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1. Improving Care and Promoting
Health in Populations: Standards
of Care in Diabetes—2023
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The American Diabetes Association (ADA) “Standards of Care in Diabetes” in-
cludes the ADA’s current clinical practice recommendations and is intended to
provide the components of diabetes care, general treatment goals and guide-
lines, and tools to evaluate quality of care. Members of the ADA Professional
Practice Committee, a multidisciplinary expert committee, are responsible for
updating the Standards of Care annually, or more frequently as warranted. For
a detailed description of ADA standards, statements, and reports, as well as the
evidence-grading system for ADA’s clinical practice recommendations and a full
list of Professional Practice Committee members, please refer to Introduction
and Methodology. Readers who wish to comment on the Standards of Care are
invited to do so at professional.diabetes.org/SOC.

DIABETES AND POPULATION HEALTH

Recommendations

1.1 Ensure treatment decisions are timely, rely on evidence-based guidelines,
include social community support, and are made collaboratively with pa-
tients based on individual preferences, prognoses, comorbidities, and in-
formed financial considerations. B

1.2 Align approaches to diabetes management with the Chronic Care Model.
This model emphasizes person-centered team care, integrated long-term
treatment approaches to diabetes and comorbidities, and ongoing collab-
orative communication and goal setting between all team members. A

1.3 Care systems should facilitate in-person and virtual team—based care, in-
cluding those knowledgeable and experienced in diabetes management
as part of the team, and utilization of patient registries, decision support
tools, and community involvement to meet patient needs. B

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

Population health is defined as “the health outcomes of a group of individuals, includ-
ing the distribution of health outcomes within the group”; these outcomes can be
measured in terms of health outcomes (mortality, morbidity, health, and functional
status), disease burden (incidence and prevalence), and behavioral and metabolic fac-
tors (physical activity, nutrition, A1C, etc.) (1). Clinical practice recommendations for
health care professionals are tools that can ultimately improve health across popula-
tions; however, for optimal outcomes, diabetes care must also be individualized for
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each patient. Thus, efforts to improve
population health will require a combi-
nation of policy-level, system-level, and
patient-level approaches. With such an
integrated approach in mind, the Ameri-
can Diabetes Association (ADA) highlights
the importance of patient-centered care,
defined as care that considers individual
patient comorbidities and prognoses; is
respectful of and responsive to patient
preferences, needs, and values; and en-
sures that patient values guide all clinical
decisions (2). Furthermore, social deter-
minants of health (SDOH)—often out of
direct control of the individual and poten-
tially representing lifelong risk—contribute
to health care and psychosocial outcomes
and must be addressed to improve all
health outcomes (3). Clinical practice rec-
ommendations, whether based on evi-
dence or expert opinion, are intended
to guide an overall approach to care.
The science and art of health care come
together when the clinician makes treat-
ment decisions 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.
This section provides guidance for health
care professionals as well as health sys-
tems and policymakers.

Care Delivery Systems

The proportion of people with diabetes
who achieve recommended A1C, blood
pressure, and LDL cholesterol levels has
fluctuated over the years (4). Glycemic
management and management of cho-
lesterol through dietary intake remain
challenging. In 2013-2016, 64% of adults
with diagnosed diabetes met individual-
ized A1C target levels, 70% achieved rec-
ommended blood pressure target, 57%
met the LDL cholesterol target level, and
85% were nonsmokers (4). However,
only 23% met targets for glycemic, blood
pressure, and LDL cholesterol measures
while also avoiding smoking (4). The
mean A1C nationally among people with
diabetes increased slightly from 7.3% in
2005-2008 to 7.5% in 2013-2016 based
on the National Health and Nutrition Ex-
amination Survey (NHANES), with youn-
ger adults, women, and non-Hispanic
Black individuals less likely to meet
treatment targets (4). Certain segments
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of the population, such as young adults
and individuals with complex comorbid-
ities, financial or other social hardships,
and/or limited English proficiency, face
particular challenges to goal-based care
(5—-7). Even after adjusting for these
patient factors, the persistent variability
in the quality of diabetes care across
health care professionals and prac-
tice settings indicates that substan-
tial system-level improvements are
still needed.

Diabetes poses a significant financial
burden to individuals and society. It is es-
timated that the annual cost of diagnosed
diabetes in the U.S. in 2017 was $327 bil-
lion, including $237 billion in direct health
care costs and $90 billion in reduced pro-
ductivity. After adjusting for inflation, the
economic costs of diabetes increased by
26% from 2012 to 2017 (8). This is attrib-
uted to the increased prevalence of dia-
betes and the increased cost per person
with diabetes. Therefore, on going popu-
lation health strategies are needed to re-
duce costs and provide optimized care.

Chronic Care Model

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

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

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

2. Self-management support

3. Decision support (basing care on evi-
dence-based, effective care guidelines)

4. Clinical information systems (using
registries that can provide patient-
specific and population-based support
to the care team)

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

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

A 5-year effectiveness study of the
CCM in 53,436 people with type 2 diabe-
tes in the primary care setting suggested
that the use of this model of care delivery
reduced the cumulative incidence of
diabetes-related complications and all-
cause mortality (10). Patients who were
enrolled in the CCM experienced a re-
duction in cardiovascular disease risk by
56.6%, microvascular complications by
11.9%, and mortality by 66.1% (10). In
addition, another study suggested that
health care utilization was lower in the
CCM group, which resulted in health care
savings of $7,294 per individual over the
study period (11).

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

Strategies for System-Level Improvement

Optimal diabetes management requires
an organized, systematic approach and
the involvement of a coordinated team
of dedicated health care professionals
working in an environment where patient-
centered, high-quality care is a priority
(7,16,17). While many diabetes care pro-
cesses have improved nationally in the
past decade, the overall quality of care
for people with diabetes remains subop-
timal (4). Efforts to increase the quality
of diabetes care include providing care
that is concordant with evidence-based
guidelines (18); expanding the role of
teams to implement more intensive dis-
ease management strategies (7,19,20);
tracking medication-taking behavior at a
systems level (21); redesigning the orga-
nization of the care process (22); imple-
menting electronic health record tools
(23,24); empowering and educating
patients (25,26); removing financial
barriers and reducing patient out-of-
pocket costs for diabetes education,
eye exams, diabetes technology, and
necessary medications (7); assessing and
addressing psychosocial issues (27,28);
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and identifying, developing, and engaging
community resources and public policies
that support healthy lifestyles (29). The
National Diabetes Education Program
maintains an online resource (cdc.gov/
diabetes/professional-info/training.html)
to help health care professionals design
and implement more effective health
care delivery systems for those with dia-
betes. Given the pluralistic needs of peo-
ple with diabetes and that the constant
challenges they experience vary over the
course of disease management (complex
insulin treatment plans, new technology,
etc.), a diverse team with complementary
expertise is consistently recommended
(30).

Care Teams

The care team, which centers around the
patient, should avoid therapeutic inertia
and prioritize timely and appropriate
intensification of behavior change (nutri-
tion and physical activity) and/or phar-
macologic therapy for patients who have
not achieved the recommended meta-
bolic targets (31-33). Strategies shown
to improve care team behavior and
thereby catalyze reductions in A1C, blood
pressure, and/or LDL cholesterol include
engaging in explicit and collaborative goal
setting with patients (34,35); integrating
evidence-based guidelines and clinical
information tools into the process of
care (18,36,37); identifying and addressing
language, numeracy, or cultural barriers
to care (37-39); soliciting performance
feedback, setting reminders, and provid-
ing structured care (e.g., guidelines, formal
case management, and patient education
resources) (7); and incorporating care
management teams including nurses, die-
titians, pharmacists, and other health
care professionals (19,38). In addition,
initiatives such as the Patient-Centered
Medical Home can improve health out-
comes by fostering comprehensive primary
care and offering new opportunities for
team-based chronic disease management
(39).

Telehealth

Telehealth is a growing field that may
increase access to care for people with
diabetes. The American Telemedicine
Association defines telemedicine as the
use of medical information exchanged
from one site to another via electronic
communications to improve a patient’s
clinical health status. Telehealth includes

a growing variety of applications and
services using two-way video, smartphones,
wireless tools, and other forms of tele-
communications technology (40). Often
used interchangeably with telemedicine,
telehealth describes a broader range of
digital health services in health care deliv-
ery (41). This includes synchronous, asyn-
chronous, and remote patient monitoring.

Telehealth should be used comple-
mentary to in-person visits to optimize
glycemic management in people with
unmanaged diabetes (42). Increasingly,
evidence suggests that various telehealth
modalities may facilitate reducing A1C in
people with type 2 diabetes compared
with usual care or in addition to usual
care (43), and findings suggest that tele-
medicine is a safe method of delivering
type 1 diabetes care to rural patients
(44). For rural populations or those with
limited physical access to health care,
telemedicine has a growing body of evi-
dence for its effectiveness, particularly
with regard to glycemic management as
measured by A1C (45-47). In addition,
evidence supports the effectiveness of
telehealth in diabetes, hypertension, and
dyslipidemia interventions (48) as well
as the telehealth delivery of motivational
interviewing (49). Interactive strategies
that facilitate communication between
health care professionals and patients,
including the use of web-based portals
or text messaging and those that incor-
porate medication adjustment, appear
more effective. Telehealth and other vir-
tual environments can also be used to
offer diabetes self-management educa-
tion and clinical support and remove
geographic and transportation barriers
for patients living in underresourced
areas or with disabilities (50). Telehealth
resources can also have a role in ad-
dressing the social determinants of
health in young adults with diabetes
(51). However, limited data are available
on the effectiveness across different pop-
ulations (52).

Behaviors and Well-being

Successful diabetes care also requires
a systematic approach to supporting
patients’ behavior change efforts. High-
quality diabetes self-management edu-
cation and support (DSMES) has been
shown to improve patient self-management,
satisfaction, and glucose outcomes. Na-
tional DSMES standards call for an inte-
grated approach that includes clinical
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content and skills, behavioral strategies
(goal setting, problem-solving), and en-
gagement with psychosocial concerns.
Increasingly, such support is being ada-
pted for online platforms that have the
potential to promote patient access to
this important resource. These curricu-
lums need to be tailored to the needs of
the intended populations, including ad-
dressing the “digital divide,” i.e., access
to the technology required for imple-
mentation (53-56).

For more information on DSMES, see
Section 5, “Facilitating Positive Health
Behaviors and Well-being to Improve
Health Outcomes.”

Cost Considerations for Medication-Taking
Behaviors

The cost of diabetes medications and
devices is an ongoing barrier to achiev-
ing glycemic goals. Up to 25% of pa-
tients who are prescribed insulin report
cost-related insulin underuse (57). Insu-
lin underuse due to cost has also been
termed “cost-related medication non-
adherence” (here referrred to as cost-
related barriers to medication use). The
cost of insulin has continued to in-
crease in recent years for reasons that
are not entirely clear. There are recom-
mendations from the ADA Insulin Access
and Affordability Working Group for ap-
proaches to this issue from a systems
level (58). Recommendations including
concepts such as cost-sharing for insured
people with diabetes should be based on
the lowest price available, the list price
for insulins that closely reflects the net
price, and health plans that ensure
people with diabetes can access insulin
without undue administrative burden or
excessive cost (58).

The cost of medications (not only in-
sulin) influences prescribing patterns and
medication use because of patient bur-
den and lack of secondary payer support
(public and private insurance) for effective
approved glucose-lowering, cardiovascular
disease risk-reducing, and weight man-
agement therapeutics. Financial barriers
remain a major source of health dispar-
ities, and costs should be a focus of treat-
ment goals (59). (See TAILORING TREATMENT FOR
SOCIAL CONTEXT and TREATMENT CONSIDERATIONS. )
Reduction in cost-related barriers to
medication use is associated with better
biologic and psychologic outcomes, in-
cluding quality of life.
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Access to Care and Quality Improvement
The Affordable Care Act and Medicaid
expansion have increased access to
care for many individuals with diabetes,
emphasizing the protection of people
with preexisting conditions, health pro-
motion, and disease prevention (60). In
fact, health insurance coverage increased
from 84.7% in 2009 to 90.1% in 2016 for
adults with diabetes aged 1864 years.
Coverage for those aged =65 years re-
mained nearly universal (61). Patients
who have either private or public in-
surance coverage are more likely to
meet quality indicators for diabetes
care (62). As mandated by the Afford-
able Care Act, the Agency for Health-
care Research and Quality developed a
National Quality Strategy based on tri-
ple aims that include improving the
health of a population, overall quality and
patient experience of care, and per cap-
ita cost (63,64). As health care systems
and practices adapt to the changing
landscape of health care, it will be
important to integrate traditional dis-
ease-specific metrics with measures of
patient experience, as well as cost, in
assessing the quality of diabetes care
(65,66). Information and guidance spe-
cific to quality improvement and prac-
tice transformation for diabetes care are
available from the National Institute of
Diabetes and Digestive and Kidney Dis-
eases guidance on diabetes care and
quality (67). Using patient registries and
electronic health records, health systems
can evaluate the quality of diabetes care
being delivered and perform intervention
cycles as part of quality improvement
strategies (68). Improvement of health
literacy and numeracy is also a necessary
component to improve care (69,70). Crit-
ical to these efforts is health professional
adherence to clinical practice recommen-
dations (Table 4.1) and the use of accu-
rate, reliable data metrics that include
sociodemographic variables to examine
health equity within and across popula-
tions (71).

In addition to quality improvement
efforts, other strategies that simulta-
neously improve the quality of care
and potentially reduce costs are gaining
momentum and include reimbursement
structures that, in contrast to visit-based
billing, reward the provision of appropri-
ate and high-quality care to achieve
metabolic goals (72), value-based pay-
ments, and incentives that accommodate
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personalized care goals (7,73). (Also see
COST CONSIDERATIONS FOR MEDICATION-TAKING
BEHAVIORs, above, regarding cost-related
barriers to medication use.)

TAILORING TREATMENT FOR
SOCIAL CONTEXT

Recommendations

1.5 Assess food insecurity, housing
insecurity/homelessness, financial
barriers, and social capital/social
community support to inform
treatment decisions, with refer-
ral to appropriate local commu-
nity resources. A

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

1.7 Consider the involvement of com-
munity health workers to support
the management of diabetes and
cardiovascular risk factors, espe-
cially in underserved communities
and health care systems. B

Health inequities related to diabetes
and its complications are well docu-
mented, are heavily influenced by SDOH,
and have been associated with greater
risk for diabetes, higher population prev-
alence, and poorer diabetes outcomes
(74-78). SDOH are defined as the eco-
nomic, environmental, political, and so-
cial conditions in which people live and
are responsible for a major part of health
inequality worldwide (79). Greater expo-
sure to adverse SDOH over the life course
results in worse health (80). The ADA rec-
ognizes the association between social
and environmental factors and the pre-
vention and treatment of diabetes and
has issued a call for research that seeks
to understand better how these social
determinants influence behaviors and
how the relationships between these
variables might be modified for the pre-
vention and management of diabetes
(81,82). While a comprehensive strategy
to reduce diabetes-related health inequi-
ties in populations has not been formally
studied, general recommendations from
other chronic disease management and
prevention models can be drawn upon
to inform systems-level strategies in dia-
betes (83). For example, the National
Academy of Medicine has published a

framework for educating health care
professionals on the importance of
SDOH (84). Furthermore, there are re-
sources available for the inclusion of stan-
dardized sociodemographic variables in
electronic health records to facilitate the
measurement of health inequities and
the impact of interventions designed to
reduce those inequities (65,84,85).

SDOH are not consistently recognized
and often go undiscussed in the clinical
encounter (77). Among people with
chronic illnesses, two-thirds of those who
reported not taking medications as pre-
scribed due to cost-related barriers to
medication use never shared this with
their physician (86). In a study using data
from the National Health Interview Sur-
vey (NHIS), Patel et al. (77) found that
one-half of adults with diabetes reported
financial stress and one-fifth reported
food insecurity. A recent Canadian study
noted an association of one or more ad-
verse SDOH and health care utilization
and poor diabetes outcomes in high-risk
children with type 1 diabetes (86).

Another population in which such is-
sues must be considered is older adults,
where social difficulties may impair
quality of life and increase the risk of func-
tional dependency (87) (see Section 13,
“Older Adults,” for a detailed discussion
of social considerations in older adults).
Creating systems-level mechanisms to
screen for SDOH may help overcome
structural barriers and communication
gaps between patients and health care
professionals (77,88). In addition, brief,
validated screening tools for some SDOH
exist and could facilitate discussion around
factors that significantly impact treatment
during the clinical encounter. Below is
a discussion of assessment and treat-
ment considerations in the context of
food insecurity, homelessness, limited
English proficiency, limited health literacy,
and low literacy.

Food Insecurity

Food insecurity is the unreliable avail-
ability of nutritious food and the inabil-
ity to consistently obtain food without
resorting to socially unacceptable practi-
ces. Over 18% of the U.S. population re-
ported food insecurity between 2005
and 2014 (89). The rate is higher in some
racial/ethnic minority groups, including
African American and Latino populations,
low-income households, and homes
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headed by single mothers. The food
insecurity rate in individuals with diabe-
tes may be up to 20% (90). Additionally,
the risk for type 2 diabetes is increased
twofold in those with food insecurity
(81) and has been associated with lower
engagement in self-care behaviors and
medication use, depression, diabetes
distress, and worse glycemic manage-
ment when compared with individuals
who are food secure (91-93). Older
adults with food insecurity are more
likely to have emergency department
visits and hospitalizations compared
with older adults who do not report
food insecurity (94). Risk for food inse-
curity can be assessed with a validated
two-item screening tool (95) that in-
cludes the following statements: 1)
“Within the past 12 months, we wor-
ried whether our food would run out
before we got money to buy more” and
2) “Within the past 12 months the food
we bought just didn’t last, and we didn’t
have money to get more.” An affirma-
tive response to either statement had a
sensitivity of 97% and specificity of 83%.
Interventions such as food prescription
programs are considered promising to
address food insecurity by integrating
community resources into primary care
settings and directly dealing with food de-
serts in underserved communities (96,97).

Treatment Considerations

In those with diabetes and food insecu-
rity, the priority is mitigating the increased
risk for uncontrolled hyperglycemia and
severe hypoglycemia. The reasons for the
increased risk of hyperglycemia include
the steady consumption of inexpensive
carbohydrate-rich processed foods, binge
eating, financial constraints to filling dia-
betes medication prescriptions, and anxi-
ety/depression leading to poor diabetes
self-care behaviors. Hypoglycemia can
occur due to inadequate or erratic car-
bohydrate consumption following the
administration of sulfonylureas or insu-
lin. See Table 9.2 for drug-specific and
patient factors, including cost and risk
of hypoglycemia, which may be impor-
tant considerations for adults with food
insecurity and type 2 diabetes. Health
care professionals should consider these
factors when making treatment deci-
sions for people with food insecurity
and seek local resources to help people
with diabetes and their family members

obtain nutritious food more regularly
(98).

Homelessness and Housing Insecurity
Homelessness/housing insecurity often
accompanies many additional barriers
to diabetes self-management, including
food insecurity, literacy and numeracy
deficiencies, lack of insurance, cognitive
dysfunction, and mental health issues
(99). The prevalence of diabetes in the
homeless population is estimated to be
around 8% (100). Additionally, people
with diabetes who are homeless need
secure places to keep their diabetes sup-
plies and refrigerator access to properly
store their insulin and take it on a regu-
lar schedule. The risk for homelessness
can be ascertained using a brief risk as-
sessment tool developed and validated
for use among veterans (101). Housing
insecurity has also been shown to be
directly associated with a person’s ability
to maintain their diabetes self-manage-
ment (102). Given the potential chal-
lenges, health care professionals who
care for either homeless or housing-
insecure individuals should be familiar
with resources or have access to social
workers who can facilitate stable housing
for their patients as a way to improve di-
abetes care (103).

Migrant and Seasonal Agricultural
Workers

Migrant and seasonal agricultural work-
ers may have a higher risk of type 2 dia-
betes than the overall population. While
migrant farmworker—specific data are
lacking, most agricultural workers in the
U.S. are Latino, a population with a high
rate of type 2 diabetes. In addition, living
in severe poverty brings with it food in-
security, high chronic stress, and an in-
creased risk of diabetes; there is also an
association between the use of certain
pesticides and the incidence of diabetes
(104).

Data from the Department of Labor
indicate that there are 2.5-3 million ag-
ricultural workers in the U.S. These agri-
cultural workers travel throughout the
country, serving as the backbone for a
multibillion-dollar agricultural industry.
According to 2021 health center data,
175 health centers across the U.S. re-
ported that they provided health care
services to 893,260 adult agricultural
patients, and 91,124 had encounters for
diabetes (10.2%) (105).
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Migrant farmworkers encounter nu-
merous and overlapping barriers to re-
ceiving care. Migration, which may occur
as frequently as every few weeks for
farmworkers, disrupts care. In addition,
cultural and linguistic barriers, lack of
transportation and money, lack of avail-
able work hours, unfamiliarity with new
communities, lack of access to resour-
ces, and other barriers prevent migrant
farmworkers from accessing health care.
Without regular care, those with diabetes
may suffer severe and often expensive
complications that affect quality of life.

Health care professionals should be
attuned to all patients” working and liv-
ing conditions. For example, if a migrant
farmworker with diabetes presents for
care, appropriate referrals should be ini-
tiated to social workers and community
resources, as available, to assist with re-
moving barriers to care.

Language Barriers

Health care professionals who care for
non—-English speakers should develop or
offer educational programs and materi-
als in languages specific to these patients
with the specific goals of preventing dia-
betes and building diabetes awareness in
people who cannot easily read or write in
English. The National Standards for Cultur-
ally and Linguistically Appropriate Services
in Health and Health Care (National CLAS
Standards) provide guidance on how
health care professionals can reduce
language barriers by improving their
cultural competency, addressing health
literacy, and ensuring communication
with language assistance (106). In addi-
tion, the National CLAS Standards web-
site (thinkculturalhealth.hhs.gov) offers
several resources and materials that can
be used to improve the quality of care
delivery to non—English-speaking patients
(106).

Health Literacy and Numeracy

Health literacy is defined as the degree
to which individuals have the capacity
to obtain, process, and understand basic
health information and services needed
to make appropriate decisions (69).
Health literacy is strongly associated
with patients engaging in complex dis-
ease management and self-care (107).
Approximately 80 million adults in the
U.S. are estimated to have limited or
low health literacy (70). Clinicians and
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diabetes care and education specialists
should ensure they provide easy-
to-understand information and reduce
unnecessary complexity when develop-
ing care plans with patients. Interven-
tions addressing low health literacy in
populations with diabetes seem effec-
tive in improving diabetes outcomes, in-
cluding ones focusing primarily on patient
education, self-care training, or disease
management. Combining easily adapted
materials with formal diabetes education
demonstrates effectiveness on clinical
and behavioral outcomes in populations
with low literacy (108). However, evi-
dence supporting these strategies is
largely limited to observational studies.
More research is needed to investigate
the most effective strategies for enhanc-
ing both acquisition and retention of di-
abetes knowledge and examine different
media and strategies for delivering inter-
ventions to patients (109).

Health numeracy is also essential in
diabetes prevention and management.
Health numeracy requires primary nu-
meric skills, applied health numeracy, and
interpretive health numeracy. An emo-
tional component also affects a per-
son’s ability to understand concepts of
risk, probability, and communication of
scientific evidence (110). People with pre-
diabetes or diabetes often need to per-
form numeric tasks such as interpreting
food labels and blood glucose levels to
make treatment decisions such as medi-
cation dosing. Thus, both health literacy
and numeracy are necessary for enabling
effective communication between patient
and health professional, arriving at a
treatment plan, and making diabetes
self-management task decisions. If pa-
tients appear not to understand concepts
associated with treatment decisions, both
can be assessed using standardized screen-
ing measures (111). Adjunctive education
and support may be indicated if limited
health literacy and numeracy are barriers
to optimal care decisions (27).

Social Capital/Community Support

Social capital, which comprises commu-
nity and personal network instrumental
support, promotes better health, whereas
lack of social support is associated with
poorer health outcomes in individuals
with diabetes (82). Of particular con-
cern are the SDOH, including racism
and discrimination, which are likely to
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be lifelong (112). These factors are rarely
addressed in routine treatment or disease
management but may be underlying
reasons for lower engagement in self-
care behaviors and medication use.
Identification or development of com-
munity resources to support healthy
lifestyles is a core element of the CCM
(9), with a particular need to incorporate
relevant social support networks. There is
currently a paucity of evidence regarding
enhancing these resources for those
most likely to benefit from such interven-
tion strategies.

