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Background: Racial/ethnic minority populations in the United
States have increased rates of diabetes compared with White
populations. The 2021 guidelines from the U.S. Preventive Services
Task Force recommend diabetes screening for adults aged 35 to
70 years with a body mass index (BMI) of 25 kg/m2 or greater.

Objective: To determine the BMI threshold for diabetes screen-
ing in major racial/ethnic minority populations with benefits and
harms equivalent to those of the current diabetes screening
threshold in White adults.

Design: Cross-sectional study.

Setting: NHANES (National Health and Nutrition Examination
Survey), 2011 to 2018.

Participants: Nonpregnant U.S. adults aged 18 to 70 years
(n= 19335).

Measurements: A logistic regression model was used to esti-
mate diabetes prevalence at various BMIs for White, Asian,
Black, and Hispanic Americans. For each racial/ethnic minority
group, the equivalent BMI threshold was defined as the BMI at
which the prevalence of diabetes in 35-year-old persons in that
group is equal to that in 35-year-old White adults at a BMI of
25 kg/m2. Ranges were estimated to account for the uncertainty
in prevalence estimates for White and racial/ethnic minority
populations.

Results: Among adults aged 35 years with a BMI of 25 kg/m2,
the prevalence of diabetes in Asian Americans (3.8% [95% CI,
2.8% to 5.1%]), Black Americans (3.5% [CI, 2.7% to 4.7%]), and
Hispanic Americans (3.0% [CI, 2.1% to 4.2%]) was significantly
higher than that in White Americans (1.4% [CI, 1.0% to 2.0%]).
Compared with a BMI threshold of 25 kg/m2 in White Americans,
the equivalent BMI thresholds for diabetes prevalence were
20 kg/m2 (range, <18.5 to 23 kg/m2) for Asian Americans,
less than 18.5 kg/m2 (range, <18.5 to 23 kg/m2) for Black
Americans, and 18.5 kg/m2 (range, <18.5 to 24 kg/m2) for
Hispanic Americans.

Limitation: Sample size limitations precluded assessment of
heterogeneity within racial/ethnic groups.

Conclusion: Among U.S. adults aged 35 years or older, offering
diabetes screening to Black Americans and Hispanic Americans
with a BMI of 18.5 kg/m2 or greater and Asian Americans with a
BMI of 20 kg/m2 or greater would be equivalent to screening
White adults with a BMI of 25 kg/m2 or greater. Using screening
thresholds specific to race/ethnicity has the potential to reduce
disparities in diabetes diagnosis.
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Diabetes mellitus is a leading cause of morbidity and
mortality in the United States, affecting more than

34 million adults and generating $330 billion in annual
health care expenditures (1, 2). Persons with overweight
or obesity are at increased risk for diabetes compared
with those with normal weight (3). The U.S. Preventive
Services Task Force (USPSTF) previously recommended
screening for diabetes among adults aged 40 to 70 years
who have a bodymass index (BMI) of 25 kg/m2 or greater;
in August 2021, the USPSTF changed the starting age for
this recommendation to 35 years. The goal of screening
would be to identify individuals who may benefit from in-
tensive behavioral counseling, interventions to improve
diet and physical activity, or pharmacologic therapy (4, 5).

Compared with White populations, persons in racial/
ethnic minority populations in the United States have a
higher prevalence of diabetes, are less likely to be aware
of their diagnosis, and are more likely to die of diabetes
(3, 4, 6). A risk-based screening approach may suggest
that diabetes screening should be offered starting at
lower BMIs and younger ages in racial/ethnic minority
populations. The American Diabetes Association recom-
mends that Asian Americans be considered for screening
starting at lower BMIs, and the 2021 recommendations

that the USPSTF released recently acknowledge that some
racial/ethnic groups are at higher risk and may warrant
screening at lower ages or BMIs (3–5, 7). Personalizing
screening recommendations by race/ethnicity could increase
diagnosis rates and improve health equity (8).

In this study, we determined the equivalent BMI
thresholds for diabetes screening among racial/ethnic
minority Americans that would be expected to produce
similar tradeoffs of screening-related benefits and harms
to the implementation of the 2021 USPSTF recommen-
dations in White Americans. In secondary analyses, we
identified whether initiating screening at younger ages
in persons from racial/ethnic minority groups would be
equivalent to the current practice of screening White
persons starting at age 35 years.

See also:

Editorial comment. . . . . . . . . . . . . . . . . . . . . . . . . . . 895
Summary for Patients . . . . . . . . . . . . . . . . . . . . . . . . I-22

Web-Only
Supplement

© 2022 American College of Physicians 765

Annals of Internal Medicine ORIGINAL RESEARCH



METHODS

Data Source
NHANES (National Health and Nutrition Examination

Survey) is a cross-sectional survey designed to produce
nationally representative estimates of risk factors and dis-
ease prevalence in major racial/ethnic groups. It is con-
ducted every 2 years by the National Center for Health
Statistics (9). NHANES was approved by the National Center
for Health Statistics Research Ethics Review Board. We
included in our analyses the 4 NHANES cycles from 2011
to 2018—all cycles that oversample Asian Americans and
Hispanic Americans (in addition to the more long-standing
practice of oversampling Black Americans).

