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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 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

Disclosure information for each author is
available at https://doi.org/10.2337/dc23-SDIS.

Suggested citation: ElSayed NA, Aleppo G, Aroda
VR, et al., American Diabetes Association. 4.
Comprehensive medical evaluation and assess-
ment of comorbidities: Standards of Care in
Diabetes—2023. Diabetes Care 2023;46(Suppl. 1):
S49–S67.2

© 2022 by the American Diabetes Association.
Readers may use this article as long as the
work is properly cited, the use is educational
and not for profit, and the work is not altered.
More information is available at https://www.
diabetesjournals.org/journals/pages/license.

4.
M
ED

IC
A
L
EV

A
LU

A
TIO

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

Diabetes Care Volume 46, Supplement 1, January 2023 S49

https://doi.org/10.2337/dc23-SINT
https://doi.org/10.2337/dc23-SINT
https://www.esurveyspro.com/Survey.aspx?id=329bb4f5-04e2-49a0-ac4a-26828506b9ca
https://doi.org/10.2337/dc23-S001
https://doi.org/10.2337/dc23-SDIS
https://www.diabetesjournals.org/journals/pages/license
https://www.diabetesjournals.org/journals/pages/license
TCooper
Text Box
25 June 2023. Section 4 has been updated to reflect the current clinical knowledge and evidence in nonalcoholic fatty liver disease. The changes are described in detail in: Addendum. 4. Comprehensive Medical Evaluation and Assessment of Comorbidities: Standards of Care in Diabetes—2023. Diabetes Care 2023;46(Suppl. 1):S49–S67 (https://doi.org/10.2337/dc23-ad09).

https://doi.org/10.2337/dc23-ad09


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 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

Figure 4.1—Decision cycle for person-centered glycemic management in type 2 diabetes. Adapted from Davies et al. (246). 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.
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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:

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

• Use language free from stigma.
• Use language that is strength based,
respectful, and inclusive and that im-
parts hope.

• 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:
• Confirm the diagnosis and
classify diabetes. A

• Evaluate for diabetes compli-
cations, potential comorbid
conditions, and overall health
status. A

• Review previous treatment
and risk factor management
in people with established
diabetes. A

• Begin engagement with the
person with diabetes in
the formulation of a care
management plan including
initial goals of care. A

• Develop a plan for continuing
care. A

4.4 A follow-up visit should include
most components of the initial

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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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

Table 4.1 (cont.) - Components of the comprehensive diabetes
medical evaluation at initial, follow-up, and annual visits INITIAL

VISIT

EVERY
FOLLOW-
UP VISIT

Comprehensive foot examination

Screen for depression, anxiety, and disordered eating

Consider assessment for cognitive performance*

Consider assessment for functional performance*

Visual inspection (e.g., skin integrity, callous formation, foot

deformity or ulcer, toenails)**

Screen for PAD (pedal pulses—refer for ABI if diminished)

Determination of temperature, vibration or pinprick sensation,

and 10-g monofilament exam

Height, weight, and BMI; growth/pubertal development in children and

adolescents

Blood pressure determination

Orthostatic blood pressure measures (when indicated)

Fundoscopic examination (refer to eye specialist)

Thyroid palpation

Skin examination (e.g., acanthosis nigricans, insulin injection or

insertion sites, lipodystrophy)

A1C, if the results are not available within the past 3 months

If not performed/available within the past year

Liver function tests#

Spot urinary albumin-to-creatinine ratio

Serum creatinine and estimated glomerular filtration rate+

Thyroid-stimulating hormone in people with type 1 diabetes#

Vitamin B12 if on metformin

Serum potassium levels in people with diabetes on ACE inhibitors, ARBs, 
or diuretics+

Lipid profile, including total, LDL, and HDL cholesterol and

triglycerides#

LABORATORY
EVALUATION

PHYSICAL
EXAMINATION

ABI, ankle-brachial pressure index; ARBs, angiotensin receptor blockers; CBC, complete blood count; 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).

^In 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.

ANNUAL
VISIT

CBC with platelets
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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
quadrivalent 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

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

Table 4.3—Assessment of hypoglycemia risk

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

� History of severe hypoglycemic event

In addition to individual risk factors, consider use of comprehensive risk prediction models (233).

See references 234–238.

