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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.

For guidelines related to screening for increased risk for type 1 and type 2 diabetes
(prediabetes), please refer to Section 2, “Classification and Diagnosis of Diabetes.”
For guidelines 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 utility of
A1C screening for prediabetes and diabetes may be limited in the presence of hemoglo-
binopathies 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% re-
duction 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 Outcomes
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 lb/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).

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

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/m2 (or BMI
>23 kg/m2 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/m2,
higher fasting plasma glucose
(e.g., $110 mg/dL), and higher
A1C (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 progres-
sion, with every kilogram of weight loss
conferring a 16% reduction in risk of pro-
gression over 3.2 years (9). In postpartum
individuals with GDM, the riskof type 2 dia-
betes increased by 18% for every 1 unit
BMI above the preconception baseline
(69). Several medications evaluated for
weight loss (e.g., orlistat, phentermine top-
iramate, liraglutide, semaglutide, and tirze-
patide) have been shown to decrease the
incidence of diabetes to various degrees in
thosewith 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/m2 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 (DPPOS), 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/m2). Consider periodic monitoring
of vitamin B12 levels in those taking met-
formin chronically to check for possible
deficiency (86,87) (see Section 9, “Pharma-
cologic Approaches toGlycemic Treatment,”
formoredetails).While there is not a univer-
sally accepted recommended periodicity of
monitoring, it is notable that the lowering
effect of metformin 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 theHOME (Hy-
perinsulinaemia: the Outcome of its Meta-
bolic 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 onmet-
formin for more than 4 years or is at risk for
vitamin B12 deficiency should bemonitored
for vitaminB12 deficiency annually (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
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
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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% CI] for incident diabetes 1.36
[1.17–1.58]) (102). In studies of primary
prevention of cardiovascular disease,
cardiovascular and mortality benefits
of statin therapy exceed the risk of di-
abetes (105,106), suggesting a favor-
able benefit-to-harm balance with statin
therapy. Hence, discontinuation of sta-
tins is not recommended in this popula-
tion 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
(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/m2, 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/m2, 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 com-
munity-based Atherosclerosis Risk in Com-
munities (ARIC) study, observational 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 diabetes 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/DPPOS, progression to diabetes,
duration of diabetes, and mean level of
glycemia were important determinants
of the development of microvascular
complications (7). Furthermore, the ability
to achieve normal glucose regulation, even
once, during the DPPwas associated with a
lower risk of diabetes and lower risk of mi-
crovascular complications (114). Observa-
tional follow-up of the Da Qing study
also showed that regression from impaired
glucose tolerance to normal glucose toler-
ance or remaining with impaired glucose
tolerance rather than progressing to type 2
diabetes at the end of the 6-year interven-
tion trial resulted in significantly lower risk
of cardiovascular disease and microvascu-
lar disease over 30 years (115). Prediabetes
is associatedwith increased cardiovascular
disease and mortality (92), emphasizing
the importance of attending to cardiovas-
cular risk in this population.

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 progression of hy-
perglycemia (see Section 9, “Pharmacologic
Approaches to Glycemic Treatment,” for
more details), and cardiovascular risk re-
duction (see Section 10, “Cardiovascular
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Disease and Risk Management,” for more
details) are important tools that can be con-
sidered to support individualized person--
centered goals, with more intensive
preventive approaches considered in indi-
viduals at high riskof progression.

PHARMACOLOGIC INTERVENTIONS
FOR TYPE 1 DIABETES

Recommendation

3.14 Teplizumab-mzwv infusion to
delay the onset of symptom-
atic type 1 diabetes should be
considered in selected individu-
als aged $8 years with stage 2
type 1 diabetes. Management
should be in a specialized set-
ting with appropriately trained
personnel. B

Teplizumab was approved to delay the
onset of stage 3 type 1 diabetes in adults
and pediatric patients 8 years of age and
older with stage 2 type 1 diabetes based
in part upon the efficacy results of a sin-
gle study in relatives at risk for type 1 di-
abetes (116). In this study, 44 individuals
were randomized to a 14-day course of
teplizumab and 32 to placebo. Based on
a Cox proportional hazards model, strati-
fied by age and oral glucose tolerance
test status at randomization, median
time to stage 3 type 1 diabetes diagnosis
was 50 months in the teplizumab group
and 25 months in the placebo group, for
a difference of 25 months at a median
follow-up time of 51 months. In prespeci-
fied analyses, the presence of HLA-DR4
and absence of HLA-DR3 were associated
with more robust responses to teplizumab
(hazard ratio 0.20 [95% CI 0.09–0.45] and
0.18 [95% CI 0.07–0.45], respectively. The
most common adverse reactions were lym-
phopenia (73%) followed by rash (36%).

Numerous clinical studies are being con-
ducted to test methods of preventing or
delaying the onset of stage 3 type 1 diabe-
tes in those with evidence of autoimmu-
nity without symptoms, or delaying loss of
insulin secretory capacity after onset of
stage 3, some with promising results (see
ClinicalTrials.gov and trialnet.org).
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