Study Participants and Definitions
Age and race/ethnicity in NHANES were determined by

self-report. Our study included 19335 nonpregnant adults
aged 18 to 70 years (the age group eligible for screening
in the 2021 USPSTF recommendations [4]), including 6319
White Americans, 2658 Asian Americans, 4597 Black
Americans, 4998 Hispanic Americans, and 763 Americans
from other racial/ethnic populations. Although NHANES
further categorizes Hispanic Americans as either Mexican
American or other Hispanic American, we grouped the
2 categories when evaluating screening thresholds because
of limited sample size (particularly among adults with normal
weight). The White, Asian, and Black American categories
included only persons identifying as non-Hispanic. Those
who self-identified as belonging to other races/ethnicities
were included in the analyses to appropriately account for
the NHANES survey design, but we do not present results
for these persons because of a lack of more granular infor-
mation on race/ethnicity.

Survey participants were determined to have diabe-
tes if they had a hemoglobin A1c level of at least 6.5% or
responded “yes” to the survey question asking whether a
health care professional had diagnosed them with diabe-
tes (a sensitivity analysis also included persons with a fast-
ing blood glucose level ≥7.0 mmol/L [≥126 mg/dL], as
described in the following section). Diabetes was deter-
mined to be undiagnosed if participants met criteria for the
condition but responded “no” or “don't know” to the ques-
tion about professional diagnosis. These outcomes were
similarly defined in prior surveillance reports, including
those from the Centers for Disease Control and Prevention
(CDC) (1, 10).

Persons participating in NHANES had in-person exami-
nations of height and weight, and BMI was computed by
dividing a person's weight in kilograms by the square of
their height in meters. The following 4 BMI categories were
defined per CDC recommendations: underweight (BMI
<18.5 kg/m2), normal weight (BMI, 18.5 to 24.9 kg/m2),
overweight (BMI, 25.0 to 29.9 kg/m2), and obese weight
(BMI≥30.0 kg/m2) (11).

Outcomes andMeasures
We estimated the prevalence of diabetes and undiag-

nosed diabetes by racial/ethnic group among adults aged
35 to 70 years (the population in which diabetes screening is
recommended per the USPSTF guidelines; n= 12921 in our

study cohort). We then examined the prevalence of diabetes
and undiagnosed diabetes by race/ethnicity and BMI cate-
gory. We used logistic regression models to estimate the
odds of prevalent diabetes (or undiagnosed diabetes) in
each racial/ethnic minority population compared with White
populations (additional details are in the Statistical Analysis
section). In sensitivity analyses, we used the following alterna-
tive end points: a composite outcome of prediabetes or
diabetes (prediabetes defined as a hemoglobin A1c level
from 5.7% to <6.5% in persons without diabetes), an
expanded definition of diabetes that included an abnor-
mal fasting blood glucose level suggestive of diabetes
(≥7 mmol/L [≥126 mg/dL]), and an alternative definition
of diabetes requiring abnormalities in both hemoglobin
A1c level (≥6.5%) and fasting glucose level (≥7 mmol/L
[≥126 mg/dL]) for diagnosis of diabetes by laboratory
measurements. Of note, because fasting blood glucose
results were available for only a subset of NHANES partici-
pants, the sample size for analyses using fasting glucose
levels was reduced to 4923 persons.

Among U.S. adults aged 18 to 70 years with a BMI of
15 to 50 kg/m2, we used a logistic regression model to
estimate the prevalence of diabetes by race/ethnicity,
age, and BMI. We used this model to estimate the preva-
lence of diabetes at each BMI level from 18.5 to 25 kg/m2

among U.S. adults aged 35 years in each major racial/
ethnic group (additional modeling details are in the
Statistical Analysis section and in the Supplement, available
at Annals.org).