Table 4.4—Referrals for initial care management

� Eye care professional for annual dilated eye exam
� Family planning for individuals of childbearing potential
� Registered dietitian nutritionist for medical nutrition therapy
� Diabetes self-management education and support
� Dentist for comprehensive dental and periodontal examination
� Mental health professional, if indicated
� Audiology, if indicated
� Social worker/community resources, if indicated

Table 4.2—Assessment and treatment plan*

Assessing risk of diabetes complications
� ASCVD and heart failure history
� ASCVD risk factors and 10-year ASCVD risk assessment
� Staging of chronic kidney disease (see Table 11.1)
� Hypoglycemia risk (see Table 4.3)
� Assessment for retinopathy
� Assessment for neuropathy

Goal setting

� Set A1C/blood glucose/time-in-range target
� If hypertension is present, establish blood pressure target
� Diabetes self-management goals

Therapeutic treatment plans

� Lifestyle management
� Pharmacologic therapy: glucose lowering
� Pharmacologic therapy: cardiovascular and renal disease risk factors
� Use of glucose monitoring and insulin delivery devices
� 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.
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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

Two- or three-dose series 2 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) (239)

Human papilloma

virus (HPV)

#26 years of age; 27–45 years

of age may also be

vaccinated against HPV

after a discussion with

health care professionals

Three doses over

6 months

2 for female individuals,

3 for male individuals

Meites et al., Human Papillomavirus

Vaccination for Adults: Updated

Recommendations of the Advisory

Committee on Immunization Practices

(240)

Influenza All people with diabetes advised

not to receive live attenuated

influenza vaccine

Annual — Demicheli et al., Vaccines for Preventing

Influenza in the Elderly (241)

Pneumonia (PPSV23

[Pneumovax])

19–64 years of age, vaccinate

with Pneumovax

One dose is recommended for those that

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.

2 Centers for Disease Control and

Prevention, Updated Recommendations

for Prevention of Invasive

Pneumococcal Disease

Among Adults Using the

23-Valent Pneumococcal Polysaccaride

Vaccine (PPSV23) (242)

$65 years of age One dose is recommended for those that

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.

2 Falkenhorst et al., Effectiveness

of the 23-Valent Pneumococcal

Polysaccharide Vaccine (PPV23)

Against Pneumococcal Disease

in the Elderly: Systematic Review

and Meta-analysis (243)

PCV20 or PCV15 Adults 19–64 years

of age, with an

immunocompromising

condition (e.g., chronic

renal failure), cochlear

implant, or cerebrospinal

fluid leak

One dose of PCV15 or PCV20 is

recommended by the CDC.

3 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)

19–64 years of age,

immunocompetent

For those who have never received any

pneumococcal vaccine, the CDC

recommends one dose of PCV15 or

PCV20.

$65 years of age,

immunocompetent, have

shared decision-making

discussion with health

care professionals

One dose of PCV15 or PCV20. PCSV23

may be given $8 weeks after PCV15.

PPSV23 is not indicated after PCV20.

Tetanus, diphtheria,

pertussis (TDAP)

All adults; pregnant

individuals should have

an extra dose

Booster every 10 years 2 for effectiveness,

3 for safety

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 (244)

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

previously vaccinated

1 Dooling et al., Recommendations

of the Advisory Committee on

Immunization Practices for Use

of Herpes Zoster Vaccines (245)

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

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. Screen-
ing for celiac disease should be considered
in adults with diabetes with suggestive
symptoms (e.g., diarrhea, malabsorption,
abdominal pain) or signs (e.g., osteoporo-
sis, vitamin deficiencies, iron deficiency
anemia) (36,37). Measurement of vitamin
B12 levels should be considered for peo-
ple with type 1 diabetes and peripheral
neuropathy or unexplained 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
or diabetes treatments, although
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evidence for these links is scarce. Peo-
ple 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
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
ACCORD trial found that as cognitive
function 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.

Hepatitis C Infection

Infection with hepatitis C virus (HCV) is
associated with a higher prevalence of
type 2 diabetes, which is present in up
to one-third of individuals with chronic
HCV infection. HCV may impair glucose
metabolism by several mechanisms, in-
cluding directly via viral proteins and
indirectly by altering proinflammatory
cytokine levels (53). The use of newer
direct-acting antiviral drugs produces a
sustained virological response (cure) in
nearly all cases and has been reported to
improve glucose metabolism in individuals
with diabetes (54). A meta-analysis of
mostly observational studies found a
mean reduction in A1C levels of 0.45%
(95% CI �0.60 to �0.30) and reduced
requirement for glucose-lowering medi-
cation use following successful eradica-
tion of HCV infection (55).

Pancreatitis

Diabetes is linked to diseases of the exo-
crine pancreas such as pancreatitis, which
may disrupt the global architecture or
physiology of the pancreas, often resulting
in both exocrine and endocrine dysfunc-
tion. Up to half of patients with diabetes
may have some degree of impaired exo-
crine pancreas function (56). People with
diabetes are at an approximately twofold
higher risk of developing acute pancreati-
tis (57).

