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OBJECTIVE

To examine racial/ethnic disparities in the prevalence of diabetes and prediabetes
by BMI category.
RESEARCH DESIGN AND METHODS

In a consortium of three U.S. integrated health care systems, 4,906,238 individuals
aged ‡20 years during 2012–2013 were included. Diabetes and prediabetes were
ascertained by diagnosis and laboratory results; antihyperglycemic medications
were also included for diabetes ascertainment.
RESULTS

The age-standardized diabetes and prediabetes prevalence estimates were 15.9%
and 33.4%, respectively. Diabetes but not prediabetes prevalence increased across
BMI categories among all racial/ethnic groups (P for trend < 0.001). Racial/ethnic
minorities reached a given diabetes prevalence at lower BMIs than whites;
Hawaiians/Paciﬁc Islanders and Asians had a diabetes prevalence of 24.6%
(95% CI 24.1–25.2%) in overweight and 26.5% (26.3–26.8%) in obese class 1,
whereas whites had a prevalence of 23.7% (23.5–23.8%) in obese class 2. The agestandardized prediabetes prevalence estimates in overweight among Hispanics
(35.6% [35.4–35.7%]), Asians (38.1% [38.0–38.3%]), and Hawaiians/Paciﬁc Islanders
(37.5% [36.9–38.2%]) were similar to those in obese class 4 among whites (35.3%
[34.5–36.0%]), blacks (36.8% [35.5–38.2%]), and American Indians/Alaskan Natives
(34.2% [29.6–38.8%]). In adjusted models, the strength of association between BMI
and diabetes was highest among whites (relative risk comparing obese class 4 with
normal weight 7.64 [95% CI 7.50–7.79]) and lowest among blacks (3.16 [3.05–3.27]).
The association between BMI and prediabetes was less pronounced.
CONCLUSIONS

Racial/ethnic minorities had a higher burden of diabetes and prediabetes at lower
BMIs than whites, suggesting the role of factors other than obesity in racial/ethnic
disparities in diabetes and prediabetes risk and highlighting the need for tailored
screening and prevention strategies.
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impact of varying BMI levels on racial/
ethnic disparities in diabetes and prediabetes among a population with universal access to health care. Moreover, the
residual contribution of socioeconomic
status to the racial/ethnic disparities
beyond BMI remains to be elucidated.
To address these critical evidence
gaps, we aimed to examine the racial/
ethnic disparities in the prevalence of
diabetes and prediabetes by BMI category
before and after controlling for socioeconomic factors in a large racially/ethnically
and geographically diverse cohort of 4.9
million adults aged $20 years who were
members of three integrated health care
systems across 10 sites in the U.S. in 2012–
2013.
RESEARCH DESIGN AND METHODS
Study Population and Design

Data for this study were from the Patient
Outcomes Research To Advance Learning
(PORTAL) Network, one of the 13 Clinical
Data Research Networks in the National
Patient-Centered Clinical Research Network (13). The PORTAL Network combines 10 sites across three integrated
health care systems serving .12 million
members, ;1 of every 30 people in the
U.S. The network includes all Kaiser
Permanente regions (Hawaii, Northwest
[Northern Oregon and Southwest Washington], Northern California, Southern
California, Colorado, Mid-Atlantic states
[Maryland, Virginia, and District of Columbia], Georgia [through 2015], and
Washington), HealthPartners (Minnesota), and Denver Health (Denver, CO)
(Supplementary Fig. 1). Racial/ethnic and
socioeconomic diversity is large and generally representative of the underlying
populations of the health care service
regions (14).
Inclusion criteria consisted of health
plan members with at least 12 months of
continuous membership between 1 January 2012 and 31 December 2013 who
were aged at least 18 years as of 31 December 2013, had a weight recorded
during 2012 or 2013 and a height recorded in the electronic health record
(EHR), and were not pregnant during
2012–2013 (15). For Denver Health, continuous enrollment did not apply because
it is a safety-net organization without an
associated health plan for enrolling members; therefore, the initial eligibility criteria included all adults who had a primary
care encounter during 2012–2013. Data