We used the following approach to determine an
equivalent screening threshold by race/ethnicity. Although
identification of the optimal screening threshold requires a
systematic evaluation of the benefits and harms of screen-
ing, the broad application of the currently recommended
threshold for diabetes screening (starting at age 35 years
and BMI 25 kg/m2) in preventive medicine suggests that
the benefits and harms of screening at this threshold are
implicitly considered to be societally acceptable. The trade-
off between screening individuals without the disease
(a false-positive result) and screening those with the dis-
ease (a true-positive result) at a given threshold can be
quantified using the threshold probability method (12,
13). The posttest probability of having the disease (in
this case, the prevalence of diabetes at each BMI) quan-
tifies the tradeoffs of using that BMI as the screening
threshold. Because the prevalence of diabetes is higher
in persons from racial/ethnic minority groups than in
White persons with a similar BMI, it may be equitable to
screen racial/ethnic minority populations starting at
lower BMIs than the current threshold. Because the
prevalence of diabetes increases with age and increas-
ing BMI, we assumed that the predicted prevalence of
diabetes in White Americans at a BMI of 25 kg/m2 and
age of 35 years (that is, the population with the lowest
predicted prevalence of diabetes in the screening-eligi-
ble population) was the implicit, societally acceptable
screening threshold at which the benefits of detecting
diabetes outweigh the harms of screening. Next, for each
racial/ethnicminority population, we identified the “equiva-
lent BMI threshold” for diabetes screening, defined as the
BMI at which the estimated diabetes prevalence among
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35-year-old adults would be equal to that among 35-year-
old White adults with a BMI of 25 kg/m2. In secondary
analyses, we used a similar approach to determine whether
screening persons from racial/ethnic minority populations
starting at younger ages would be equivalent to the current
practice of screening adults aged 35 years at a BMI of
25 kg/m2 in White populations.

Statistical Analysis
We followed the NHANES analytic and reporting

guidelines (9). Survey sample weights were used to com-
pute nationally representative estimates. The prevalence
of diabetes for Asian Americans, Black Americans, and
Hispanic Americans was compared with that for White
Americans in adults aged 35 to 70 years using a logistic
regression model, accounting for the survey weights.
Because the purpose of this analysis was to produce
nationally representative estimates of prevalence in de-
mographic groups, we did not adjust for baseline differ-
ences in age, sex, or other clinical characteristics. The data
contained no missing responses for age or race/ethnicity.
Individuals withmissing BMI data (1.2% of our study cohort)
or hemoglobin A1c values (4.7% of our study cohort) were
excluded. Estimates for underweight persons were not
reported separately because of insufficient sample size for
racial/ethnic groups. An identical approach was used to
compare the prevalence of undiagnosed diabetes among
major racial/ethnic groups.

To estimate the prevalence of diabetes at specific
ages and BMIs, we fitted a logistic regression model with
the presence or absence of diabetes as the dependent
variable and BMI, race/ethnicity, and age as independent
variables. In the model, we excluded adults with extreme
BMIs—that is, less than 15 kg/m2 or greater than 50 kg/m2

(n= 310). The initial model included higher-order terms

for BMI and age, as well as all possible interaction terms
among all of the independent variables. Starting from this
full model, we used a backward feature selection process
detailed in the Supplement to determine the final model
(see the Supplement for additional statistical methods).
We used this model to estimate the prevalence of diabe-
tes among White Americans with a BMI of 25 kg/m2 and
age of 35 years. We then computed, in each minority
racial/ethnic group, the BMI at which the prevalence
of diabetes at age 35 years would be equal to that
among 35-year-old White Americans with a BMI of 25 kg/m2

(the point estimate as well as a range that accounted for
uncertainty in the estimated diabetes prevalence for both
the White population and the minority population under
consideration; see the Supplement for additional details).
The thresholds were rounded down to the nearest whole
number for ease of implementation, with the exception
of estimates between 18.5 and 19.0 kg/m2, which were
rounded to 18.5 kg/m2 to be consistent with CDC weight
categories. In cases where the projected equivalent thresh-
old was less than 18.5 kg/m2, we do not report the specific
threshold because of the small sample sizes at BMIs below
this value.

In secondary analyses, we then determined the age
at which the prevalence of diabetes at a BMI of 25 kg/m2

in each racial/ethnic group would be equal to that among
35-year-old White Americans with a BMI of 25 kg/m2 (the
point estimate as well as a range; see the Supplement for
additional details). Thresholds were rounded down to the
nearest whole number age for ease of implementation.
Age thresholds less than 18 years were reported as “less
than 18 years.”

All analyses were done using SAS software, version
9.4 (SAS Institute), and R statistical computing software,
version 3.5.2 (R Foundation) (14, 15).

Table 1. Demographic and Clinical Characteristics of the Study Cohort*

Characteristic White American
(n = 6319)

Asian American
(n = 2658)

Black American
(n = 4597)

Mexican American
(n = 2884)

Other Hispanic
American (n = 2114)

Projected U.S. adults (95% CI), n 131 061 575 (118 071 902–
144 051 248)

12 019 291 (10 084 041–
13 954 541)

24 880 636 (21 413 121–
28 348 151)

20 060 495 (16 289 239–
23 831 751)

14 210 314 (11 862 888–
16 557 740)

Women (95% CI), % 51.3 (49.8–52.7) 54.9 (53.2–56.7) 55.3 (53.9–56.7) 48.8 (46.4–51.2) 52.4 (49.9–55.0)

Mean age (95% CI), y 44.9 (44.2–45.6) 41.8 (41.0–42.6) 41.7 (41.0–42.5) 38.4 (37.7–39.1) 40.1 (39.3–41.0)