Conversely, prediabetes and/or diabetes
has been found to develop in approxi-
mately one-third of patients after an epi-
sode of acute pancreatitis (58); thus, the
relationship is likely bidirectional. Postpan-
creatitis diabetes may include either new-
onset disease or previously unrecognized
diabetes (59). Studies of patients treated
with incretin-based therapies for diabetes
have also reported that pancreatitis may
occur more frequently with these medica-
tions, but results have beenmixed and cau-
sality has not been established (60–62).

Islet autotransplantation should be
considered for patients requiring total
pancreatectomy for medically refractory
chronic pancreatitis to prevent postsurgi-
cal diabetes. Approximately one-third of
patients undergoing total pancreatectomy
with islet autotransplantation are insulin
free 1 year postoperatively, and observa-
tional studies from different centers have
demonstrated islet graft function up to a
decade after the surgery in some patients
(63–67). Both patient and disease factors
should be carefully considered when
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deciding the indications and timing of this
surgery. Surgeries should be performed in
skilled facilities that have demonstrated
expertise in islet autotransplantation.

Fractures

Age-specific hip fracture risk is signifi-
cantly increased in both people with
type 1 diabetes (relative risk 6.3) and
those with type 2 diabetes (relative risk
1.7) in both sexes (68). Type 1 diabetes
is associated with osteoporosis, but in
type 2 diabetes, an increased risk of hip
fracture is seen despite higher bone
mineral density (BMD) (69). In three
large observational studies of older
adults, femoral neck BMD T-score and
the World Health Organization Fracture
Risk Assessment Tool (FRAX) score were
associated with hip and nonspine frac-
tures. Fracture risk was higher in partici-
pants with diabetes compared with those
without diabetes for a given T-score and
age or for a given FRAX score (70). Pro-
viders should assess fracture history and
risk factors in older patients with diabetes
and recommend measurement of BMD if
appropriate for the patient’s age and sex.
Fracture prevention strategies for people
with diabetes are the same as for the gen-
eral population and may include vitamin D
supplementation. For patients with type 2
diabetes with fracture risk factors, thiazolidi-
nediones (71) and sodium–glucose cotrans-
porter 2 inhibitors (72) should be used with
caution.

Sensory Impairment

Hearing impairment, both in high-frequency
and low- to midfrequency ranges, is more
common in people with diabetes than in
those without, with stronger associations
found in studies of younger people (73).
Proposed pathophysiologic mechanisms in-
clude the combined contributions of hyper-
glycemia and oxidative stress to cochlear
microangiopathy and auditory neuropathy
(74). In a National Health and Nutrition
Examination Survey (NHANES) analysis,
hearing impairment was about twice as
prevalent in people with diabetes com-
pared with those without, after adjusting
for age and other risk factors for hearing im-
pairment (75). Low HDL cholesterol, coro-
nary heart disease, peripheral neuropathy,
and general poor health have been re-
ported as risk factors for hearing impair-
ment for people with diabetes, but an
association of hearing loss with blood
glucose levels has not been consistently

observed (76). In the Diabetes Control and
Complications Trial/Epidemiology of Diabe-
tes Interventions and Complications (DCCT/
EDIC) cohort, time-weightedmean A1Cwas
associated with increased risk of hearing
impairment when tested after long-term
(>20 years) follow-up (77). Impairment in
smell, but not taste, has also been reported
in individualswith diabetes (78).

Low Testosterone in Men

Recommendation

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

Mean levels of testosterone are lower
in men with diabetes compared with
age-matched men without diabetes, but
obesity is a major confounder (79,80).
Testosterone replacement in men with
symptomatic hypogonadism may have
benefits including improved sexual func-
tion, well-being, muscle mass and strength,
and bone density (81). In men with diabe-
tes who have symptoms or signs of low
testosterone (hypogonadism), a morning
total testosterone level should be mea-
sured using an accurate and reliable assay
(82). In men who have total testosterone
levels close to the lower limit, it is reason-
able to determine free testosterone con-
centrations either directly from equilibrium
dialysis assays or by calculations that use
total testosterone, sex hormone binding
globulin, and albumin concentrations (82).
Please see the Endocrine Society clinical
practice guideline for detailed recom-
mendations (82). Further tests (such as
luteinizing hormone and follicle-stimulat-
ing hormone levels) may be needed to
further evaluate the patient. Testoster-
one replacement in older men with hy-
pogonadism has been associated with
increased coronary artery plaque vol-
ume, with no conclusive evidence that
testosterone supplementation is associ-
ated with increased cardiovascular risk in
hypogonadal men (82).