Health care community linkages are
receiving increasing attention from the
American Medical Association, the Agency
for Healthcare Research and Quality, and
others to promote the translation of clini-
cal recommendations for nutrition and
physical activity in real-world settings
(113). Community health workers (CHWs)
(114), peer supporters (115-117), and
lay leaders (118) may assist in the deliv-
ery of DSMES services (84,119), particu-
larly in underserved communities. The
American Public Health Association de-
fines a CHW as a “frontline public health
worker who is a trusted member of and/
or has an unusually close understanding
of the community served” (120). CHWs
can be part of a cost-effective, evidence-
based strategy to improve the manage-
ment of diabetes and cardiovascular
risk factors in underserved communities
and health care systems (121). The
CHW scope of practice in areas such as
outreach and communication, advocacy,
social support, basic health education,
referrals to community clinics, etc., has
successfully provided social and primary
preventive services to underserved pop-
ulations in rural and hard-to-reach
communities. Even though CHWs’ core
competencies are not clinical in nature,
in some circumstances, clinicians may
delegate limited clinical tasks to CHWs.
If such is the case, these tasks must al-
ways be performed under the direction
and supervision of the delegating health
professional and following state health
care laws and statutes (122,123).
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2. Classification and Diagnosis of
Diabetes: Standards of Care in
Diabetes—2023

Diabetes Care 2023;46(Suppl. 1):5S19-540 | https://doi.org/10.2337/dc23-S002

The American Diabetes Association (ADA) “Standards of Care in Diabetes” in-
cludes the ADA’s current clinical practice recommendations and is intended to
provide the components of diabetes care, general treatment goals and guide-
lines, and tools to evaluate quality of care. Members of the ADA Professional
Practice Committee, a multidisciplinary expert committee, are responsible for up-
dating the Standards of Care annually, or more frequently as warranted. For a de-
tailed description of ADA standards, statements, and reports, as well as the
evidence-grading system for ADA’s clinical practice recommendations and a full
list of Professional Practice Committee members, please refer to Introduction
and Methodology. Readers who wish to comment on the Standards of Care are
invited to do so at professional.diabetes.org/SOC.

CLASSIFICATION
Diabetes can be classified into the following general categories:

1. Type 1 diabetes (due to autoimmune B-cell destruction, usually leading to ab-
solute insulin deficiency, including latent autoimmune diabetes of adulthood)

2. Type 2 diabetes (due to a non-autoimmune progressive loss of adequate
B-cell insulin secretion frequently on the background of insulin resistance and
metabolic syndrome)

3. 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),
diseases of the exocrine pancreas (such as cystic fibrosis and pancreatitis), and
drug- or chemical-induced diabetes (such as with glucocorticoid use, in the treat-
ment of HIV/AIDS, or after organ transplantation)

4. Gestational diabetes mellitus (diabetes diagnosed in the second or third tri-
mester of pregnancy that was not clearly overt diabetes prior to gestation)

This section reviews most common forms of diabetes but is not comprehensive. For
additional information, see the American Diabetes Association (ADA) position 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 impor-
tant for determining therapy, but some individuals cannot be clearly classified as
having type 1 or type 2 diabetes at the time of diagnosis. The traditional paradigms
of type 2 diabetes occurring only in adults and type 1 diabetes only in children are
no longer accurate, as both diseases occur in both age groups. Children with type 1
diabetes often present with the hallmark symptoms of polyuria/polydipsia, and
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Classification and Diagnosis of Diabetes

approximately half present with diabetic
ketoacidosis (DKA) (2—4). The onset of
type 1 diabetes may be more variable
in adults; they may not present with
the classic symptoms seen in children
and may experience temporary remis-
sion from the need for insulin (5-7). The
features most useful in discrimination of
type 1 diabetes include younger age at
diagnosis (<35 years) with lower BMI
(<25 kg/m?), unintentional weight loss,
ketoacidosis, and glucose >360 mg/dL
(20 mmol/L) at presentation (8). Occa-
sionally, people with type 2 diabetes
may present with DKA (9,10), particularly
members of ethnic and racial minorities
(11). It is important for the health care
professional to realize that classification
of diabetes type is not always straight-
forward at presentation and that mis-
diagnosis is common (e.g., adults with
type 1 diabetes misdiagnosed as having
type 2 diabetes, individuals with maturity-
onset diabetes of the young [MODY]
misdiagnosed as having type 1 diabe-
tes). Although difficulties in distinguish-
ing diabetes type may occur in all age
groups at onset, the diagnosis becomes
more obvious over time in people with
[B-cell deficiency as the degree of 3-cell
deficiency becomes clear.

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 clini-
cally as hyperglycemia. Once hypergly-
cemia occurs, people with all forms of
diabetes are at risk for developing the
same chronic complications, although rates
of progression may differ. The identification
of individualized therapies for diabetes
in the future will be informed by better
characterization of the many paths to
B-cell demise or dysfunction (12). Across
the globe, many groups are working on
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combining clinical, pathophysiological,
and genetic characteristics to more pre-
cisely define the subsets of diabetes that
are currently clustered into the type 1
diabetes versus type 2 diabetes nomen-
clature with the goal of optimizing per-
sonalized treatment approaches. Many
of these studies show great promise
and may soon be incorporated into the
diabetes classification system (13).
Characterization of the underlying path-
ophysiology is more precisely developed
in type 1 diabetes than in type 2 diabe-
tes. It is now clear from prospective stud-
ies that the persistent presence of two or
more islet autoantibodies is a near-certain
predictor of clinical diabetes (14). The rate
of progression is dependent on the age
at first detection of autoantibody, number
of autoantibodies, autoantibody specific-
ity, and autoantibody titer. Glucose and
A1C levels rise well before the clinical
onset of diabetes, making diagnosis feasi-
ble well before the onset of DKA. Three
distinct stages of type 1 diabetes can
be identified (Table 2.1) and serve as
a framework for research and regula-
tory decision-making (12,15). There is
debate as to whether slowly progressive
autoimmune diabetes with an adult on-
set should be termed latent autoimmune
diabetes in adults (LADA) or type 1 dia-
betes. The clinical priority with detection
of LADA is awareness that slow auto-
immune B-cell destruction can occur in
adults leading to a long duration of mar-
ginal insulin secretory capacity. For the
purpose of this classification, all forms
of diabetes mediated by autoimmune
-cell destruction are included under
the rubric of type 1 diabetes. Use of the
term LADA is common and acceptable
in clinical practice and has the practical
impact of heightening awareness of
a population of adults likely to have

Table 2.1—Staging of type 1 diabetes (12,16)

Stage 1

Stage 2

progressive autoimmune [3-cell destruc-
tion (16), thus accelerating insulin initiation
prior to deterioration of glucose manage-
ment or development of DKA (6,17).

The paths to (3-cell demise and dys-
function are less well defined in type 2
diabetes, but deficient (3-cell insulin se-
cretion, frequently in the setting of insulin
resistance, appears to be the common de-
nominator. Type 2 diabetes is associated
with insulin secretory defects related to
genetics, inflammation, and metabolic
stress. Future classification schemes for
diabetes will likely focus on the patho-
physiology of the underlying B-cell dys-
function (12,13,18-20).

DIAGNOSTIC TESTS FOR DIABETES

Diabetes may be diagnosed based on
plasma glucose criteria, either the fast-
ing plasma glucose (FPG) value or the
2-h plasma glucose (2-h PG) value during
a 75-g oral glucose tolerance test (OGTT)
or A1C criteria (21) (Table 2.2).

Generally, FPG, 2-h PG during 75-g
OGTT, and A1C are equally appropriate
for diagnostic screening. It should be
noted that detection rates of different
screening tests vary in both populations
and individuals. Moreover, the efficacy
of interventions for primary preven-
tion of type 2 diabetes has mainly been
demonstrated among individuals who
have impaired glucose tolerance (IGT)
with or without elevated fasting glucose,
not for individuals with isolated im-
paired fasting glucose (IFG) or for those
with prediabetes defined by A1C criteria
(22,23).

The same tests may be used to screen
for and diagnose diabetes and to detect
individuals with prediabetes (Table 2.2 and
Table 2.5) (24). Diabetes may be identified
anywhere along the spectrum of clinical

Stage 3

Characteristics e Autoimmunity
e Normoglycemia

e Presymptomatic

Diagnostic criteria
e No IGT or IFG

e Multiple islet autoantibodies

e Autoimmunity
e Dysglycemia
e Presymptomatic

e Dysglycemia: IFG and/or IGT

e FPG 100-125 mg/dL (5.6-6.9 mmol/L)

e Islet autoantibodies (usually multiple)

e Autoimmunity
e Overt hyperglycemia
e Symptomatic

e Autoantibodies may become absent
e Diabetes by standard criteria

e 2-h PG 140-199 mg/dL (7.8-11.0 mmol/L)
e A1C 5.7-6.4% (39-47 mmol/mol) or =10%

increase in A1C

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

220z Jequisoa( g1 uo 1senb Aq Jpd-z00SEZop/266£69/61 /1 uswalddng/gp/pd-sjonie/a1es/bio s|euinolseieqelp;/:dny woly pepeojumoq



diabetesjournals.org/care

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 =200 mg/dL (11.1 mmol/L) during OGTT. The test should be performed as described

by WHO, using a glucose load containing the
dissolved in water.*

OR
A1C =6.5% (48 mmol/mol). The test should be

equivalent of 75 g anhydrous glucose

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).

DCCT, Diabetes Control and Complications Trial;

FPG, fasting plasma glucose; OGTT, oral glu-

cose tolerance test; NGSP, National Glycohemoglobin Standardization Program; WHO, World

Health Organization; 2-h PG, 2-h plasma glucos

e. *In the absence of unequivocal hyperglyce-

mia, diagnosis requires two abnormal test results from the same sample or in two separate

test samples.

scenarios—in seemingly low-risk individ-
uals who happen to have glucose testing,
in individuals screened based on diabetes
risk assessment, and in symptomatic pa-
tients. For additional details on the evi-
dence used to establish the criteria for
the diagnosis of diabetes, prediabetes,
and abnormal glucose tolerance (IFG,
IGT), see the ADA position statement
“Diagnosis and Classification of Diabetes
Mellitus” (1) and other reports (21,25,26).

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.
Compared with FPG and A1C cut points,
the 2-h PG value diagnoses more people
with prediabetes and diabetes (27). In
people in whom there is discordance
between A1C values and glucose values,
FPG and 2-h PG are more accurate (28).

AlC

Recommendations

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

Point-of-care A1C testing for
diabetes screening and diagno-
sis should be restricted to U.S.

2.1b

Food and Drug Administration—
approved devices at laborato-
ries proficient in performing
testing of moderate complex-
ity or higher by trained per-
sonnel. B

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

In conditions associated with
an altered relationship between
A1C and glycemia, such as
hemoglobinopathies including
sickle cell disease, pregnancy
(second and third trimesters
and the postpartum period),
glucose-6-phosphate dehydro-
genase deficiency, HIV, hemo-
dialysis, recent blood loss or
transfusion, or erythropoietin
therapy, only plasma blood glu-
cose criteria should be used to
diagnose diabetes. B
Adequate carbohydrate intake
(at least 150 g/day) should be
assured for 3 days prior to
oral glucose tolerance testing
as a screen for diabetes. A

2.2

2.3

2.4

The A1C test should be performed us-
ing a method that is certified by the
NGSP (ngsp.org) and standardized or
traceable to the Diabetes Control and

Classification and Diagnosis of Diabetes

Complications Trial (DCCT) reference as-
say. Point-of-care A1C assays may be
NGSP certified and cleared by the U.S.
Food and Drug Administration (FDA)
for use in monitoring glycemic control
in people with diabetes in both Clinical
Laboratory Improvement Amendments
(CLIA)-regulated and CLIA-waived settings.
FDA-approved point-of-care A1C testing
can be used in laboratories or sites that
are CLIA certified, are inspected, and
meet the CLIA quality standards. These
standards include specified personnel re-
quirements (including documented annual
competency assessments) and participa-
tion three times per year in an approved
proficiency testing program (29-32). As
discussed in Section 6, “Glycemic Targets,”
point-of-care A1C assays may be more
generally applied for assessment of glyce-
mic stability in the clinic.

A1C has several advantages compared
with FPG and OGTT, including greater
convenience (fasting not required), greater
preanalytical stability, and fewer day-to-day
perturbations during stress, changes in
nutrition, or illness. However, these ad-
vantages 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 de-
veloping world, and the imperfect cor-
relation between A1C and average
glucose in certain individuals. The A1C
test, with a diagnostic threshold of =6.5%
(48 mmol/mol), diagnoses only 30% of the
diabetes cases identified collectively using
A1C, FPG, or 2-h PG, according to National
Health and Nutrition Examination Survey
(NHANES) data (33). Despite these limi-
tations with A1C, in 2009, the Interna-
tional Expert Committee added A1C to
the diagnostic criteria with the goal of in-
creased screening (21).

When using A1C to diagnose diabetes,
it is important to recognize that A1C is
an indirect measure of average blood
glucose levels and to take other factors
into consideration that may impact he-
moglobin glycation independently of gly-
cemia, such as hemodialysis, pregnancy,
HIV treatment (34,35), age, race/ethnicity,
genetic background, and anemia/
hemoglobinopathies. (See oTHER conbpI-
TIONS ALTERING THE RELATIONSHIP OF A1C AND
cLycemia below for more information.)

Age
The epidemiologic studies that formed
the basis for recommending A1C to

S21
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diagnose diabetes included only adult
populations (33). However, recent ADA
clinical guidance concluded that A1C,
FPG, or 2-h PG could be used to test
for prediabetes or type 2 diabetes in
children and adolescents (see screenING
AND TESTING FOR PREDIABETES AND TYPE 2 DIABETES
IN CHILDREN AND ADOLESCENTS below for addi-
tional information) (36).

Race/Ethnicity/Hemoglobinopathies
Hemoglobin variants can interfere with
the measurement of A1C, although most
assays in use in the U.S. are unaffected
by the most common variants. Marked
discrepancies between measured A1C
and plasma glucose levels should prompt
consideration that the A1C assay may
not be reliable for that individual. For
individuals with a hemoglobin variant but
normal red blood cell turnover, such as
those with the sickle cell trait, an A1C as-
say without interference from hemoglo-
bin variants should be used. An updated
list of A1C assays with interferences is
available at ngsp.org/interf.asp.

African American individuals heterozy-
gous for the common hemoglobin vari-
ant HbS may have, for any given level of
mean glycemia, lower A1C by about
0.3% compared with those without the
trait (37). Another genetic variant, X-linked
glucose-6-phosphate dehydrogenase
G202A, carried by 11% of African Amer-
ican individuals, was associated with a
decrease in A1C of about 0.8% in homo-
zygous men and 0.7% in homozygous
women compared with those without
the variant (38). For example, in Tanza-
nia, where there is a high likelihood of
hemoglobinopathies in people with HIV,
A1C may be lower than expected based
on glucose, limiting its usefulness for
screening (39).

Even in the absence of hemoglobin
variants, A1C levels may vary with race/
ethnicity independently of glycemia (40-42).
For example, African American individu-
als may have higher A1C levels than
non-Hispanic White individuals with simi-
lar fasting and post—glucose load glucose
levels (43). Though conflicting data exist,
African American individuals may also
have higher levels of fructosamine and
glycated albumin and lower levels of
1,5-anhydroglucitol, suggesting that their
glycemic burden (particularly postprandi-
ally) may be higher (44,45). Similarly,
A1C levels may be higher for a given
mean glucose concentration when
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measured with continuous glucose
monitoring (46). A recent report in
Afro-Caribbean people demonstrated a
lower A1C than predicted by glucose lev-
els (47). Despite these and other reported
differences, the association of A1C with
risk for complications appears to be
similar in African American and non-
Hispanic White populations (42,48).
In the Taiwanese population, age and
sex have been reported to be associ-
ated with increased A1C in men (49);
the clinical implications of this finding
are unclear at this time.

Other Conditions Altering the Relationship
of A1C and Glycemia

In conditions associated with increased
red blood cell turnover, such as sickle
cell disease, pregnancy (second and third
trimesters), glucose-6-phosphate dehydro-
genase deficiency (50,51), hemodialysis,
recent blood loss or transfusion, or
erythropoietin therapy, only plasma blood
glucose criteria should be used to diag-
nose diabetes (52). A1C is less reliable
than blood glucose measurement in other
conditions such as the postpartum state
(53-55), HIV treated with certain protease
inhibitors (PIs) and nucleoside reverse
transcriptase inhibitors (NRTIs) (34), and
iron-deficient anemia (56).

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]), diagnosis requires two
abnormal screening test results, either
from the same sample (57) or in two
separate test samples. If using two sepa-
rate test samples, it is recommended that
the second test, which may either be a
repeat of the initial test or a different
test, be performed without delay. For
example, if the A1C is 7.0% (53 mmol/mol)
and a repeat result is 6.8% (51 mmol/mol),
the diagnosis of diabetes is confirmed. If
two different tests (such as A1C and FPG)
are both above the diagnostic threshold
when analyzed from the same sample or
in two different test samples, this also
confirms the diagnosis. On the other
hand, if a patient has discordant results
from two different tests, then the test
result that is above the diagnostic cut
point should be repeated, with careful
consideration of the possibility of A1C
assay interference. The diagnosis is made

on the basis of the confirmatory screen-
ing 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.

Each of the screening tests has prea-
nalytic and analytic variability, so it is
possible that a test yielding an abnor-
mal result (i.e., above the diagnostic
threshold), when repeated, will produce
a value below the diagnostic 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 glucose be spun and
separated immediately after they are
drawn. If patients have test results near
the margins of the diagnostic threshold,
the health care professional should dis-
cuss signs and symptoms with the pa-
tient and repeat the test in 3-6 months.

People should consume a mixed diet
with at least 150 g of carbohydrates on
the 3 days prior to oral glucose tolerance
testing (58-60). Fasting and carbohydrate
restriction can falsely elevate glucose level
with an oral glucose challenge.

Diagnosis

In a patient with classic symptoms, mea-
surement of plasma glucose is sufficient
to diagnose diabetes (symptoms of hy-
perglycemia or hyperglycemic crisis plus
a random plasma glucose =200 mg/dL
[11.1 mmol/L]). In these cases, knowing
the plasma glucose level is critical because,
in addition to confirming that symptoms
are due to diabetes, it will inform manage-
ment decisions. Some health care profes-
sionals may also want to know the A1C to
determine the chronicity of the hyper-
glycemia. The criteria to diagnose diabe-
tes are listed in Table 2.2.

TYPE 1 DIABETES

Recommendations

25 Screening for presymptomatic
type 1 diabetes using screen-
ing tests that detect autoanti-
bodies to insulin, glutamic acid
decarboxylase (GAD), islet anti-
gen 2, or zinc transporter 8 is
currently recommended in the
setting of a research study or
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can be considered an option
for first-degree family mem-
bers of a proband with type 1
diabetes. B

2.6  Development of and persistence
of multiple islet autoantibodies
is a risk factor for clinical di-
abetes and may serve as an
indication for intervention in
the setting of a clinical trial or
screening for stage 2 type 1
diabetes. B

Immune-Mediated Diabetes

This form, previously called “insulin-
dependent diabetes” or “juvenile-onset
diabetes,” accounts for 5-10% of diabetes
and is due to cell-mediated autoimmune
destruction of the pancreatic (3-cells. Au-
toimmune markers include islet cell auto-
antibodies and autoantibodies to GAD
(glutamic acid decarboxylase, GAD65),
insulin, the tyrosine phosphatases islet
antigen 2 (1A-2) and IA-2[3, and zinc trans-
porter 8. Numerous clinical studies are
being conducted to test various methods
of preventing type 1 diabetes in those
with evidence of islet autoimmunity
(trialnet.org/our-research/prevention-
studies) (14,17,61-64). Stage 1 of
type 1 diabetes is defined by the
presence of two or more of these au-
toimmune markers. The disease has
strong HLA associations, with linkage
to the DQB1 and DRB1 haplotypes, and
genetic screening has been used in some
research studies to identify high-risk
populations. Specific alleles in these genes
can be either predisposing or protective
(Table 2.1).

The rate of B-cell destruction is quite
variable, being rapid in some individuals
(particularly but not exclusively in infants
and children) and slow in others (mainly
but not exclusively adults) (65,66). Chil-
dren and adolescents often present with
DKA as the first manifestation of the
disease, and the rates in the U.S. have
increased dramatically over the past
20 years (2—4). Others have modest
fasting hyperglycemia that can rapidly
change to severe hyperglycemia and/
or DKA with infection or other stress.
Adults may retain sufficient B-cell func-
tion to prevent DKA for many years;
such individuals may have remission
or decreased insulin needs for months
or vyears and eventually become

dependent on insulin for survival and are
at risk for DKA (5-7,67,68). At this
later stage of the disease, there is lit-
tle or no insulin secretion, as manifested
by low or undetectable levels of plasma C-
peptide. Immune-mediated diabetes is
the most common form of diabetes in
childhood and adolescence, but it can
occur at any age, even in the 8th and
9th decades of life.

Autoimmune destruction of 3-cells has
multiple genetic factors and is also re-
lated to environmental factors that are
still poorly defined. Although individuals
do not typically have obesity when they
present with type 1 diabetes, obesity is
increasingly common in the general pop-
ulation; as such, obesity should not pre-
clude testing for type 1 diabetes. People
with type 1 diabetes are also prone to
other autoimmune disorders such as
Hashimoto thyroiditis, Graves disease, ce-
liac disease, Addison disease, vitiligo,
autoimmune hepatitis, myasthenia gra-
vis, and pernicious anemia (see Section 4,
“Comprehensive Medical Evaluation and
Assessment of Comorbidities”). Type 1
diabetes can be associated with mono-
genic polyglandular autoimmune syn-
dromes, including immune dysregulation,
polyendocrinopathy, enteropathy, and
X-linked (IPEX) syndrome, which is an
early-onset systemic autoimmune, ge-
netic disorder caused by mutation of
the forkhead box protein 3 (FOXP3)
gene, and another caused by the auto-
immune regulator (AIRE) gene mutation
(69,70). As indicated by the names,
these disorders are associated with
other autoimmune and rheumatological
diseases.

Introduction of immunotherapy, spe-
cifically checkpoint inhibitors, for cancer
treatment has led to unexpected ad-
verse events, including immune system
activation precipitating autoimmune dis-
ease. Fulminant onset of type 1 diabe-
tes can develop, with DKA and low or
undetectable levels of C-peptide as a
marker of endogenous B-cell function
(71,72). Fewer than half of these pa-
tients have autoantibodies that are seen
in type 1 diabetes, supporting alternate
pathobiology. This immune-related adverse
event occurs in just under 1% of check-
point inhibitor-treated patients but most
commonly occurs with agents that block
the programmed cell death protein 1/
programmed cell death ligand 1 pathway
alone or in combination with other

Classification and Diagnosis of Diabetes

checkpoint inhibitors (73). To date, the
majority of immune checkpoint inhibitor—
related cases of type 1 diabetes occur in
people with high-risk HLA-DR4 (present in
76% of patients), whereas other high-risk
HLA alleles are not more common than
those in the general population (73). To
date, risk cannot be predicted by family
history or autoantibodies, so all health care
professionals administering these medica-
tions should be mindful of this adverse ef-
fect and educate patients appropriately.

Idiopathic Type 1 Diabetes

Some forms of type 1 diabetes have no
known etiologies. These individuals have
permanent insulinopenia and are prone
to DKA but have no evidence of B-cell
autoimmunity. However, only a minority
of people with type 1 diabetes fall into this
category. Individuals with autoantibody-
negative type 1 diabetes of African or
Asian ancestry may suffer from episodic
DKA and exhibit varying degrees of insu-
lin deficiency between episodes (possibly
ketosis-prone diabetes) (74). This form of
diabetes is strongly inherited and is not
HLA associated. An absolute requirement
for insulin replacement therapy in affected
individuals may be intermittent. Future
research is needed to determine the
cause of B-cell destruction in this rare
clinical scenario.

Screening for Type 1 Diabetes Risk

The incidence and prevalence of type 1
diabetes are increasing (75). People with
type 1 diabetes often present with acute
symptoms of diabetes and markedly ele-
vated blood glucose levels, and 40-60%
are diagnosed with life-threatening DKA
(2-4). Multiple studies indicate that mea-
suring islet autoantibodies in relatives of
those with type 1 diabetes (15) or in chil-
dren from the general population (76,77)
can effectively identify those who will de-
velop type 1 diabetes. A study reported
the risk of progression to type 1 diabetes
from the time of seroconversion to auto-
antibody 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% de-
veloped type 1 diabetes within 10 years
and 84% within 15 years (14). These find-
ings are highly significant because while
the German group was recruited from off-
spring of parents with type 1 diabetes, the
Finnish and American groups were
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recruited from the general popula-
tion. Remarkably, the findings in all
three groups were 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
detected increases (63,78,79). In The En-
vironmental Determinants of Diabetes in
the Young (TEDDY) study, type 1 diabetes
developed in 21% of 363 subjects with
at least one autoantibody at 3 years of
age (80). Such testing, coupled with edu-
cation about diabetes symptoms and close
follow-up, has been shown to enable ear-
lier diagnosis and prevent DKA (81,82).

