
requirements, and understand sick-day
management. If self-management is to
be used, a protocol should include a re-
quirement that the patient, nursing staff,
and physician agree that patient self-
management is appropriate. If CSII is to
be used, hospital policy and procedures
delineating guidelines for CSII therapy in-
cluding the changing of infusion sites are
advised (42).

STANDARDS FOR SPECIAL
SITUATIONS

Enteral/Parenteral Feedings
For patients receiving enteral or par-
enteral feedings who require insulin,
insulin should be divided into basal, nu-
tritional, and correctional components.
This is particularly important for people
with type 1 diabetes to ensure that they
continue to receive basal insulin even if
the feedings are discontinued. One may
use the patient’s preadmission basal in-
sulin dose or a percentage of the total
daily dose of insulin when the patient is
being fed (usually 30 to 50% of the total
daily dose of insulin) to estimate basal
insulin requirements. However, if no
basal insulin was used, consider using
5 units of NPH/detemir insulin subcuta-
neously every 12 h or 10 units of insulin
glargine every 24 h (43). For patients re-
ceiving continuous tube feedings, the to-
tal daily nutritional component may be
calculated as 1 unit of insulin for every
10–15 g carbohydrate per day or as a
percentage of the total daily dose of in-
sulin when the patient is being fed (usu-
ally 50 to 70% of the total daily dose of
insulin) Correctional insulin should also
be administered subcutaneously every
6 h using human regular insulin or every
4 h using a rapid-acting insulin such as
lispro, aspart, or glulisine. For patients
receiving enteral bolus feedings, approx-
imately 1 unit of regular human insulin
or rapid-acting insulin should be given
per 10–15 g carbohydrate subcutane-
ously before each feeding. Correctional
insulin coverage should be added as
needed before each feeding. For pa-
tients receiving continuous peripheral
or central parenteral nutrition, regular
insulin may be added to the solution,
particularly if .20 units of correctional
insulin have been required in the past
24 h. A starting dose of 1 unit of human
regular insulin for every 10 g dextrose has
been recommended (44), to be adjusted
daily in the solution. Correctional insulin
should be administered subcutaneously.
For full enteral/parenteral feeding guid-
ance, the reader is encouraged to consult
review articles (2,45) and see Table 14.1.

Glucocorticoid Therapy
Glucocorticoid type and duration of ac-
tion must be considered in determining
insulin treatment regimens. Once-a-
day, short-acting glucocorticoids such
as prednisone peak in about 4 to 8 h

care.diabetesjournals.org Diabetes Care in the Hospital S123



(46), so coverage with intermediate-
acting insulin (NPH) may be sufficient. For
long-acting glucocorticoids such as
dexamethasone or multidose or contin-
uous glucocorticoid use, long-acting in-
sulinmay be used (21,45). For higher doses
of glucocorticoids, increasing doses of
prandial and supplemental insulin may
be needed in addition to basal insulin
(47).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
followingapproach (48)maybeconsidered:

1. Target glucose range for the peri-
operative period should be 80–
180 mg/dL (4.4–10.0 mmol/L).

2. Perform a preoperative risk assess-
ment for patients at high risk for ische-
mic heart disease and those with
autonomic neuropathy or renal failure.

3. Witholdmetformin24hbefore surgery.
4. Withhold any other oral hypoglyce-

mic agents the morning of surgery or
procedure and give half of NPH dose
or 60–80% doses of a long-acting
analog or pump basal insulin.

5. Monitor blood glucose at least every
4–6 hwhile NPO and dosewith short-
acting insulin as needed.

A review found that perioperative gly-
cemic control tighter than 80–180 mg/dL
(4.4–10.0 mmol/L) did not improve out-
comes and was associated with more hy-
poglycemia (49); therefore, in general,
tighter glycemic targets are not advised.