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
(83). 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% (84,85). In partici-
pants with obesity enrolled in the Action
for Health in Diabetes (Look AHEAD) trial,
it exceeded 80% (86). Individuals with
symptoms suggestive of obstructive sleep
apnea (e.g., excessive daytime sleepiness,
snoring, witnessed apnea) should be con-
sidered for screening (87). Sleep apnea
treatment (lifestyle modification, continu-
ous positive airway pressure, oral applian-
ces, and surgery) significantly improves
quality of life and blood pressure man-
agement. The evidence for a treatment
effect on glycemic control is mixed (88).

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
(89–91). 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 (29,92). 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 (93).

Nonalcoholic Fatty Liver Disease

Screening

Recommendations

4.11a Adults with type 2 diabetes or
prediabetes, particularly those
with obesity or cardiometabolic
risk factors/established cardio-
vascular disease, should be
screened/risk stratified for non-
alcoholic fatty liver disease
with clinically significant fibrosis
(defined as moderate fibrosis
to cirrhosis) using a calculated
fibrosis-4 index (derived from
age, ALT, AST, and platelets
[mdcalc.com/calc/2200/fibrosis-
4-fib-4-index-liver-fibrosis]),
even if they have normal liver
enzymes. B
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4.11b Adults with diabetes or predia-
betes with persistently ele-
vated plasma aminotransferase
levels for >6 months and low
fibrosis-4 index should be eval-
uated for other causes of liver
disease. B

4.12 Adults with type 2 diabetes or
prediabetes with an indetermi-
nate or high fibrosis-4 index
should have additional risk strati-
ficationby liver stiffnessmeasure-
ment with transient elastography,
or the blood biomarker en-
hanced liver fibrosis. B

4.13 Adults with type 2 diabetes or
prediabetes with indeterminate
results or at high risk for signifi-
cant liverfibrosis (i.e., by fibrosis-
4 index, liver stiffness measure-
ment, or enhanced liver fibrosis)
should be referred to a gastroen-
terologist or hepatologist for fur-
ther workup. Multidisciplinary
care is recommended for long-
termmanagement.B

Nonalcoholic fatty liver disease (NAFLD)
is the term used to identify the broad
spectrum of disease ranging from nonal-
coholic fatty liver with macrovesicular
hepatic steatosis (or with mild inflam-
mation) to steatohepatitis (nonalcoholic
steatohepatitis [NASH]) to cirrhosis. This
is in the absence of ongoing or recent
consumption of significant amounts of
alcohol (defined as ingestion of >21
standard drinks per week in men and
>14 standard drinks per week in
women over a 2-year period preceding
evaluation) or other secondary causes
of fatty liver disease. Diabetes is a major
risk factor for developing NASH, disease
progression, and worse liver outcomes
(94). Recent studies in adults in the U.S.
estimate that NAFLD is prevalent in
>70% of people with type 2 diabetes
(95–97). This is consistent with studies
from other countries (98). NASH is defined
histologically as having $5% hepatic
steatosis and associated with inflam-
mation and hepatocyte injury (hepato-
cyte ballooning), with or without
evidence of liver fibrosis (99). Steatohe-
patitis is estimated to affect more than
half of people with type 2 diabetes with
NAFLD (100) and appears to be a driver
for the development of fibrosis. Fibrosis

stages are classified histologically as the
following: F0, no fibrosis; F1, mild; F2,
moderate (significant); F3, severe (ad-
vanced); and F4, cirrhosis. In the U.S.,
between 12% and 20% of people with
type 2 diabetes have clinically signifi-
cant fibrosis ($F2) (95,96,100), with
similar prevalence worldwide (94,98).
NASH is a leading cause of hepatocellular
carcinoma (HCC) (101,102) and of liver
transplantation in the U.S., with trans-
plant waiting lists being overrepre-
sented by people with type 2 diabetes
(103). Clinicians underestimate its prev-
alence and do not consistently imple-
ment appropriate screening strategies,
thus missing the diagnosis of the poten-
tially progressive form of NAFLD in high-
risk groups, such as those having obesity
or type 2 diabetes. This pattern of un-
derdiagnosis is compounded by sparse
referral to specialists and inadequate
prescription of medications with proven
efficacy in NASH (104,105).