Mean BMI (95% CI), kg/m2 29.1 (28.8–29.4) 25.1 (24.9–25.3) 30.9 (30.6–31.2) 30.5 (30.1–30.8) 29.2 (28.8–29.6)
Diabetes prevalence (95% CI), % 9.1 (8.3–10.0) 11.9 (10.6–13.1) 14.3 (13.0–15.7) 12.8 (11.1–14.4) 10.7 (9.2–12.2)

Mean hemoglobin A1c level

(95% CI), %

5.5 (5.5–5.6) 5.7 (5.6–5.7) 5.8 (5.8–5.9) 5.7 (5.7–5.8) 5.7 (5.6–5.7)

Mean systolic blood pressure
(95% CI), mm Hg

120.2 (119.7–120.7) 118.9 (118.1–119.6) 125.1 (124.4–125.8) 119.5 (118.9–120.2) 119.6 (118.7–120.6)

Mean diastolic blood pressure

(95% CI), mm Hg

71.7 (71.1–72.3) 72.4 (71.9–72.8) 72.2 (71.6–72.9) 70.3 (69.8–70.7) 70.2 (69.1–71.3)

Mean waist circumference
(95% CI), cm

99.8 (99.1–100.6) 88.3 (87.7–88.8) 100.2 (99.4–100.9) 100.5 (99.8–101.3) 97.3 (96.3–98.3)

Mean total cholesterol level

(95% CI)

mmol/L 4.97 (4.93–5.02) 4.95 (4.90–5.00) 4.78 (4.73–4.83) 4.90 (4.84–4.95) 4.92 (4.85–4.99)
mg/dL 192.3 (190.6–194.1) 191.4 (189.4–193.4) 184.8 (183.1–186.6) 189.4 (187.3–191.5) 190.2 (187.5–192.8)

BMI = body mass index.
* There were 19 335 nonpregnant U.S. adults aged 18–70 y in the 2011–2018 cycles of NHANES (National Health and Nutrition Examination
Survey). Race/ethnicity, gender, and age were determined by self-report. Body measurements and blood pressure were determined by physical ex-
amination. Cholesterol and hemoglobin A1c levels were determined by laboratory measurement. Estimates for adults who identified as other races/
ethnicities by self-report are not shown (n = 763). Survey weights were used to produce nationally representative estimates.
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Role of the Funding Source
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Richard A. and Susan F. Smith Center for Outcomes Research
in Cardiology. Authors from the center participated in the
design, conduct, and analysis of the study and in the decision
to submit themanuscript for publication.

RESULTS

Prevalence of Diabetes and Undiagnosed
Diabetes, by BMI Category

Table 1 shows key demographic and clinical charac-
teristics of nonpregnant U.S. adults aged 18 to 70 years
(the entire cohort included in this analysis), whereas the
equivalent information for adults aged 35 to 70 years
(the age group currently eligible for diabetes screening)
is shown in Supplement Table 1 (available at Annals.
org). Among U.S. adults aged 35 to 70 years, 12.4% of
White Americans had diabetes, compared with 17.3% of
Asian Americans (odds ratio [OR], 1.51 [95%CI, 1.27 to 1.80]
for comparison with White Americans), 20.7% of Black
Americans (OR, 1.85 [CI, 1.61 to 2.12]), 20.6% of Mexican
Americans (OR, 1.80 [CI, 1.45 to 2.22]), and 16.4% of other
Hispanic Americans (OR, 1.37 [CI, 1.14 to 1.64]).

Figure 1 shows the observed BMI distribution of U.S.
adults aged 35 to 70 years with diabetes. We noted

significant differences in diabetes prevalence by racial/ethnic
group among persons with normal weight (that is, a BMI of
18.5 to 24.9 kg/m2). In this group, 3.5% of White Americans
had diabetes, compared with 13.0% of Asian Americans
(OR, 4.14 [CI, 2.49 to 6.88]), 10.0% of Black Americans (OR,
3.07 [CI, 1.87 to 5.04]), 12.2% of Mexican Americans (OR,
3.86 [CI, 2.10 to 7.08]), and 7.0% of other Hispanic
Americans (OR, 2.09 [CI, 1.20 to 3.65]) (Figure 2). Crude di-
abetes rates by BMI and age are presented in Supplement
Tables 2 and 3 (available at Annals.org).

Rates of undiagnosed diabetes were also higher in all
racial/ethnic minority Americans than in White Americans:
12.5% in White Americans compared with 27.6% in Asian
Americans (OR, 2.61 [CI, 1.71 to 4.00] for comparison with
White Americans), 22.8% in Black Americans (OR, 2.02
[CI, 1.42 to 2.88]), 21.2% in Mexican Americans (OR, 1.81
[CI, 1.25 to 2.62]), and 23.5% in other Hispanic Americans
(OR, 2.19 [CI, 1.37 to 3.49]).

Results of additional analyses that estimated diabetes
prevalence in subgroups and used alternative outcomes
are presented in Supplement Figures 1 to 4 (available at
Annals.org).

