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BACKGROUND: In 2015, TheUSPreventive Services Task
Force (USPSTF) recommended screening for prediabetes
and undiagnosed diabetes (col lectively cal led
dysglycemia) among adults aged 40–70 years with over-
weight or obesity. The recommendation suggests that cli-
nicians consider screening earlier in people who have
other diabetes risk factors.
OBJECTIVE: To compare the performance of limited and
expanded screening criteria recommended by the
USPSTF for detecting dysglycemia among US adults.
DESIGN: Cross-sectional analysis of survey and labora-
tory data collected fromnationally representative samples
of the civilian, noninstitutionalized US adult population.
PARTICIPANTS:A total of 3643 adults without diagnosed
diabetes who underwent measurement of hemoglobin
A1c (A1c), fasting plasma glucose (FPG), and 2-h plasma
glucose (2-h PG).
MAIN MEASURES: Screening eligibility according to the
limited criteria was based on age 40 to 70 years old and
overweight/obesity. Screening eligibility according to the
expanded criteria was determined by meeting the limited
criteria or having ≥ 1 of the following risk factors: family
history of diabetes, history of gestational diabetes or poly-
cystic ovarian syndrome, and non-white race/ethnicity.
Dysglycemia was defined by A1c ≥ 5.7%, FPG ≥ 100 mg/
dL, and/or 2-h PG ≥ 140 mg/dL.
KEY RESULTS: Among the US adult population without
diagnosed diabetes, 49.7% had dysglycemia. Screening
based on the limited criteria demonstrated a sensitivity
of 47.3% (95% CI, 44.7–50.0%) and specificity of 71.4%
(95% CI, 67.3–75.2%). The expanded criteria yielded
higher sensitivity [76.8% (95%CI, 73.5–79.8%)] and lower
specificity [33.8% (95% CI, 30.1–37.7%)]. Point estimates
for the sensitivity of the limited criteria were lower in all
minority groups and significantly different for Asians
compared to non-Hispanic whites [29.9% (95% CI, 23.4–
37.2%) vs. 49.8% (95% CI, 45.9–53.7%); P < .001].
CONCLUSIONS: Diabetes screening that follows the lim-
ited USPSTF criteria will identify approximately half of US
adults with dysglycemia. Screening other high-risk sub-
groups defined in the USPSTF recommendation would

improve detection of dysglycemia andmay reduce associ-
ated racial/ethnic disparities.
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INTRODUCTION

Diabetes and prediabetes (collectively called dysglycemia)
affect approximately half of American adults, with higher
prevalence estimates and greater complication rates among
racial/ethnic minorities than whites.1, 2 In December 2015,
the US Preventive Services Task Force (USPSTF) published
a recommendation to screen for dysglycemia among asymp-
tomatic adults who are 40–70 years old and overweight or
obese.3 The recommendation suggests that clinicians consider
screening earlier in people who have one or more of the
following diabetes risk factors: family history of diabetes,
history of gestational diabetes or polycystic ovarian syndrome
among women, and non-white race/ethnicity.3 Under the Af-
fordable Care Act, health insurance plans must cover services
recommended by the USPSTF without cost sharing.4 Howev-
er, it is unclear whether insurance coverage for dysglycemia
screening will be based on age and weight alone, or the larger
set of risk factors also included in the recommendation.
The goal of screening for prediabetes and type 2 diabetes is

to promote earlier identification and therefore earlier or more
intensive treatments to prevent negative health outcomes as-
sociated with these conditions.5 A large body of research has
established the effectiveness of behavioral interventions and
pharmacotherapy for treating diabetes and preventing its com-
plications.6 Major clinical trials have also demonstrated that
intensive lifestyle programs and somemedications can prevent
or delay diabetes among adults with prediabetes.7–9

Our primary objective was to compare the performance of
the following dysglycemia screening criteria outlined in the
2015 USPSTF recommendation: limited (age 40 to 70 years
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old and overweight/obese) vs. expanded (meeting the limited
criteria or ≥ 1 of the following risk factors, regardless of age:
family history of diabetes, history of gestational diabetes or
polycystic ovarian syndrome, and non-white race/ethnicity).
We examined these screening criteria in a nationally represen-
tative sample of US adults from the National Health and
Nutrition Examination Surveys (NHANES). We also sought
to estimate the performance of the limited criteria separately
within race/ethnicity subgroups, given evidence that Hispanics
and non-Hispanic blacks develop dysglycemia at younger
ages than whites, and Asians do so at lower body weights.10, 11

METHODS

Data Source and Participants

The data source was the 2011–2014 NHANES. Using a com-
plex, multistage probability sample design, NHANES presents
nationally representative descriptive statistics of the health
status of the non-institutionalized US civilian population.
The protocols for collecting interview and biologic specimen
data in NHANES, including response rates, are described in-
depth elsewhere.12 The study participants were adults aged ≥
20 years who underwent fasting blood collection and a 2-h
oral glucose tolerance test. We excluded those reporting a
previous diagnosis of diabetes (n = 578) and pregnant women
(n = 1). Participants missing data for physician-diagnosed di-
abetes, body mass index (BMI), or glycemic measures were
also excluded (n = 22). The final analytic sample included
3643 participants.