The goal of screening for NAFLD is
to identify patients at risk for adverse
health outcomes associated with NASH
such as cirrhosis, HCC, and death from
liver disease. This risk is higher in people
who have central obesity and cardiometa-
bolic risk factors or insulin resistance, are
>50 years of age, and/or have persistently
elevated plasma aminotransferases (AST
and/or ALT >30 units/L for >6 months)
(106,107). Some genetic variants that

alter hepatocyte triglyceride metabo-
lism may also increase the risk of NASH
progression and cirrhosis (108,109), am-
plifying the impact of obesity, but the role
of genetic testing in clinical practice re-
mains 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
(110–113). Increased mortality associ-
ated with NAFLD is attributable not only
to cirrhosis and HCC but also to extrahe-
patic cancer (102), type 2 diabetes (114),
and cardiovascular disease (115,116). The
estimated relative impact depends on
length of follow-up and population stud-
ied, among other factors. Emerging evi-
dence suggests that NAFLD increases the
risk of chronic kidney disease, particularly
when liver fibrosis is present (117,118), al-
though the association of NAFLDwith dia-
betic retinopathy is less clear (119). Early
diagnosis is essential to prevent future cir-
rhosis and complications.

A recent meta-analysis reported a preva-
lence of NAFLD of 22% in people with
type 1 diabetes (120). This risk may be
linked to the fact that about one-third of
people with type 1 diabetes in the U.S.
have obesity (121). However, there is large
variability in NAFLD prevalence across stud-
ies, and most measured liver fat by ultra-
sound. In one of the few studies using

Figure 4.2—A proposed algorithm for risk stratification in individuals with nonalcoholic fatty
liver disease (NAFLD) or nonalcoholic steatohepatitis (NASH). ELF, enhanced liver fibrosis; FIB-4,
fibrosis-4 index. Adapted from Kanwal et al. (105).
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the gold-standard MRI technique to
quantify liver fat, the prevalence of
steatosis in a population with type 1 di-
abetes with low prevalence of obesity
was only 8.8% compared with 68% in
people with type 2 diabetes (122). The
prevalence of fibrosis was not established
in that study. Therefore, screening for fi-
brosis in people with type 1 diabetes
should only be considered in the pres-
ence of additional risk factors for NAFLD,
such as obesity, incidental hepatic stea-
tosis 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 with type 2 diabetes
in primary care and diabetes clinical set-
tings (99,105–107,123–125). See the pro-
posed diagnostic algorithm by an expert
group that included ADA representatives
in Fig. 4.2 (105). 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 (95–97,100,
126,127). The American College of Gastro-
enterology considers the upper limit of
normal ALT levels to be 29–33 units/L for
male individuals and 19–25 units/L for
female individuals (128), as higher lev-
els are associated with increased liver-
related mortality, even in the absence
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 low risk of
having advanced fibrosis (F3–F4) and for
developing adverse liver outcomes, while
>2.67 is considered as having a high
probability of advanced fibrosis (F3–F4)
and increased risk of adverse liver out-
comes. FIB-4 predicts changes over
time in hepatic fibrosis (129,130) and al-
lows risk stratification of individuals in
terms of future liver-related morbidity
and mortality (131,132). FIB-4 has rea-
sonable specificity but low sensitivity,
hence a negative result rules out fibrosis
while a positive result requires confirma-
tory testing. (130,133–136). It has a reason-
able specificity and negative predictive

value to rule out advanced fibrosis but
lacks adequate sensitivity and positive
predictive value to establish presence
of advanced fibrosis in many cases,
which is the reason why people with dia-
betes often fall in the “indeterminate”
(or intermediate) risk group for ad-
vanced fibrosis and adverse liver out-
comes (when FIB-4 is between 1.3 and
2.67). However, its low cost, simplicity,
and good specificity make it the initial
test of choice (Fig. 4.2). Performance is
better in a population with higher preva-
lence of significant fibrosis (i.e., hepatol-
ogy clinics) compared with primary care
settings. FIB-4 has not been well vali-
dated in pediatric populations and
does not perform as well in those aged
<35 years. In people with diabetes
$65 years of age, higher cutoffs for
FIB-4 have been recommended (1.9–2.0
rather than>1.3) (137,138).

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
(139) 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 (97,133). 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
(99,106,140). An LSM value of <8.0 kPa
has a good negative predictive value to
exclude advanced fibrosis ($F3–F4)
(141–143) and indicates low risk for clini-
cally significant fibrosis. Such individuals
with diabetes can be followed in nonspe-
cialty clinics with repeat surveillance
testing every $2 years, although the
precise time interval remains to be es-
tablished. 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 specialty
referrals (132,135,140,144,145) (Fig. 4.2).