Equivalent BMI Threshold for Diabetes
Screening

The predicted prevalence of diabetes in 35-year-old
White Americans with a BMI of 25 kg/m2 was 1.4% (CI,
1.0% to 2.0%). By comparison, 35-year-olds from each
racial/ethnic minority group had a significantly higher
prevalence of diabetes at this BMI, with Asian Americans
at 3.8% (CI, 2.8% to 5.1%), Black Americans at 3.5% (CI,
2.7% to 4.7%), and Hispanic Americans at 3.0% (CI, 2.1%
to 4.2%). Assuming that the prevalence of diabetes in 35-
year-oldWhite Americans with a BMI of 25 kg/m2 reflects
the implicit societal standard for diabetes screening, the
equivalent BMI thresholds for screening are estimated to be
20 kg/m2 (range, <18.5 to 23 kg/m2) for Asian Americans,
less than 18.5 kg/m2 (range, <18.5 to 23 kg/m2) for Black
Americans, and 18.5 kg/m2 (range, <18.5 to 24 kg/m2) for
Hispanic Americans (Table 2).

Equivalent Age Threshold for Diabetes Screening
In secondary analyses, assuming that the prevalence of

diabetes for White adults with a BMI of 25 kg/m2 and age of
35 years represents the implicit societal standard for diabe-
tes screening, the equivalent age thresholds for diabetes
screening among individuals with a BMI of 25 kg/m2 from
racial/ethnic minority populations were 23 years (range, <18
to 31 years) for Asian Americans, 21 years (range, <18 to
31 years) for Black Americans, and 25 years (range, <18 to
34 years) for Hispanic Americans (Table 3).

DISCUSSION

Among U.S. adults aged 35 to 70 years, Asian Americans,
Black Americans, and Hispanic Americans have significantly
higher rates of diagnosed and undiagnosed diabetes than
White Americans. This is particularly true in adults with nor-
mal weight, among whom the prevalence of diabetes is
2 to 4 times higher in racial/ethnic minority populations
than inWhite populations. Assuming that screening-related

Figure 1. BMI among U.S. adults with diabetes, stratified by
race/ethnicity.
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The figure shows BMI distribution by race/ethnicity in nonpregnant U.S.
adults aged 35–70 y with diabetes as estimated from NHANES (National
Health and Nutrition Examination Survey) (2011–2018). Median BMIs for
persons with diabetes were 33.7 kg/m2 for White Americans, 26.2 kg/m2

for Asian Americans, 33.7 kg/m2 for Black Americans, 32.5 kg/m2 for
Mexican Americans, and 31.4 kg/m2 for other Hispanic Americans. The
IQR is represented by the height of each box. The whiskers represent
the range after exclusion of outliers using the Tukey exclusion method
(16). BMI= bodymass index.
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tradeoffs at the current screening threshold in White popu-
lations (age 35 years and BMI 25 kg/m2) are considered
societally acceptable, the equivalent BMI threshold for
diabetes screening is significantly lower in racial/ethnic
minority populations. Among U.S. adults aged 35 years
or older, offering diabetes screening to Black Americans
and Hispanic Americans with a BMI of 18.5 kg/m2 or greater
and Asian Americans with a BMI of 20 kg/m2 or greater
would be equivalent to screeningWhite adults with a BMI of
25 kg/m2 or greater. Alternatively, our secondary analyses
suggest that Asian, Black, andHispanic Americans with over-
weight or obese weight could be considered for screening
at younger ages.

The American Diabetes Association recommends
that diabetes screening be offered to all Asian American
adults with a BMI of 23 kg/m2 or higher (3, 7), and the
2021 USPSTF recommendations identify some racial/eth-
nic groups to be considered for screening at a lower age
or BMI (5). However, to our knowledge, this is the first
systematic analysis to identify equivalent BMI thresholds
for diabetes screening in racial/ethnic minority popula-
tions. Our analysis considers only first-time screening
(repeated screening may identify fewer persons with dia-
betes because those diagnosed during the first round of

screening would be excluded), but it offers a more gran-
ular, risk-based approach to screening than the one-size-
fits-all approach of current screening practices. Because
of the substantial differences in diabetes rates by BMI
and age among major racial/ethnic populations in the
United States, uniform application of a single threshold
across all groups would be inequitable, relatively over-
screening White Americans while underscreening Asian,
Black, and Hispanic Americans. In light of these findings, the
implementation of the 2021 USPSTF recommendations to
offer diabetes screening to adults with overweight or obese
weight starting at age 35 years (compared with 40 years in
the prior 2015 recommendations) is likely to increase the
number of Asian, Black, and Hispanic Americans exposed
to diabetes screening, identifying many cases of diabetes
that may otherwise have been missed (5). Yet, using a sin-
gle BMI threshold to determine eligibility for screening in
all U.S. adults may contribute to the substantial racial/
ethnic disparities in diabetes diagnosis in the United States.
Our findings build on the USPSTF recommendations to
lower the BMI threshold for screening Asian, Black, and
Hispanic Americans (5, 17).