Key Variables

Screening eligibility based on the limited criteria was deter-
mined using NHANES variables for age and objectively mea-
sured BMI. Participants aged 40 to 70 years with overweight/
obesity were considered eligible for screening according to the
limited criteria. Screening eligibility based on the expanded
criteria was determined using NHANES variables for family
history of diabetes, history of gestational diabetes, history of
polycystic ovarian syndrome, and race/ethnicity. Racial and
ethnic minority groups sampled in NHANES are non-
Hispanic blacks, Hispanics/Latinos, and non-Hispanic Asians,
who comprise those with origins in the Far East, Southeast
Asia, or the Indian subcontinent.13 Individuals meeting the
limited criteria or at least one of the other diabetes risk factors
listed above were considered eligible for screening based on
the expanded criteria. The main outcome was dysglycemia,
defined by one of the following glycemic tests performed at a
single time point: 2-h postload glucose (2-h PG) ≥ 140 mg/dL,
fasting plasma glucose (FPG) ≥ 100 mg/dL, or hemoglobin
A1c (A1c) ≥ 5.7%.6 Other diabetes risk factors were analyzed
as covariates: sex, blood pressure, waist circumference, lipid
levels, physical inactivity, educational attainment, income, and
insurance status.6, 14–16

Statistical Analysis

We used summary statistics to describe the characteristics of
adults with dysglycemia overall (n = 1990) and by their eligi-
bility for screening according to the limited and expanded
criteria. In the full sample of eligible adults without diagnosed
diabetes (N = 3643), we examined the following performance
characteristics of the limited and expanded screening criteria:
sensitivity (proportion of adults with dysglycemia who meet
the criteria), specificity (proportion of those without
dysglycemia who do not), positive predictive value (PPV,
proportion of adults meeting the criteria who have
dysglycemia), and negative predictive value (NPV, proportion
of those not meeting the criteria who are free of dysglycemia).
For both sets of criteria, test performance was determined
separately by weight status (normal weight, overweight, and
obese). Test performance of the limited criteria was stratified
by race/ethnicity, and the significance of differences between
groups was examined using Chi-square tests. A P value of
< .05 was considered significant for all statistical testing.
We conducted the following sensitivity analyses. The same

analyses described above were repeated among those who
completed only FPG and HbA1c measurement, without
OGTT (n = 1834). As recommended by some experts, an
overweight/obese definition of BMI ≥ 23 kg/m2 for Asians
was also used to determine screening eligibility and the limited
criteria’s performance in this group.17 We used SAS version
9.3 (Cary, NC) and SAS-callable SUDAAN version 11 (Re-
search Triangle Park, NC) to conduct statistical analysis, ac-
counting for NHANES’ complex survey design. The National
Center for Health Statistics Research Ethics Review Board
approved NHANES. All participants gave informed consent.

RESULTS

Overall, 49.7% of the sample population without diagnosed
diabetes had dysglycemia, with the following estimated prev-
alence within each racial/ethnic group: non-Hispanic white
(48.6%), black (54.0%), Hispanic/Latino (50.9%), and Asian
(51.2%). Extrapolating the overall prevalence estimate to the
Census resident population of adults without diagnosed dia-
betes yields a total of 105.1 million Americans with
dysglycemia. Table 1 presents the characteristics of all adults
with dysglycemia, and Tables 2 and 3 display their character-
istics according to screening eligibility and ineligibility, re-
spectively. The two sets of screening criteria identified adults
with similar cardiometabolic profiles, including mean glyce-
mic values that were comparable between the eligible groups
(Table 2). Relative to eligible adults, those who were ineligible
by both sets of criteria had lower mean values for all cardio-
metabolic markers except HDL cholesterol (Table 3).
By definition, the limited screening criteria identified only

individuals with dysglycemia whose age and BMIwere within
their respective target ranges. Similarly, the expanded criteria
captured all adults with dysglycemia who were racial/ethnic
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minorities or had other clinical risk factors comprising these
criteria. In addition, greater proportions of the following sub-
groups with dysglycemia were eligible for screening based on
the expanded criteria vs. the limited criteria: women, educa-
tional attainment less than high school, household income
below the federal poverty level, and uninsured.
Table 4 presents the performance of the USPSTF’s limited

and expanded screening criteria among all US adults without
diagnosed diabetes. The performance characteristics of the
limited criteria were as follows: sensitivity 47.3% (95% CI,
44.7–50.0%); specificity 71.4% (95% CI, 67.3–75.2%); PPV
62.0% (95% CI, 57.8–66.1%); and NPV 57.8% (95% CI,
54.9–60.8%). The estimated sensitivity of the limited criteria