While widespread clinical screening
of asymptomatic low-risk individuals is
not currently recommended due to lack
of approved therapeutic interventions,
several innovative research screening pro-
grams are available in Europe (e.g., Frlda,
gppad.org) and the U.S. (trialnet.org,
askhealth.org). Participation should be
encouraged to accelerate development
of evidence-based clinical guidelines for
the general population and relatives of
those with type 1 diabetes. Individuals
who test positive should be counseled
about the risk of developing diabetes,
diabetes symptoms, and DKA preven-
tion. Numerous clinical studies are be-
ing conducted to test various methods
of preventing and treating stage 2 type 1
diabetes in those with evidence of auto-
immunity with promising results (see
clinicaltrials.gov and trialnet.org). Delay
of overt diabetes development in stage 2
type 1 diabetes with the anti-CD3 anti-
body teplizumab in relatives at risk for
type 1 diabetes was reported in 2019,
with an extension of the randomized
controlled trial in 2021 (83,84). Based on
these data, this agent has been submit-
ted to the FDA for the indication of delay
or prevention of clinical type 1 diabetes
in at-risk individuals. Neither this agent
nor others in this category are currently
available for clinical use.

PREDIABETES AND TYPE 2 DIABETES

Recommendations

2.7  Screening for prediabetes and
type 2 diabetes with an infor-
mal assessment of risk factors
or validated risk calculator
should be done in asymptom-
atic adults. B

2.8

2.9

2.10

2.11

2.12

2.13
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Testing for prediabetes and/
or type 2 diabetes in asymp-
tomatic people should be
considered in adults of any age
with overweight or obesity
(BMI =25 kg/m? or =23 kg/m>
in Asian American individuals)
who have one or more risk
factors (Table 2.3). B

For all people, screening should
begin at age 35 years. B

If tests are normal, repeat
screening recommended at
a minimum of 3-year inter-
vals is reasonable, sooner with
symptoms or change in risk
(i.e., weight gain). C

To screen for prediabetes and
type 2 diabetes, fasting plasma
glucose, 2-h plasma glucose
during 75-g oral glucose toler-
ance test, and A1C are each
appropriate (Table 2.2 and
Table 2.5). B

When using oral glucose toler-
ance testing as a screen for di-
abetes, adequate carbohydrate
intake (at least 150 g/day)
should be assured for 3 days
prior to testing. A

In people with prediabetes and
type 2 diabetes, identify and
treat cardiovascular disease risk
factors. A

2.14 Risk-based screening for predi-
abetes and/or type 2 diabetes
should be considered after
the onset of puberty or after
10 years of age, whichever
occurs earlier, in children and
adolescents with overweight
(BMI =85th percentile) or
obesity (BMI =95th percentile)
and who have one or more
risk factors for diabetes. (See
Table 2.4 for evidence grad-
ing of risk factors.) B
2.15 People with HIV should be
screened for diabetes and pre-
diabetes with a fasting glucose
test before starting antiretrovi-
ral therapy, at the time of
switching antiretroviral therapy,
and 3-6 months after starting
or switching antiretroviral ther-
apy. If initial screening results
are normal, fasting glucose
should be checked annually. E

Prediabetes

“Prediabetes” is the term used for indi-
viduals whose glucose levels do not
meet the criteria for diabetes yet have
abnormal carbohydrate metabolism (48,85).
People with prediabetes are defined
by the presence of IFG and/or IGT
and/or A1C 5.7-6.4% (39-47 mmol/mol)

Table 2.3—Criteria for screening for diabetes or prediabetes in asymptomatic

adults

1. Testing should be considered in adults with overweight or obesity (BMI =25 kg/m? or

=23 kg/m? in Asian American individuals) who have one or more of the following risk factors:

e First-degree relative with diabetes

e High-risk race/ethnicity (e.g., African American, Latino, Native American, Asian
American, Pacific Islander)

e History of CVD

e Hypertension (=140/90 mmHg or on therapy for hypertension)

e HDL cholesterol level <35 mg/dL (0.90 mmol/L) and/or a triglyceride level >250 mg/dL
(2.82 mmol/L)

e Individuals with polycystic ovary syndrome

e Physical inactivity
e Other clinical conditions associated with insulin resistance (e.g., severe obesity,
acanthosis nigricans)

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

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

2
3
4. For all other people, testing should begin at age 35 years.
5

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

6. People with HIV

CVD, cardiovascular disease; GDM, gestational diabetes mellitus; IFG, impaired fasting glu-
cose; IGT, impaired glucose tolerance.
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Table 2.4—Risk-based screening for type 2 diabetes or prediabetes in
asymptomatic children and adolescents in a clinical setting

Screening should be considered in youth* who have overweight (=85th percentile) or
obesity (=95th percentile) A and who have one or more additional risk factors based on
the strength of their association with diabetes:

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

Islander) A

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

weight) B

GDM, gestational diabetes mellitus. *After the onset of puberty or after 10 years of age,
whichever occurs earlier. If tests are normal, repeat testing at a minimum of 3-year intervals
(or more frequently if BMI is increasing or risk factor profile deteriorating) is recommended.
Reports of type 2 diabetes before age 10 years exist, and this can be considered with nu-

merous risk factors.

(Table 2.5). Prediabetes should not be
viewed as a clinical entity in its own right
but rather as a risk factor for progression
to diabetes and cardiovascular disease
(CVD). Criteria for screening for diabetes
or prediabetes in asymptomatic adults
are outlined in Table 2.3. Prediabetes is
associated with obesity (especially ab-
dominal or visceral obesity), dyslipidemia
with high triglycerides and/or low HDL
cholesterol, and hypertension. The pres-
ence of prediabetes should prompt com-
prehensive screening for cardiovascular
risk factors.

Diagnosis
IFG is defined as FPG levels from 100 to
125 mg/dL (from 5.6 to 6.9 mmol/L)
(82,83) and IGT as 2-h PG levels during
75-g OGTT from 140 to 199 mg/dL (from
7.8 to 11.0 mmol/L) (25). It should be
noted that the World Health Organiza-
tion and numerous other diabetes organ-
izations define the IFG lower limit 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

Table 2.5—Criteria defining prediabetes*

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) had a
substantially increased risk of diabetes
(5-year incidence from 9% to 25%). Those
with an A1C range of 6.0-6.5% (4248
mmol/mol) had a 5-year risk of develop-
ing diabetes between 25% and 50% and
a relative risk 20 times higher compared
with A1C of 5.0% (31 mmol/mol) (86). In a
community-based study of African American
and non-Hispanic White adults without
diabetes, baseline A1C was a stronger
predictor of subsequent diabetes and car-
diovascular events than fasting glucose
(87). 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 Diabetes
Prevention Program (DPP) (88), and A1C
at baseline was a strong predictor of the
development of glucose-defined diabetes
during the DPP and its follow-up (89).

FPG 100 mg/dL (5.6 mmol/L) to 125 mg/dL (6.9 mmol/L) (IFG)

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

A1C 5.7-6.4% (39-47 mmol/mol)

FPG, fasting plasma glucose; IFG, impaired fasting glucose; IGT, impaired glucose tolerance;
OGTT, oral glucose tolerance test; 2-h PG, 2-h plasma glucose. *For all three tests, risk is
continuous, extending below the lower limit of the range and becoming disproportionately

greater at the higher end of the range.

Classification and Diagnosis of Diabetes

Hence, it is reasonable to consider an
A1C range of 5.7-6.4% (39—47 mmol/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 strategies
to lower their risks (see Section 3,
“Prevention or Delay of Type 2 Diabetes
and Associated Comorbidities”). Similar
to glucose measurements, the continuum
of risk is curvilinear, so as A1C rises, the
diabetes risk rises disproportionately (86).
Aggressive interventions 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 2.5 summarizes the categories
of prediabetes, and Table 2.3 outlines
the criteria for screening for prediabe-
tes. The ADA Diabetes Risk Test is an
additional option for assessment to
determine the appropriateness of screen-
ing for diabetes or prediabetes in asymp-
tomatic adults (Fig. 2.1) (diabetes.org/
socrisktest). For additional background
regarding risk factors and screening
for prediabetes, see SCREENING AND TESTING
FOR PREDIABETES AND TYPE 2 DIABETES IN ASYMPTOM-
ATIC ADULTS and also SCREENING AND TESTING FOR
PREDIABETES AND TYPE 2 DIABETES IN CHILDREN
AND ADOLESCENTS below. For details re-
garding individuals with prediabetes
most likely to benefit from a formal
behavioral or lifestyle intervention,
see Section 3, “Prevention or Delay
of Type 2 Diabetes and Associated
Comorbidities.”

Type 2 Diabetes

Type 2 diabetes, previously referred to
as “non-insulin-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 destruction
of B-cells does not occur, and patients
do not have any of the other known
causes of diabetes. Most, but not all,
people with type 2 diabetes have
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Are you at risk for type 2 diabetes?

Diabetes Risk Test:

WRITE YOUR SCORE

IN THE BOX.
7 Height Weight (Ibs.)
"
1. How old are you? ........................ s 410" | 119142 143-190 191+
Less than 40 years (0 'pomts) 411 124-147 148-197 198+
40-49 years (1 point) 50" | 128-152  153-203 204+
— 2 point
50-59 years (2 poin -s) 51 132-157 158-210 211+
60 years or older (3 points)
52 136-163 164-217 218+
2. Are you a man or awoman? ..............ccocceeeeernennn. 53" 141-168  169-224 225+
Man (1 point) Woman (0 points) 54" 145-173  174-231 232+
55" 150-179 180-239 240+
3. If you are a woman, have you ever been g 155-185  186-246 047
diagnosed with gestational diabetes?.................. - ~ +
Yes (1 point) No (0 points) 57 159-190 191-254 255+
58 164-196  197-261 262+
4. Do you have a mother, father, sister or brother 59" 169-202  203-269 270+
with diabetes? ..o, 510" | 174-208  209-277 278+
Yes (1 point) No (0 points) 511" | 179-214  215-285 286+
5. Have you ever been diagnosed with high 60" | 184-220  221-293 294+
blood Pressure? ..........ccoooeveeveeiienee e 6 1” 189226  227-301 302+
Yes (1 point) No (0 points) 62" 194-232 233-310 311+
6. A hvsicall - 6 3" 200-239 240-318 319+
. Are you physically active? ...............cccccceee &4 205045  246-327 308+
Yes (0 points) No (1 point) - - -
1 point 2 points 3 points
7. What is your weight category? .............ccccceeeens <« ] If you weigh less than the amount in
See chart at right. the left column: 0 points
* Adapted from Bang et al., Ann Intern Med
ADD UP 151:775-783, 2009 * Original algorithm was validated
YOUR SCORE. without gestational diabetes as part of the model.

If you scored 5 or higher:

You are at increased risk for having type 2 diabetes.
However, only your doctor can tell for sure if you do
have type 2 diabetes or prediabetes, a condition in
which blood glucose levels are higher than normal

but not yet high enough to be diagnosed as diabetes.
Talk to your doctor to see if additional testing is needed.

Type 2 diabetes is more common in African Americans,
Hispanics/Latinos, Native Americans, Asian Americans,
and Native Hawaiians and Pacific Islanders.

Higher body weight increases diabetes risk for everyone.
Asian Americans are at increased diabetes risk at lower

body weight than the rest of the general public (about 15
pounds lower).

Learn more at diabetes.org/risktest | 1-800-DIABETES (800-342-2383)

Lower Your Risk

The good news is you can manage your
risk for type 2 diabetes. Small steps make
a big difference in helping you live a longer,
healthier life.

If you are at high risk, your first step is to
visit your doctor to see if additional testing
is needed.

Visit diabetes.org or call 1-800-DIABETES
(800-342-2383) for information, tips on

getting started, and ideas for simple, small
steps you can take to help lower your risk.

Diabetes Risk Test | American Diabetes Association®

Figure 2.1—ADA risk test (diabetes.org/socrisktest).

overweight or obesity. Excess weight it-
self causes some degree of insulin re-
sistance. Individuals who do not have
obesity or overweight by traditional
weight criteria may have an increased

percentage of body fat distributed pre-
dominantly in the abdominal region.

DKA seldom occurs spontaneously in
type 2 diabetes; when seen, it usually arises
in association with the stress of another

illness such as infection or myocardial infarc-
tion or with the use of certain drugs (e.g.,
corticosteroids, atypical antipsychotics, and
sodium—glucose cotransporter 2 inhibitors)
(90,91). Type 2 diabetes frequently goes
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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 caused by hy-
perglycemia, such as dehydration or un-
intentional weight loss. Nevertheless,
even undiagnosed people with diabetes
are at increased risk of developing macro-
vascular and microvascular complications.

People with type 2 diabetes may have
insulin levels that appear normal or ele-
vated, yet the failure to normalize blood
glucose reflects a relative defect in glu-
cose-stimulated insulin secretion. Thus,
insulin secretion is defective in these
individuals and insufficient to compensate
for insulin resistance. Insulin resistance
may improve with weight reduction,
physical activity, and/or pharmacologic
treatment of hyperglycemia but is sel-
dom restored to normal. Recent inter-
ventions with intensive diet and exercise
or surgical weight loss have led to diabe-
tes remission (92-98) (see Section 8§,
“Obesity and Weight Management for
the Prevention and Treatment of Type 2
Diabetes”).

The risk of developing type 2 diabetes
increases with age, obesity, and lack of
physical activity (99,100). It occurs more
frequently in individuals with prior gesta-
tional diabetes mellitus (GDM) or poly-
cystic ovary syndrome. It is also more
common in people with hypertension or
dyslipidemia and in certain racial/ethnic
subgroups (African American, Native
American, Hispanic/Latino, and Asian
American). It is often associated with
a strong genetic predisposition or family
history in first-degree relatives (more so
than type 1 diabetes). However, the ge-
netics of type 2 diabetes are poorly un-
derstood and under intense investigation
in this era of precision medicine (18). In
adults without traditional risk factors for
type 2 diabetes and/or of younger age,
consider islet autoantibody testing (e.g.,
GADG65 autoantibodies) to exclude the
diagnosis of type 1 diabetes (8).

Screening and Testing for Prediabetes
and Type 2 Diabetes in Asymptomatic
Adults

Screening for prediabetes and type 2 di-
abetes risk through an informal assess-
ment of risk factors (Table 2.3) or with
an assessment tool, such as the ADA
risk test (Fig. 2.1) (online at diabetes.
org/socrisktest), is recommended to

guide health care professionals on
whether performing a diagnostic test
(Table 2.2) is appropriate. Prediabetes
and type 2 diabetes meet criteria for
conditions in which early detection via
screening is appropriate. Both conditions
are common and 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 (101). The duration
of glycemic burden is a strong predictor
of adverse outcomes. There are effective
interventions that prevent progression
from prediabetes to diabetes. It is im-
portant to individualize risk/benefit of
formal intervention for people with pre-
diabetes and consider patient-centered
goals. Risk models have explored the
benefit, in general finding higher ben-
efit of intervention in those at highest
risk (102) (see Section 3, “Prevention or
Delay of Type 2 Diabetes and Associated
Comorbidities”) and reduce the risk
of diabetes complications (103) (see
Section 10, “Cardiovascular Disease and
Risk Management,” Section 11, “Chronic
Kidney Disease and Risk Management,”
and Section 12, “Retinopathy, Neuropathy,
and Foot Care”). In the most recent Na-
tional Institutes of Health (NIH) Diabetes
Prevention Program Outcomes Study
(DPPOS) report, prevention of progres-
sion from prediabetes to diabetes (104)
resulted in lower rates of developing ret-
inopathy and nephropathy (105). Similar
impact on diabetes complications was
reported with screening, diagnosis, and
comprehensive risk factor management
in the U.K. Clinical Practice Research
Datalink database (103). In that report,
progression from prediabetes to diabetes
augmented risk of complications.
Approximately one-quarter of people
with diabetes in the U.S. and nearly half
of Asian and Hispanic American people
with diabetes are undiagnosed (106,107).
Although screening of asymptomatic indi-
viduals to identify those with prediabetes
or diabetes might seem reasonable, rigor-
ous clinical trials to prove the effective-
ness of such screening have not been
conducted and are unlikely to occur.
Clinical conditions, such as hyperten-
sion, hypertensive pregnancy, and obe-
sity, enhance risk (108). Based on a
population estimate, diabetes in people
of childbearing age is underdiagnosed
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(109). Employing a probabilistic model,
Peterson et al. (110) demonstrated cost
and health benefits of preconception
screening.

A large European randomized con-
trolled trial compared the impact of
screening for diabetes and intensive
multifactorial intervention with that of
screening and routine care (111). Gen-
eral practice patients between the ages
of 40 and 69 years were screened for
diabetes and randomly assigned by prac-
tice to intensive treatment of multiple
risk factors or routine diabetes care.
After 5.3 years of follow-up, CVD risk
factors were modestly but significantly
improved with intensive treatment com-
pared with routine care, but the inci-
dence of first CVD events or mortality
was not significantly different between
the groups (26). 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 com-
pared with no screening and later treat-
ment after clinical diagnoses. Computer
simulation modeling studies suggest that
major benefits are likely to accrue from
the early diagnosis and treatment of
hyperglycemia and cardiovascular risk
factors in type 2 diabetes (112); more-
over, 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—2010
modeling data) (113). Cost-effectiveness
of screening has been reinforced in co-
hort studies (114,115).

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

Age

Age is a major risk factor for diabetes.
Testing should begin at no later than age
35 years for all people (116). Screening
should be considered in adults of any
age with overweight or obesity and one
or more risk factors for diabetes.

BMI and Ethnicity

In general, BMI =25 kg/m2 is a risk fac-
tor for diabetes. However, data suggest
that the BMI cut point should be lower
for the Asian American population
(117,118). The BMI cut points fall con-
sistently between 23 and 24 kg/m2
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(sensitivity of 80%) for nearly all Asian
American subgroups (with levels slightly
lower for Japanese American individ-
uals). This makes a rounded cut point
of 23 kg/m? practical. 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 World Health
Organization also suggest that a BMI of
=23 kg/m2 should be used to define in-
creased risk in Asian American individu-
als (119). The finding that one-third to
one-half of diabetes in Asian American
people is undiagnosed suggests that
testing is not occurring at lower BMI
thresholds (99,120).

Evidence also suggests that other pop-
ulations may benefit from lower BMI cut
points. For example, in a large multiethnic
cohort study, for an equivalent incidence
rate of diabetes, a BMI of 30 kg/m? in
non-Hispanic White individuals was equiv-
alent to a BMI of 26 kg/m2 in African
American individuals (121).

Medications

Certain medications, such as glucocorti-
coids, thiazide diuretics, some HIV medi-
cations (34), and atypical antipsychotics
(92), are known to increase the risk of
diabetes and should be considered when
deciding whether to screen.

HIV
Individuals with HIV are at higher risk
for developing prediabetes and diabetes
on antiretroviral (ARV) therapies; a
screening protocol is therefore recom-
mended (122). The A1C test may underes-
timate glycemia in people with HIV; it is
not recommended for diagnosis and may
present challenges for monitoring (35). In
those with prediabetes, weight loss through
healthy nutrition and physical activity may
reduce the progression toward diabe-
tes. Among people with HIV and dia-
betes, preventive health care using an
approach used in people without HIV
is critical to reduce the risks of micro-
vascular and macrovascular complica-
tions. Diabetes risk is increased with
certain Pls and NRTIs. New-onset diabe-
tes is estimated to occur in more than
5% of individuals infected with HIV on
Pls, whereas more than 15% may have
prediabetes (123).

Pls are associated with insulin resis-
tance and may also lead to apoptosis of
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pancreatic B-cells. NRTIs also affect fat
distribution (both lipohypertrophy and
lipoatrophy), which is associated with
insulin resistance. For people with HIV
and ARV-associated hyperglycemia, it may
be appropriate to consider discontinuing
the problematic ARV agents if safe and
effective alternatives are available (124).
Before making ARV substitutions, care-
fully consider the possible effect on
HIV virological control and the poten-
tial adverse effects of new ARV agents.
In some cases, antihyperglycemic agents
may still be necessary.

Testing Interval

The appropriate interval between screen-
ing tests is not known (125). The rationale
for the 3-year interval is that with this in-
terval, 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 complica-
tions develop (125). In especially high-
risk individuals, particularly with weight
gain, shorter intervals between screen-
ing may be useful.

Community Screening

Ideally, screening should be carried out
within a health care setting because of
the need for follow-up and treatment.
Community screening outside a health
care setting is generally not recommended
because people with positive tests may
not seek, or have access to, appropriate
follow-up testing and care. However, in
specific situations where an adequate re-
ferral system is established beforehand
for positive tests, community screening
may be considered. Community screen-
ing 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 (126).

Screening in Dental Practices

Because periodontal disease is associ-
ated with diabetes, the utility of screen-
ing in a dental setting and referral to
primary care as a means to improve the
diagnosis of prediabetes and diabetes
has been explored (127-129), with one
study estimating that 30% of patients
=30 years of age seen in general dental
practices had dysglycemia (129,130). A
similar study in 1,150 dental patients
>40 years old in India reported 20.69%

and 14.60% meeting criteria for pre-
diabetes and diabetes, respectively,
using random blood glucose. Further
research is needed to demonstrate
the feasibility, effectiveness, and cost-
effectiveness of screening in this setting.

Screening and Testing for Prediabetes
and Type 2 Diabetes in Children and
Adolescents

In the last decade, the incidence and
prevalence of type 2 diabetes in chil-
dren and adolescents has increased dra-
matically, especially in racial and ethnic
minority populations (75). See Table 2.4
for recommendations on risk-based
screening for type 2 diabetes or pre-
diabetes in asymptomatic children and
adolescents in a clinical setting (36). See
Table 2.2 and Table 2.5 for the criteria
for the diagnosis of diabetes and pre-
diabetes, respectively, that apply to
children, adolescents, and adults. See
Section 14, “Children and Adolescents,”
for additional information on type 2 dia-
betes in children and adolescents.

Some studies question the validity of
Al1C in the pediatric population, espe-
cially among certain ethnicities, and
suggest OGTT or FPG as more suitable
diagnostic tests (131). However, many
of these studies do not recognize that
diabetes diagnostic criteria are based
on long-term health outcomes, and vali-
dations are not currently available in
the pediatric population (132). The ADA
acknowledges the limited data support-
ing A1C for diagnosing type 2 diabetes
in children and adolescents. Although
A1C is not recommended for diagnosis
of diabetes in children with cystic fibro-
sis or symptoms suggestive of acute on-
set of type 1 diabetes, and only A1C
assays without interference are appro-
priate for children with hemoglobinopa-
thies, the ADA continues to recommend
A1C and the criteria in Table 2.2 for di-
agnosis of type 2 diabetes in this cohort
to decrease barriers to screening (133,134).

CYSTIC FIBROSIS—RELATED
DIABETES

Recommendations

2.16 Annual screening for cystic
fibrosis—related diabetes with
an oral glucose tolerance test
should begin by age 10 years in
all people with cystic fibrosis
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not previously diagnosed
with cystic fibrosis—related dia-
betes. B

A1C is not recommended as
a screening test for cystic
fibrosis—related diabetes. B
People with cystic fibrosis—
related diabetes should be
treated with insulin to attain in-
dividualized glycemic goals. A
Beginning 5 years after the
diagnosis of cystic fibrosis—
related diabetes, annual mon-
itoring for complications of di-
abetes is recommended. E

2.17

2.18

2.19

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
(135). Diabetes in this population, com-
pared with individuals with type 1 or
type 2 diabetes, is associated with worse
nutritional status, more severe inflamma-
tory lung disease, and greater mortality. In-
sulin insufficiency is the primary defect in
CFRD. Genetically determined (3-cell func-
tion and insulin resistance associated with
infection and inflammation may also
contribute to the development of CFRD.
Milder abnormalities of glucose toler-
ance are even more common and occur
at earlier ages than CFRD. Whether indi-
viduals with IGT should be treated with
insulin replacement has not 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 toler-
ance, no benefit has been established
with respect to weight, height, BMI, or
lung function. OGTT is the recommended
screening test; however, recent publica-
tions suggest that an A1C cut point
threshold of 5.5% (5.8% in a second
study) would detect more than 90% of
cases and reduce patient screening bur-
den (136,137). Ongoing studies are un-
derway to validate this approach, and
A1C is not recommended for screening
(138). Regardless of age, weight loss or
failure of expected weight gain is a risk
for CFRD and should prompt screening
(136,137). The Cystic Fibrosis Foundation
Patient Registry (139) evaluated 3,553
people with cystic fibrosis and diag-
nosed 445 (13%) with CFRD. Early di-
agnosis and treatment of CFRD was

associated with preservation of lung
function. The European Cystic Fibrosis
Society Patient Registry reported an in-
crease in CFRD with age (increased 10%
per decade), genotype, decreased lung
function, and female sex (140,141). Con-
tinuous glucose monitoring or HOMA of
[3-cell function (142) may be more sensi-
tive than OGTT to detect risk for progres-
sion to CFRD; however, evidence linking
these results to long-term outcomes is
lacking, and these tests are not recom-
mended for screening outside of the re-
search setting (143).