Our analysis adopts a comparative rather than a nor-
mative approach to diabetes screening practices in major

Figure 2. Prevalence of diabetes among U.S. adults, by race/ethnicity and BMI category.
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The analysis included 12921 nonpregnant U.S. adults aged 35–70 y in the 2011–2018 cycles of NHANES (National Health and Nutrition Examination
Survey). Diabetes was defined as a hemoglobin A1c level ≥6.5% or a report of physician-diagnosed diabetes. BMIs were categorized into normal weight
(18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), and obese weight (≥30 kg/m2). Underweight individuals (BMI <18.5 kg/m2) were not reported sepa-
rately because of insufficient sample size but were included in the “overall” category. Race/ethnicity was based on self-report. All estimates were appro-
priately weighted to account for the complex survey design and are therefore representative of the U.S. population. Prevalence is presented as the
proportion of persons with diabetes within racial/ethnic groups (with 95% CIs). Odds ratios are presented in comparison with White Americans. Details
of the statistical models, including baseline coefficients, are presented in the Supplement (available at Annals.org).
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racial/ethnic groups in the United States. We identified
screening thresholds in racial/ethnic minority populations
that are equivalent to the current practice recommenda-
tions in White Americans, but we did not explicitly examine
whether the thresholds are optimal in any of the groups
studied. Such an evaluation would have to systematically
consider the long-termbenefits, harms, and costs of various
screening strategies. For such health conditions as diabe-
tes, for which screening tests are accurate, inexpensive,
and relatively harmless and the consequences of delayed
diagnosismay be catastrophic, screening protocols are typ-
ically designed to be highly sensitive rather than specific.
Thus, the implicit screening threshold identified in this
study (that is, a diabetes prevalence of 1.4%) may be rea-
sonable, although empirical evidence in support of a spe-
cific threshold like this is scarce. Future studies should
investigate the cost-effectiveness of various screening strat-
egies for diabetes, including expanded, early, or repeated
screening in high-risk populations. However, the incorpora-
tion of equity considerations into guidelines should not be
deferred until more thorough data are available. A risk-
based approach has long been the norm in cancer screen-
ing, where individuals at increased risk based on a family or
personal history are recommended for early or more
frequent screening (18). We make a similar argument
for diabetes screening: Higher-risk populations should
be screened starting at lower BMIs or younger ages.
Because real-world clinical practice is heavily influenced
by recommendations that are linked to insurance reim-
bursements, making screening recommendations more
equitable should be a priority.

The use of racialized health data is a “two-edged
sword”: Although racialized data have historically been
used to justify and sustain hierarchical discrimination,
race/ethnicity–blind approaches can enable the persist-
ence of inequitable health care (19, 20). Not using data
that account for race/ethnicity can be particularly prob-
lematic when disease prevalence and health outcomes
vary substantially among racial/ethnic groups, yet univer-
sal recommendations are anchored in limited data from
diverse populations. The inclusion of race and ethnicity
in risk models may be appropriate if this would result in

improved health outcomes and reduced health dispar-
ities (5, 20, 21). Using thresholds specific to race/ethnicity
for diabetes screening has the potential to reduce dispar-
ities in diagnosis. Because implementation of screening
guidelines is less consistent in racial/ethnic minority groups
(22), one way to simplify use of these thresholds may be to
offer diabetes screening to all adults from racial/ethnic mi-
nority populations with normal weight, overweight, and
obese weight, especially because our findings suggest that
each studied racial/ethnic minority group could benefit
from a lower BMI threshold.

Although the disproportionate burden of diabetes in
Asian, Black, and Hispanic populations compared with
White populations at similar BMIs has been previously
described (23–27), the physiologic and social mecha-
nisms underlying the increased risk are less well under-
stood. Differences in diabetes prevalence despite similar
BMI may be related to variations in stress exposure and
insulin sensitivity, which has been previously described
among Asian, Black, and Hispanic populations (28–30).
Differences in fat distributionmay also contributemetabolic
differences: After adjustment for BMI, Asian Americans
have greater waist-to-hip ratios and more abdominal fat
than White Americans (7). Figure 2 shows that among
adults with normal weight, Black, Hispanic, and Asian
Americans have higher rates of diabetes than White
Americans, partially supporting the notion that biological
or societal factors may be contributing to differential risk.
Of note, differences in diabetes within the same BMI cate-
gory cannot be attributed to differences in the prevalence
of type 1 diabetes because type 1 diabetes occurs at
higher rates in White populations than in racial/ethnic mi-
nority populations (31).