was lower within each racial/ethnic subgroup compared to
non-Hispanic whites, and this difference was statistically sig-
nificant among Asians. Using an overweight/obesity BMI
cutoff of ≥ 23 kg/m2 in Asians,17 the performance of the
limited criteria was comparable with other racial/ethnic minor-
ity groups, and the difference in sensitivity relative to whites
was no longer statistically significant. The specificity and PPV
of the limited criteria were significantly higher among all
racial/ethnic minority groups (Table 4). Overall, the expanded
screening criteria demonstrated the following performance
characteristics: sensitivity 76.8% (95% CI, 73.5–79.8%);
specificity 33.8% (95% CI, 30.1–37.7%); PPV 53.4% (95%
CI, 50.2–56.6%); and NPV 59.6% (95% CI, 55.6–63.4%).
The expanded criteria exhibited greater sensitivity and lower
specificity with increasing BMI (Table 5). For both the limited
and expanded criteria, Table 6 presents the estimated number
of adults (per 1000 population) by their eligibility for screen-
ing and dysglycemia status. In sensitivity analyses defining
dysglycemia based on FPG and A1c alone, we found no
substantive differences in the screening criteria’s performance
compared to the primary findings.

DISCUSSION

This is the first study investigating the performance of the full
2015 USPSTF dysglycemia screening recommendation in a
nationally representative sample of US adults without diag-
nosed diabetes. Our findings highlight clinically significant
differences in sensitivity and specificity between the
USPSTF’s main screening recommendation (i.e., limited
criteria) and the additional risk factors included in the same
report (i.e., expanded criteria). Dysglycemia screening based
on the expanded criteria demonstrated higher sensitivity and
lower specificity than age and weight alone. In practice, this
means that fewer dysglycemia cases will be missed by the
expanded criteria; however, more adults without dysglycemia
will be tested, only to find that the result is normal. Point
estimates for the sensitivity of the limited criteria were lower
in all minority groups. This difference was statistically signif-
icant for Asians using the standard BMI definition of over-
weight/obesity, but did not remain significant when using a
lower BMI threshold. The specificity of the limited criteria
was significantly higher in all racial/ethnic minority groups
relative to whites and was highest among Asians.
When making its recommendations, the USPSTF assigns a

letter grade to each preventive service based on the certainty of
evidence supporting it and the balance of associated benefits
and harms.18 The limited criteria in the current screening
recommendation received a grade B, indicating moderate to
high certainty that the net benefit is moderate to substantial.19

Because the Affordable Care Act mandates that insurers cover
the full cost of services that receive a grade B recommenda-
tion,20 there is current debate about whether payers should also
fully reimburse dysglycemia screening for patients who meet

Table 1 Characteristics of US Adults with Dysglycemia, NHANES
2011–2014

Characteristic Dysglycemiaa (95% CI)

Total, N (%) 1990 (100.0)
Represented population size, millions 105.1
Female sex 48.3 (44.5–52.2)
Age, years 51.6 (50.8–52.5)
Age categories
20–39 25.6 (23.3–28.1)
40–55 30.6 (27.9–33.4)
56–70 29.7 (26.4–33.1)
≥ 71 14.1 (12.2–16.4)

Race/ethnicity
Non-Hispanic white 65.6 (59.9–71.0)
Non-Hispanic black 12.0 (9.3–15.4)
Hispanic 14.8 (11.3–19.0)
Asian 5.4 (4.1–7.0)

Educational attainment <High School 18.5 (15.5–21.9)
Income ≤ 100% federal poverty level 16.4 (13.7–19.4)
Uninsured 19.4 (16.9–22.0)
Physically inactive 25.8 (22.8–29.0)
Family history of diabetes 36.5 (33.8–39.3)
History of gestational diabetesb 5.3 (3.9–7.4)
History of polycystic ovarian syndromeb 0.2 (0.0–1.2)
Weight status
Normalc 23.9 (21.4–26.7)
Overweight/obesec 76.1 (73.3–78.6)
Normald 22.8 (20.2–25.7)
Overweight/obesed 77.2 (74.3–79.8)

Body mass index, kg/m2 30.2 (29.7–30.8)
Waist circumference, cm 102.8 (101.7–103.9)
Systolic blood pressure, mmHg 124.5 (123.3–125.7)
Diastolic blood pressure, mmHg 71.1 (70.4–71.9)
HDL cholesterol, mg/dL 52.5 (51.4–53.7)
Non-HDL cholesterol, mg/dL 146.1 (143.1–149.1)
2-h plasma glucose, mg/dL 131.4 (127.9–134.9)
Fasting plasma glucose, mg/dL 105.8 (104.8–106.7)
Hemoglobin A1c, % 5.66 (5.62–5.69)