CFRD mortality has significantly de-
creased over time, and the gap in mor-
tality between people with cystic fibrosis
with and without diabetes has consider-
ably narrowed (144). 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 people with cystic
fibrosis and diabetes or abnormal glucose
tolerance. Participants all had weight loss
in the year preceding treatment; however,
in the insulin-treated group, this pattern
was reversed, and participants gained 0.39
(+ 0.21) BMI units (P = 0.02). The repagli-
nide-treated group had initial weight
gain, but it was not sustained by 6
months. The placebo group continued to
lose weight (144). Insulin remains the
most widely used therapy for CFRD (145).
The primary rationale for the use of insu-
lin in people with CFRD is to induce an ana-
bolic state while promoting macronutrient
retention and weight gain.

Additional resources for the clinical
management of CFRD can be found in
the position statement “Clinical Care
Guidelines 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” (146) and
in the International Society for Pediatric
and Adolescent Diabetes 2018 clinical
practice consensus guidelines (135).

POSTTRANSPLANTATION
DIABETES MELLITUS

Recommendations

2.20 After organ transplantation,
screening for hyperglycemia
should be done. A formal di-
agnosis of posttransplantation

Classification and Diagnosis of Diabetes

diabetes mellitus is best made
once the individual is stable on
an immunosuppressive regi-
men and in the absence of
an acute infection. B

The oral glucose tolerance test
is the preferred test to make a
diagnosis of posttransplanta-
tion diabetes mellitus. B
Immunosuppressive regimens
shown to provide the best out-
comes for patient and graft
survival should be used, irre-
spective of posttransplantation
diabetes mellitus risk. E

2.21

2.22

Several terms are used in the literature
to describe the presence of diabetes
following organ transplantation (147).
“New-onset diabetes after transplantation”
(NODAT) is one such designation that
describes individuals who develop new-
onset diabetes following transplant.
NODAT excludes people with pretrans-
plant diabetes that was undiagnosed as
well as posttransplant hyperglycemia
that resolves by the time of discharge
(148). Another term, “posttransplantation
diabetes mellitus” (PTDM) (148,149), de-
scribes 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 ex-
hibiting hyperglycemia in the first few
weeks following transplant (148-151).
In most cases, such stress- or steroid-
induced hyperglycemia resolves by the
time of discharge (151,152). Although
the use of immunosuppressive thera-
pies is a major contributor to the devel-
opment of PTDM, the risks of transplant
rejection outweigh the risks of PTDM,
and the role of the diabetes care health
care professional is to treat hyperglyce-
mia appropriately regardless of the type
of immunosuppression (148). Risk fac-
tors for PTDM include both general dia-
betes risks (such as age, family history
of diabetes, etc.) as well as transplant-
specific factors, such as use of immuno-
suppressant agents (153—-155). Whereas
posttransplantation hyperglycemia is an
important risk factor for subsequent
PTDM, a formal diagnosis of PTDM is op-
timally made once the patient is stable
on maintenance mmunosuppression and
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in the absence of acute infection
(151-153,156). In a recent study of 152
heart transplant recipients, 38% had
PTDM at 1 year. Risk factors for PTDM
included elevated BMI, discharge from
the hospital on insulin, and glucose val-
ues in the 24 h prior to hospital dis-
charge (157). In an lranian cohort, 19%
had PTDM after heart and lung trans-
plant (158). The OGTT is considered
the gold-standard test for the diagnosis
of PTDM (1 year posttransplant) (148,
149,159,160). Pretransplant elevation
in hs-CRP was associated with PTDM in
the setting of renal transplant (161,162).
However, screening people with fasting
glucose and/or A1C can identify high-
risk individuals requiring further assess-
ment and may reduce the number of
overall OGTTs required.

Few randomized controlled studies
have reported on the short- and long-
term use of antihyperglycemic agents
in the setting of PTDM (153,163,164).
Most studies have reported that trans-
plant patients with hyperglycemia and
PTDM after transplantation have higher
rates of rejection, infection, and rehospi-
talization (151,153,165). Insulin therapy
is the agent of choice for the manage-
ment of hyperglycemia, PTDM, and pre-
existing diabetes and diabetes in the
hospital setting. After discharge, people
with preexisting diabetes could go back
on their pretransplant regimen if they
were in good control before transplanta-
tion. Those with previously poor glycemic
stability or with persistent hyperglycemia
should continue insulin with frequent
home glucose monitoring to determine
when insulin dose reductions may be
needed and when it may be appropriate
to switch to noninsulin agents.

No studies to date have established
which noninsulin agents are safest or
most efficacious in PTDM. The choice of
agent is usually made based on the side
effect profile of the medication and
possible interactions with the patient’s
immunosuppression regimen (153). Drug
dose adjustments may be required be-
cause of decreases in the glomerular
filtration rate, a relatively common
complication in transplant patients. A
small short-term pilot study reported
that metformin was safe to use in re-
nal transplant recipients (166), but its
safety has not been determined in
other types of organ transplant. Thiazolidi-
nediones have been used successfully in
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people with liver and kidney transplants,
but side effects include fluid retention,
heart failure, and osteopenia (167,168).
Dipeptidyl peptidase 4 inhibitors do not
interact with immunosuppressant drugs
and have demonstrated safety in small
clinical trials (169,170). Well-designed inter-
vention trials examining the efficacy and
safety of these and other antihyperglyce-
mic agents in people with PTDM are
needed.

MONOGENIC DIABETES SYNDROMES

Recommendations

2.23 Regardless of current age, all
people diagnosed with diabe-
tes in the first 6 months of
life should have immediate
genetic testing for neonatal
diabetes. A

Children and young adults who
do not have typical characteris-
tics of type 1 or type 2 diabetes
and who often have a family
history of diabetes in successive
generations (suggestive of an
autosomal dominant pattern
of inheritance) should have
genetic testing for maturity-
onset diabetes of the young. A
In both instances, consultation
with a center specializing in
diabetes genetics is recom-
mended to understand the
significance of genetic muta-
tions and how best to approach
further evaluation, treatment,
and genetic counseling. E

2.24

2.25

Monogenic defects that cause PB-cell
dysfunction, such as neonatal diabetes
and MODY, represent a small fraction of
people with diabetes (<5%). Table 2.6
describes the most common causes of
monogenic diabetes. For a comprehen-
sive list of causes, see Genetic Diagnosis
of Endocrine Disorders (171).

Neonatal Diabetes

Diabetes occurring under 6 months of
age is termed “neonatal” or “congenital”
diabetes, and about 80-85% of cases
can be found to have an underlying
monogenic cause (8,172-175). 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. Tran-
sient diabetes is most often due to over-
expression of genes on chromosome
6024, is recurrent in about half of cases,
and may be treatable with medications
other than insulin. Permanent neonatal
diabetes is most commonly due to auto-
somal dominant mutations in the genes
encoding the Kir6.2 subunit (KCNJ11)
and SUR1 subunit (ABCC8) of the B-cell
Katp channel. A recent report details a
de novo mutation in EIF2B1 affecting
elF2 signaling associated with permanent
neonatal diabetes and hepatic dys-
function, similar to Wolcott-Rallison
syndrome but with few severe comor-
bidities (176). The recent ADA-European
Association for the Study of Diabetes
type 1 diabetes consensus report recom-
mends that regardless of current age, in-
dividuals diagnosed under 6 months of
age should have genetic testing (8). Cor-
rect diagnosis has critical implications be-
cause 30-50% of people with Kxrp-related
neonatal diabetes will exhibit improved
blood glucose levels when treated with
high-dose oral sulfonylureas instead of in-
sulin. Insulin gene (INS) mutations are the
second most common cause of perma-
nent neonatal diabetes, and while inten-
sive insulin management is currently the
preferred treatment strategy, there are
important genetic counseling considera-
tions, as most of the mutations that cause
diabetes are dominantly inherited.

Maturity-Onset Diabetes of the Young

MODY is frequently characterized by on-
set of hyperglycemia at an early age
(classically before age 25 years, although
diagnosis may occur at older ages).
MODY is characterized by impaired insu-
lin secretion with minimal or no defects
in insulin action (in the absence of coex-
istent obesity). It is inherited in an autoso-
mal dominant pattern with abnormalities
in at least 13 genes on different chromo-
somes identified to date (177). The most
commonly reported forms are GCK-MODY
(MODY2), HNF1A-MODY (MODY3), and
HNF4A-MODY (MODY1).

For individuals with MODY, the treat-
ment implications are considerable and
warrant genetic testing (178,179). Clini-
cally, people with GCK-MODY exhibit
mild, stable fasting hyperglycemia and
do not require antihyperglycemic ther-
apy except commonly during pregnancy.
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Table 2.6—Most common causes of monogenic diabetes (171)

Gene Inheritance Clinical features
MODY 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 [5S mmol/L]); sensitive to sulfonylureas

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

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

GCK AD GCK-MODY: higher glucose threshold (set point) for glucose-stimulated insulin
secretion, causing 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])

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

to sulfonylureas

INS AD Permanent: IUGR; insulin requiring

ABCC8 AD Permanent or transient: IUGR; rarely developmental delay; responsive to sulfonylureas

6024 (PLAGL1,  AD for paternal  Transient: IUGR; macroglossia; umbilical hernia; mechanisms include UPD6, paternal

HYMA1I) duplications duplication, or maternal methylation defect; may be treatable with medications

other than insulin

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

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

EIF2B1 AD Permanent diabetes: can be associated with fluctuating liver function (172)

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; OGTT, oral glucose tolerance test; UPD6, uniparental
disomy of chromosome 6; 2-h PG, 2-h plasma glucose.

Individuals with HNF1A- or HNF4A-MODY
usually respond well to low doses of sul-
fonylureas, which are considered first-line
therapy; in some instances, insulin will
be required over time. Mutations or de-
letions in HNF1B are associated with re-
nal cysts and uterine malformations (renal
cysts and diabetes [RCAD] syndrome).
Other extremely rare forms of MODY
have been reported to involve other
transcription factor genes, including PDX1
(IPF1) and NEUROD1.

Diagnosis of Monogenic Diabetes
A diagnosis of one of the three most
common forms of MODY, including HFN1A-
MODY, GCK-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, diag-
nosis can lead to identification of other
affected family members. Genetic screen-
ing is increasingly available and cost-
effective (176,178).

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 admit-
tedly, “atypical diabetes” is becoming
increasingly difficult to precisely define
in the absence of a definitive set of tests
for either type of diabetes (173-175,
178-184). In most cases, the presence
of autoantibodies for type 1 diabetes
precludes further testing for mono-
genic diabetes, but the presence of auto-
antibodies in people with monogenic
diabetes has been reported (185). Indi-
viduals in whom monogenic diabetes is
suspected should be referred to a spe-
cialist for further evaluation if available,
and consultation can be obtained from
several centers. Readily available com-
mercial genetic testing following the
criteria listed below now enables a
cost-effective (186), often cost-saving, ge-
netic diagnosis that is increasingly sup-
ported by health insurance. A biomarker
screening pathway, such as the combina-
tion of urinary C-peptide/creatinine ratio
and antibody screening, may aid in deter-
mining who should get genetic testing for
MODY (187). It is critical to correctly diag-
nose one of the monogenic forms of di-
abetes because these individuals may

be incorrectly diagnosed with type 1
or type 2 diabetes, leading to subopti-
mal, even potentially harmful, treatment
plans and delays in diagnosing other
family members (188). The correct diag-
nosis is especially critical for those with
GCK-MODY mutations, where multiple
studies have shown that no complications
ensue in the absence of glucose-lowering
therapy (189). The risks of microvascular
and macrovascular complications with
HNFIA- and HNF4A-MODY are similar
to those observed in people with type 1
and type 2 diabetes (190,191). Genetic
counseling is recommended to ensure
that affected individuals understand the
patterns of inheritance and the impor-
tance of a correct diagnosis and address-
ing comprehensive cardiovascular risk.
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 /NS and ABCC8
mutations) (172,192)
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¢ Diabetes without typical features of
type 1 or type 2 diabetes (negative
diabetes-associated autoantibodies, no
obesity, lacking other metabolic fea-
tures, especially with strong family
history of diabetes)

e Stable, mild fasting hyperglycemia
(100-150 mg/dL [5.5-8.5 mmol/L]),
stable A1C between 5.6% and 7.6%
(between 38 and 60 mmol/mol), es-
pecially if no obesity

PANCREATIC DIABETES OR DIABETES
IN THE CONTEXT OF DISEASE OF
THE EXOCRINE PANCREAS

Pancreatic diabetes includes both struc-
tural and functional loss of glucose-
normalizing insulin secretion in the con-
text of exocrine pancreatic dysfunction
and is commonly misdiagnosed as type 2
diabetes. Hyperglycemia due to general
pancreatic dysfunction has been called
“type 3c diabetes,” and, more recently,
diabetes in the context of disease of
the exocrine pancreas has been termed
pancreoprivic diabetes (1). The diverse
set of etiologies includes pancreatitis
(acute and chronic), trauma or pancrea-
tectomy, neoplasia, cystic fibrosis (ad-
dressed elsewhere in this chapter),
hemochromatosis, fibrocalculous pan-
creatopathy, rare genetic disorders (193),
and idiopathic forms (1); as such, pancre-
atic diabetes is the preferred umbrella
terminology.

Pancreatitis, even a single bout, can
lead to postpancreatitis diabetes melli-
tus (PPDM). Both acute and chronic pan-
creatitis can lead to PPDM, and the risk
is highest with recurrent bouts. A distin-
guishing feature is concurrent pancreatic
exocrine insufficiency (according to the
monoclonal fecal elastase 1 test or direct
function tests), pathological pancreatic
imaging (endoscopic ultrasound, MRI,
computed tomography), and absence
of type 1 diabetes-associated autoim-
munity (194-199). There is loss of both
insulin and glucagon secretion and often
higher-than-expected insulin requirements.
Risk for microvascular complications ap-
pears to be similar to that of other
forms of diabetes. In the context of pan-
createctomy, islet autotransplantation can
be done to retain insulin secretion
(200,201). In some cases, autotransplant
can lead to insulin independence. In
others, it may decrease insulin require-
ments (202).

Diabetes Care Volume 46, Supplement 1, January 2023

GESTATIONAL DIABETES MELLITUS

Recommendations
2.26a In individuals who are plan-
ning pregnancy, screen those
with risk factors B and con-
sider testing all individuals of
childbearing potential for un-
diagnosed diabetes. E
2.26b Before 15 weeks of gestation,
test individuals with risk factors
B and consider testing all indi-
viduals E for undiagnosed dia-
betes at the first prenatal
visit using standard diagnos-
tic criteria if not screened
preconception.
Individuals of childbearing
potential identified as having
diabetes should be treated
as such. A
2.26d Before 15 weeks of gestation,
screen for abnormal glucose
metabolism to identify individu-
als who are at higher risk of
adverse pregnancy and neona-
tal outcomes, are more likely
to need insulin, and are at
high risk of a later gestational
diabetes mellitus diagnosis. B
Treatment may provide some
benefit. E
2.26e Screen for early abnormal glu-
cose metabolism using fasting
glucose of 110-125 mg/dL
(6.1 mmol/L) or A1C 5.9-6.4%
(41-47 mmol/mol). B
Screen for gestational diabe-
tes mellitus at 24-28 weeks
of gestation in pregnant individ-
uals not previously found to
have diabetes or high-risk ab-
normal glucose metabolism
detected earlier in the current
pregnancy. A
Screen individuals with gesta-
tional diabetes mellitus for pre-
diabetes or diabetes at 4-12
weeks postpartum, using the
75-g oral glucose tolerance test
and clinically appropriate non-
pregnancy diagnostic criteria. B
Individuals with a history of
gestational diabetes mellitus
should have lifelong screening
for the development of diabe-
tes or prediabetes at least ev-
ery 3 years. B
Individuals with a history of
gestational diabetes mellitus

2.26¢

2.27

2.28

2.29

2.30

found to have prediabetes
should receive intensive life-
style interventions and/or met-
formin to prevent diabetes. A

Definition

For many years, GDM was defined as
any degree of glucose intolerance that
was first recognized during pregnancy
(86), regardless of the degree of hyper-
glycemia. This definition facilitated a
uniform strategy for detection and clas-
sification of GDM, but this definition
has serious limitations (203). First, the
best available evidence reveals that many
cases of GDM represent preexisting
hyperglycemia that is detected by rou-
tine screening in pregnancy, as routine
screening is not widely performed in
nonpregnant individuals of reproduc-
tive age. It is the severity of hypergly-
cemia that is clinically important with
regard to both short- and long-term
maternal and fetal risks.

The ongoing epidemic of obesity and
diabetes has led to more type 2 diabe-
tes in people of reproductive age, with
an increase in the number of pregnant
individuals with undiagnosed type 2 dia-
betes in early pregnancy (204-206). Ide-
ally, undiagnosed diabetes should be
identified preconception in individuals
with risk factors or in high-risk popula-
tions (207-212), as the preconception
care of people with preexisting diabetes
results in lower A1C and reduced risk of
birth defects, preterm delivery, perinatal
mortality, small-for-gestational-age birth
weight, and neonatal intensive care unit
admission (213). If individuals are not
screened prior to pregnancy, universal
early screening at <15 weeks of gestation
for undiagnosed diabetes may be consid-
ered over selective screening (Table
2.3), particularly in populations with
high prevalence of risk factors and un-
diagnosed diabetes in people of child-
bearing age. Strong racial and ethnic
disparities exist in the prevalence of un-
diagnosed diabetes. Therefore, early
screening provides an initial step to
identify these health disparities so that
they can begin to be addressed
(209-212). Standard diagnostic criteria
for identifying undiagnosed diabetes in
early pregnancy are the same as those
used in the nonpregnant population
(Table 2.2). Individuals found to have
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diabetes by the standard diagnostic crite-
ria used outside of pregnancy should be
classified as having diabetes complicat-
ing pregnancy (most often type 2 diabe-
tes, rarely type 1 diabetes or monogenic
diabetes) and managed accordingly.

Early abnormal glucose metabolism,
defined as fasting glucose threshold of
110 mg/dL (6.1 mmol/L) or an Al1C of
5.9% (39 mmol/mol), may identify in-
dividuals who are at higher risk of ad-
verse pregnancy and neonatal outcomes
(preeclampsia, macrosomia, shoulder dys-
tocia, perinatal death), are more likely to
need insulin treatment, and are at high
risk of a later GDM diagnosis (214-220).
An A1C threshold of 5.7% has not been
shown to be associated with adverse peri-
natal outcomes (221,222).

If early screening is negative, individ-
uals should be rescreened for GDM be-
tween 24 and 28 weeks of gestation
(see Section 15, “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, as
well as the GDM screening and diagnos-
tic criteria used in the two-step ap-
proach, were not derived from data in
the first half of pregnancy and should
not be used for early screening (223). To
date, most randomized controlled trials
of treatment of early abnormal glucose
metabolism have been underpowered
for outcomes. Therefore, the benefits of
treatment for early abnormal glucose
metabolism remain uncertain. Nutrition
counseling and periodic “block” testing
of glucose levels weekly to identify indi-
viduals with high glucose levels are sug-
gested. Testing frequency may proceed
to daily, and treatment may be intensi-
fied, if the fasting glucose is predomi-
nantly >110 mg/dL prior to 18 weeks of
gestation.

Both the fasting glucose and A1C are
low-cost tests. An advantage of the A1C
is its convenience, as it can be added to
the prenatal laboratories and does not
require an early-morning fasting ap-
pointment. Disadvantages include inac-
curacies in the presence of increased
red blood cell turnover and hemoglo-
binopathies (usually reads lower) and
higher values with anemia and reduced
red blood cell turnover (224). A1C is
not reliable to screen for GDM or for
preexisting diabetes at 15 weeks of

gestation or later. See Recommendation
2.3 above.

GDM is often indicative of underlying
B-cell dysfunction (225), which confers
marked increased risk for later develop-
ment of diabetes, generally but not al-
ways type 2 diabetes, in the mother after
delivery (226,227). As effective prevention
interventions are available (228,229),
individuals diagnosed with GDM should
receive lifelong screening for prediabetes
to allow interventions to reduce diabetes
risk and for type 2 diabetes to allow
treatment at the earliest possible time
(230).

Diagnosis

GDM carries risks for the mother, fetus,
and neonate. The Hyperglycemia and
Adverse Pregnancy Outcome (HAPO)
study (231), a large-scale multinational
cohort study completed by more than
23,000 pregnant individuals, demon-
strated that risk of adverse maternal, fe-
tal, and neonatal outcomes continuously
increased as a function of maternal gly-
cemia at 24-28 weeks of gestation,
even within ranges previously consid-
ered normal for pregnancy. For most
complications, there was no threshold
for risk. These results have led to careful
reconsideration of the diagnostic criteria
for GDM.

Classification and Diagnosis of Diabetes

GDM diagnosis (Table 2.7) can be ac-
complished with either of two strategies:

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

2. The older “two-step” approach with
a 50-g (nonfasting) screen followed
by a 100-g OGTT for those who
screen positive based on the work
of Carpenter-Coustan’s interpretation
of the older O’Sullivan and Mahan
(232) criteria.

Different diagnostic criteria will identify dif-
ferent degrees of maternal hyperglycemia
and maternal/fetal risk, leading some ex-
perts to debate, and disagree on, opti-
mal strategies for the diagnosis of GDM.

One-Step Strategy

The IADPSG defined diagnostic cut points
for GDM as the average fasting, 1-h, and
2-h PG values during a 75-g OGTT in in-
dividuals at 24-28 weeks of gestation
who participated in the HAPO study at
which odds for adverse outcomes
reached 1.75 times the estimated odds
of these outcomes at the mean fasting,
1-h, and 2-h PG levels of the study pop-
ulation. This one-step strategy was
anticipated to significantly increase the inci-
dence of GDM (from 5-6% to 15-20%),
primarily because only one abnormal value,

Table 2.7—Screening for and diagnosis of GDM

One-step strategy

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

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

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

exceeded:

e Fasting: 92 mg/dL (5.1 mmol/L)
e 1 h: 180 mg/dL (10.0 mmol/L)
e 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 individuals not previously diagnosed with diabetes.

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

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

The diagnosis of GDM is made when at least two* of the following four plasma glucose levels
(measured fasting and at 1, 2, and 3 h during OGTT) are met or exceeded (Carpenter-Coustan

criteria [251]):

e Fasting: 95 mg/dL (5.3 mmol/L)
e 1 h: 180 mg/dL (10.0 mmol/L)
e 2 h: 155 mg/dL (8.6 mmol/L)

e 3 h: 140 mg/dL (7.8 mmol/L)

GDM, gestational diabetes mellitus; GLT, glucose load test; OGTT, oral glucose tolerance
test. *American College of Obstetricians and Gynecologists notes that one elevated value

can be used for diagnosis (247).
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not two, became sufficient to make the
diagnosis (233). Many regional studies
have investigated the impact of adopting
the IADPSG criteria on prevalence and
have seen a roughly one- to threefold in-
crease (234). The anticipated increase
in the incidence of GDM could have a
substantial impact on costs and medical
infrastructure needs and has the po-
tential to “medicalize” pregnancies pre-
viously categorized as normal. A recent
follow-up study of individuals participating
in a blinded study of pregnancy OGTTs
found that 11 years after their pregnan-
cies, individuals who would have been
diagnosed with GDM by the one-step
approach, as compared with those
without, were at 3.4-fold higher risk of
developing prediabetes and type 2 di-
abetes and had children with a higher
risk of obesity and increased body fat,
suggesting that the larger group of indi-
viduals identified by the one-step ap-
proach would benefit from the increased
screening for diabetes and prediabetes
that would accompany a history of
GDM (235,236). The ADA recommends
the IADPSG diagnostic criteria with the
intent of optimizing gestational outcomes
because these criteria are the only ones
based on pregnancy outcomes rather
than end points such as prediction of
subsequent maternal diabetes.