The observed disparities in BMI by race/ethnicity
(Figure 1) may also be the result of long-standing struc-
tural racism. For instance, structural barriers to accessing
high-quality food or safe physical activity—both critical to
preventing diabetes—disproportionately affect racial/
ethnic minority populations (32). Structural barriers to
accessing prevention, screening, and treatment—such as
lower rates of health insurance, challenges with obtain-
ing transportation to care, limited access to primary care

Table 2. Diabetes Prevalence Among U.S. Adults at Age 35 Years, by BMI: Regression Estimates*

BMI, kg/m2 Predicted Prevalence (95% CI), %

White American Asian American Black American Hispanic American

25 (comparator) 1.38 (0.98–1.95) 3.77 (2.77–5.10) 3.54 (2.68–4.65) 2.97 (2.08–4.22)
24 1.16 (0.78–1.71) 3.02 (2.16–4.21) 3.12 (2.29–4.24) 2.63 (1.77–3.91)
23 0.96 (0.61–1.50) 2.39 (1.64–3.47) 2.74 (1.93–3.87) 2.33 (1.49–3.63)
22 0.79 (0.47–1.32) 1.86 (1.22–2.84) 2.39 (1.62–3.53) 2.06 (1.25–3.38)
21 0.65 (0.36–1.16) 1.43 (0.88–2.32) 2.08 (1.34–3.22) 1.81 (1.04–3.15)
20 0.53 (0.27–1.01) 1.09 (0.62–1.89) 1.80 (1.10–2.93) 1.59 (0.85–2.95)
19 0.43 (0.20–0.89) 0.81 (0.43–1.54) 1.55 (0.89–2.67) 1.39 (0.70–2.77)
18.5 0.38 (0.17–0.83) 0.70 (0.35–1.38) 1.43 (0.80–2.55) 1.30 (0.63–2.68)

BMI = body mass index.
* Regression estimates of national prevalence rates of diabetes among 35-year-old U.S. adults based on data from the 2011–2018 cycles of
NHANES (National Health and Nutrition Examination Survey). A regression model was used to improve precision in estimates. Diabetes prevalence
increases with BMI in each of the major race/ethnicity groups. Estimates for individuals of other races/ethnicities were not reported because of lack
of more granular race/ethnicity data. Further details regarding the methodology are available in the Statistical Analysis section. We defined the
equivalent BMI threshold for each racial/ethnic minority group as the BMI at which the prevalence of diabetes in 35-year-old individuals was equal
to that in 35-year-old White adults at a BMI of 25 kg/m2.
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providers and specialists, and discrimination and bias
within the health care system—also exacerbate stress and
increase racial/ethnic disparities in diabetes prevalence
and outcomes (33, 34). For instance, differential access
to evidence-based prevention strategies may increase
disease progression from prediabetes to diabetes, lead-
ing to higher rates of observed diabetes in racial/ethnic
minority populations than in White populations within
similar BMI categories.

Our study has a few limitations. Our analysis adheres
to the demographic taxonomy used by NHANES, which
does not fully capture contemporary and evolving con-
cepts of race, ethnicity, and ancestry (20). We could not
examine racial/ethnic subpopulations because of sample
size considerations, although substantial genetic, dietary,
and acculturation differences may exist within racial/eth-
nic groups. For instance, Mexican and Puerto Rican
Americans have the highest diabetes prevalence among
Latinx American populations (35), and East Asian and
South Asian Americans have the highest prevalence
among Asian Americans (35). Although the American
Diabetes Association has called for further studies exam-
ining heterogeneity in diabetes risk among subpopula-
tions, they have also previously stated that holding off on
recommending a specific (lower) screening threshold
until additional data for subgroups are available could
be detrimental to minority population health (7, 23). Our
study was based on survey data and is therefore suscep-
tible to response bias, but our use of laboratory and
physical examination measurements reduces this bias.

We did not examine the role of other measures of adi-
posity (such as waist-to-hip ratio) or other diagnostic
tests of impaired glucose tolerance. Because our objec-
tive was to inform generalizable screening recommen-
dations, we focused on measures commonly used in
contemporary screening practice. Minor differences in
the observed prevalence estimates (from NHANES) and
regression-based prevalence estimates likely reflect the
imprecision resulting from sample size limitations, particu-
larly for racial/ethnic minority populations. When estimating
equivalent screening thresholds, our analysis accounted for
imprecision in diabetes prevalence estimates for bothWhite
and racial/ethnic minority populations. With this approach,
the estimated BMI thresholds for diabetes screening were
20 kg/m2 for Asian Americans, less than 18.5 kg/m2 for
Black Americans, and 18.5 kg/m2 for Hispanic Americans,
but we acknowledge the uncertainty in these estimates
(for example, the upper bound was as high as 24 kg/m2

in Hispanic Americans and 23 kg/m2 in Asian and Black
Americans). The cross-sectional nature of this analysis
precludes examination of repeated screening strategies.
If expanded screening is adopted with fidelity and newly
identified patients with prediabetes and diabetes receive
evidence-based interventions to prevent progression of
disease, this would by design reduce the number of patients
with undiagnosed cases who would benefit from future
screening. Future screening recommendations should there-
fore be adapted to the changes in the epidemiology of
diabetes and prediabetes that result from expansion of
screening eligibility.