USPSTF United States Preventive Services Task Force, HDL high-
density lipoprotein
Includes adults without diagnosed diabetes, who have dysglycemia
based on at least one of the following glycemic test results: 2-h postload
glucose ≥ 140mg/dL, fasting plasma glucose ≥ 100mg/dL or A1c ≥ 5.7%
aCategorical variables are expressed as weighted column percentages
(95% CI). Body mass index, waist circumference, blood pressure, lipid
levels, and glycemic testing results are expressed as mean (95% CI)
bSelf-reported history of gestational diabetes and polycystic ovarian
syndrome was assessed among female participants only. Weighted
percentages for these characteristics use all female participants as the
denominator
cOverweight/obesity status was determined based on BMI ≥ 25 kg/m2 for
all racial/ethnic groups. Normal weight status was defined by a BMI
below this threshold
dOverweight/obesity status was determined based on BMI ≥23 kg/m2 for
Asians and BMI ≥25 kg/m2 for all other racial/ethnic groups. Normal
weight status was defined by a BMI below these thresholds
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the expanded criteria alone.21 In this context, our analysis
provides the first performance estimates for these two sets of
screening criteria endorsed by USPSTF, thereby enabling
appraisal of the trade-offs associated with their use.
Prior research has found that screening for dysglycemia

based on a single diabetes risk factor yields lower sensitivity
and higher specificity than using a greater number of risk
factors.22, 23 The USPSTF’s prior 2008 recommendation to
screen adults with hypertension alone demonstrated sensitivity
of 44.4% and specificity of 74.8%.24 By contrast, the Amer-
ican Diabetes Association (ADA) recommends screening all
adults who are overweight/obese with other diabetes risk
factors including those currently listed in the USPSTF’s

expanded criteria, in addition to physical inactivity, hyperten-
sion, dyslipidemia, or cardiovascular disease.6 This ADA
screening recommendation demonstrated similar performance
to the USPSTF’s expanded criteria.25 Collectively, these data
demonstrate that using broad screening criteria maximizes
detection of dysglycemia (i.e., sensitivity), whereas following
narrow criteria maximizes efficiency by testing fewer eligible
adults without dysglycemia (i.e., specificity).
To our knowledge, only one previous study has investigated

the performance of the 2015 USPSTF screening recommen-
dation. This analysis of the limited criteria used clinical data
from community health centers, reporting a sensitivity of
45.0% and a specificity of 71.9%.26 Despite studying a clinical

Table 2 Characteristics of US Adults with Dysglycemia Who Are Eligible for Screening According to USPSTF Limited and Expanded Criteria

Characteristica Eligible by limited
criteriab (95% CI)

Eligible by expanded
criteriac (95% CI)

Difference in screening
eligibilityd

Total, N (%) 898 (47.3) 1662 (76.8) 764 (29.5)
Represented population size, millions 49.7 80.7 31.0
Female sex 47.3 (43.7–50.9) 77.0 (73.6–80.2) 29.7 (26.5–33.2)
Age, years 54.3 (53.2–55.4) 50.9 (50.0–51.9) N/A
Age categories
20–39 0.0 64.7 (56.2–72.3) 64.7 (56.2–72.3)
40–55 82.2 (76.9–86.6) 93.0 (87.8–96.1) 10.8 (8.6–13.6)
56–70 74.8 (67.9–80.6) 88.4 (81.5–93.0) 13.6 (10.5–17.5)
≥ 71 0.0 39.1 (33.4–45.1) 39.1 (33.4–45.1)

Race/ethnicity
Non-Hispanic white 49.8 (45.9–53.7) 64.6 (60.7–68.4) 14.8 (12.4–17.7)
Non-Hispanic black 47.7 (43.5–51.9) 100.0 52.3 (48.1–56.5)
Hispanic 44.4 (39.4–49.6) 100.0 55.6 (50.4–60.6)
Asian (BMI ≥ 25 kg/m2) 29.9 (23.4–37.2) 100.0 70.1 (62.8–76.6)
Asian (BMI ≥ 23 kg/m2) 43.4 (36.3–50.9) 100.0 56.6 (49.1–63.7)

Educational attainment <High School 39.9 (35.0–45.0) 80.5 (73.9–85.8) 40.6 (34.4–47.2)
Income ≤ 100% FPL 36.0 (30.6–41.8) 82.1 (74.6–87.8) 46.1 (39.5–52.8)
Uninsured 39.9 (32.9–47.3) 85.4 (78.4–90.4) 45.5 (38.0–53.2)
Physically inactive 53.5 (47.9–59.0) 77.7 (71.9–82.5) 24.2 (19.8–29.2)
Family history of diabetes 51.9 (47.3–56.5) 100.0 48.1 (43.5–52.7)
History of gestational diabetese 54.1 (38.0–69.4) 100.0 45.9 (30.6–62.0)
History of polycystic ovarian syndromee 100.0 100.0 0.0
Weight status
Normalf 0.0 52.9 (45.9–59.7) 52.9 (45.9–59.7)
Overweight/obesef 62.2 (59.3–65.1) 84.3 (81.7–86.6) 22.1 (19.2–25.2)
Normalg 0.0 50.6 (43.4–57.7) 50.6 (43.4–57.7)
Overweight/obeseg 62.3 (59.5–65.1) 84.5 (82.0–86.8) 22.2 (19.5–25.3)