The expected benefits of using IADPSG
criteria to the offspring are inferred from
intervention trials that focused on individ-
uals with lower levels of hyperglycemia
than identified using older GDM diag-
nostic criteria. Those trials found mod-
est benefits including reduced rates of
large-for-gestational-age births and pre-
eclampsia (237,238). It is important to
note that 80-90% of participants being
treated for mild GDM in these two ran-
domized controlled trials could be
managed with lifestyle therapy alone.
The OGTT glucose cutoffs in these two
trials overlapped the thresholds recom-
mended by the IADPSG, and in one trial
(238), 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 controlled trials of
treating versus not treating GDM diag-
nosed by the IADPSG criteria but not
the Carpenter-Coustan criteria have been
published to date. However, a recent
randomized trial of testing for GDM
at 24-28 weeks of gestation by the

Diabetes Care Volume 46, Supplement 1, January 2023

one-step method using IADPSG criteria ver-
sus the two-step method using a 1-h 50-g
glucose loading test (GLT) and, if posi-
tive, a 3-h OGTT by Carpenter-Coustan
criteria identified twice as many individu-
als with GDM using the one-step method
compared with the two-step method.
Despite treating more individuals for
GDM using the one-step method, there
was no difference in pregnancy and peri-
natal complications (239). However, con-
cerns have been raised about sample
size estimates and unanticipated sub-
optimal engagement with the protocol
with regard to screening and treatment.
For example, in the two-step group, 165
participants who did not get counted as
having GDM were treated for isolated el-
evated fasting glucose >95 mg/dL (240).
The high prevalence of prediabetes in
people of childbearing age may sup-
port the more inclusive IADPSG criteria.
NHANES data demonstrate a 21.5% preva-
lence of prediabetes in people of reproduc-
tive age 2044 years, which is comparable
to or higher than the prevalence of GDM di-
agnosed by the one-step method (241).

The one-step method identifies the
long-term risks of maternal prediabetes
and diabetes and offspring abnormal glu-
cose metabolism and adiposity. Post hoc
GDM in individuals diagnosed by the one-
step method in the HAPO cohort was as-
sociated with higher prevalence of IGT;
higher 30-min, 1-h, and 2-h glucoses dur-
ing the OGTT; and reduced insulin sensi-
tivity and oral disposition index in their
offspring at 10-14 years of age compared
with offspring of mothers without GDM.
Associations of mother’s fasting, 1-h, and
2-h values on the 75-g OGTT were contin-
uous with a comprehensive panel of off-
spring metabolic outcomes (236,242). In
addition, HAPO Follow-up Study (HAPO
FUS) data demonstrate that neonatal adi-
posity and fetal hyperinsulinemia (cord
C-peptide), both higher across the contin-
uum of maternal hyperglycemia, are me-
diators of childhood body fat (243).

Data are lacking on how the treatment
of mother’s hyperglycemia in pregnancy
affects her offspring’s risk for obesity, dia-
betes, and other metabolic disorders. Ad-
ditional well-designed clinical studies are
needed to determine the optimal in-
tensity of monitoring and treatment of
individuals with GDM diagnosed by the
one-step strategy (244,245).

Two-Step Strategy
In 2013, the NIH convened a consensus
development conference to consider
diagnostic criteria for diagnosing GDM
(246). The 15-member panel had repre-
sentatives from obstetrics and gynecol-
ogy, maternal-fetal medicine, pediatrics,
diabetes research, biostatistics, and other
related fields. The panel recommended a
two-step approach to screening that used
a 1-h 50-g GLT followed by a 3-h 100-g
OGTT for those who screened positive.
The American College of Obstetricians
and Gynecologists (ACOG) recommends
any of the commonly used thresholds
of 130, 135, or 140 mg/dL for the 1-h
50-g GLT (247). Updated from 2014, a
2021 U.S. Preventive Services Task Force
systematic review continues to conclude
that one-step versus two-step screening
is associated with increased likelihood of
GDM (11.5% vs. 4.9%) but without im-
proved health outcomes. It reports that
the oral glucose challenge test using 140
or 135 mg/dL thresholds had sensitivities
of 82% and 93% and specificities of 82%
and 79%, respectively, against Carpenter-
Coustan criteria. Fasting plasma glucose
cutoffs of 85 mg/dL or 90 mg/dL had
sensitivities of 88% and 81% and specif-
icities of 73% and 82%, respectively,
against Carpenter-Coustan criteria (248).
The use of A1C at 24-28 weeks of gesta-
tion as a screening test for GDM does
not function as well as the GLT (249).
Key factors cited by the NIH panel in
their decision-making process were the
lack of clinical trial data demonstrating
the benefits of the one-step strategy
and the potential negative consequences
of identifying a large group of individu-
als with GDM, including medicalization
of pregnancy with increased health care
utilization and costs. Moreover, screen-
ing with a 50-g GLT does not require
fasting and therefore is easier to accom-
plish for many individuals. Treatment
of higher-threshold maternal hyper-
glycemia, as identified by the two-step
approach, reduces rates of neonatal mac-
rosomia, large-for-gestational-age births
(250), and shoulder dystocia without
increasing small-for-gestational-age births.
ACOG currently supports the two-step ap-
proach but notes that one elevated value,
as opposed to two, may be used for the
diagnosis of GDM (247). If this approach
is implemented, the incidence of GDM
by the two-step strategy will likely
increase markedly. ACOG recommends
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either of two sets of diagnostic thresh-
olds for the 3-h 100-g OGTT—Carpenter-
Coustan or National Diabetes Data
Group (251,252). Each is based on dif-
ferent mathematical conversions of the
original recommended thresholds by
O’Sullivan and Mahan (232), which
used whole blood and nonenzymatic
methods for glucose determination. A
secondary analysis of data from a ran-
domized clinical trial of identification and
treatment of mild GDM (253) demon-
strated that treatment was similarly
beneficial in people meeting only the
lower thresholds per Carpenter-Coustan
(251) and in those meeting only the
higher thresholds per National Diabetes
Data Group (252). If the two-step ap-
proach is used, it would appear advanta-
geous to use the Carpenter-Coustan
lower diagnostic thresholds, as shown
in step 2 in Table 2.7.

Future Considerations

The conflicting recommendations from
expert groups underscore the fact that
there are data to support each strategy.
A systematic review of economic evalu-
ations of GDM screening found that the
one-step method identified more cases
of GDM and was more likely to be cost-
effective than the two-step method
(254). 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).

The IADPSG criteria (“one-step strat-
egy”) have been adopted internationally
as the preferred approach. Data compar-
ing population-wide outcomes with one-
step versus two-step approaches have
been inconsistent to date (239,255-257).
In addition, pregnancies complicated by
GDM per the IADPSG criteria, but not
recognized as such, have outcomes com-
parable to pregnancies with diagnosed
GDM by the more stringent two-step
criteria (258,259). There remains strong
consensus that establishing a uniform
approach to diagnosing GDM will benefit
patients, caregivers, and policymakers.
Longer-term outcome studies are currently
underway.
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3. Prevention or Delay of Type 2
Diabetes and Associated
Comorbidities: Standards of
Care in Diabetes—2023

Diabetes Care 2023;46(Suppl. 1):541-S48 | https.//doi.org/10.2337/dc23-S003

The American Diabetes Association (ADA) “Standards of Care in Diabetes” in-
cludes the ADA’s current clinical practice recommendations and is intended to
provide the components of diabetes care, general treatment goals and guide-
lines, and tools to evaluate quality of care. Members of the ADA Professional
Practice Committee, a multidisciplinary expert committee, are responsible for up-
dating the Standards of Care annually, or more frequently as warranted. For a de-
tailed description of ADA standards, statements, and reports, as well as the
evidence-grading system for ADA’s clinical practice recommendations and a full
list of Professional Practice Committee members, please refer to Introduction
and Methodology. Readers who wish to comment on the Standards of Care are
invited to do so at professional.diabetes.org/SOC.

For guidelines related to screening for increased risk for type 2 diabetes (prediabe-
tes), please refer to Section 2, “Classification and Diagnosis of Diabetes.” For guide-
lines related to screening, diagnosis, and management of type 2 diabetes in youth,
please refer to Section 14, “Children and Adolescents.”

Recommendation
3.1 Monitor for the development of type 2 diabetes in those with prediabetes
at least annually; modify based on individual risk/benefit assessment. E

Screening for prediabetes and type 2 diabetes risk 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 health care professionals on
whether performing a diagnostic test for prediabetes (Table 2.5) and previously un-
diagnosed type 2 diabetes (Table 2.2) is appropriate (see Section 2, “Classification
and Diagnosis of Diabetes”). Testing high-risk adults for prediabetes is warranted be-
cause the laboratory assessment is safe and reasonable in cost, substantial time ex-
ists before the development of type 2 diabetes and its complications during which
one can intervene, and there is an effective means of preventing or delaying type 2
diabetes in those determined to have prediabetes with an A1C 5.7-6.4%
(39-47 mmol/mol), impaired glucose tolerance, or impaired fasting glucose. The util-
ity of A1C screening for prediabetes and diabetes may be limited in the presence of
hemoglobinopathies and conditions that affect red blood cell turnover. See Section 2,
“Classification and Diagnosis of Diabetes,” and Section 6, “Glycemic Targets,” for
additional details on the appropriate use and limitations of A1C testing.
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LIFESTYLE BEHAVIOR CHANGE
FOR DIABETES PREVENTION

Recommendations

3.2 Refer adults with overweight/
obesity at high risk of type 2 di-
abetes, as typified by the Diabetes
Prevention Program (DPP), to an
intensive lifestyle behavior change
program to achieve and maintain
a weight reduction of at least 7%
of initial body weight through
healthy reduced-calorie diet and
=150 min/week of moderate-
intensity physical activity. A

3.3 A variety of eating patterns can
be considered to prevent dia-
betes in individuals with predi-
abetes. B

3.4 Given the cost-effectiveness of
lifestyle behavior modification
programs for diabetes preven-
tion, such diabetes prevention
programs should be offered to
adults at high risk of type 2 di-
abetes. A Diabetes prevention
programs should be covered by
third-party payers, and incon-
sistencies in access should be
addressed.

3.5 Based on individual preference,
certified technology-assisted di-
abetes prevention programs
may be effective in preventing
type 2 diabetes and should be
considered. B

The Diabetes Prevention Program

Several major randomized controlled tri-
als, including the Diabetes Prevention
Program (DPP) trial (1), the Finnish Dia-
betes Prevention Study (DPS) (2), and
the Da Qing Diabetes Prevention Study
(Da Qing study) (3), demonstrate that
lifestyle/behavioral intervention with an
individualized reduced-calorie meal plan
is highly effective in preventing or delay-
ing type 2 diabetes and improving other
cardiometabolic markers (such as blood
pressure, lipids, and inflammation) (4).
The strongest evidence for diabetes pre-
vention in the U.S. comes from the DPP
trial (1). The DPP demonstrated that in-
tensive lifestyle intervention could re-
duce the risk of incident type 2 diabetes
by 58% over 3 years. Follow-up of three
large studies of lifestyle intervention for
diabetes prevention showed sustained
reduction in the risk of progression

to type 2 diabetes: 39% reduction at
30 years in the Da Qing study (5), 43%
reduction at 7 years in the Finnish DPS
(2), and 34% reduction at 10 years (6)
and 27% reduction at 15 years (7) in the
U.S. Diabetes Prevention Program Out-
comes Study (DPPOS).

The two major goals of the DPP inten-
sive lifestyle intervention were to achieve
and maintain a minimum of 7% weight
loss and 150 min moderate-intensity phys-
ical activity per week, such as brisk walk-
ing. 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 (8). Although
weight loss was the most important fac-
tor in reducing the risk of incident diabe-
tes, it was also found that achieving the
target behavioral goal of at least 150 min
of physical activity per week, even without
achieving the weight loss goal, reduced the
incidence of type 2 diabetes by 44% (9).

The 7% weight loss goal was selected
because it was feasible to achieve and
maintain and likely to lessen the risk of
developing diabetes. Participants were
encouraged to achieve the =7% weight
loss during the first 6 months of the in-
tervention. Further analysis suggests max-
imal prevention of diabetes with at least
7-10% weight loss (9). The recommended
pace of weight loss was 1-2 |b/week. Cal-
orie 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 ini-
tial body weight). The initial focus of the
dietary intervention was on reducing total
fat rather than calories. After several
weeks, the concept of calorie balance
and the need to restrict calories and fat
was introduced (8).

The goal for physical activity was se-
lected to approximate at least 700 kcal/
week expenditure from physical activity.
For ease of translation, this goal was
described as at least 150 min of moderate-
intensity physical activity per week, 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 and at least 10 min per ses-
sion. A maximum of 75 min of strength
training could be applied toward the
total 150 min/week physical activity
goal (8).
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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 the tailoring of interventions to
reflect the diversity of the population (8).

The DPP intervention was adminis-
tered as a structured core curriculum fol-
lowed by a flexible maintenance program
of individual counseling, group sessions,
motivational campaigns, and restart op-
portunities. The 16-session core curriculum
was completed within the first 24 weeks
of the program. It included sessions on
lowering calories, increasing physical ac-
tivity, self-monitoring, maintaining healthy
lifestyle behaviors, and guidance on
managing psychological, social, and moti-
vational challenges. Further details are
available regarding the core curriculum
sessions (8).

Nutrition

Nutrition counseling for weight loss in the
DPP lifestyle intervention arm included a
reduction of total dietary fat and calories
(1,8,9). However, evidence suggests that
there is not an ideal percentage of calo-
ries from carbohydrate, protein, and fat
for all people to prevent diabetes; there-
fore, macronutrient distribution should be
based on an individualized assessment of
current eating patterns, preferences, and
metabolic goals (10). Based on other inter-
vention trials, a variety of eating patterns
characterized by the totality of food and
beverages habitually consumed (10,11)
may also be appropriate for individuals
with prediabetes (10), including Mediter-
ranean-style and low-carbohydrate eating
plans (12-15). Observational studies have
also shown that vegetarian, plant-based
(may include some animal products), and
Dietary Approaches to Stop Hypertension
(DASH) eating patterns are associated
with a lower risk of developing type 2 di-
abetes (16-19). Evidence suggests that
the overall quality of food consumed (as
measured by the Healthy Eating Index,
Alternative Healthy Eating Index, and
DASH score), with an emphasis on whole
grains, legumes, nuts, fruits, and vegeta-
bles and minimal refined and processed
foods, is also associated with a lower
risk of type 2 diabetes (18,20-22). As is
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the case for those with diabetes, individ-
ualized medical nutrition therapy (see
Section 5, “Facilitating Positive Health
Behaviors and Well-being to Improve
Health Outcomes,” for more detailed in-
formation) is effective in lowering A1C
in individuals diagnosed with prediabe-
tes (23).

Physical Activity

Just as 150 min/week of moderate-
intensity physical activity, such as brisk
walking, showed beneficial effects in
those with prediabetes (1), moderate-
intensity physical activity has been shown
to improve insulin sensitivity and reduce
abdominal fat in children and young
adults (24,25). Based on these findings,
health care professionals are encouraged
to promote a DPP-style program, includ-
ing a focus on physical activity, to all indi-
viduals who have been identified to be
at an increased risk of type 2 diabetes. In
addition to aerobic activity, a physical ac-
tivity plan designed to prevent diabetes
may include resistance training (8,26,27).
Breaking up prolonged sedentary time
may also be encouraged, as it is associ-
ated with moderately lower postprandial
glucose levels (28,29). The preventive ef-
fects of physical activity appear to extend
to the prevention of gestational diabetes
mellitus (GDM) (30).

Delivery and Dissemination of
Lifestyle Behavior Change for
Diabetes Prevention

Because the intensive lifestyle interven-
tion in the DPP was effective in prevent-
ing type 2 diabetes among those at high
risk for the disease and lifestyle behavior
change programs for diabetes prevention
were shown to be cost-effective, broader
efforts to disseminate scalable lifestyle
behavior change programs for diabetes
prevention with coverage by third-party
payers ensued (31-35). Group delivery of
DPP content in community or primary
care settings has demonstrated the po-
tential to reduce overall program costs
while still producing weight loss and dia-
betes risk reduction (36-40).

The Centers for Disease Control and
Prevention (CDC) developed the National
Diabetes Prevention Program (National
DPP), a resource designed to bring such
evidence-based lifestyle change programs
for preventing type 2 diabetes to com-
munities (cdc.gov/diabetes/prevention/
index.htm). This online resource includes
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locations of CDC-recognized diabetes pre-
vention lifestyle change programs (cdc.
gov/diabetes/prevention/find-a-program.
html). To be eligible for this program, in-
dividuals must have a BMI in the over-
weight range and be at risk for diabetes
based on laboratory testing, a previous
diagnosis of GDM, or a positive risk test
(cdc.gov/prediabetes/takethetest/). Dur-
ing the first 4 years of implementation of
the CDC’s National DPP, 35.5% achieved
the 5% weight loss goal (41). The CDC
has also developed the Diabetes Pre-
vention Impact Tool Kit (nccd.cdc.gov/
toolkit/diabetesimpact) to help organi-
zations assess the economics of provid-
ing or covering the National DPP lifestyle
change program (42). In an effort to ex-
pand preventive services using a cost-
effective model, the Centers for Medicare
& Medicaid Services expanded Medicare
reimbursement coverage for the National
DPP lifestyle intervention to organiza-
tions recognized by the CDC that be-
come Medicare suppliers for this service
(innovation.cms.gov/innovation-models/
medicare-diabetes-prevention-program).
The locations of Medicare DPPs are
available online at innovation.cms.gov/
innovation-models/medicare-diabetes-
prevention-program/mdpp-map. To qual-
ify for Medicare coverage, individuals
must have BMI >25 kg/m? (or BMI
>23 kg/m? if self-identified as Asian)
and laboratory testing consistent with pre-
diabetes in the last year. Medicaid cover-
age of the DPP lifestyle intervention is also
expanding on a state-by-state basis.

While CDC-recognized behavioral coun-
seling programs, including Medicare DPP
services, have met minimum quality
standards and are reimbursed by many
payers, lower retention rates have been
reported for younger adults and racial/
ethnic minority populations (43). There-
fore, other programs and modalities of
behavioral counseling for diabetes pre-
vention may also be appropriate and ef-
ficacious based on individual preferences
and availability. The use of community
health workers to support DPP efforts
has been shown to be effective and
cost-effective (44,45) (see Section 1,
“Improving Care and Promoting Health
in Populations,” for more information).
The use of community health workers
may facilitate the adoption of behavior
changes for diabetes prevention while
bridging barriers related to social deter-
minants of health. However, coverage

by third-party payers remains problem-
atic. Counseling by a registered dietitian
nutritionist (RDN) has been shown to
help individuals with prediabetes im-
prove eating habits, increase physical
activity, and achieve 7-10% weight loss
(10,46—48). Individualized medical nutri-
tion therapy (see Section 5, “Facilitating
Positive Health Behaviors and Well-being
to Improve Health Outcomes,” for more
detailed information) is also effective in
improving glycemia in individuals diag-
nosed with prediabetes (23,46). Further-
more, trials involving medical nutrition
therapy for adults with prediabetes found
significant reductions in weight, waist
circumference, and glycemia. Individu-
als with prediabetes can benefit from
referral to an RDN for individualized
medical nutrition therapy upon diagnosis
and at regular intervals throughout their
treatment plan (47,49). Other health care
professionals, such as pharmacists and
diabetes care and education specialists,
may be considered for diabetes preven-
tion efforts (50,51).

Technology-assisted programs may ef-
fectively deliver the DPP program (52-57).
Such technology-assisted programs may
deliver content through smartphones,
web-based applications, and telehealth
and may be an acceptable and efficacious
option to bridge barriers, particularly for
low-income individuals and people resid-
ing in rural locations; however, not all pro-
grams are effective in helping people
reach targets for diabetes prevention
(52,58-60). The CDC Diabetes Preven-
tion Recognition Program (DPRP) (cdc.
gov/diabetes/prevention/requirements-
recognition.htm) certifies technology-
assisted modalities as effective vehicles
for DPP-based programs; such programs
must use an approved curriculum, include
interaction with a coach, and attain the
DPP outcomes of participation, physical
activity reporting, and weight loss. There-
fore, health care professionals should con-
sider referring adults with prediabetes
to certified technology-assisted DPP pro-
grams based on their preferences.

PHARMACOLOGIC INTERVENTIONS

Recommendations

3.6 Metformin therapy for the pre-
vention of type 2 diabetes should
be considered in adults at high
risk of type 2 diabetes, as typi-
fied by the Diabetes Prevention
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Program, especially those aged 25—
59 years with BMI =35 kg/m?,
higher fasting plasma glucose
(e.g., =110 mg/dL), and higher
AlC (e.g., =6.0%), and in individ-
uals with prior gestational diabe-
tes mellitus. A

3.7 Long-term use of metformin
may be associated with bio-
chemical vitamin B12 deficiency;
consider periodic measurement
of vitamin B12 levels in metfor-
min-treated individuals, espe-
cially in those with anemia or
peripheral neuropathy. B

Because weight loss through behavior
changes in diet and physical activity alone
can be difficult to maintain long term (6),
people at high risk of diabetes may bene-
fit from support and additional pharma-
cotherapeutic options, if needed. Various
pharmacologic agents used to treat dia-
betes have been evaluated for diabetes
prevention. Metformin, a-glucosidase in-
hibitors, glucagon-like peptide 1 receptor
agonists (liraglutide, semaglutide), thia-
zolidinediones, testosterone (61), and in-
sulin have been shown to lower the
incidence of diabetes in specific popula-
tions (62—67), whereas diabetes preven-
tion was not seen with nateglinide (68).

In the DPP, weight loss was an impor-
tant factor in reducing the risk of pro-
gression, with every kilogram of weight
loss conferring a 16% reduction in risk
of progression over 3.2 years (9). In
postpartum individuals with GDM, the risk
of type 2 diabetes increased by 18% for
every 1 unit BMI above the preconception
baseline (69). Several medications evalu-
ated for weight loss (e.g., orlistat, phenter-
mine topiramate, liraglutide, semaglutide,
and tirzepatide) have been shown to de-
crease the incidence of diabetes to various
degrees in those with prediabetes (67,
70-72).

Studies of other pharmacologic agents
have shown some efficacy in diabetes
prevention with valsartan but no effi-
cacy in preventing diabetes with ramipril
or anti-inflammatory drugs (73-76). Al-
though the Vitamin D and Type 2 Dia-
betes (D2d) prospective randomized
controlled trial showed no significant
benefit of vitamin D versus placebo on
the progression to type 2 diabetes in
individuals at high risk (77), post hoc

analyses and meta-analyses suggest a
potential benefit in specific populations
(77-80). Further research is needed to
define characteristics and clinical indica-
tors where vitamin D supplementation
may be of benefit (61).

No pharmacologic agent has been ap-
proved by the U.S. Food and Drug Ad-
ministration for a specific indication of
type 2 diabetes prevention. The risk ver-
sus benefit of each medication in sup-
port of person-centered goals must be
weighed in addition to cost, side effects,
and efficacy considerations. Metformin
has the longest history of safety data as
a pharmacologic therapy for diabetes
prevention (81).

Metformin was overall less effective
than lifestyle modification in the DPP,
though group differences declined over
time in the DPPOS (7), and metformin
may be cost-saving over a 10-year pe-
riod (33). In the DPP, metformin was as
effective as lifestyle modification in par-
ticipants with BMI =35 kg/m” and in
younger participants aged 25-44 years
(1). In individuals with a history of GDM
in the DPP, metformin and intensive life-
style modification led to an equivalent
50% reduction in diabetes risk (82).
Both interventions remained highly effec-
tive during a 10-year follow-up period
(83). By the time of the 15-year follow-
up (DPPQOS), exploratory analyses demon-
strated that participants with a higher
baseline fasting glucose (=110 mg/dL
vs. 95-109 mg/dL), those with a higher
A1C (6.0-6.4% vs. <6.0%), and individuals
with a history of GDM (vs. individuals with-
out a history of GDM) experienced higher
risk reductions with metformin, identifying
subgroups of participants that benefitted
the most from metformin (84). In the In-
dian Diabetes Prevention Program (IDPP-1),
metformin and lifestyle intervention re-
duced diabetes risk similarly at 30 months;
of note, the lifestyle intervention in IDPP-1
was less intensive than that in the DPP
(85). Based on findings from the DPP, met-
formin should be recommended as an op-
tion for high-risk individuals (e.g., those
with a history of GDM or those with BMI
=35 kg/m?). Consider periodic monitoring
of vitamin B12 levels in those taking
metformin chronically to check for pos-
sible deficiency (86,87) (see Section 9,
“Pharmacologic Approaches to Glycemic
Treatment,” for more details). While
there is not a universally accepted rec-
ommended periodicity of monitoring, it is
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notable that the lowering effect of met-
formin on vitamin B12 increases with
time (88), with a significantly higher risk
for vitamin B12 deficiency (<150 pmol/L)
noted at 4.3 years in the HOME (Hyperin-
sulinaemia: the Outcome of its Metabolic
Effects) study (88) and significantly greater
risk of low B12 levels (=203 pg/mL) at
5 years in the DPP (87). It has been sug-
gested that a person who has been on
metformin for more than 4 years or is at
risk for vitamin B12 deficiency should be
monitored for vitamin B12 deficiency an-
nually (89).