Specialists may order additional tests for
fibrosis risk stratification (105–107,125,
140), with magnetic resonance elastogra-
phy (MRE) having the best overall perfor-
mance (particularly for early fibrosis
stages). However, the accessibility and costs

associated with MRE are barriers to its use.
While, liver biopsy remains the gold stan-
dard for the diagnosis of NASH, its indica-
tion is reserved to the discretion of the
specialist within amultidisciplinary team ap-
proach due to high costs and potential for
morbidity associatedwith this procedure.

In 2020, an expert panel convened by
the American Gastroenterological Associ-
ation that included representatives of the
ADA reviewed the published literature
on the burden, screening, risk stratifica-
tion, diagnosis, and management of
individuals with NAFLD (105). See Fig.
4.2, which is adapted from this special
report (105). A Clinical Care Pathway
summarized the diagnosis and manage-
ment of NAFLD in a subsequent publica-
tion (107). Consensus has emerged to
start screening with FIB-4 followed by
LSM or ELF and patented biomarkers as
needed for the noninvasive fibrosis risk
stratification of individuals with NAFLD
in primary care and diabetes clinics (99,
105–107,123–125,146).

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 gastroenterologist or
hepatologist for further workup within
the framework of a multidisciplinary team
(105,147,148).

Management

Recommendations

4.14 Adults with type 2 diabetes or
prediabetes particularly with
overweight or obesity with non-
alcoholic fatty liver disease
should be recommended lifestyle
changes that promote weight
loss, ideally within a structured
nutrition plan and physical activ-
ity program for cardiometabolic
benefits B and histological im-
provement. C

4.15 For adults with type 2 diabetes
particularly with overweight or
obesity with nonalcoholic fatty
liver disease, consider using a
glucagon-like peptide 1 recep-
tor agonist with demonstrated
benefits in nonalcoholic steato-
hepatitis as an adjunctive ther-
apy to lifestyle interventions
for weight loss. B

4.16 Pioglitazone or glucagon-like
peptide 1 receptor agonists are
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the preferred agents for the
treatment of hyperglycemia in
adults with type 2 diabetes with
biopsy-proven nonalcoholic stea-
tohepatitis, or those at high risk
for nonalcoholic fatty liver disease
with clinically significant liver fi-
brosis using noninvasive tests.A

4.17a In adults with type 2 diabetes
and nonalcoholic steatohepati-
tis, use of glucose-lowering ther-
apies other than pioglitazone or
glucagon-like peptide 1 receptor
agonists may be continued as
clinically indicated, but these
therapies lack evidence of bene-
fit in nonalcoholic steatohepati-
tis. B

4.17b Insulin therapy is the preferred
agent for the treatment of hy-
perglycemia in adults with type 2
diabetes with decompensated
cirrhosis. C

4.18a Adults with type 2 diabetes and
nonalcoholic fatty liver disease
are at increased cardiovascular
risk; therefore, comprehensive
management of cardiovascular
risk factors is recommended. B

4.18b Statin therapy is safe in adults
with type 2 diabetes and com-
pensated cirrhosis from nonalco-
holic fatty liver disease and
should be initiated or continued
for cardiovascular risk reduction
as clinically indicated. B Statin
therapy should beusedwith cau-
tion and close monitoring in
people with decompensated cir-
rhosis, given limited safety and
efficacy data.B

4.19a Consider metabolic surgery in
appropriate candidates as an op-
tion to treat nonalcoholic steato-
hepatitis in adults with type 2
diabetes and nonalcoholic stea-
tohepatitis B and improve car-
diovascular outcomes.B

4.19b Metabolic surgery should be
used with caution in adults
with type 2 diabetes with com-
pensated cirrhosis from nonal-
coholic fatty liver disease B and
is not recommended in decom-
pensated cirrhosis. B

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 (149–151), there
is ample evidence to implicate excess
visceral and overall adiposity in people
with overweight and obesity in the path-
ogenesis of the disease (152,153). Obe-
sity in the setting of type 2 diabetes
worsens insulin resistance and steatohepa-
titis, promoting the development of cirrho-
sis (154). Therefore, clinicians should enact
evidence-based interventions (as discussed
in Section 5, “Facilitating Positive Health
Behaviors and Well-being to Improve
Health Outcomes”) to promote healthy
lifestyle change and weight loss for people
with overweight or obesity and NAFLD. A
minimum weight loss goal of 5%, prefera-
bly$10% (155,156), is needed to improve
liver histology, with fibrosis requiring the
larger weight reduction to change (156–
158). Individualized, structured weight loss
and exercise programs offer greater bene-
fit than standard counseling in people with
NAFLD (149,159).