In noncardiac general surgery patients,
basal insulin plus premeal regular or
short-acting insulin (basal-bolus) cov-
erage has been associated with im-
proved glycemic control and lower
rates of perioperative complications
compared with the traditional sliding
scale regimen (regular or short-acting
insulin coverage only with no basal
dosing) (23,50).

Diabetic Ketoacidosis and
Hyperosmolar Hyperglycemic State
There is considerable variability in the
presentation of DKA and hyperosmolar
hyperglycemic state, ranging from eugly-
cemia or mild hyperglycemia and acidosis
to severe hyperglycemia, dehydration,
and coma; therefore, treatment individu-
alization based on a careful clinical and
laboratory assessment is needed (51).

Management goals include restoration
of circulatory volume and tissue perfusion,
resolution of hyperglycemia, and correc-
tion of electrolyte imbalance and ketosis.
It is also important to treat any correctable
underlying cause of DKA such as sepsis.

In critically ill and mentally obtunded
patients with DKA or hyperosmolar hy-
perglycemic state, continuous intrave-
nous insulin is the standard of care.
However, there is no significant differ-
ence in outcomes for intravenous regular
insulin versus subcutaneous rapid-acting
analogs when combined with aggressive
fluid management for treating mild or
moderate DKA (52). Patients with un-
complicated DKA may sometimes be
treated with subcutanous insulin in the
emergency department or step-down
units (53), an approach that may be safer
and more cost-effective than treatment

with intravenous insulin (54). If sub-
cutaneous administration is used, it is
important to provide adequate fluid re-
placement, nurse training, frequent
bedside testing, infection treatment if
warranted, and appropriate follow-up
to avoid recurrant DKA. Several studies
have shown that the use of bicarbonate
in patients with DKA made no differ-
ence in resolution of acidosis or time
to discharge, and its use is generally
not recommended (55). For further in-
formation, regarding treatment, refer
to recent in-depth reviews (3,56).

TRANSITION FROM THE ACUTE
CARE SETTING

A structured discharge plan tailored to
the individual patientmay reduce length
of hospital stay, readmission rates, and
increase patient satisfaction (57). There-
fore, there shouldbea structureddischarge
plan tailored to each patient. Discharge
planning should begin at admission and
be updated as patient needs change.

Transition from the acute care setting
is a risky time for all patients. Inpatients
may be discharged to varied settings
including home (with or without visiting
nurse services), assisted living, rehabilita-
tion, 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 desires.

An outpatient follow-up visit with the
primary care provider, endocrinologist,
or diabetes educator within 1 month
of discharge is advised for all patients

Table 14.1—Insulin dosing for enteral/parenteral feedings

Situation Basal/nutritional Correctional

Continuous enteral feedings Continuepriorbasalor, if none, calculate fromTDDor
consider 5 units NPH/detemir every 12 h or
10 units glargine daily

Nutritional: regular insulin every 6 h or rapid-acting
insulin every 4h, startingwith 1unit per 10–15 gof
carbohydrate; adjust daily

SQ regular insulin every 6 h or rapid-acting insulin
every 4 h for hyperglycemia

Bolus enteral feedings Continuepriorbasalor, if none, calculate fromTDDor
consider 5 units NPH/detemir every 12 h or
10 units glargine daily

Nutritional: giveregular insulinor rapid-acting insulin
SQbeforeeach feeding, startingwith1unitper10–
15 g of carbohydrate; adjust daily

SQ regular insulin every 6 h or rapid-acting insulin
every 4 h for hyperglycemia

Parenteral feedings Add regular insulin to TPN IV solution, starting with
1 unit per 10 g of carbohydrate; adjust daily