PREVENTION OF VASCULAR
DISEASE AND MORTALITY

Recommendations

3.8 Prediabetes is associated with
heightened cardiovascular risk;
therefore, screening for and
treatment of modifiable risk fac-
tors for cardiovascular disease
are suggested. B

3.9 Statin therapy may increase the
risk of type 2 diabetes in peo-
ple at high risk of developing
type 2 diabetes. In such individ-
uals, glucose status should be
monitored regularly and diabe-
tes prevention approaches rein-
forced. It is not recommended
that statins be discontinued. B

3.10 In people with a history of
stroke and evidence of insulin
resistance and prediabetes, pio-
glitazone may be considered to
lower the risk of stroke or myo-
cardial infarction. However, this
benefit needs to be balanced
with the increased risk of weight
gain, edema, and fracture. A
Lower doses may mitigate the
risk of adverse effects. C

People with prediabetes often have
other cardiovascular risk factors, includ-
ing hypertension and dyslipidemia (90),
and are at increased risk for cardiovas-
cular disease (91,92). If indicated, evalu-
ation for tobacco use and referral for
tobacco cessation should be part of rou-
tine care for those at risk for diabetes.
Of note, the years immediately follow-
ing smoking cessation may represent
a time of increased risk for diabetes
(93-95), a time when individuals should
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be monitored for diabetes development
and receive concurrent evidence-based
lifestyle behavior change for diabetes
prevention described in this section. See
Section 5, “Facilitating Positive Health
Behaviors and Well-being to Improve
Health Outcomes,” for more detailed in-
formation. The lifestyle interventions for
weight loss in study populations at risk
for type 2 diabetes have shown a reduc-
tion in cardiovascular risk factors and
the need for medications used to treat
these cardiovascular risk factors (96,97).
In longer-term follow-up, lifestyle inter-
ventions for diabetes prevention also
prevented the development of micro-
vascular complications among women
enrolled in the DPPOS and in the study
population enrolled in the China Da Qing
Diabetes Prevention Outcome Study (7,98).
The lifestyle intervention in the latter
study was also efficacious in preventing
cardiovascular disease and mortality at
23 and 30 years of follow-up (3,5). Treat-
ment goals and therapies for hyperten-
sion and dyslipidemia in the primary
prevention of cardiovascular disease for
people with prediabetes should be based
on their level of cardiovascular risk. In-
creased vigilance is warranted to identify
and treat these and other cardiovascular
diseases risk factors (99). Statins have
been associated with a modestly in-
creased risk of diabetes (100-104). In
the DPP, statin use was associated with
greater diabetes risk irrespective of the
treatment group (pooled hazard ratio
[95% Cl] for incident diabetes 1.36 [1.17—
1.58]) (102). In studies of primary pre-
vention of cardiovascular disease, cardio-
vascular and mortality benefits of statin
therapy exceed the risk of diabetes
(105,106), suggesting a favorable benefit-
to-harm balance with statin therapy.
Hence, discontinuation of statins is not
recommended in this population due to
concerns of diabetes risk.

Cardiovascular outcome trials in people
without diabetes also inform risk reduc-
tion potential in people without diabetes
at increased cardiometabolic risk (see
Section 10, “Cardiovascular Disease and
Risk Management,” for more details). The
IRIS (Insulin Resistance Intervention after
Stroke) trial was a dedicated study of
people with a recent (<6 months) stroke
or transient ischemic attack, without dia-
betes but with insulin resistance, as de-
fined by a HOMA of insulin resistance
index of =3.0, evaluating pioglitazone
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(target dose of 45 mg daily) compared
with placebo. At 4.8 years, the risk of
stroke or myocardial infarction, as well as
the risk of diabetes, was lower within the
pioglitazone group than with placebo,
though risks of weight gain, edema, and
fracture were higher in the pioglitazone
treatment group (107-109). Lower doses
may mitigate the adverse effects, though
further study is needed to confirm the
benefit at lower doses (110).

PERSON-CENTERED CARE GOALS

Recommendations

3.11 In adults with overweight/
obesity at high risk of type 2
diabetes, care goals should in-
clude weight loss or preven-
tion of weight gain, minimizing
the progression of hypergly-
cemia, and attention to cardio-
vascular risk and associated
comorbidities. B

3.12 Pharmacotherapy (e.g., for weight
management, minimizing the
progression of hyperglycemia,
cardiovascular risk reduction)
may be considered to support
person-centered care goals. B

3.13 More intensive preventive ap-
proaches should be considered
in individuals who are at partic-
ularly high risk of progression
to diabetes, including individuals
with BMI =35 kg/m?, those at
higher glucose levels (e.g., fasting
plasma glucose 110-125 mg/dL,
2-h postchallenge glucose 173—
199 mg/dL, A1C =6.0%), and
individuals with a history of ges-
tational diabetes mellitus. A

Individualized risk/benefit should be con-
sidered in screening, intervention, and
monitoring to prevent or delay type 2
diabetes and associated comorbidities.
Multiple factors, including age, BMI, and
other comorbidities, may influence the
risk of progression to diabetes and life-
time risk of complications (111,112). In
the DPP, which enrolled high-risk individ-
uals with impaired glucose tolerance, ele-
vated fasting glucose, and elevated BMI,
the crude incidence of diabetes within
the placebo arm was 11.0 cases per
100 person-years, with a cumulative
3-year incidence of diabetes of 28.9% (1).

Characteristics of individuals in the DPP/
DPPOS who were at particularly high risk
of progression to diabetes (crude inci-
dence of diabetes 14-22 cases/100 person-
years) included BMI =35 kg/m?, those at
higher glucose levels (e.g., fasting plasma
glucose 110-125 mg/dL, 2-h postchallenge
glucose 173-199 mg/dL, and A1C =6.0%),
and individuals with a history of gestational
diabetes (1,82,83). In contrast, in the
community-based Atherosclerosis Risk
in Communities (ARIC) study, observa-
tional follow-up of older adults (mean
age 75 years) with laboratory evidence
of prediabetes (based on A1C 5.7-6.4%
and/or fasting glucose 100-125 mg/dL),
but not meeting specific BMI criteria,
found much lower progression to diabe-
tes over 6 years: 9% of those with A1C-
defined prediabetes, 8% with impaired
fasting glucose (112).

Thus, it is important to individualize
the risk/benefit of intervention and con-
sider person-centered goals. Risk models
have explored risk-based benefit, gener-
ally finding higher benefit of the inter-
vention in those at highest risk (9).
Diabetes prevention and observational
studies highlight key principles that may
guide person-centered goals. In the DPP,
which enrolled a high-risk population
meeting criteria for overweight/obesity,
weight loss was an important mediator
of diabetes prevention or delay, with
greater metabolic benefit generally seen
with greater weight loss (9,113). In the
DPP/DPPQS, progression to diabetes,
duration of diabetes, and mean level of
glycemia were important determinants
of the development of microvascular
complications (7). Furthermore, the abil-
ity to achieve normal glucose regulation,
even once, during the DPP was associ-
ated with a lower risk of diabetes and
lower risk of microvascular complications
(114). Observational follow-up of the
Da Qing study also showed that regres-
sion from impaired glucose tolerance to
normal glucose tolerance or remaining
with impaired glucose tolerance rather
than progressing to type 2 diabetes at
the end of the 6-year intervention trial
resulted in significantly lower risk of car-
diovascular disease and microvascular
disease over 30 years (115). Prediabetes
is associated with increased cardio-
vascular disease and mortality (92),
emphasizing the importance of at-
tending to cardiovascular risk in this
population.
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Pharmacotherapy for weight manage-
ment (see Section 8, “Obesity and
Weight Management for the Prevention
and Treatment of Type 2 Diabetes,” for
more details), minimizing the progres-
sion of hyperglycemia (see Section 9,
“Pharmacologic Approaches to Glycemic
Treatment,” for more details), and car-
diovascular risk reduction (see Section
10, “Cardiovascular Disease and Risk
Management,” for more details) are im-
portant tools that can be considered to
support individualized person-centered
goals, with more intensive preventive
approaches considered in individuals at
high risk of progression.
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4. Comprehensive Medical
Evaluation and Assessment of
Comorbidities: Standards of
Care in Diabetes—2023

Diabetes Care 2023;46(Suppl. 1):549-S67 | https://doi.org/10.2337/dc23-S004

The American Diabetes Association (ADA) “Standards of Care in Diabetes” in-
cludes the ADA’s current clinical practice recommendations and is intended to
provide the components of diabetes care, general treatment goals and guide-
lines, and tools to evaluate quality of care. Members of the ADA Professional
Practice Committee, a multidisciplinary expert committee, are responsible for up-
dating the Standards of Care annually, or more frequently as warranted. For a de-
tailed description of ADA standards, statements, and reports, as well as the
evidence-grading system for ADA’s clinical practice recommendations and a full
list of Professional Practice Committee members, please refer to Introduction
and Methodology. Readers who wish to comment on the Standards of Care are
invited to do so at professional.diabetes.org/SOC.

PERSON-CENTERED COLLABORATIVE CARE

Recommendations

4.1 A person-centered communication style that uses person-centered, cul-
turally sensitive, and strength-based language and active listening; elic-
its individual preferences and beliefs; and assesses literacy, numeracy,
and potential barriers to care should be used to optimize health out-
comes and health-related quality of life. B

4.2 People with diabetes can benefit from a coordinated multidisciplinary
team that may include and is not limited to diabetes care and educa-
tion specialists, primary care and subspecialty clinicians, nurses, regis-
tered dietitian nutritionists, exercise specialists, pharmacists, dentists,
podiatrists, and mental health professionals. E

A successful medical evaluation depends on beneficial interactions between the
person with diabetes and the care team. The Chronic Care Model (1-3) (see Section
1, “Improving Care and Promoting Health in Populations”) is a person-centered ap-
proach to care that requires a close working relationship between the person with
diabetes and clinicians involved in treatment planning. People with diabetes should
receive health care from a coordinated interdisciplinary team that may include but
is not limited to diabetes care and education specialists, primary care and subspeci-
alty clinicians, nurses, registered dietitian nutritionists, exercise specialists, pharma-
cists, dentists, podiatrists, and mental health professionals. Individuals with dia-
betes must assume an active role in their care. Based on the preferences of the
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person with diabetes, the family or sup-
port group and health care team to-
gether formulate the management plan,
which includes lifestyle management (see
Section 5, “Facilitating Positive Health
Behaviors and Well-being to Improve
Health Outcomes”).

The goals of treatment for diabetes
are to prevent or delay complications
and optimize quality of life (Fig. 4.1).
Treatment goals and plans should be cre-
ated with people with diabetes based on
their individual preferences, values, and
goals. This individualized management
plan should take into account the per-
son’s age, cognitive abilities, school/
work schedule and conditions, health
beliefs, support systems, eating patterns,
physical activity, social situation, financial
concerns, cultural factors, literacy and nu-
meracy (mathematical literacy), diabetes
history (duration, complications, current
use of medications), comorbidities, dis-
abilities, health priorities, other medical
conditions, preferences for care, and life
expectancy. Various strategies and tech-

niques should be used to support the
person’s self-management efforts, includ-
ing providing education on problem-
solving skills for all aspects of diabetes
management.

Health care professional communica-
tion with people with diabetes and fami-
lies should acknowledge that multiple
factors impact glycemic management but
also emphasize that collaboratively devel-
oped treatment plans and a healthy life-
style can significantly improve disease
outcomes and well-being (4-8). Thus, the
goal of communication between health
care professionals and people with dia-
betes is to establish a collaborative rela-
tionship and to assess and address self-
management barriers without blaming
people with diabetes for “noncompliance”
or “nonadherence” when the outcomes of
self-management are not optimal (9). The
familiar terms “noncompliance” and
“nonadherence” denote a passive, obe-
dient role for a person with diabetes in
“following doctor’s orders” that is at
odds with the active role people with

Diabetes Care Volume 46, Supplement 1, January 2023

diabetes take in directing the day-to-day
decision-making, planning, monitoring,
evaluation, and problem-solving involved
in diabetes self-management. Using a
nonjudgmental approach that normalizes
periodic lapses in management may help
minimize the person’s resistance to re-
porting problems with self-management.
Empathizing and using active listening
techniques, such as open-ended ques-
tions, reflective statements, and summa-
rizing what the person said, can help
facilitate communication. Perceptions of
people with diabetes about their own
ability, or self-efficacy, to self-manage
diabetes constitute one important psy-
chosocial factor related to improved dia-
betes self-management and treatment
outcomes in diabetes (10-12) and should
be a target of ongoing assessment, edu-
cation, and treatment planning.
Language has a strong impact on per-
ceptions and behavior. The use of em-
powering language in diabetes care and
education can help to inform and moti-
vate people, yet language that shames

DECISION CYCLE FOR PERSON-CENTERED GLYCEMIC MANAGEMENT IN TYPE 2 DIABETES

ASSESS KEY PERSON CHARACTERISTICS

 The individual's priorities

REVIEW AND AGREE ON MANAGEMENT PLAN

«  Review management plan

«  Mutually agree on changes

Ensure agreed modification of therapy is implemented
in a timely fashion to avoid therapeutic inertia

«  Undertake decision cycle regularly (at least once/twice a year)

+ Operate in an integrated system of care

PROVIDE ONGOING SUPPORT AND
MONITORING OF:

» Emotional well-being

 Lifestyle and health behaviors

» Tolerability of medications

« Biofeedback including BGM/CGM,
weight, step count, A1C, BP, lipids

IMPLEMENT MANAGEMENT PLAN

Ensure there is regular review;
more frequent contact initially
is often desirable for DSMES

GOALS
OF CARE

* Prevent complications
* Optimize quality of life .

Current lifestyle and health behaviors

«  Comorbidities (i.e., CVD, CKD, HF)

*  Clinical characteristics (i.e., age, A1C, weight)
 Issues such as motivation, depression, cognition
Social determinants of health

CONSIDER SPECIFIC FACTORS THAT IMPACT CHOICE
OF TREATMENT

Individualized glycemic and weight goals

Impact on weight, hypoglycemia, and cardiorenal protection
Underlying physiological factors

Side effect profiles of medications

Complexity of regimen (i.e., frequency, mode of administration)
Regimen choice to optimize medication use

and reduce treatment discontinuation

Access, cost, and availability of medication

X

AGREE ON MANAGEMENT PLAN *

«  Specify SMART goals:
- Specific
- Measurable
- Achievable
- Realistic
- Time limited

UTILIZE SHARED DECISION-MAKING TO
CREATE A MANAGEMENT PLAN

«  Ensure access to DSMES

Involve an educated and informed person

(and the individual's family/caregiver)

«  Explore personal preferences

«  Language matters (include person-first,
strengths-hased, empowering language)

* Include motivational interviewing, goal
setting, and shared decision-making

Figure 4.1—Decision cycle for person-centered glycemic management in type 2 diabetes. Adapted from Davies et al. (211). BGM, blood glucose
monitoring; BP, blood pressure; CGM, continuous glucose monitoring; CKD, chronic kidney disease; CVD, atherosclerotic cardiovascular disease;
DSMES, diabetes self-management education and support; HF, heart failure.

220z Jequisoa( g1 uo 1senb Aq Jpd-y00SEZoP/919£69/6S/L uswalddng/gp/pd-sjonie/a1es/bio sjeuinolseieqelp;/:dny woly pepeojumoq


https://doi.org/10.2337/dc23-S005
https://doi.org/10.2337/dc23-S005
https://doi.org/10.2337/dc23-S005

diabetesjournals.org/care

and judges may undermine this effort.
The American Diabetes Association
(ADA) and the Association of Diabetes
Care & Education Specialists (formerly
called the American Association of Dia-
betes Educators) joint consensus report,
“The Use of Language in Diabetes Care
and Education,” provides the authors’
expert opinion regarding the use of lan-
guage by health care professionals
when speaking or writing about dia-
betes for people with diabetes or for
professional audiences (13). Although
further research is needed to address
the impact of language on diabetes out-
comes, the report includes five key con-
sensus recommendations for language
use:

e Use language that is neutral, non-
judgmental, and based on facts,
actions, or physiology/biology.

¢ Use language free from stigma.

e Use language that is strength based,
respectful, and inclusive and that im-
parts hope.

e Use language that fosters collabora-
tion between people with diabetes
and health care professionals.

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

COMPREHENSIVE MEDICAL
EVALUATION

Recommendations
4.3 A complete medical evalua-
tion should be performed at
the initial visit to:
e Confirm the diagnosis and
classify diabetes. A
e Evaluate for diabetes compli-
cations, potential comorbid
conditions, and overall health
status. A
e Review previous treatment
and risk factor management
in people with established
diabetes. A
e Begin engagement with the
person with diabetes in
the formulation of a care
management plan including
initial goals of care. A
e Develop a plan for continuing
care. A
4.4 A follow-up visit should include
most components of the initial

Comprehensive Medical Evaluation and Assessment of Comorbidities

comprehensive medical evalua-
tion (Table 4.1). A

4.5 Ongoing management should
be guided by the assessment
of overall health status, diabe-
tes complications, cardiovascu-
lar risk, hypoglycemia risk, and
shared decision-making to set
therapeutic goals. B

The comprehensive medical evaluation
includes the initial and follow-up evalua-
tions, assessment of complications, psy-
chosocial assessment, management of
comorbid conditions, overall health sta-
tus, and engagement of the person with
diabetes throughout the process. While a
comprehensive list is provided in Table 4.1,
in clinical practice the health care pro-
fessional may need to prioritize the
components of the medical evaluation
given the available resources and time.
The goal is to provide the health care
team information so it can optimally sup-
port people with diabetes. In addition to
the medical history, physical examina-
tion, and laboratory tests, health care
professionals should assess diabetes self-
management behaviors, nutrition, social
determinants of health, and psychosocial
health (see Section 5, “Facilitating Positive
Health Behaviors and Well-being to
Improve Health Outcomes”) and give
guidance on routine immunizations. The
assessment of sleep pattern and duration
should be considered; a meta-analysis
found that poor sleep quality, short sleep,
and long sleep were associated with
higher A1C in people with type 2 diabe-
tes (14). Interval follow-up visits should
occur at least every 3—6 months individu-
alized to the person and then at least
annually.

Lifestyle management and psychosocial
care are the cornerstones of diabetes
management. People with diabetes
should be referred for diabetes self-
management education and support,
medical nutrition therapy, and assess-
ment of psychosocial/emotional health
concerns if indicated. People with diabe-
tes should receive recommended preven-
tive care services (e.g., immunizations,
cancer screening); smoking cessation
counseling; and ophthalmological, den-
tal, and podiatric referrals, as needed.

The assessment of risk of acute and
chronic diabetes complications and

treatment planning are key components
of initial and follow-up visits (Table 4.2).
The risk of atherosclerotic cardiovascu-
lar disease and heart failure (see Sec-
tion 10, “Cardiovascular Disease and Risk
Management”), chronic kidney disease
staging (see Section 11, “Chronic Kidney
Disease and Risk Management”), pres-
ence of retinopathy (see Section 12,
“Retinopathy, Neuropathy, and Foot
Care”), and risk of treatment-associated
hypoglycemia (Table 4.3) should be used
to individualize targets for glycemia (see
Section 6, “Glycemic Targets”), blood pres-
sure, and lipids and to select specific glu-
cose-lowering medication (see Section 9,
“Pharmacologic Approaches to Glycemic
Treatment”), antihypertension medication,
and statin treatment intensity.

Additional referrals should be arranged
as necessary (Table 4.4). Clinicians should
ensure that people with diabetes are
appropriately screened for complications
and comorbidities. Discussing and imple-
menting an approach to glycemic man-
agement with the person is a part, not
the sole goal, of the clinical encounter.

IMMUNIZATIONS

Recommendation

4.6 Provide routinely recommended
vaccinations for children and
adults with diabetes as indi-
cated by age (see Table 4.5 for
highly recommended vaccina-
tions for adults with diabetes). A

The importance of routine vaccinations
for people living with diabetes has been
elevated by the coronavirus disease
2019 (COVID-19) pandemic. Preventing
avoidable infections not only directly
prevents morbidity but also reduces
hospitalizations, which may additionally
reduce risk of acquiring infections such
as COVID-19. Children and adults with
diabetes should receive vaccinations ac-
cording to age-appropriate recommen-
dations (15,16). The Centers for Disease
Control and Prevention (CDC) provides
vaccination schedules specifically for chil-
dren, adolescents, and adults with diabe-
tes (cdc.gov/vaccines/). The CDC Advisory
Committee on Immunization Practices
(ACIP) makes recommendations based
on its own review and rating of the
evidence, provided in Table 4.5 for se-
lected vaccinations. The ACIP evidence
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Table 4.1 - Components of the comprehensive diabetes EVERY

. . L L INITIAL FOLLOW-  ANNUAL
medical evaluation at initial, follow-up, and annual visits VISIT  UP VISIT VISIT

Diabetes history
= Characteristics at onset (e.g., age, symptoms) v
= Review of previous treatment plans and response
= Assess frequency/cause/severity of past hospitalizations v
Family history
= Family history of diabetes in a first-degree relative
= Family history of autoimmune disorder v
Personal history of complications and common comorbidities
i D EA yade = Common comorbidities (e.g., obesity, OSA, NAFLD) v
OR = High blood pressure or abnormal lipids v v
= Macrovascular and microvascular complications v v
= Hypoglycemia: awareness/frequency/causes/timing of episodes v v v
= Presence of hemoglobinopathies or anemias v v
= Last dental visit v v
= Last dilated eye exam v
= Visits to specialists v
Interval history
= Changes in medical/family history since last visit v
= Eating patterns and weight history i i 7
= Assess familiarity with carbohydrate counting (e.g., type 1 diabetes, , v
- ; ; : _' ’ type 2 diabetes treated with MDI)
= Physical activity and sleep behaviors v v v
= Tobacco, alcohol, and substance use v v
= Current medication plan v v v
= Medication-taking behavior v v 4
= Medication intolerance or side effects v v v
= Complementary and alternative medicine use v v v
= Vaccination history and needs v v
= Assess use of health apps, online education, patient portals, etc. v v
= Glucose monitoring (meter/CGM): results and data use 4 v 4
= Review insulin pump settings and use, connected pen and glucose data v v v
Social network
= |dentify existing social supports v v
SOCIAL LIFE
ASSESSMENT = Identify surrogate decision maker, advanced care plan v v
= Identify social determinants of health (e.g., food security, housing
stability & homelessness, transportation access, financial security, v v
community safety)

Continued on p. S53
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Table 4.1 (cont.) - Components of the comprehensive diabetes EVERY
medical evaluation at initial, follow-up, and annual visits INITIAL FOLLOW-  ANNUAL
VISIT UP VISIT VISIT
= Height, weight, and BMI; growth/pubertal development in children and 4 v v
adolescents
= Blood pressure determination v v v
= Orthostatic blood pressure measures (when indicated) v
= Fundoscopic examination (refer to eye specialist) v v
= Thyroid palpation v v
= Skin examination (e.g., acanthosis nigricans, insulin injection or v v v
insertion sites, lipodystrophy)
PHYSICAL . -
EXAMINATION = Comprehensive foot examination
« Visual inspection (e.g., skin integrity, callous formation, foot v v
deformity or ulcer, toenails)**
« Screen for PAD (pedal pulses—refer for ABI if diminished) v v
« Determination of temperature, vibration or pinprick sensation, v v
and 10-g monofilament exam
= Screen for depression, anxiety, and disordered eating v v
= Consider assessment for cognitive performance* v v
= Consider assessment for functional performance* v v
= A1C, if the results are not available within the past 3 months v v v
= If not performed/available within the past year v v
* Lipid profile, including total, LDL, and HDL cholesterol and n
- Ly v v
triglycerides
« Liver function tests* v v
LABORATORY . . - .
« Spot urinary albumin-to-creatinine ratio v v
EVALUATION pot urinary albumi fnine rat
« Serum creatinine and estimated glomerular filtration rate* v v
« Thyroid-stimulating hormone in people with type 1 diabetes* v v
« Vitamin B12 if on metformin v v
« Serum potassium levels in people with diabetes on ACE inhibitors, ARBs,
or diuretics* v v

ABI, ankle-brachial pressure index; ARBs, angiotensin receptor blockers; CGM, continuous glucose monitors; MDI, multiple daily injections; NAFLD,
nonalcoholic fatty liver disease; OSA, obstructive sleep apnea; PAD, peripheral arterial disease.