were extracted from the Health Care
Systems Research Network Virtual Data
Warehouse, a standardized and federated
database where all data reside at each
health system behind each site’s ﬁrewall
(16). The Kaiser Permanente Southern
California Institutional Review Board approved the research and granted a waiver
for written informed consent. The institutional review boards at the other sites
reviewed the protocol and subsequently
ceded review.
In the PORTAL Network, we identiﬁed .10 million individuals who had
continuous membership in 2012–2013.
After excluding those who were aged
,18 years (n 5 2,309,558), did not have
a height and weight recorded in 2012–
2013 (n 5 1,715,657), were pregnant
during 2012–2013 (n 5 181,129), and
had biologically implausible height,
weight, or BMI measurements (height
,1.2 or .2.4 m, weight ,22 or .454 kg,
BMI ,5 or .90 kg/m2) (n 5 6,954), a
total of 6,218,734 adults remained
(Supplementary Fig. 2). We further excluded individuals aged ,20 years or
with missing data on outcome ascertainment or sex (n 5 1,312,496), rendering a
cohort of 4,906,238 individuals as the
analytical sample.
Diabetes and Prediabetes

Diabetes was deﬁned using the methodology developed for Surveillance, Prevention, and Management of Diabetes
Mellitus (SUPREME-DM), a large multisite
observational consortium, without differentiation between type 1 and type 2 diabetes (17). The deﬁnition was adapted
from the 2010 American Diabetes Association (ADA) criteria (18). Brieﬂy, the
deﬁnition included one inpatient diagnosis
of diabetes on the basis of ICD-9 codes
(250.x, 357.2, 366.41, and 362.01–362.07)
or any combination of two other events:
fasting plasma glucose $126 mg/dL ($7.0
mmol/L), random plasma glucose $200
mg/dL ($11.1 mmol/L), HbA1c $6.5%,
outpatient diagnosis (the same as inpatient codes), or dispensation of an
antihyperglycemic medication.
Prediabetes was deﬁned on the basis of
the 2010 ADA criteria (18) and the work
of Schmittdiel et al. (19) as at least one from
the following during the study period: 1)
fasting plasma glucose measurement
between 100 and 125 mg/dL (5.6–6.9
mmol/L); 2) 2-h postchallenge plasma
glucose between 140 and 199 mg/dL
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More than 30 million adults had diagnosed
diabetes in 2015, accounting for 12% of
the U.S. population (1). As the seventh
leading cause of mortality, diabetes has
imposed tremendous economic and societal burden (2). Racial/ethnic disparities in
diabetes remain a pervasive public health
issue in the U.S. and have been linked to
elevated prevalence of diabetes complications and higher mortality rates among
racial/ethnic minority groups (3). The Disparities Action Plan by the U.S. Department
of Human and Health Services has urged
the elimination of racial/ethnic differences in chronic disease burdens, including diabetes (4). However, racial/ethnic
disparities in diabetes remain substantial, although data on Hawaiians/
Paciﬁc Islanders and American Indians/
Alaskan Natives are scant (5,6). According to the Centers for Disease Control and
Prevention, 84 million (34%) Americans
had prediabetes, including almost one
in two adults aged $65 years (1). Nonetheless, patterns of racial/ethnic disparities in prediabetes remain elusive
because of the scarcity of data.
Obesity and race/ethnicity are two
major independent risk factors for diabetes. However, the racial/ethnic distribution of obesity (highest among
non-Hispanic blacks and lowest among
Asians) does not mirror that of diabetes (Asians are among the highest and
whites among the lowest) (6,7). Limited
national data are available on how obesity and race/ethnicity may interact with
and inﬂuence disparities in risk of diabetes and prediabetes. Previous national
data on diabetes prevalence by obesity
focused more on racial/ethnic subgroups
other than Asians and are as-yet absent
on Hawaiians/Paciﬁc Islanders and American Indians/Alaskan Natives (8–11); furthermore, national data on prediabetes
by race/ethnicity and obesity are lacking.
Understanding the relative contribution
of obesity to the racial/ethnic disparities
in diabetes and prediabetes may help to
inform clinical and public health intervention strategies to mitigate disparities
in diabetes and prediabetes and reduce
associated complications and mortality.
In addition, it is important to note that
socioeconomic and environmental disadvantages, especially disparate access to
health care and preventive care services,
may also contribute to substantial racial/
ethnic disparities (12). Therefore, it is
particularly meaningful to examine the
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(7.8–11.0 mmol/L); 3) HbA1c between
5.7% and 6.4%; or 4) outpatient ICD-9
codes of 790.2, 790.29, 790.21, or
790.22 (19). These laboratory and diagnosis criteria qualiﬁed for prediabetes
only if they were not superseded by the
criteria for diabetes.
Race/Ethnicity