Table 3. Diabetes Prevalence Among U.S. Adults at BMI 25 kg/m2, by Age: Regression Estimates*

Age, y Predicted Prevalence (95% CI), %

White American Asian American Black American Hispanic American

40 1.92 (1.43–2.58) 5.77 (4.53–7.33) 5.00 (3.95–6.31) 4.43 (3.27–5.97)
39 1.80 (1.33–2.44) 5.30 (4.11–6.82) 4.67 (3.66–5.94) 4.09 (2.99–5.57)
38 1.69 (1.23–2.30) 4.87 (3.73–6.35) 4.36 (3.39–5.59) 3.77 (2.73–5.19)
37 1.58 (1.14–2.18) 4.47 (3.38–5.90) 4.06 (3.13–5.26) 3.48 (2.50–4.85)
36 1.48 (1.06–2.06) 4.10 (3.06–5.49) 3.79 (2.90–4.95) 3.22 (2.28–4.52)
35 (comparator) 1.38 (0.98–1.95) 3.77 (2.77–5.10) 3.54 (2.68–4.65) 2.97 (2.08–4.22)
34 1.30 (0.91–1.85) 3.45 (2.51–4.75) 3.30 (2.47–4.38) 2.74 (1.90–3.93)
33 1.21 (0.84–1.75) 3.17 (2.27–4.41) 3.07 (2.29–4.12) 2.53 (1.73–3.67)
32 1.14 (0.78–1.66) 2.90 (2.05–4.10) 2.86 (2.11–3.87) 2.33 (1.58–3.42)
31 1.06 (0.72–1.57) 2.66 (1.85–3.81) 2.67 (1.95–3.64) 2.15 (1.44–3.19)
30 1.00 (0.67–1.49) 2.44 (1.68–3.54) 2.49 (1.80–3.42) 1.98 (1.32–2.97)
29 0.93 (0.62–1.41) 2.23 (1.51–3.29) 2.32 (1.66–3.22) 1.83 (1.20–2.77)
28 0.87 (0.57–1.33) 2.05 (1.37–3.05) 2.16 (1.54–3.03) 1.68 (1.09–2.58)
27 0.82 (0.53–1.26) 1.87 (1.24–2.84) 2.01 (1.42–2.84) 1.55 (1.00–2.41)
26 0.76 (0.49–1.20) 1.72 (1.12–2.63) 1.87 (1.31–2.67) 1.43 (0.91–2.24)
25 0.72 (0.45–1.13) 1.57 (1.01–2.45) 1.74 (1.21–2.51) 1.32 (0.83–2.09)
24 0.67 (0.42–1.07) 1.44 (0.91–2.27) 1.62 (1.12–2.36) 1.21 (0.75–1.95)
23 0.63 (0.39–1.02) 1.32 (0.82–2.11) 1.51 (1.03–2.22) 1.12 (0.69–1.82)
22 0.59 (0.36–0.96) 1.21 (0.74–1.96) 1.41 (0.95–2.09) 1.03 (0.63–1.69)
21 0.55 (0.33–0.91) 1.10 (0.67–1.82) 1.31 (0.88–1.96) 0.95 (0.57–1.58)
20 0.51 (0.30–0.87) 1.01 (0.60–1.69) 1.22 (0.81–1.84) 0.87 (0.52–1.47)

BMI = body mass index.
* Estimated prevalence of diabetes by age among nonpregnant U.S. adults with a BMI of 25 kg/m2 based on a logistic regression model using data
from the 2011–2018 cycles of NHANES (National Health and Nutrition Examination Survey). Regression modeling was used to improve precision of
the prevalence estimates (compared with direct estimation from NHANES observations). At age 35 y (the starting age of the current screening rec-
ommendations by the U.S. Preventive Services Task Force), the prevalence of diabetes in racial/ethnic minority populations is substantially higher
than that in White populations. The equivalent age threshold for each racial/ethnic minority group was defined as the age at which the prevalence
of diabetes in individuals with a BMI of 25 kg/m2 was equal to that in 35-year-old White adults at a BMI of 25 kg/m2. Additional methodological
details are presented in the Statistical Analysis section and in the Supplement (available at Annals.org).
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In conclusion, among U.S. adults aged 35 to 70 years
with normal weight, rates of diabetes and undiagnosed
diabetes are significantly higher in Asian Americans,
Black Americans, and Hispanic Americans than in White
Americans. Among U.S. adults aged 35 years or older, offer-
ing diabetes screening to Black Americans and Hispanic
Americans with a BMI of 18.5 kg/m2 or greater and Asian
Americans with a BMI of 20 kg/m2 or greater would be
equivalent to screeningWhite adults with a BMI of 25 kg/m2

or greater. Future studies should examine the health effect
and cost-effectiveness of implementing screening thresholds
specific to race/ethnicity to reduce disparities in diabetes
diagnosis.
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