SQ regular insulin every 6 h or rapid-acting insulin
every 4 h for hyperglycemia

IV, intravenous; SQ, subcutaneous; TDD, total daily dose; TPN, total parenteral nutrition.
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having hyperglycemia in the hospital. If
glycemic medications are changed or
glucose control is not optimal at dis-
charge, an earlier appointment (in
1–2 weeks) is preferred, and frequent
contact may be needed to avoid hypergly-
cemia and hypoglycemia. A recent dis-
charge algorithm for glycemic medication
adjustment based on admission A1C
found that the average A1C in patients
with diabetes after discharge was signifi-
cantly improved (6). Therefore, if an A1C
from the prior 3 months is unavailable,
measuring 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 determin-
ing the cause), related complications
and comorbidities, and recommended
treatments can assist outpatient pro-
viders as they assume ongoing care.
The Agency for Healthcare Research

and Quality (AHRQ) recommends that
at a minimum, discharge plans include
the following (58):

Medication Reconciliation
○ The patient’s medications must be

cross-checked toensure that no chronic
medications were stopped and to en-
sure the safety of new prescriptions.

○ Prescriptions for new or changedmedica-
tionshouldbefilledandreviewedwiththe
patient and family at or before discharge.

Structured Discharge Communication
○ Informationonmedicationchanges,pend-

ing tests and studies, and follow-up needs
must beaccurately andpromptly commu-
nicated to outpatient physicians.

○ Discharge summaries should be
transmitted to the primary physician
as soon as possible after discharge.

○ Appointment-keeping behavior is en-
hanced when the inpatient team
schedules outpatient medical follow-
up prior to discharge.

It is recommended that the following
areas of knowledge be reviewed and
addressed prior to hospital discharge:

○ Identify thehealthcareproviderwhowill
provide diabetes care after discharge.

○ Level of understanding related to the
diabetes diagnosis, self-monitoring of

blood glucose, explanation of home
blood glucose goals, and when to
call the provider.

○ Definition, recognition, treatment,
and prevention of hyperglycemia
and hypoglycemia.

○ Information on consistent nutrition
habits.

○ If relevant, when and how to take
blood glucose–lowering medications,
including insulin administration.

○ Sick-day management.
○ Proper use and disposal of needles

and syringes.

It is important that patients be pro-
vided with appropriate durable medical
equipment, medications, supplies (e.g.,
insulin pens), and prescriptions along
with appropriate education at the time
of discharge in order to avoid a poten-
tially dangerous hiatus in care.

PREVENTING ADMISSIONS AND
READMISSIONS

Preventing Hypoglycemic Admissions
in Older Adults
Insulin-treated patients 80 years of age
or older are more than twice as likely to
visit the emergency department and
nearly five times as likely to be admitted
for insulin-related hypoglycemia than
those 45–64 years of age (59). However,
older adults with type 2 diabetes in
long-term care facilities taking either
oral antihyperglycemic agents or basal
insulin have similar glycemic control
(60), suggesting that oral therapy may
be used in place of insulin to lower the
risk of hypoglycemia for some patients.
In addition, many older adults with dia-
betes are overtreated (61), with half of
those maintaining an A1C ,7% being
treated with insulin or a sulfonlyurea,
which are associated with hypoglycemia.
To further lower the risk of hypoglycemia-
related admissions in older adults, pro-
viders may, on an individual basis, relax
A1C targets to,8% or,8.5% in patients
with shortened life expectancies and sig-
nificant comorbidities (refer to Section
11 “Older Adults” for detailed criteria).

Preventing Readmissions
In patientswith diabetes, the readmission
rate is between 14% and 20% (62). Risk
factors for readmission include lower
socioeconomic status, certain racial/ethnic
minority groups, comorbidities, urgent ad-
mission, and recent prior hospitalization

(62). Of interest, 30% of patients with
two or more hospital stays account for
over 50% of hospitalizations and their
accompanying hospital costs (63).
While there is no standard to prevent
readmissions, several successful strate-
gies have been reported, including an
intervention program targeting ketosis-
prone patients with type 1 diabetes
(64), initiating insulin treatment in pa-
tients with admission A1C .9% (65), and
a transitional care model (66). For people
with diabetic kidney disease, patient-
centered medical home collaboratives
may decrease risk-adjusted readmis-
sion rates (67).
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15. Diabetes Advocacy
Diabetes Care 2017;40(Suppl. 1):S128–S129 | DOI: 10.2337/dc17-S018