Body mass index, kg/m2 32.5 (31.6–33.3) 31.1 (30.4–31.8) N/A
Waist circumference, cm 108.1 (106.3–109.9) 104.4 (103.0–105.8) N/A
Systolic blood pressure, mmHg 125.3 (123.8–126.7) 124.8 (123.7–125.9) N/A
Diastolic blood pressure, mmHg 72.9 (71.7–74.1) 72.2 (71.3–73.0) N/A
HDL cholesterol, mg/dL 50.9 (49.0–52.8) 51.7 (50.4–53.0) N/A
Non-HDL cholesterol, mg/dL 153.0 (148.1–157.9) 148.4 (144.8–152.0) N/A
2-h plasma glucose, mg/dL 135.8 (130.3–141.2) 133.3 (129.5–137.2) N/A
Fasting plasma glucose, mg/dL 108.1 (106.6–109.6) 106.5 (105.4–107.6) N/A
Hemoglobin A1c, % 5.73 (5.67–5.79) 5.70 (5.65–5.74) N/A

USPSTF United States Preventive Services Task Force, HDL high-density lipoprotein
Includes adults without diagnosed diabetes, who have dysglycemia based on at least one of the following glycemic test results: 2-h postload glucose ≥
140 mg/dL, fasting plasma glucose ≥ 100 mg/dL or A1c ≥ 5.7%
aCategorical variables are expressed as weighted row percentages (95% CI). Body mass index, waist circumference, blood pressure, lipid levels, fasting
glucose, and hemoglobin A1c are expressed as mean (95% CI). Confidence intervals are not presented when the proportion in the cell is 0 or 100%
bThe limited screening criteria are age 40–70 years old and overweight/obesity
cThe expanded screening criteria are age 40–70 years old and overweight/obesity, or at least one of the following diabetes risk factors: family history of
diabetes, history of gestational diabetes, history of polycystic ovarian syndrome, and non-white race/ethnicity (Hispanic, non-Hispanic black, or Asian)
dThis column displays the absolute difference between the proportion of adults who would be eligible for screening by the expanded criteria vs. the
limited criteria within strata of categorical participant characteristics. N/A is listed in cells where the difference in screening eligibility cannot be
determined
eSelf-reported history of gestational diabetes and polycystic ovarian syndrome was assessed among female participants only
fOverweight/obesity status was determined based on BMI ≥ 25 kg/m2 for all racial/ethnic groups. Normal weight status was defined by a BMI below this
threshold
gOverweight/obesity status was determined based on BMI ≥ 23 kg/m2 for Asians and BMI ≥ 25 kg/m2 for all other racial/ethnic groups. Normal weight
status was defined by a BMI below these thresholds
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cohort of adult primary care patients in the Midwest and
Southwest, this paper’s estimates of sensitivity and specificity
were remarkably similar to those found here in a nationally
representative population. No studies have yet tested the per-
formance of the expanded criteria endorsed by USPSTF in the
same report.
Our current analysis found that the expanded criteria per-

form more favorably than limited criteria in certain population
subgroups, which may accelerate evidence-based interven-
tions to prevent or treat diabetes. There was a trend toward
lower sensitivity of the limited screening criteria in all minor-
ity groups compared to whites, most prominently among
Asians, who have an elevated risk of dysglycemia at normal
body weight.27 Lower sensitivity of the limited criteria among
racial/ethnic minorities was also reported in our previous

analysis of community health center patients, which found
higher rates of dysglycemia at younger ages and lower weights
among these groups.26 Because the USPSTF’s expanded
criteria include non-white race/ethnicity, all minorities would
routinely receive screening under this approach and disparities
in diagnosing dysglycemia among these groups may be
reduced.
There were other key differences in the characteristics of

adults who were eligible for screening according to the
USPSTF’s limited vs. expanded criteria, which may present
opportunities to improve dysglycemia detection in other vul-
nerable groups. Individuals with low socioeconomic status are
less likely to be screened following the limited criteria, as
evidenced by smaller proportions of adults with low educa-
tional attainment and household incomes who were identified.

Table 3 Characteristics of US Adults with Dysglycemia Who Are Ineligible for Screening According to USPSTF Limited and Expanded
Criteria

Characteristica Ineligible by limited
criteriab (95% CI)

Ineligible by expanded
criteriac (95% CI)

Total, N (%) 1092 (52.7) 328 (23.2)
Represented population size, millions 55.4 24.4
Female sex 52.7 (49.1–56.3) 23.0 (19.8–26.4)
Age, years 49.3 (47.5–51.0) 54.0 (50.5–57.5)
Age categories
20–39 100.0 35.3 (27.7–43.8)
40–55 17.8 (13.4–23.1) 7.0 (3.9–12.2)
56–70 25.2 (19.4–32.1) 11.6 (7.0–18.5)
≥ 71 100.0 60.9 (54.9–66.6)