BMI

Weight is routinely measured during
outpatient clinic visits, while height is
generally considered static for adults and
less frequently assessed. BMI was calculated as weight (kg) divided by height
squared (m2). If more than one weight,
height, or BMI was available in the EHR
in 2012–2013, the most recent value was
used. According to World Health Organization recommendations on racial/
ethnic-speciﬁc BMI cutoffs (20), we categorized non-Asian individuals as underweight (,18.5 kg/m2), normal weight
(18.5–24.9 kg/m2), overweight (25.0–
29.9 kg/m2), obese class 1 (30.0–34.9
kg/m2), obese class 2 (35.0–39.9 kg/m2),
obese class 3 (40.0–49.9 kg/m2), and
obese class 4 ($50.0 kg/m2) (21,22);
and Asians as underweight (,18.5 kg/m2),
normal weight (18.5–22.9 kg/m2), overweight (23.0–27.4 kg/m2), obese class 1
(27.5–32.4 kg/m2), obese class 2 (32.5–
37.4 kg/m2), obese class 3 (37.5–47.4 kg/m2),
and obese class 4 ($47.5 kg/m2).
Neighborhood Poverty

Neighborhood poverty was estimated
using geospatial entity object codes
that linked addresses to 2010 U.S. census
data and served as a proxy for socioeconomic status. Using census data at the
block group level with addresses as listed

in the EHR, each individual was assigned
the probability of falling below the poverty threshold levels on the basis of the
percentage below the poverty level in
his/her neighborhood block group. These
probabilities were divided into four categories: ,5% (lowest poverty level), 5–
9%, 10–19%, and $20% (highest poverty
level) of households in the neighborhood
below the poverty level.
Neighborhood Education

Using a similar approach, each individual
was assigned the probability of having a
high school or lower education on the
basis of the percentage with high school
or lower education levels in his/her
neighborhood block group. These probabilities were divided into quartiles on
the basis of the study population distribution: ,23% high school or lower (highest education level), 23–33%, 34–48%,
and .48% (lowest education level).
Statistical Analysis

Sociodemographic and clinical characteristics were summarized as numbers and
proportions in the entire cohort and by race/
ethnicity. The overall age-standardized
prevalence of diabetes and prediabetes
was derived in the entire cohort and
among all racial/ethnic groups. To evaluate the racial/ethnic-speciﬁc associations
of BMI category with prevalence of diabetes or prediabetes, age-standardized
prevalence was derived by race/ethnicity
and BMI categories using marginal standardization of predicted probabilities
from Poisson regression models, and 95%
CIs were obtained using 200 bootstrapped estimates. To explore potential sexspeciﬁc patterns, we further stratiﬁed
estimates of age-standardized prevalence of diabetes or prediabetes by sex
within each racial/ethnic group across
BMI categories.
Poisson regression models with robust
SEs were used to estimate relative risks
(RRs) and 95% CIs of diabetes or prediabetes in association with BMI categories by race/ethnicity. We adjusted for
age, sex, neighborhood poverty, neighborhood education, and data-contributing
site to account for potential residual
confounding as a result of socioeconomic
and/or environmental disparities. The
P value for interaction was obtained by
the likelihood ratio test. Tests for linear trend were obtained by the MantelHaenszel x2 test. Post hoc multiple
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comparison adjustment for P values was
performed using the Benjamini-Hochberg
false discovery rate (FDR) controlling
method (23). To test the robustness of
our ﬁndings, we further conducted sensitivity analyses by additionally including
participants with missing data on outcome ascertainment in the analytic sample. All analyses were conducted using
SAS 9.4 (SAS Institute, Cary, NC) and R
(R Foundation for Statistical Computing,
Vienna, Austria) statistical software.
RESULTS