Dietary recommendations to induce an
energy deficit are not different than those
for people with diabetes with obesity
without NAFLD and should include a re-
duction ofmacronutrient content, limiting
saturated fat, starch, and added sugar,
with adoption of healthier eating pat-
terns. The Mediterranean diet has the
best evidence for improving liver and
cardiometabolic health (99,106,123,124,
159–163). Both aerobic and resistance
training improve NAFLD in proportion to
treatment engagement and intensity of
the program (164–166).

Obesity pharmacotherapy may assist
with weight loss in the context of life-
style modification if not achieved by life-
style modification alone (see Section 8,
“Obesity and Weight Management for
the Prevention and Treatment of Type 2
Diabetes”).

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) (95,
96,98), their higher risk of disease progres-
sion and liver-related mortality (94,113,
167), and the lack of pharmacological
treatments once cirrhosis is established

(168). Therefore, early diagnosis and
treatment of NAFLD offers the best op-
portunity for cirrhosis prevention. Piogli-
tazone and some glucagon-like peptide 1
receptor agonists (GLP-1 RAs) have been
shown to be effective to treat steatohe-
patitis (105,106,169–171) and may slow fi-
brosis progression (172–174) and decrease
cardiovascular disease (106,170), which
is the number one cause of death in peo-
ple with type 2 diabetes and NAFLD
(115).

Pioglitazone improves glucose and lipid
metabolism and reverses steatohepatitis
in people with prediabetes, type 2 diabe-
tes (175,176), or even without diabetes
(177–179). Fibrosis also improved in some
trials (176,178). A meta-analysis (172) 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
(173) and is overall cost-effective for the
treatment of NASH (180,181). Vitamin E
may be beneficial for the treatment of
NASH in people without diabetes (177).
However, in people with type 2 diabetes,
Vitamin E monotherapy was found to be
negative in a small randomized controlled
trial (RCT) (173), and it did not seem to
enhance pioglitazone’s efficacy when used
in combination as reported in an earlier
trial in this population (176). 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 individualswith preexisting
congestive heart failure, andmay increase
the risk of bladder cancer, although this
remains controversial (105,106,170,171).

GLP-1 RAs are effective in inducing
weight loss and ameliorating elevated
plasma aminotransferases and steatosis
(169). However, there are only two RCTs
of GLP-1 RAs in biopsy-proven individu-
als with NASH. A small RCT reported
that liraglutide improved some features
of NASH and, of particular relevance,
delayed the progression of fibrosis
(182). More recently, once-daily subcu-
taneous semaglutide in 320 people with
biopsy-proven NASH (62% having type 2
diabetes) reported resolution of steatohe-
patitis in 59% at the higher dose (equivalent
to 2.4 mg/week semaglutide) compared
with 17% in the placebo group (P <
0.001) (174). Cumulatively, semaglutide
did not significantly affect the stage of
liver fibrosis in this group of people (70%
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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 (183),
sodium–glucose cotransporter inhibitors
(184–186), and insulin (171) reduce he-
patic steatosis, but their effects on steato-
hepatitis remain unknown. The use of
glucose-lowering agents other than piogli-
tazone or GLP-1 RAs may be continued in
patients with type 2 diabetes and NAFLD
for glycemic control, as clinically indi-
cated. However, they have either failed to
improve steatohepatitis in paired-biopsy
studies (metformin) or have no RCTs with
liver histological end points (i.e., sulfony-
lureas, glitinides, dipeptidyl peptidase 4
inhibitors, or acarbose).

Insulin is the preferred glucose-lowering
agent for the treatment of hyperglycemia
in adults with type 2 diabetes with de-
compensated cirrhosis given the lack of
robust evidence about the safety and effi-
cacy of oral agents and noninsulin inject-
ables (i.e., GLP-1 RA, GLP-1/GIP RA) (187),
although a recent 48-week study sug-
gested that a GLP-1 RAs may be safe in
patients with NASH and compensated cir-
rhosis (188).

Metabolic surgery improves NASH and
cardiometabolic health, altering the nat-
ural history of the disease (189). Meta-
analyses report that 70–80% of people
have improvement in hepatic steatosis,
50–75% in inflammation and hepatocyte
ballooning (necrosis), and 30–40% in fi-
brosis (190,191). It may also reduce the
risk of HCC (191). Metabolic surgery
should be used with caution in individu-
als with compensated cirrhosis (i.e.,
asymptomatic stage of cirrhosis without
associated liver complications), but with
experienced surgeons the risk of hepatic
decompensation is similar to that for
those with less advanced liver disease.
Because of the paucity of safety and out-
come data, metabolic surgery is not recom-
mended in individualswith decompensated
cirrhosis (i.e., cirrhosis stage with complica-
tions such as variceal hemorrhage, ascites,
hepatic encephalopathy, or jaundice), who
also have a much higher risk of postopera-
tive development of these liver-related
complications (99,106,107).