Race/ethnicity
Non-Hispanic white 50.2 (46.3–54.1) 35.4 (31.6–39.3)
Non-Hispanic black 52.3 (48.1–56.5) 0.0
Hispanic 55.6 (50.4–60.6) 0.0
Asian (BMI ≥ 25 kg/m2) 70.1 (62.8–76.6) 0.0
Asian (BMI ≥ 23 kg/m2) 56.6 (49.1–63.7) 0.0

Educational attainment <High School 60.1 (55.0–65.0) 19.5 (14.2–26.1)
Income ≤ 100% FPL 64.0 (58.2–69.4) 17.9 (12.2–25.4)
Uninsured 60.1 (52.7–67.1) 14.6 (9.6–21.6)
Physically inactive 46.5 (41.0–52.1) 22.3 (17.5–28.1)
Family history of diabetes 48.1 (43.5–52.7) 0.0
History of gestational diabetesd 45.9 (30.6–62.0) 0.0
History of polycystic ovarian syndromed 0.0 0.0
Weight status
Normale 100 47.1 (40.3–54.1)
Overweight/obesee 37.8 (34.9–40.7) 15.7 (13.4–18.3)
Normalf 100 49.4 (42.3–56.6)
Overweight/obesef 37.7 (34.9–40.5) 15.5 (13.2–18.0)

Body mass index, kg/m2 28.2 (27.6–28.9) 27.5 (26.7–28.2)
Waist circumference, cm 98.1 (96.8–99.3) 97.6 (95.6–99.5)
Systolic blood pressure, mmHg 123.8 (122.3–125.2) 123.4 (121.1–125.7)
Diastolic blood pressure, mmHg 69.6 (68.8–70.4) 67.8 (66.5–69.1)
HDL cholesterol, mg/dL 54.0 (52.6–55.5) 55.1 (52.6–57.7)
Non-HDL cholesterol, mg/dL 140.0 (136.4–143.5) 138.7 (133.0–144.4)
2-h plasma glucose, mg/dL 127.5 (123.6–131.5) 125.2 (119.5–130.8)
Fasting plasma glucose, mg/dL 103.7 (102.8–104.6) 103.4 (101.9–104.8)
Hemoglobin A1c, % 5.59 (5.56–5.62) 5.53 (5.48–5.58)

USPSTF United States Preventive Services Task Force, HDL high-density lipoprotein
Includes adults without diagnosed diabetes, who have dysglycemia based on at least one of the following glycemic test results: 2-h postload glucose ≥
140mg/dL, fasting plasma glucose ≥ 100mg/dL or A1c ≥ 5.7%
aCategorical variables are expressed as weighted row percentages (95% CI). Body mass index, waist circumference, blood pressure, lipid levels, fasting
glucose, and hemoglobin A1c are expressed as mean (95% CI). Confidence intervals are not presented when the proportion in the cell is 0 or 100%
bThe limited screening criteria are age 40–70 years old and overweight/obesity
cThe expanded screening criteria are age 40–70 years old and overweight/obesity, or at least one of the following diabetes risk factors: family history of
diabetes, history of gestational diabetes, history of polycystic ovarian syndrome, and non-white race/ethnicity (Hispanic, non-Hispanic black, or Asian)
dSelf-reported history of gestational diabetes and polycystic ovarian syndrome was assessed among female participants only
eOverweight/obesity status was determined based on BMI ≥ 25 kg/m2 for all racial/ethnic groups. Normal weight status was defined by a BMI below this
threshold
fOverweight/obesity status was determined based on BMI ≥ 23 kg/m2 for Asians and BMI ≥ 25 kg/m2 for all other racial/ethnic groups. Normal weight
status was defined by a BMI below these thresholds
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This finding is concerning given that socioeconomic disad-
vantage is associated with elevated diabetes risk.16 Because
the limited criteria do not include gestational diabetes and
polycystic ovarian syndrome, women with dysglycemia are
also less likely to be identified. This is significant given the
higher lifetime risk of diabetes among women than men.14

Adults who have dysglycemia at a normal weight constitute
23.9% of cases, who would not be screened following the
limited criteria. One quarter of adults with dysglycemia are
younger than 40 years old and are also not captured by the
limited criteria. Failing to screen young adults could increase
the already long period of exposure for developing complica-
tions associated with prediabetes and diabetes. Adults over 70
represent a high-risk group that would also not be screened
according to the limited criteria. However, their shorter life
expectancy and greater risk associated with diabetes treatment
may change the balance of potential benefits and harms

associated with screening this group.28 Adopting the expanded
criteria would result in screening a substantially higher pro-
portion of these groups that are missed by the limited criteria.
The comparative performance of dysglycemia screening

criteria has implications for clinical practice. Targeted screen-
ing approaches with high sensitivity and low specificity may
be most appropriate to identify patients who have conditions
requiring urgent diagnosis and treatment, when screening tests
are inexpensive, or the harms of false-positive screening re-
sults are low. By contrast, screening criteria with low sensitiv-
ity and high specificity may be preferred when diagnosis or
treatment is less urgent, screening tests and/or treatments are
expensive, or the harms of a false-positive screening result are
significant. Adopting the expanded USPSTF criteria will re-
sult in more glycemic tests conducted, yielding both a greater
number of dysglycemia cases identified and more false posi-
tive results, which may provide an opportunity for clinicians to