The cohort of 4,695,060 eligible participants in the PORTAL Network was racially/
ethnically diverse, with 50.0% white,
21.6% Hispanic, 12.7% Asian, 9.5%
black, 1.4% Hawaiian/Paciﬁc Islander,
0.5% American Indian/Alaskan Native,
and 4.3% multiracial/other/unknown
(Table 1). The cohort comprised slightly
more women (55.7%) than men. The
mean BMI was 28.8 kg/m 2 (SD 6.5
kg/m2) for the entire cohort, with Asians
having the lowest and blacks the highest BMI (25.6 [4.7] and 31.0 [7.3] kg/m2,
respectively). Compared with whites,
Asians were more likely to be overweight (47.1%) and less likely to be in
obese classes 2–4 on the basis of racial/
ethnic-speciﬁc BMI cutoffs, whereas
blacks, Hispanics, Hawaiians/Paciﬁc Islanders, and American Indians/Alaskan
Natives were more likely to be in obese
classes 2–4 and less likely to be normal
weight. Neighborhood poverty levels
varied by race/ethnicity, with 31.7% of
blacks and 32.5% of Hispanics living in
neighborhoods with $20% of households below the poverty level, ;2.5-fold
higher than whites (12.9%). Neighborhood education levels also varied by
race/ethnicity, with 32–51% of blacks,
Hispanics, and Hawaiians/Paciﬁc Islanders living in neighborhoods with
the lowest education level (.48% with a
high school or lower education) compared
with 15–23% among other racial/ethnic
groups.
There was substantial racial/ethnic
variation in the prevalence of diabetes
and prediabetes (Table 2). The overall
age-standardized prevalence of diabetes
was 15.9% (95% CI 15.8–16.0%). Across
racial/ethnic groups, the age-standardized
diabetes prevalence was 27.7% (27.4–
28.0%) in Hawaiians/Paciﬁc Islanders,
which was higher than that in Hispanics
(22.2% [21.1–22.3%]), blacks (21.4%
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Race/ethnicity was obtained from health
plan administrative records, documentation during a health care encounter, or
birth certiﬁcates. Individuals had the
option to identify themselves as white,
black or African American, Hispanic,
Asian, Hawaiian/Paciﬁc Islander, American
Indian/Alaskan Native, or multiracial/
other/unknown. If identiﬁed as Hispanic,
the individual was placed in that category
regardless of race. Given the small percentage of participants in the multiracial/
other/unknown category (n 5 211,178
[4% of the cohort], mostly unknown),
these individuals were not included in
the analyses for prevalence and risk
estimates of diabetes or prediabetes.

Zhu and Associates

35.9
29.0
20.8
14.4

14.5
25.0
28.0
32.5

50.7
23.0
15.8
10.5

13.6
21.5
32.5
32.5

30.0 (6.2)
0.6
19.9
36.7
25.1
10.9
5.9
0.9

14.3
19
23.1
20.5
12.9
6.8
3.3

43.5
56.5

1,058,351(21.6)

Hispanic

19.9
23.7
26.0
30.5

29.8
30.2
26.3
13.8

25.6 (4.7)
2.6
22.7
47.1
20.2
5.4
1.9
0.2

9.6
16.8
21.2
21.4
17.5
9
4.4

42.7
57.3

620,813 (12.7)

Asian

32.4
31.8
22.1
13.7

22.2
29.3
30.7
17.8

30.2 (7.5)
1.1
24.4
32.3
20.9
11.4
7.9
2.0

11.1
16.3
21.3
22.3
16.6
8.7
3.7

4.9
5.9

67,190 (1.4)

Hawaiian/Paciﬁc
Islander

22.7
29.9
25.7
21.6

22.2
27.8
30.0
20.0

30.4 (7.2)
1.1
22.6
31.6
22.9
12.2
7.8
1.8

9.2
12.6
18.8
24.6
20.6
9.9
4.2

41.6
58.4

26,324 (0.5)

American Indian/Alaskan
Native
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All
4,906,238 (100)
44.3
55.7
10.1
13.5
18.4
22.0
19.0
10.7
6.2
28.8 (6.5)
1.3
25.3
36.5
21.5
9.2
5.2
0.9