*At 65 years of age or older.

+May be needed more frequently in people with diabetes with known chronic kidney disease or with changes in medications that affect kidney
function and serum potassium (see Table 11.1).

#May also need to be checked after initiation or dose changes of medications that affect these laboratory values (i.e., diabetes medications,
blood pressure medications, cholesterol medications, or thyroid medications).

~lIn people without dyslipidemia and not on cholesterol-lowering therapy, testing may be less frequent.

**Should be performed at every visit in people with diabetes with sensory loss, previous foot ulcers, or amputations.
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review has evolved over time with the
adoption of Grading of Recommendations
Assessment, Development and Evaluation
(GRADE) in 2010 and then the Evidence
to Decision or Evidence to Recommenda-
tion frameworks in 2018 (17). Here we
discuss the particular importance of spe-
cific vaccines.

Influenza
Influenza is a common, preventable infec-
tious disease associated with high mortality

and morbidity in vulnerable populations,
including youth, older adults, and peo-
ple with chronic diseases. Influenza vac-
cination in people with diabetes has
been found to significantly reduce influ-
enza and diabetes-related hospital ad-
missions (18). In people with diabetes
and cardiovascular disease, influenza
vaccine has been associated with lower
risk of all-cause mortality, cardiovascular
mortality, and cardiovascular events
(19). Given the benefits of the annual

influenza vaccination, it is recommended
for all individuals =6 months of age
who do not have a contraindication. In-
fluenza vaccination is critically important
as the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) and
influenza viruses will both be active in
the U.S. during the 2022-2023 season
(20). The live attenuated influenza vac-
cine, which is delivered by nasal spray, is
an option for people who are age 2
years through age 49 years and who are
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Table 4.2—Assessment and treatment plan*

Assessing risk of diabetes complications
e ASCVD and heart failure history

e ASCVD risk factors and 10-year ASCVD risk assessment
e Staging of chronic kidney disease (see Table 11.1)

e Hypoglycemia risk (see Table 4.3)
e Assessment for retinopathy
e Assessment for neuropathy

Goal setting

e Set A1C/blood glucose/time-in-range target

e If hypertension is present, establish blood pressure target

e Diabetes self-management goals

Therapeutic treatment plans
o Lifestyle management
e Pharmacologic therapy: glucose lowering

e Pharmacologic therapy: cardiovascular and renal disease risk factors
e Use of glucose monitoring and insulin delivery devices
e Referral to diabetes education and medical specialists (as needed)

ASCVD, atherosclerotic cardiovascular disease. *Assessment and treatment planning are essential

components of initial and all follow-up visits.

not pregnant, but people with chronic
conditions such as diabetes are cau-
tioned against taking the live attenuated
influenza vaccine and are instead recom-
mended to receive the inactive or re-
combinant influenza vaccination. For
individuals =65 years of age, there may
be additional benefit from the high-dose
guadrivalent inactivated influenza vac-
cine (20).

Pneumococcal Pneumonia

Like influenza, pneumococcal pneumonia
is a common, preventable disease. Peo-
ple with diabetes are 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% (21).
There are two types of vaccines available
in the U.S. pneumococcal conjugate

Table 4.3—Assessment of hypoglycemia risk

Factors that increase risk of treatment-associated hypoglycemia
e Use of insulin or insulin secretagogues (i.e., sulfonylureas, meglitinides)

e Impaired kidney or hepatic function
e Longer duration of diabetes

e Frailty and older age

e Cognitive impairment

e Impaired counterregulatory response, hypoglycemia unawareness
e Physical or intellectual disability that may impair behavioral response to hypoglycemia

e Alcohol use

e Polypharmacy (especially ACE inhibitors, angiotensin receptor blockers, nonselective

B-blockers)
e History of severe hypoglycemic event

In addition to individual risk factors, consider use of comprehensive risk prediction models (198).

See references 199-203.

Table 4.4—Referrals for initial care management

e Eye care professional for annual dilated eye exam

e Family planning for individuals of childbearing potential

e Registered dietitian nutritionist for medical nutrition therapy
e Diabetes self-management education and support

e Dentist for comprehensive dental and periodontal examination

e Mental health professional, if indicated
e Audiology, if indicated

e Social worker/community resources, if indicated
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vaccines (PCV13, PCV15, and PCV20) and
pneumococcal  polysaccharide vaccine
(PPSV23), with distinct schedules for chil-
dren and adults.

It is recommended that all children re-
ceive a four-dose series of PCV13 or
PCV15 by 15 months of age. For children
with diabetes who have incomplete se-
ries by ages 2-5 years, the CDC recom-
mends a catch-up schedule to ensure
that these children have four doses. Chil-
dren with diabetes between 6 and 18
years of age are also advised to receive
one dose of PPSV23, preferably after re-
ceipt of PCV13.

Adults aged =65 years whose vaccine
status is unknown or who have not re-
ceived pneumococcal vaccine should re-
ceive one dose of PCV15 or PCV20. If
PCV15 is used, it should be followed by
PPSV23.

Adults aged 19-64 years with certain
underlying risk factors or other medical
conditions whose vaccine status is un-
known or who have not received pneu-
mococcal vaccine should receive one
dose of PCV15 or PCV20. As for adults
aged =65 years, if PCV15 is used, it
should be followed by PPSV23.

The recommended interval between
PCV15 and PPSV23 is =1 year. If PPSV23
is the only dose received, PCV15 or
PCV20 may be given =1 year later.

For adults with immunocompromising
conditions, cochlear implant, or cerebro-
spinal fluid leak, a minimum interval of
8 weeks can be considered for dosing of
PCV15 and PPSV23 when PCV15 has been
used.

Adults who received PCV13 should fol-
low the previously recommended PPSV23
series. Adults who received only PPSV23
may receive a PCV15 or PCV20 =1 year
after their last 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 (glu-
cose monitoring devices or infected nee-
dles). Because of the higher likelihood of
transmission, hepatitis B vaccine is recom-
mended for adults with diabetes aged
<60 years. For adults aged =60 years,
hepatitis B vaccine may be administered
at the discretion of the treating clinician
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Table 4.5—Highly recommended immunizations for adults with diabetes (Advisory Committee on Immunization Practices,
Centers for Disease Control and Prevention)

Vaccination Age-group recommendations

Frequency GRADE evidence type*

Reference

Hepatitis B <60 years of age; =60 years
of age discuss with health

care professionals

Human papilloma =26 years of age; 27-45 years

virus (HPV) of age may also be
vaccinated against HPV
after a discussion with
health care professionals
Influenza

not to receive live attenuated

influenza vaccine

Pneumonia (PPSV23
[Pneumovax])

19-64 years of age, vaccinate
with Pneumovax

=65 years of age

PCV20 or PCV15 Adults 19-64 years
of age, with an
immunocompromising
condition (e.g., chronic
renal failure), cochlear
implant, or cerebrospinal
fluid leak

19-64 years of age,
immunocompetent

=65 years of age,
immunocompetent, have
shared decision-making
discussion with health
care professionals

Tetanus, diphtheria,
pertussis (TDAP)

All adults; pregnant
individuals should have
an extra dose

Zoster =50 years of age

Two- or three-dose series 2

Three doses over 2 for female individuals,

6 months

All people with diabetes advised Annual -

One dose is recommended for those that 2
previously received PCV13. If PCV15
used, follow with PPSV23 =1 year
later. PPSV23 is not indicated after
PCV20. Adults who received only
PPSV23 may receive PCV15 or PCV20
=1 year after their last dose.
One dose is recommended for those that 2
previously received PCV13. If PCV15
was used, follow with PPSV23 =1 year
later. PPSV23 is not indicated after
PCV20. Adults who received only
PPSV23 may receive PCV15 or PCV20
=1 year after their last dose.

One dose of PCV15 or PCV20 is 3
recommended by the CDC.

For those who have never received any
pneumococcal vaccine, the CDC
recommends one dose of PCV15 or
PCV20.

One dose of PCV15 or PCV20. PCSV23
may be given =8 weeks after PCV15.
PPSV23 is not indicated after PCV20.

Booster every 10 years 2 for effectiveness,

3 for safety

Two-dose Shingrix, even if 1
previously vaccinated

3 for male individuals

Centers for Disease Control and
Prevention, Use of Hepatitis B
Vaccination for Adults With
Diabetes Mellitus: Recommendations
of the Advisory Committee on
Immunization Practices (ACIP) (204)

Meites et al., Human Papillomavirus
Vaccination for Adults: Updated
Recommendations of the Advisory
Committee on Immunization Practices
(205)

Demicheli et al., Vaccines for Preventing
Influenza in the Elderly (206)

Centers for Disease Control and
Prevention, Updated Recommendations
for Prevention of Invasive
Pneumococcal Disease
Among Adults Using the
23-Valent Pneumococcal Polysaccaride
Vaccine (PPSV23) (207)

Falkenhorst et al., Effectiveness
of the 23-Valent Pneumococcal
Polysaccharide Vaccine (PPV23)
Against Pneumococcal Disease
in the Elderly: Systematic Review
and Meta-analysis (208)

Kobayashi et al., Use of 15-Valent
Pneumococcal Conjugate Vaccine and
20-Valent Pneumococcal Conjugate
Vaccine Among U.S. Adults: Updated
Recommendations of the Advisory
Committee on Immunization
Practices—United States, 2022 (22)

Havers et al., Use of Tetanus Toxoid,
Reduced Diphtheria Toxoid, and
Acellular Pertussis Vaccines: Updated
Recommendations of the Advisory
Committee on Immunization
Practices—United States, 2019 (209)

Dooling et al., Recommendations
of the Advisory Committee on
Immunization Practices for Use
of Herpes Zoster Vaccines (210)

GRADE, Grading of Recommendations Assessment, Development, and Evaluation; PCV13, 13-valent pneumococcal conjugate vaccine; PCV15, 15-valent pneumo-
coccal conjugate vaccine; PCV 20, 20-valent pneumococcal conjugate vaccine; PPSV23, 23-valent pneumococcal polysaccharide vaccine. *Evidence type: 1, ran-

domized controlled trials (RCTs) or overwhelming evidence from observational studies; 2, RCTs with important limitations or exceptionally strong evidence from
observational studies; 3, observational studies or RCTs with notable limitations; 4, clinical experience and observations, observational studies with important limi-

tations, or RCTs with several major limitations. For a comprehensive list, refer to the Centers for Disease Control and Prevention (CDC) at cdc.gov/vaccines/.
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based on the person’s likelihood of ac-
quiring hepatitis B infection.

COVID-19

As of September 2022, the COVID-19
vaccines are recommended for all adults
and some children, including people with
diabetes, under approval from the U.S.
Food and Drug Administration (FDA) (24).
The bivalent booster protecting against the
omicron variant and original strain has
now replaced the monovalent booster
for many.

For people 6 months to 17 years of
age, most can receive the monovalent
Moderna vaccine doses 1 and 2 at least
4-8 weeks apart. For those who are
moderately or severely immunocompro-
mised, doses 1 and 2 and doses 2 and 3
should be at least 4 weeks apart.

For the Pfizer-BioNTech monovalent
vaccine for most people aged 6 months
to 4 years, doses 1 and 2 should be at
least 3-8 weeks apart and doses 2 and 3
at least 8 weeks apart. For those aged
6 months to 4 years who are moderately
or severely compromised, doses 1 and 2
should be at least 4 weeks apart and
doses 2 and 3 at least 4 weeks apart.
For most people aged 5-11 years, doses 1
and 2 should be at least 3-8 weeks apart
and doses 2 and 3 at least 5 months
apart. For those who are moderately or
severely immunocompromised, doses 1
and 2 should be at least 3 weeks apart
and doses 2 and 3 should be at least
8 weeks apart. For most people aged
12-17 years, doses 1 and 2 should be
at least 3—8 weeks apart. For those who
are moderately to severely immunocom-
promised, doses 1 and 2 should be at
least 3 weeks apart and doses 2 and 3
should be at least 4 weeks apart.

For the Novavax vaccine, for most peo-
ple over 12 years of age, doses 1 and 2
should be at least 3-8 weeks apart. For
those who are moderately to severely im-
munocompromised, doses 1 and 2 should
be at least 3 weeks apart. For most peo-
ple aged =18 years receiving the Mod-
erna vaccine, doses 1 and 2 should be at
least 4-8 weeks apart. For those who are
moderately or severely compromised,
doses 1 and 2 should be at least 4 weeks
apart and doses 2 and 3 at least 4 weeks
apart. For most people receiving the
Pfizer-BioNTech vaccine, doses 1 and 2
should be at least 3-8 weeks apart. For
those who are moderately or severely

compromised, doses 1 and 2 should be
at least 3 weeks apart and doses 2 and 3
at least 4 weeks apart.

For most people aged =18 years re-
ceiving Novavax vaccine, doses 1 and
2 should be at least 3-8 weeks apart.
For those who are moderately to se-
verely compromised, doses 1 and 2
should be at least 3 weeks apart. The
Janssen monovalent vaccine is currently
authorized for use in certain limited sit-
uations due to safety considerations.

For most people 12-17 years of age
who received the Moderna vaccine, the
Pfizer-BioNTech bivalent booster may be
given at least 8 weeks from doses 2 and 3.
For those moderately or severely compro-
mised, doses 3 and 4 should be at least
8 weeks apart.

For most people aged 12-17 years
who received the Pfizer-BioNTech vac-
cine, the Pifzer-BioNTech bivalent booster
may be given at least 8 weeks from
doses 2 and 3. For those moderately or
severely compromised, doses 3 and 4
should be at least 8 weeks apart.

For most people aged =12 years re-
ceiving the Novavax vaccine, the Pfizer-
BioNTech bivalent booster may be given
as doses 2 and 3 at least 8 weeks apart.
For those moderately to severely immu-
nocompromised, doses 2 and 3 should
be given at least 8 weeks apart.

Those =18 years of age receiving the
Moderna vaccine may be given the
Moderna bivalent booster 8 weeks after
their last dose. Those =18 years of age
receiving the Pfizer-BioNTech vaccine
may receive the Pfizer-BioNTech biva-
lent booster 8 weeks after their last
dose. Those receiving the Janssen vac-
cine may receive the Moderna or Pfizer-
BioNTech bivalent booster 8 weeks after
their last dose. Those receiving the
Novavax vaccine aged =12 years may
receive either the Moderna or Pfizer-
BioNTech bivalent booster 8 weeks
after their last dose.

ASSESSMENT OF COMORBIDITIES

Besides assessing diabetes-related com-
plications, clinicians and people with dia-
betes need to be aware of common
comorbidities that affect people with di-
abetes and that may complicate man-
agement (25-29). Diabetes comorbidities
are conditions that affect people with di-
abetes more often than age-matched
people without diabetes. This section
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discusses many of the common comor-
bidities observed in people with diabetes
but is not necessarily inclusive of all the
conditions that have been reported.

Autoimmune Diseases

Recommendations

4.7 People with type 1 diabetes should
be screened for autoimmune
thyroid disease soon after diagno-
sis and periodically thereafter. B

4.8 Adults with type 1 diabetes
should be screened for celiac
disease in the presence of gas-
trointestinal symptoms, signs,
laboratory manifestations, or
clinical suspicion suggestive of
celiac disease. B

People with type 1 diabetes are at in-
creased risk for other autoimmune dis-
eases, with thyroid disease, celiac disease,
and pernicious anemia (vitamin B12 defi-
ciency) being among the most common
(30). Other associated conditions include
autoimmune hepatitis, primary adrenal
insufficiency (Addison disease), collagen
vascular diseases, and myasthenia gravis
(31-34). Type 1 diabetes may also occur
with other autoimmune diseases in the
context of specific genetic disorders or
polyglandular autoimmune syndromes
(35). Given the high prevalence, nonspe-
cific symptoms, and insidious onset of pri-
mary hypothyroidism, routine screening
for thyroid dysfunction is recommended
for all people with type 1 diabetes.
Screening for celiac disease should be
considered in adults with diabetes with
suggestive symptoms (e.g., diarrhea,
malabsorption, abdominal pain) or signs
(e.g., osteoporosis, vitamin deficiencies,
iron deficiency anemia) (36,37). Mea-
surement of vitamin B12 levels should
be considered for people with type 1 di-
abetes and peripheral neuropathy or un-
explained anemia.

Cancer

Diabetes is associated with increased risk
of cancers of the liver, pancreas, endo-
metrium, colon/rectum, breast, and
bladder (38). 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 (39),
such as underlying disease physiology
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or diabetes treatments, although evi-
dence for these links is scarce. People
with diabetes should be encouraged to
undergo recommended age- and sex-
appropriate cancer screenings and to re-
duce their modifiable cancer risk factors
(obesity, physical inactivity, and smok-
ing). New onset of atypical diabetes
(lean body habitus, negative family his-
tory) in a middle-aged or older person
may precede the diagnosis of pancreatic
adenocarcinoma (40). However, in the
absence of other symptoms (e.g., weight
loss, abdominal pain), routine screening
of all such individuals is not currently
recommended.

Cognitive Impairment/Dementia

Recommendation

4.9 In the presence of cognitive
impairment, diabetes treat-
ment plans should be simpli-
fied as much as possible and
tailored to minimize the risk of
hypoglycemia. B

Diabetes is associated with a significantly
increased risk and rate of cognitive de-
cline and an increased risk of dementia
(41,42). A recent meta-analysis of pro-
spective observational studies in people
with diabetes showed 73% increased risk
of all types of dementia, 56% increased
risk of Alzheimer dementia, and 127% in-
creased risk of vascular dementia com-
pared with individuals without diabetes
(43). The reverse is also true: people
with Alzheimer dementia are more likely
to develop diabetes than people without
Alzheimer dementia. In a 15-year pro-
spective study of community-dwelling
people >60 years of age, the presence
of diabetes at baseline significantly in-
creased the age- and sex-adjusted inci-
dence of all-cause dementia, Alzheimer
dementia, and vascular dementia com-
pared with rates in those with normal
glucose tolerance (44). See Section 13,
“Older Adults,” for a more detailed dis-
cussion regarding screening for cognitive
impairment.

Hyperglycemia

In those with type 2 diabetes, the de-
gree and duration of hyperglycemia are
related to dementia. More rapid cogni-
tive decline is associated with both in-
creased A1C and longer duration of
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diabetes (43). The Action to Control
Cardiovascular Risk in Diabetes (ACCORD)
study found that each 1% higher A1C
level was associated with lower cogni-
tive function in individuals with type 2
diabetes (45). However, the ACCORD
study found no difference in cognitive
outcomes in participants randomly as-
signed to intensive and standard glycemic
management, supporting the recommen-
dation that intensive glucose manage-
ment should not be advised for the
improvement of cognitive function in
individuals with type 2 diabetes (46).

Hypoglycemia

In type 2 diabetes, severe hypoglycemia
is associated with reduced cognitive func-
tion, and those with poor cognitive func-
tion have more severe hypoglycemia. In a
long-term study of older people with
type 2 diabetes, individuals with one
or more recorded episodes of severe
hypoglycemia had a stepwise increase in
risk of dementia (47). Likewise, the AC-
CORD trial found that as cognitive func-
tion decreased, the risk of severe
hypoglycemia increased (48). This has
also been demonstrated in people with
type 1 diabetes. Tailoring glycemic ther-
apy may help to prevent hypoglycemia
in individuals with cognitive dysfunction
(49). See Section 13, “Older Adults,” for
more detailed discussion of hypoglyce-
mia in older people with type 1 and
type 2 diabetes.

Nutrition

In one study, following the Mediterranean
diet correlated with improved cognitive
function (50). However, a Cochrane re-
view found insufficient evidence to rec-
ommend any specific dietary change for
the prevention or treatment of cognitive
dysfunction (51).

Statins

A systematic review has reported that
data do not support an adverse effect of
statins on cognition (52). The FDA post-
marketing surveillance databases have
also revealed a low reporting rate for
cognitive function—related adverse events,
including cognitive dysfunction or de-
mentia, with statin therapy, similar to
rates seen with other commonly pre-
scribed cardiovascular medications (52).
Therefore, fear of cognitive decline
should not be a barrier to statin use in

people with diabetes and a high risk for
cardiovascular disease.

Nonalcoholic Fatty Liver Disease

Recommendation

4.10 People with type 2 diabetes
or prediabetes with cardio-
metabolic risk factors, who
have either elevated liver en-
zymes (ALT) or fatty liver on
imaging or ultrasound, should
be evaluated for presence of
nonalcoholic steatohepatitis and
liver fibrosis. C

Screening

Nonalcoholic fatty liver disease (NAFLD)
is the term used to identify the broad
spectrum of the disease ranging from
nonalcoholic fatty liver with macrovesic-
ular hepatic steatosis only (or with mild
inflammation) to steatohepatitis (non-
alcoholic steatohepatitis [NASH]) to
cirrhosis. This is in the absence of ongo-
ing or recent consumption of significant
amounts of alcohol (defined as inges-
tion of >21 standard drinks per week in
men and >14 standard drinks per week
in women over a 2-year period preced-
ing evaluation) or the presence of other
secondary causes of fatty liver disease.
Diabetes is a major risk factor for devel-
oping NASH and for disease progression
and worse liver outcomes (53). Recent
studies in adults in the U.S. estimate
that NAFLD is prevalent in >70% of peo-
ple with type 2 diabetes (54-56). This is
consistent with studies from many other
countries (57). NASH is defined histologi-
cally as having =5% hepatic steatosis
and associated with inflammation and
hepatocyte injury (hepatocyte balloon-
ing), with or without evidence of liver
fibrosis (58). Steatohepatitis is estimated
to affect more than half of people with
type 2 diabetes with NAFLD (59), and it
appears to be a driver for the develop-
ment of fibrosis. Fibrosis stages are clas-
sified histologically as the following: FO,
no fibrosis; F1, mild; F2, moderate (sig-
nificant); F3, severe (advanced); and F4,
cirrhosis. In the U.S., between 12% and
20% of people with type 2 diabetes
have clinically significant fibrosis (=F2)
(54,55,59), similar to that observed
worldwide (53,57). NASH is a leading cause
of hepatocellular carcinoma (HCC) (60,61)
and of liver transplantation in the U.S,,
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with transplant waiting lists being over-
represented by people with type 2 dia-
betes (62). Still, clinicians underestimate
its prevalence and do not consistently
implement appropriate screening strate-
gies, thus missing the diagnosis of NAFLD
in high-risk groups, such as those having
obesity or type 2 diabetes. This pattern
of underdiagnosis is compounded by
sparse referral to specialists and inade-
quate prescription of medications with
proven efficacy in NASH (63,64).

The goal of screening is not to identify
steatosis per se (being already highly
prevalent in this population) but rather
to use it to identify those on a disease
path of future cirrhosis. This risk is higher
in people who have obesity and cardio-
metabolic risk factors or insulin resistance,
are >50 years of age, and/or have persis-
tently elevated plasma aminotransferases
(AST and/or ALT >30 units/L for more
>6 months) (65,66). Some genetic var-
iants that alter hepatocyte triglyceride
metabolism may also increase the risk of
NASH progression and cirrhosis (67,68),
amplifying the impact of obesity, but the
role of genetic testing in clinical practice
remains to be established.

Individuals with clinically significant fi-
brosis (=F2), especially those with type 2
diabetes, have a greater risk of cirrhosis
with liver decompensation, HCC, liver
transplantation, and all-cause mortality
(69-72). Excess mortality associated with
NAFLD is attributable not only to cirrho-
sis and HCC but also to extrahepatic
cancer (61), type 2 diabetes (73), and
cardiovascular disease (74,75). Their esti-
mated relative impact depends on length
of follow-up and population studied,
among other factors. Emerging evidence
suggests that NAFLD increases the risk of
chronic kidney disease, particularly when
liver fibrosis is present (76,77), although
the association of NAFLD with diabetic
retinopathy is less clear (78). Therefore,
early diagnosis is essential to prevent fu-
ture cirrhosis.

A recent meta-analysis reported a preva-
lence of NAFLD of 22% in people with
type 1 diabetes (79). This risk may be
linked to the fact that about one-third in
the U.S. have obesity (80). However, there
was a large variability across studies, and
most measured liver fat by ultrasound. In
one of the few studies using the gold-
standard MRI technique to quantitate
liver fat, the prevalence of steatosis in
a population with type 1 diabetes with

low prevalence of obesity was only 8.8%
compared with 68% in people with type 2
diabetes (81). The prevalence of fibrosis
was not established. Therefore, screening
for fibrosis in people with type 1 diabe-
tes should only be considered in the
presence of additional risk factors for
NAFLD, such as obesity, incidental he-
patic steatosis on imaging, or elevated
plasma aminotransferases.