Table 5 Performance of USPSTF Limited and Expanded Screening Criteria in Detecting Dysglycemia Among US Adults Without Diagnosed
Diabetes by Weight Status

Population group
(criteria used)

Sensitivity, %
(95% CI)

Specificity, %
(95% CI)

Positive predictive value (PPV),
% (95% CI)

Negative predictive value (NPV),
% (95% CI)

Limited criteriaa,b

Overweight 63.9 (58.8–68.6) 50.6 (44.0–57.1) 54.2 (47.5–60.8) 60.4 (55.6–65.1)
Obese 61.1 (56.8–65.1) 53.6 (46.8–60.3) 69.7 (65.1–73.9) 44.1 (39.6–48.7)

Expanded criteriac

Normal weight 52.9 (45.9–59.7) 51.5 (45.8–57.2) 38.9 (33.9–44.1) 65.2 (59.3–70.6)
Overweight 82.1 (76.9–86.3) 24.0 (19.0–29.7) 49.7 (44.4–55.0) 59.3 (50.9–67.3)
Obese 85.9 (82.5–88.8) 18.7 (14.9–23.1) 64.8 (61.0–68.5) 43.2 (36.3–50.4)

Dysglycemia was defined by 2-h postload glucose ≥ 140 mg/dL, fasting plasma glucose ≥ 100 mg/dL, or A1c ≥ 5.7%
Weight status was defined by the following BMI cutpoints: normal weight (< 25.0 kg/m2); overweight (25.0–29.9 kg/m2); and obesity (≥ 30.0 kg/m2). The
estimated prevalence of dysglycemia by weight status was as follows: normal weight (36.9%), overweight (47.8%), and obese (63.6%)
aThe limited screening criteria are age 40–70 years old and overweight/obesity
bPerformance characteristics of the limited criteria for normal weight adults are not presented because this subgroup is not eligible for screening under
this scenario
cThe expanded screening criteria are age 40–70 years old and overweight/obesity, or at least one of the following diabetes risk factors: family history of
diabetes, history of gestational diabetes, history of polycystic ovarian syndrome, and non-white race/ethnicity (Hispanic, non-Hispanic black, or Asian)

Table 4 Performance of USPSTF Limited and Expanded Screening Criteria in Detecting Dysglycemia Among US Adults Without Diagnosed
Diabetes

Population group Sensitivity, %
(95% CI)

Specificity, %
(95% CI)

Positive predictive value (PPV),
% (95% CI)

Negative predictive value (NPV),
% (95% CI)

Limited criteriaa

Total population 47.3 (44.7–50.0) 71.4 (67.3–75.2) 62.0 (57.8–66.1) 57.8 (54.9–60.8)
Non-Hispanic white 49.8 (45.9–53.7) 67.9 (63.2–72.4) 59.5 (54.0–64.7) 58.9 (55.0–62.7)
Non-Hispanic black 47.7 (43.5–51.9) 74.8 (69.5–79.4)* 68.9 (63.0–74.3)* 54.9 (49.9–59.8)
Hispanic 44.4 (39.4–49.6) 78.4 (74.6–81.8)** 68.1 (64.4–71.5)** 57.7 (52.9–62.4)
Asian 29.9 (23.4–37.2)** 91.7 (87.0–94.8)** 79.0 (68.6–86.7)** 55.5 (49.3–61.5)
Asian (BMI ≥ 23.0

kg/m2)b
43.4 (36.3–50.9) 84.7 (78.4–89.4)** 74.8 (67.0–81.3)** 58.8 (51.8–65.4)

Expanded criteriac,d

Total populatione 76.8 (73.5–79.8) 33.8 (30.1–37.7) 53.4 (50.2–56.6) 59.6 (55.6–63.4)

*P< 0.05; **P < 0.01f

Dysglycemia was defined by 2-h postload glucose ≥ 140 mg/dL, fasting plasma glucose ≥ 100 mg/dL, or A1c ≥ 5.7%
aThe limited screening criteria are age 40–70 years old and overweight/obesity (defined by BMI ≥ 25.0 kg/m2)
bThis sensitivity analysis used BMI ≥ 23.0 kg/m2 to define overweight/obesity in Asians, as recommended by some expert groups27
cThe expanded screening criteria are age 40–70 years old and overweight/obesity (defined by BMI ≥ 25.0 kg/m2), or at least one of the following
diabetes risk factors: family history of diabetes, history of gestational diabetes, history of polycystic ovarian syndrome, and non-white race/ethnicity
(Hispanic, non-Hispanic black, or Asian)
dPerformance characteristics of the expanded criteria are not presented by race/ethnicity because 100% of minority adults are eligible for screening
under this scenario
eWhen adults older than age 70 are excluded from eligibility, the expanded criteria yield the following performance characteristics: sensitivity 71.2%
(68.0–74.3%); specificity 35.3% (31.5–39.2%); PPV 52.1% (48.7–55.4%); and NPV 55.4% (51.9–58.8%)
fP values for racial/ethnic differences in performance characteristics of the limited screening criteria were determined using Chi-square tests
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reinforce healthy lifestyle behaviors. While this approach will
have higher total costs due to more testing, many adults are
already undergoing regular lipid screening according to age-
based recommendations. Following the limited USPSTF
criteria will have lower associated costs due to less testing, at
the expense of detecting fewer cases. However, it is possible
that the net costs of adopting the expanded criteria may actu-
ally be lower than the limited criteria since interventions to
prevent diabetes have reduced future medical expenditures.29