24.3
27.7
28.7
19.3

25.6
24.8
24.2
25.3

Multiracial/other/
unknown
211,178 (4.3)
44.5
55.5
14.2
18.7
22
23
15
5.2
2
28.6 (6.1)
1.1
28.6
37.8
19.7
7.9
4.3
0.7

27.1
28.0
27.5
17.4

21.8
23.9
24.3
29.9

Data are % unless otherwise indicated. ‡Non-Asians were categorized as underweight (BMI ,18.5 kg/m2), normal weight (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), and obese class 1–4 (30.0–34.9,
35.0–39.9, 40.0–49.9, $50.0 kg/m2), and Asians were categorized as underweight (,18.5 kg/m2), normal weight (18.5–22.9 kg/m2), overweight (23.0–27.4 kg/m2), and obese class 1–4 (27.5–32.4,
32.5–37.4, 37.5–47.4, $47.5 kg/m2).

17.3
22.0
29.0
31.7

28.6
30.7
27.7
12.9

31.0 (7.3)
1.0
18.9
31.6
24.4
13.1
9.0
2.0

11.5
12.3
19.9
23.5
17.7
10.2
4.8

39.9
60.1

467,994 (9.5)

Black

Race/Ethnicity, BMI, and Diabetes

Neighborhood poverty level
(% below threshold)
,5
5–9
10–19
$20
Neighborhood education
(% of high school or lower)
.48% (lowest level)
34–48%
23–33%
,23% (highest level)

28.7 (6.4)
1.4
29.4
34.7
19.9
8.7
5.0
0.9

7.7
10.0
15.1
22.4
22.7
13.4
8.7

Age (years)
20–29
30–39
40–49
50–59
60–69
70–79
$80

BMI (kg/m2), mean (SD)‡
Underweight
Normal weight
Overweight
Obese class 1
Obese class 2
Obese class 3
Obese class 4

45.0
55.0

2,454,388 (50.0)

Sex
Male
Female

n (%)

White

Table 1—Participant characteristics by race/ethnicity in the PORTAL Network, 2012–2013
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No.
Diabetes prevalence
Overall
BMI*
Underweight
Normal weight
Overweight
Obese class 1
Obese class 2
Obese class 3
Obese class 4
P for trend†
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12.2 (12.1–12.3)

2,454,388

White

21.4 (21.3–21.6)

467,994

Black

22.2 (22.1–22.3)

1,058,351

Hispanic

19.3 (19.2–19.4)

620,813

Asian

27.7 (27.4–28.0)

67,190

Hawaiian/Paciﬁc Islander

(4.2–10.6)
(8.9–10.4)
(14.8–16.3)
(21.9–24.0)
(28.1–31.3)
(31.0–36.0)
(33.8–48.9)
,0.001

19.6 (19.1–20.0)

26,324

American Indian/Alaskan Native

5.2 (5–5.4)
7.3 (7.3–7.4)
13.4 (13.4–13.5)
20.5 (20.4–20.6)
27.3 (27.2–27.5)
33.4 (33.2–33.6)
39.3 (38.7–39.9)
,0.001

15.9 (15.8–16.0)

4,906,238

All

(23.5–24.3)
(26.7–26.9)
(34.2–34.3)
(36.6–36.8)
(36.3–36.5)
(35.5–36.0)
(35.3–36.5)
0.039

7.4
9.6
15.6
22.9
29.7
33.5
41.4

23.9
26.8
34.3
36.7
36.4
35.8
35.9

10.2 (7.7–12.7)
18.0 (17.5–18.6)
24.6 (24.1–25.2)
32.2 (31.4–33.0)
38.9 (37.7–40.2)
43.6 (41.8–45.4)
44.8 (39.6–50.0)
,0.001

(12.6–22.4)
(25.2–27.4)
(30.5–32.4)
(31.1–33.5)
(32.1–35.6)
(31.6–37.0)
(29.6–38.8)
0.016

7.3 (6.9–7.7)
10.1 (9.9–10.2)
18.3 (18.2–18.5)
26.5 (26.3–26.8)
35.9 (35.4–36.5)
44.0 (42.9–45.0)
49.1 (45.0–53.3)
,0.001