A number of studies now recognize that
adults with type 2 diabetes and NAFLD
are at an increased risk of cardiovascular
disease and require a comprehensive
management of cardiovascular risk factors

(99,105–107). Within a multidisciplinary
approach, statin therapy should be initi-
ated or continued for cardiovascular risk
reduction as clinically indicated. Overall,
its use appears to be safe in adults with
type 2 diabetes and NASH, including in
the presence of compensated cirrhosis
(Child-Pugh class A or B cirrhosis) from
NAFLD. Some studies even suggest that
their use in people with chronic liver dis-
ease may reduce episodes of hepatic de-
compensation and/or overall mortality
(192,193). Statin therapy is not recom-
mended in decompensated cirrhosis
given limited safety and efficacy data
(99,106,107).

DIABETES AND COVID-19

Recommendations

4.20 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

4.21 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

4.22 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

4.23 People with new-onset diabetes
need to be followed up regu-
larly in routine clinical practice
to determine if diabetes is
transient. B

4.24 Health care professionals need
to carefully monitor people with
diabetes for diabetic ketoacidosis
during the COVID-19 pan-
demic. C

4.25 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 edu-
cation and support, and re-
sources to address related risk
factors. E

4.26 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

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

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

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, endothelial
dysfunction, hematological disorders, and
hyperimmune responses (194). 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 diabe-
tes, which has also been associated with
worse outcomes in people with COVID-19
(195). The association with BMI and
COVID-19 mortality is U-shaped in both
type 1 and type 2 diabetes (196).

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 (197). People with chronic con-
ditions have experienced some of the
worst COVID-19 outcomes, including
hospital admission and mortality (198).
In people with diabetes, higher blood
glucose levels both prior to and during
COVID-19 admission have been associ-
ated with poor outcomes, including mor-
tality (199). Type 1 diabetes has been
associated with higher risk of COVID-19
mortality than type 2 diabetes (200).
One whole-population-level study of over
61 million people in England in the first
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wave of the pandemic reported that after
adjustment for age, sex, ethnicity, depri-
vation, and geographical region, the odds
ratios for in-hospital COVID-19–related
deaths were 3.51 (95% CI 3.16–3.90)
in people with type 1 diabetes and
2.03 (1.97–2.09) in people with type 2
diabetes compared with the general
population (201). There were also ex-
cess 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 period for the previous 3 years
(196). The largest study of people with
diabetes to date, using whole-population
data from England with over 3 million
people, reported a higher association for
mortality in people with type 1 diabetes
than type 2 diabetes (196). 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 (196).
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
(200). 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
treatment (e.g., health insurance status,
specialist services, and medications), which
all relate to long-standing structural in-
equities that vary by ethnicity (202).
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 se-
quelae of COVID-19, post-COVID-19 con-
dition, post-acute COVID-19 syndrome,
or long COVID (203,204). Currently, 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 (205). 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
(206). 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 (207). 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 (208). 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 (209). 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 (210)
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 (211). 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 (212). Furthermore, people with
diabetes remain fearful of attending face-
to-face contact due to the possible
threat from mutant strains of corona-
virus (213). Negative emotions due to
the pandemic, including lockdowns, have
been associated with reduced motiva-
tion, physical inactivity, and sedentary
behavior (214). Higher levels of pandemic-
related distress have been linked to higher
A1C (215). 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 (216). 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
(217).

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 (218). This has resulted in
compromised routine care and manage-
ment of risk factors (219,220). There
have been reductions in diagnosis of
type 2 diabetes and reductions in new
prescriptions of metformin during the
pandemic (221). 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 (219). 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
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reduce strain on health care services
(222). 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 (223).

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 (224,225). 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
(226). 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
(227). Technological interventions such
as telehealth in people with diabetes
may be a solution to improve care
and clinical outcomes (228). 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 (229).

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 differences

in the risks have been small, and these
findings could be due to confounding by
indication (230). The gold standard for as-
sessing the effects of therapies is by RCT,
and only one RCT, the Dapagliflozin in Pa-
tients with Cardiometabolic Risk Factors
Hospitalized with COVID-19 (DARE-19), a
double-blind, placebo-controlled RCT in
people with and without type 2 diabetes
with at least one cardiovascular risk fac-
tor, has been reported (231). In this
study, dapagliflozin was well tolerated
and resulted in fewer events of organ
dysfunction, but results were not statis-
tically significant for the dual primary
outcome of prevention (time to new or
worsening organ dysfunction or death)
and the hierarchical composite out-
come 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.
(232), 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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