Glycemic testing completed during routine medical care, often
called opportunistic screening, represents another approach to
identify adults with dysglycemia. However, the utility of op-
portunistic screening is limited by a predominance of random
glucose tests,26, 30 which are not recommended for this pur-
pose.3, 6

Another important clinical consideration is the potential
benefit that patients may derive from screen-detected
dysglycemia. Large randomized trials have shown that treat-
ment for diabetes reduces microvascular and macrovascular
complications31, 32, while economic studies have demonstrat-
ed the cost-effectiveness of diabetes treatment.33 The benefit
of intensive lifestyle interventions and some medications to
prevent diabetes is also clearly established,7–9 with studies
suggesting that these interventions are most efficacious and
cost-effective among the highest-risk prediabetic adults.34, 35

Follow-up studies demonstrate that lifestyle programs produce
durable reductions in diabetes incidence36, 37 and may reduce
microvascular complications,38, 39 cardiovascular mortality,
and all-cause mortality.40 However, applying evidence from
landmark diabetes prevention trials to inform screening prac-
tices is complicated by the broader definition of prediabetes
used by USPSTF compared to these earlier studies. Further,
participants in these trials were overweight or obese, leaving
the benefit of interventions to prevent diabetes less certain in
adults who have a normal bodyweight. Future research should
study diabetes prevention efforts in lean adults.
Our study is timely given its examination of the USPSTF’s

most recent dysglycemia screening recommendation.

Strengths of using nationally representative data from
NHANES include reliable estimates of health indicators for
Asians beginning in 2011. Analyzing data since 2011 resulted
in a smaller sample and less precise estimates than pooling
larger numbers of participants from previous years. The
NHANES definition of Asian race does not include Pacific
Islanders, in whom diabetes risk is associated with obesity.41

Had this group been included, the sensitivity of the limited
criteria among Asian Americans would likely be higher and
the specificity lower than those reported here. Due to the
cross-sectional design of NHANES, we could not confirm
the diagnosis of dysglycemia based on repeat testing. This
may have overestimated the prevalence of undiagnosed
dysglycemia due to some cases that would not have been
confirmed by a second abnormal result. One recent study
estimated that undiagnosed diabetes that is confirmed by a
second glycemic test result constituted 11% of total cases,
compared to one-quarter or one-third of cases based on a
single abnormal result.42 To the extent that dysglycemia cases
in the current study were identified by fasting glucose or A1c,
this problem may not have had a large impact on our findings
because of lower intraindividual variation associated with
these tests (coefficient of variation 5.7 and < 1%, respectively)
than 2-h postload glucose (coefficient of variation 16.7%).43

While all three glycemic tests were performed in NHANES
and analyzed here, this is not often the case in routine clinical
practice.26, 30 Finally, we did not compare the current USPSTF
screening criteria to those recommended by the ADA or other
expert groups, which may be a direction for future research.
In conclusion, targeted diabetes screening that follows only

the age- and weight-based criteria recommended by USPSTF
will identify approximately half of US adults with
dysglycemia. Following the recommendation’s expanded
criteria that include other diabetes risk factors would improve
detection of dysglycemia and provide earlier opportunities to
intervene both across the population and in several high-risk
groups, including racial/ethnic minorities. Future research
might examine use of the USPSTF screening criteria in prac-
tice and study their impact on dysglycemia diagnosis, treat-
ment, and costs in diverse population subgroups.
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Expanded Criteria (Per 1000 Population)

Screening
criteria

Eligibility
status

Dysglycemiaa Normoglycemiaa

Limitedb Eligible 235 144
Ineligible 262 359

Expandedc Eligible 382 333
Ineligible 115 170

aDysglycemia was defined by 2-h postload glucose ≥ 140 mg/dL, fasting
plasma glucose ≥ 100 mg/dL, or A1c ≥ 5.7%. Normoglycemia was
defined by all glycemic values below these cut-offs.
bThe limited screening criteria are age 40–70 years old and overweight/
obesity
cThe expanded screening criteria are age 40–70 years old and
overweight/obesity, or at least one of the following diabetes risk factors:
family history of diabetes, history of gestational diabetes, history of
polycystic ovarian syndrome, and non-white race/ethnicity (Hispanic,
non-Hispanic black, or Asian)
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