17.5
26.3
31.4
32.3
33.9
34.3
34.2

8.8 (7.8–9.7)
13.0 (12.9–13.2)
18.9 (18.7–19.0)
25.6 (25.4–25.7)
32.7 (32.3–33.0)
39.1 (38.6–39.6)
47.0 (45.5–48.5)
,0.001

(25.7–33.4)
(33.0–34.4)
(36.9–38.2)
(36.3–37.9)
(33.9–36.4)
(33.2–36.7)
(32.5–43.0)
0.377

(8.9–11.0)
(13.2–13.7)
(17.6–18.0)
(23.4–23.9)
(28.3–29.0)
(32.2–33.2)
(35.3–38.0)
,0.001

29.5
33.7
37.5
37.1
35.1
34.9
37.7

9.9
13.5
17.8
23.6
28.6
32.7
36.6

(28.8–30.3)
(32.7–33.2)
(38.0–38.3)
(39.0–39.6)
(36.6–37.7)
(33.1–35.2)
(26.4–33.9)
0.896

3.5 (3.3–3.7)
5.0 (4.9–5.1)
9.4 (9.4–9.5)
16.4 (16.3–16.5)
23.7 (23.5–23.8)
30.5 (30.2–30.8)
37.4 (36.6–38.1)
,0.001

29.5
33.0
38.1
39.3
37.2
34.1
30.2

33.4 (33.3–33.5)
(22.4–25.2)
(29.0–29.5)
(35.4–35.7)
(37.3–37.7)
(36.5–37.1)
(35.1–36.1)
(32.5–35.3)
0.102

31.1 (30.6–31.7)
23.8
29.3
35.6
37.5
36.8
35.6
33.9

36.7 (36.4–37.1)
(22.4–25.4)
(26.6–27.2)
(31.0–31.5)
(33.0–33.6)
(33.6–34.4)
(34.3–35.3)
(35.5–38.2)
0.039

37.1 (37.0–37.2)
23.9
26.9
31.2
33.3
34.0
34.8
36.8

35.3 (35.2–35.4)
(20.6–21.5)
(24.3–24.5)
(31.8–32.0)
(34.9–35.1)
(35.2–35.6)
(34.8–35.4)
(34.5–36.0)
0.016

32.0 (31.9–32.1)

21.1
24.4
31.9
35.0
35.4
35.1
35.3

Data are % (95% CI). *Non-Asians were categorized as underweight (BMI ,18.5 kg/m2), normal weight (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), and obese class 1–4 (30.0–34.9, 35.0–39.9,
40.0–49.9, $50.0 kg/m2), and Asians were categorized as underweight (,18.5 kg/m2), normal weight (18.5–22.9 kg/m2), overweight (23.0–27.4 kg/m2), and obese class 1–4 (27.5–32.4, 32.5–37.4,
37.5–47.4, $47.5 kg/m2). †P for trend across BMI categories was adjusted for multiple comparisons using the FDR method.

Prediabetes prevalence
Overall
BMI*
Underweight
Normal weight
Overweight
Obese class 1
Obese class 2
Obese class 3
Obese class 4
P for trend†

31.0 (30.9–31.1)

Table 2—Age-standardized prevalence of diabetes and prediabetes by race/ethnicity and BMI category per 100 PORTAL Network cohort members: 2012–2013