There is consensus that the fibrosis-4
index (FIB-4) is the most cost-effective
strategy for the initial screening of peo-
ple with prediabetes and cardiometa-
bolic risk factors or type 2 diabetes in
the primary care and diabetes clinical
setting (58,64-66,82—-84). See the pro-
posed diagnostic algorithm by an expert
group that included ADA representatives
in Fig. 4.2 (64). A screening strategy
based on elevated plasma aminotrans-
ferases >40 units/L would miss most in-
dividuals with NASH in these settings, as
clinically significant fibrosis (=F2) is
frequently observed with plasma ami-
notransferases below the commonly
used cutoff of 40 units/L (54-56,59,
85,86). The American College of Gastroen-
terology considers the upper limit of nor-
mal ALT levels to be 29-33 units/L for
male individuals and 19-25 units/L for
female individuals (87), as higher levels
are associated with increased liver-
related mortality, even in the absence
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of identifiable risk factors. The FIB-4 esti-
mates the risk of hepatic cirrhosis and is
calculated from the computation of age,
plasma aminotransferases (AST and ALT),
and platelet count (mdcalc.com/calc/
2200/fibrosis-4-fib-4-index-liver-fibrosis).
A value of <1.3 is considered lower risk,
while >2.67 is considered as having a
high probability of advanced fibrosis
(F3—F4). It also predicts changes over
time in hepatic fibrosis (88,89) and al-
lows risk stratification of individuals in
terms of future liver-related morbidity
and mortality (90,91). FIB-4 has an area
under the receiver—operating character-
istic curve of only 0.78-0.80 (89,92-
95); thus, a confirmatory test is often
needed. It has a reasonable specificity
and negative predictive value to rule
out advanced fibrosis but lacks ade-
quate sensitivity and positive predic-
tive value to establish presence of
advanced fibrosis in many cases, which
is the reason why people with diabetes
often fall in the “indeterminate risk”
group for establishing the advanced
fibrosis (or intermediate) group (between
1.3 and 2.67). However, its low cost,
simplicity, and good specificity make it
the initial test of choice (Fig. 4.2). Per-
formance is better in a population with
higher prevalence of significant fibrosis
(i.e., hepatology clinics) compared with
primary care settings. FIB-4 has not been

Noninvasive testing for fibrosis (FIB-4 or NFS)

Indeterminate
risk

Repeat in 2-3 years

Vibration-controlled transient elastography
or blood tests measuring fibrosis markers

v

Repeat in 2-3 years

Refer to a
gastroenterologist
or hepatologist

Figure 4.2—A proposed algorithm for risk stratification in individuals with nonalcoholic fatty
liver disease (NAFLD) or nonalcoholic steatohepatitis (NASH). NFS, NAFLD fibrosis score created
by a group of experts that included American Diabetes Association representatives. Reprinted

from Kanwal et al. (64).
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well validated in pediatric populations
and does not perform as well in those
aged <35 years. In people with diabe-
tes =65 years of age, higher cutoffs
for FIB-4 have been recommended
(1.9-2.0 rather than >1.3) (96,97).

In people with an indeterminate or
high FIB-4, additional risk stratification is
required with a liver stiffness measure-
ment (LSM) by transient elastography
(Fig. 4.2) or, if unavailable, by commer-
cial blood fibrosis biomarkers such as
the Enhanced Liver Fibrosis (ELF) test
(98) or others. Use of a second non-
proprietary diagnostic panel is not rec-
ommended (i.e., NAFLD fibrosis score,
others), as they generally do not perform
better than FIB-4 (56,92). Transient elas-
tography (LSM) is the best-validated
imaging technique for fibrosis risk strati-
fication, and it predicts future cirrhosis
and all-cause mortality in NAFLD (58,65,99).
An LSM value of <8.0 kPa has a good
negative predictive value to exclude ad-
vanced fibrosis (=F3-F4) (100-102) and
indicates low risk for clinically significant
fibrosis. Such individuals with diabetes
can be followed in nonspecialty clinics
with repeat surveillance testing every
=2 years. If the LSM is >12 kPa, the
risk for advanced fibrosis is high and
people with diabetes should be referred
to the hepatologist (100). FIB-4 followed
by LSM helps stratify people with diabe-
tes by risk level and minimize referrals
to the specialist (91,94,99,103,104)
(Fig. 4.2).

Specialists may order additional tests
for fibrosis risk stratification (64-66,84,
99), with magnetic resonance elastogra-
phy having the best overall performance
(particularly for early fibrosis stages).
Finally, liver biopsy remains the gold stan-
dard for the diagnosis of NASH, and its
indication is reserved to the discretion
of the specialist within a multidisciplinary
team approach.

The American Gastroenterological As-
sociation convened an international con-
ference, including representatives of the
ADA, to review and discuss published
literature on the burden, screening, risk
stratification, diagnosis, and manage-
ment of individuals with NAFLD (64).
See Fig. 4.2, which is reproduced from
this special report (64). A Clinical Care
Pathway summarized the diagnosis and
management of NAFLD in a subsequent
publication (66). Consensus is emerging
to start screening with FIB-4 followed by
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LSM and/or patented biomarkers for the
noninvasive fibrosis risk stratification of
individuals with NAFLD in primary care
and diabetes clinics (58,64—66,82—84).
After initial risk stratification (i.e., FIB-4,
LSM, and/or patented biomarkers), peo-
ple with diabetes at indeterminate or
high risk of fibrosis should be referred,
based on practice setting, to a gastroen-
terologist or hepatologist for further
workup within the framework of a mul-
tidisciplinary team (64,105,106).

Management

While steatohepatitis and cirrhosis oc-
cur in lean people with diabetes and
are believed to be linked to genetic
predisposition, insulin resistance, and
environmental factors (107-109), there
is ample evidence to implicate excess
adiposity in people with overweight and
obesity in the pathogenesis of the dis-
ease (110,111). Obesity in the setting of
type 2 diabetes worsens insulin resistance
and steatohepatitis, promoting the de-
velopment of cirrhosis (112). Therefore,
clinicians should recommend lifestyle
changes in people with overweight or
obesity and NAFLD. A minimum weight
loss goal of 5%, preferably =10%
(113,114), is needed to improve liver his-
tology, with fibrosis requiring the larger
weight reduction to change (114-116).
Individualized, structured weight loss and
exercise programs offer greater benefit
than standard counseling in people with
NAFLD (107,117).

Dietary recommendations to induce
an energy deficit are not different than
those for people with diabetes with obe-
sity without NAFLD and should include a
reduction of macronutrient content, lim-
iting saturated fat, starch, and added
sugar, with adoption of healthier eating
patterns. The Mediterranean diet has the
best evidence for improving liver and
cardiometabolic health (58,65,82,83,117—
121). Both aerobic and resistance training
improve NAFLD in proportion to treat-
ment engagement and intensity of the
program (122-124).

Obesity pharmacotherapy may assist
with weight loss in the context of life-
style modification if not achieved by life-
style modification alone.

Bariatric surgery improves NASH and
cardiometabolic health, altering the nat-
ural history of the disease (125). Meta-
analyses report that 70-80% of people
have improvement in hepatic steatosis,

50-75% in inflammation and hepato-
cyte ballooning (necrosis), and 30-40%
in fibrosis (126,127). It may also reduce
the risk of HCC (127). Bariatric surgery
should be used with caution in individu-
als with compensated cirrhosis, but in
experienced hands the risk of hepatic
decompensation is similar to that for
those with less advanced liver disease.
Because of the paucity of safety and
outcome data, bariatric surgery is
not recommended in individuals with
decompensated cirrhosis who also
have a much higher risk of postopera-
tive liver-related complications (enceph-
alopathy, variceal bleeding, or ascites)
(58,65,66).

At present, there are no FDA-approved
drugs for the treatment of NASH. There-
fore, treatment for people with type 2 di-
abetes and NASH is centered on the dual
purpose of treating hyperglycemia and
obesity, especially if clinically significant fi-
brosis (=F2) is present. The rationale for
the treatment of people with type 2 dia-
betes is based on their high prevalence
of NASH with significant fibrosis (10-15%
of people with type 2 diabetes)
(54,55,57), their higher risk of disease
progression and liver-related mortality
(53,72,128), and the lack of pharmaco-
logical treatments once cirrhosis is
established (129). Therefore, early diag-
nosis and treatment of NAFLD offers
the best opportunity for cirrhosis pre-
vention. Pioglitazone and some glucagon-
like peptide 1 receptor agonists (GLP-1
RAs) have been shown to be effective
to treat steatohepatitis (64,65,130-132)
and may slow fibrosis progression (133—-135)
and decrease cardiovascular disease
(65,131), which is the number one cause
of death in people with type 2 diabetes
and NAFLD (74).

Pioglitazone improves glucose and lipid
metabolism and reverses steatohepatitis
in people with prediabetes, type 2 diabe-
tes (136,137), or even without diabetes
(138-140). Fibrosis also improved in some
trials (137,139). A meta-analysis (133) con-
cluded that pioglitazone treatment results
in resolution of NASH and may improve
fibrosis. Pioglitazone may halt the accel-
erated pace of fibrosis progression ob-
served in people with type 2 diabetes
(134) and is overall cost-effective for the
treatment of NASH (141,142). Vitamin E
may be beneficial for the treatment of
NASH in people without diabetes (138).
However, in people with type 2 diabetes,
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treatment in a small randomized con-
trolled trial (RCT) was largely negative as
monotherapy (134), and when added to
pioglitazone, it did not seem to enhance
pioglitazone’s efficacy, as reported in an
earlier trial in this population (137).
Pioglitazone causes dose-dependent
weight gain (15 mg/day, mean of 1-2%;
45 mg/day, 3-5%), increases fracture
risk, may promote heart failure if used
in individuals with preexisting conges-
tive heart failure, and may increase
the risk of bladder cancer, although
this remains controversial (64,65,131,
132).

GLP-1 RAs are effective in inducing
weight loss and ameliorating elevated
plasma aminotransferases and steatosis
(130). However, there are only two RCTs
in biopsy-proven individuals with NASH.
A small RCT reported that liraglutide im-
proved some features of NASH and, of
particular relevance, delayed the pro-
gression of fibrosis (143). More recently,
once-daily subcutaneous semaglutide in
320 people with biopsy-proven NASH
(62% having type 2 diabetes) reported
resolution of steatohepatitis in 59% at the
higher dose (equivalent to 2.4 mg/week
semaglutide) compared with 17% in the
placebo group (P < 0.001) (135). Cumu-
latively, semaglutide did not significantly
affect the stage of liver fibrosis in this
group of people (70% of whom had F2
or F3 at baseline), but it significantly
slowed over 72 weeks the progression
of liver fibrosis (4.9% with the GLP-1 RA
at the highest dose compared with 18.8%
on placebo). Tirzepatide (144), sodium—
glucose cotransporter inhibitors (145—-147),
and insulin (132) reduce hepatic steatosis,
but their effects on steatohepatitis remain
unknown.

Obstructive Sleep Apnea

Age-adjusted rates of obstructive sleep
apnea, a risk factor for cardiovascular dis-
ease, are significantly higher (4- to 10-fold)
with obesity, especially with central obesity
(148). The prevalence of obstructive sleep
apnea in the population with type 2 diabe-
tes may be as high as 23%, and the preva-
lence of any sleep-disordered breathing
may be as high as 58% (149,150). In par-
ticipants with obesity enrolled in the Ac-
tion for Health in Diabetes (Look AHEAD)
trial, it exceeded 80% (151). Individuals
with symptoms suggestive of obstruc-
tive sleep apnea (e.g., excessive day-
time sleepiness, snoring, witnessed apnea)

should be considered for screening (152).
Sleep apnea treatment (lifestyle modifica-
tion, continuous positive airway pressure,
oral appliances, and surgery) significantly
improves quality of life and blood pres-
sure management. The evidence for a
treatment effect on glycemic control is
mixed (153).

Periodontal Disease

Periodontal disease is more severe, and
may be more prevalent, in people with
diabetes than in those without and has
been associated with higher A1C levels
(154-156). Longitudinal studies suggest
that people with periodontal disease
have higher rates of incident diabetes.
Current evidence suggests that periodon-
tal disease adversely affects diabetes out-
comes, although evidence for treatment
benefits remains controversial (29,157). In
an RCT, intensive periodontal treatment
was associated with better glycemic
outcomes (A1C 8.3% vs. 7.8% in control
subjects and the intensive-treatment
group, respectively) and reduction in in-
flammatory markers after 12 months of
follow-up (158).

DIABETES AND COVID-19

Recommendations

4.11 Health care professionals should
help people with diabetes aim
to achieve individualized targeted
glycemic control to reduce the
risk of macrovascular and micro-
vascular risk as well as reduce
the risk of COVID-19 and its
complications. B

As we move into the recovery
phase, diabetes health care
services and practitioners should
address the impact of the
pandemic in higher-risk groups,
including ethnic minority, de-
prived, and older populations. B
People who have been infected
with SARS-CoV-2 should be fol-
lowed up in the longer term to
assess for complications and
symptoms of long COVID. E
People with new-onset diabetes
need to be followed up regu-
larly in routine clinical practice
to determine if diabetes is
transient. B

Health care professionals need
to carefully monitor people with
diabetes for diabetic ketoacidosis

4.12

4.13

4.14

4.15
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during the COVID-19 pan-
demic. C

People with diabetes and their
families/caregivers should be
monitored for psychological
well-being and offered support
or referrals as needed, includ-
ing mental/behavioral health
care, self-management education
and support, and resources to
address related risk factors. E
Health care systems need to en-
sure that the vulnerable popula-
tions are not disproportionately
disadvantaged by use of tech-
nological methods of consulta-
tions. E

4.18 There is no clear indication to
change prescribing of glucose-
lowering therapies in people
with diabetes infected by the
SARS-CoV-2 virus. B

People with diabetes should be
prioritized and offered SARS-
CoV-2 vaccines. B

4.16

4.17

4.19

SARS-CoV-2, the virus that causes the
clinical disease COVID-19, was first re-
ported in December 2019 in China and
has disproportionately impacted certain
groups, including men, older people, eth-
nic minority populations, and people
with certain chronic conditions, including
diabetes, cardiovascular disease, kidney
disease, and certain respiratory diseases.
COVID-19 has now been recognized as a
complex multisystem disease including
widespread insulin resistance, endothe-
lial dysfunction, hematological disorders,
and hyperimmune responses (159). There
is now evidence of not only direct but
also indirect adverse effects of COVID-19
in people with diabetes. Many people
with multiple long-term conditions have
diabetes, which has also been associated
with worse outcomes in people with
COVID-19 (160). The association with BMI
and COVID-19 mortality is U-shaped in
both type 1 and type 2 diabetes (161).
COVID-19 has disproportionately af-
fected certain groups, such as older
people and those from some ethnic
populations who are known to have
high prevalence of chronic conditions
such as diabetes, cardiovascular disease,
kidney disease, and certain respiratory
diseases (162). People with chronic
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conditions have experienced some of
the worst COVID-19 outcomes, includ-
ing hospital admission and mortality
(163). In people with diabetes, higher
blood glucose levels both prior to and
during COVID-19 admission have been
associated with poor outcomes, includ-
ing mortality (164). Type 1 diabetes has
been associated with higher risk of
COVID-19 mortality than type 2 diabe-
tes (165). One whole-population-level
study of over 61 million people in England
in the first wave of the pandemic re-
ported that after adjustment for age, sex,
ethnicity, deprivation, and geographical
region, the odds ratios for in-hospital
COVID-19-related deaths were 3.51
(95% Cl 3.16-3.90) in people with
type 1 diabetes and 2.03 (1.97-2.09)
in people with type 2 diabetes com-
pared with the general population
(166). There were also excess deaths
in the first wave by 59.1% in people
with type 1 diabetes and 64.3% in
people with type 2 diabetes compared
with death rates in the same time pe-
riod for the previous 3 years (161).
The largest study of people with diabe-
tes to date, using whole-population data
from England with over 3 million peo-
ple, reported a higher association for
mortality in people with type 1 diabetes
than type 2 diabetes (161). Male sex,
older age, renal impairment, non-White
ethnicity, socioeconomic deprivation,
and previous stroke and heart failure
were associated with increased COVID-
19-related mortality in both type 1 and
type 2 diabetes (161).

Much of the evidence for recommen-
dations is from a recent systematic re-
view that was commissioned by the
World Health Organization on the latest
research evidence on the impact of
COVID-19 on people with diabetes
(165). Data were summarized from 112
systematic reviews that were narratively
synthesized. The review reported that
there are no appropriate data to deter-
mine whether diabetes is a risk factor
for acquiring SARS-CoV-2 infection. Dia-
betes is a risk factor for severe disease
and death from COVID-19.

Reasons for the higher rates of
COVID-19 and severity in minority ethnic
groups are complex and could be due to
higher prevalence of comorbid conditions
(e.g., diabetes), differences in exposure
risk (e.g., overcrowded living conditions,
essential worker jobs), and access to
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treatment (e.g., health insurance status,
specialist services, and medications), which
all relate to long-standing structural in-
equities that vary by ethnicity (167).

There is now overwhelming evidence
that approximately 30-40% of people
who are infected with COVID-19 get per-
sistent and sometimes relapsing and re-
mitting symptoms 4 weeks after infection,
which has been termed post-acute
sequelae of COVID-19, post-COVID-19
condition, post-acute COVID-19 syn-
drome, or long COVID (168,169). Cur-
rently, data on long COVID specifically
in people with diabetes are lacking,
and people who have been infected
with SARS-CoV-2 should be followed up
in the longer term.

There have also been recent reports
of development of new-onset diabetes
in people who have had COVID-19. There
are conflicting reports of new-onset dia-
betes, with publications from a number
of countries. The precise mechanisms
for new-onset diabetes in people with
COVID-19 are not known but may in-
clude previously undiagnosed diabetes
presenting early or later in the disease
trajectory, stress hyperglycemia, steroid-
induced hyperglycemia, and possibly di-
rect or indirect effects of SARS-CoV-2 on
the B-cell (170). Whether new-onset di-
abetes is likely to remain permanent or
is more aggressive is not known, and it
will be important for health care profes-
sionals to monitor these people in the
longer term. One large U.S. retrospective
study of over 27 million people reported
that COVID-19 was associated with sig-
nificantly increased risk of new-onset
type 1 diabetes and a disproportionately
higher risk in ethnic minority people
(171). Another recent cross-sectional
population—based Canadian study ob-
served a slightly higher but nonsignifi-
cant increase in diabetes incidence in
children during the pandemic, suggesting
this resulted from delays in diagnosis
early during the pandemic with a catch-
up effect (172). Whether COVID-19 leads
to new-onset diabetes is not known.

There have been several publications
on the risk of diabetic ketoacidosis (DKA)
during the pandemic. A German diabetes
prospective study using registry data
of children and adolescents found an
increase in type 1 diabetes in the first
3 months of the first wave, and the fre-
quency of DKA at presentation was sig-
nificantly higher than those for 2019

(44.7% vs. 24.5%, adjusted risk ratio
1.84) and 2018 (vs. 24.1%, adjusted
risk ratio 1.85) as well as the propor-
tion with severe DKA (173). A larger
study using national data in England
during the first two waves found that
rates of DKA were higher than those for
preceding years across all pandemic pe-
riods studied (174). The study reported
lower DKA hospital admissions in people
with type 1 diabetes but higher rates of
DKA in people with type 1 diabetes and
those newly diagnosed with diabetes.

There is also evidence of adverse ef-
fects of COVID-19 on mental health (175)
and health-promoting lifestyles during the
pandemic. Some small studies in people
with diabetes have reported longer-term
psychological impact of SARS-CoV-2 in-
fection in people with diabetes, including
fatigue and risk of suicide (176). Longitu-
dinal follow-up of the Look AHEAD study
of older adults with type 2 diabetes re-
ported a 1.6-fold higher prevalence for
depressive symptoms and 1.8-fold higher
prevalence for loneliness during the
pandemic compared with prepandemic
levels (177). Furthermore, people with
diabetes remain fearful of attending face-
to-face contact due to the possible
threat from mutant strains of corona-
virus (178). Negative emotions due to
the pandemic, including lockdowns, have
been associated with reduced motiva-
tion, physical inactivity, and sedentary
behavior (179). Higher levels of pandemic-
related distress have been linked to higher
A1C (180). Greater pandemic-related life
disruptions have been related to higher
distress in parents of youth with diabe-
tes, which may have impacted families
from racial and ethnic minority groups
to a greater degree than non-Hispanic
White families (181). On the other hand,
for some youth with type 1 diabetes,
increased time at home during the early
phases of the COVID-19 pandemic pro-
vided opportunities for enhanced family
support for diabetes self-management
and reduced diabetes-related distress
(182).

Recurrent lockdowns and other public
health measures due to the pandemic
have restricted access to routine diabetes
care and have affected self-management,
care-seeking behavior, and access to
medications (183). This has resulted in
compromised routine care and manage-
ment of risk factors (184,185). There
have been reductions in diagnosis of
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type 2 diabetes and reductions in new
prescriptions of metformin during the
pandemic (186). Due to unemployment
or lost income during the pandemic,
people living with diabetes have expe-
rienced financial hardships that may
have reduced their affordability for medi-
cations in countries where costs for medi-
cations are out of pocket (184). Many
individuals with diabetes have avoided
or delayed seeking medical attention
for routine non-COVID-19—related prob-
lems due to fear of infection and/or to
reduce strain on health care services
(187). Disruptions in care delivery and
completion of care processes have been
associated with an increased risk of non-
COVID-19-related deaths in people with
diabetes (188).

Direct contact will still be necessary if
blood tests or physical examinations are
required. However, it will be important
to ensure that disparities are not wid-
ened for vulnerable groups such as the
elderly and socieconomically challenged
and ethnic minority groups due to ac-
cess to literacy.

As we recover from the pandemic, it
is essential that we prioritize the highest-
risk groups for their routine review and
assessment as well as management of
their mental/behavioral health and risk
factors. Diabetes professional bodies in
some countries have published guidance
on risk stratification and who to prioritize
for diabetes review (189,190). Factors to
consider for prioritization should include
demographics, socioeconomical status,
education levels, established complica-
tions, comorbidities, and modifiable risk
factors, which are associated with high
risk of progression of diabetes-related
complications.

In many countries, health care profes-
sionals have reduced face-to-face contact
and adapted technological methods of de-
livering routine diabetes care. One small
RCT in adults with type 2 diabetes with
follow-up to 16 weeks showed that remote
consultations during the pandemic re-
duced the prevalence of mental health-
and diabetes-related emotional distress
(191). The number of face-to-face ap-
pointments is now increasing, and hybrid
models with both virtual and face-to-
face consultations are likely to remain
(192). Technological interventions such
as telehealth in people with diabetes
may be a solution to improve care
and clinical outcomes (193). However,

such technological interventions may fur-
ther widen disparities in vulnerable popu-
lations such as the elderly, ethnic minority
groups, frail populations, and those
from deprived communities (194).

Several pharmacoepidemiological stud-
ies have examined the association be-
tween glucose-lowering medications and
risk of COVID-19 and have reported con-
flicting findings, although most studies
showed a lower risk of mortality with
metformin and a higher risk in people
on insulin. However, the absolute differ-
ences in the risks have been small, and
these findings could be due to con-
founding by indication (195). The gold
standard for assessing the effects of
therapies is by RCT, and only one RCT,
the Dapagliflozin in Patients with Cardio-
metabolic Risk Factors Hospitalized with
COVID-19 (DARE-19), a double-blind, pla-
cebo-controlled RCT in people with and
without type 2 diabetes with at least
one cardiovascular risk factor, has been
reported (196). In this study, dapagliflo-
zin was well tolerated and resulted in
fewer events of organ dysfunction, but
results were not statistically significant
for the dual primary outcome of preven-
tion (time to new or worsening organ
dysfunction or death) and the hierar-
chical composite outcome of recovery
by 30 days.

Great progress has been made glob-
ally to develop vaccines against SARS-
CoV-2, and RCT data and real-world data
show that vaccines have led to reduced
infections, transmission, hospitalization,
and mortality. It is therefore important
that people with diabetes have regular
SARS-CoV-2 vaccines (see IMMUNIZATIONS,
above, for detailed information on
COVID-19 vaccines).

It is unclear currently how often people
with diabetes will require booster vac-
cines. Though limited data are available
on COVID-19 vaccination attitudes or up-
take in people with diabetes in the U.S.
(197), diabetes health care professionals
may be in a position to address ques-
tions and concerns among people with
diabetes and encourage vaccination.
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