Managing the daily health demands of diabetes can be challenging. People living with
diabetes should not have to face additional discriminationdue to diabetes. By advocating
for the rights of thosewithdiabetes at all levels, theAmericanDiabetesAssociation (ADA)
can help to ensure that they live a healthy and productive life. A strategic goal of the ADA
is thatmore children andadultswith diabetes live free from theburdenof discrimination.
One tactic for achieving this goal is to implement the ADA’s Standards of Care

through advocacy-oriented position statements. The ADA publishes evidence-based,
peer-reviewed statements on topics such as diabetes and employment, diabetes and
driving, and diabetes management in certain settings such as schools, child care
programs, and correctional institutions. In addition to the ADA’s clinical position
statements, these advocacy position statements are important tools in educating
schools, employers, licensing agencies, policymakers, and others about the inter-
section of diabetes medicine and the law.

ADVOCACY POSITION STATEMENTS

Partial list, with most recent publications appearing first

Diabetes Care in the School Setting (1)
First publication: 1998 (revised 2015)
A sizeable portion of a child’s day is spent in school, so close communication with
and cooperation of school personnel are essential to optimize diabetes manage-
ment, safety, and academic opportunities. See the ADA position statement “Diabe-
tes Care in the School Setting” (http://care.diabetesjournals.org/content/38/10/
1958.full).

Care of Young Children With Diabetes in the Child Care Setting (2)
First publication: 2014
Very young children (aged ,6 years) with diabetes have legal protections and can
be safely cared for by child care providers with appropriate training, access to
resources, and a system of communication with parents and the child’s diabetes
provider. See the ADA position statement “Care of Young Children With Diabetes in
the Child Care Setting” (http://care.diabetesjournals.org/content/37/10/2834).

Diabetes and Driving (3)
First publication: 2012
Peoplewith diabeteswhowish to operatemotor vehicles are subject to a great variety of
licensing requirements applied by both state and federal jurisdictions, whichmay lead to
loss of employment or significant restrictions on a person’s license. Presence of amedical
condition that can lead to significantly impaired consciousness or cognition may lead to
drivers being evaluated for fitness to drive. People with diabetes should be individually
assessed by a health care professional knowledgeable in diabetes if license restrictions
are being considered, and patients should be counseled about detecting and avoiding
hypoglycemia while driving. See the ADA position statement “Diabetes and Driving”
(http://care.diabetesjournals.org/content/37/Supplement_1/S97).

Diabetes and Employment (4)
First publication: 1984 (revised 2009)
Any personwith diabetes, whether insulin treated or noninsulin treated, should be eligible
for any employment for which he or she is otherwise qualified. Employment decisions
should never bebased on generalizationsor stereotypes regarding theeffects of diabetes.
When questions arise about themedicalfitness of a personwith diabetes for a particular
job, a health care professional with expertise in treating diabetes should perform

Suggested citation: American Diabetes Associa-
tion. Diabetes advocacy. Sec. 15. In Standards of
Medical Care in Diabetesd2016. Diabetes Care
2017;40(Suppl. 1):S128–S129
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an individualized assessment. See the
ADA position statement “Diabetes and Em-
ployment” (http://care.diabetesjournals
.org/content/37/Supplement_1/S112).

Diabetes Management in Correctional
Institutions (5)
First publication: 1989 (revised 2008)
People with diabetes in correctional fa-
cilities should receive care that meets
national standards. Because it is estimated
that nearly 80,000 inmates have diabe-
tes, correctional institutions should

have written policies and procedures
for the management of diabetes and
for training of medical and correctional
staff in diabetes care practices. See the
ADA position statement “Diabetes Man-
agement in Correctional Institutions”
(http://care.diabetesjournals.org/content/
37/Supplement_1/S104).
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