[21.3–21.6%]), American Indians/Alaskan
Natives (19.6% [19.1–20.0%]), and Asians
(19.3% [19.2–19.4%]) and more than
double that in whites (12.2% [12.1–
12.3%]). The overall age-standardized
prevalence of prediabetes was 33.4%
(33.3–33.5%), with the highest estimate
observed in Asians (37.1% [37.0–37.2%])
followed by Hawaiians/Paciﬁc Islanders
(36.7% [36.4–37.1%]), Hispanics (35.3%
[35.2–35.4%]), blacks (32.0% [31.9–
32.1%]), American Indians/Alaskan Natives (31.1% [30.6–31.7%]), and whites
(31.0% [30.9–31.1%]).
The age-standardized prevalence of
diabetes monotonically increased across
BMI categories among all racial/ethnic
groups (all FDR P for trend , 0.001)
(Table 2) and increased with age up to
70–79 years among all racial/ethnic
groups (all FDR P for trend , 0.001)
(Supplementary Fig. 3). Furthermore,
compared with whites, all other racial/
ethnic groups had a higher prevalence of
diabetes at a given BMI, with the difference being more pronounced at lower
BMI levels (i.e., underweight, normal
weight, overweight). For instance, among
individuals with a normal weight, the
prevalence of diabetes was 5.0% (95%
CI 4.9–5.1%) in whites, approximately
one-half of that in Asians (10.1% [9.9–
10.2%]) and American Indians/Alaskan
Natives (9.6% [8.9–10.4%]) and almost
one-third of that in Hispanics (13.0%
[12.9–13.2%]), blacks (13.5% [13.2–
13.7%]), and Hawaiians/Paciﬁc Islanders
(18.0% [17.5–18.6%]). When further
stratiﬁed by sex, men overall had a higher
age-standardized prevalence of diabetes (18.4% [18.3–18.5%]) than women
(13.9% [13.8–14.0%]); this sex-speciﬁc
pattern persisted across BMI categories
(Supplementary Table 1). Among all
racial/ethnic groups, a similar, increasing
trend was observed for diabetes prevalence across BMI categories among both
men and women as in the entire cohort
(all FDR P for trend , 0.001).
The prediabetes prevalence increased
with age until reaching a plateau at 60–
69 years across racial/ethnic groups
(Supplementary Fig. 3), whereas the pattern of prediabetes prevalence across
BMI categories differed by race/ethnicity
(Table 2). An overall rising trend in the
age-standardized prevalence of prediabetes across BMI categories was observed
among whites, blacks, and American
Indians/Alaskan Natives (all FDR P for
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prediabetes for each BMI category
compared with normal weight counterparts by race/ethnicity, after adjusting for covariates. Across all racial/
ethnic groups, whites had the steepest
BMI gradient for diabetes risk, with an
adjusted RR comparing obese class 4 with
normal weight of 7.64 (95% CI 7.50–7.79),
followed by Asians (6.26 [5.83–6.72]),
American Indians/Alaskan Natives (4.85
[4.24–5.55]), Hispanics (4.53 [4.41–4.67]),
Hawaiians/Paciﬁc Islanders (3.19 [2.95–
3.45]), and blacks (3.16 [3.05–3.27]; all
FDR P for trend , 0.001) (Fig. 1 and
Supplementary Table 3). The BMI gradient
for prediabetes was overall less pronounced, with the steepest gradient
observed among Hispanics (1.63 [1.59–
1.68]) followed by American Indians/
Alaskan Natives (1.60 [1.40–1.82]), blacks
(1.57 [1.53–1.62]), whites (1.49 [1.46–
1.52]), Hawaiians/Paciﬁc Islanders (1.32
[1.23–1.42]), and Asians (1.28 [1.18–
1.39]; all FDR P for trend , 0.001) (Fig.
2 and Supplementary Table 4). In sensitivity analysis, we also included participants
with missing data on outcome ascertainment who were relatively younger and
more likely to be normal weight but did
not vary in other sociodemographic variables compared with the analytical sample. Results were materially unchanged,
and similar racial/ethnic-speciﬁc trends
in BMI gradients for risk of diabetes and

prediabetes were observed (data not
shown).
CONCLUSIONS

Among 4.9 million adults aged $20 years
across 10 sites in the PORTAL Network
(2012–2013), we observed a positive
linear trend in age-standardized prevalence of diabetes across BMI categories
among all racial/ethnic groups. However,
racial/ethnic minorities reached a given
prevalence at a much lower BMI than
whites, whereas whites had the steepest
BMI gradient for diabetes risk after adjusting for covariates, suggesting that
factors other than BMI may play more
important roles in the risk of diabetes
among racial/ethnic minorities. On the
other hand, the racial/ethnic differences
in the BMI gradient for prediabetes risk
were less pronounced, with the highest
and lowest slope observed among Hispanics and Asians, respectively. Of note,
we observed a considerably high prevalence of diabetes ranging from 4% to
18% and prediabetes ranging from 18%
to 34% among underweight and overweight adults. Given that 25–30% of the
U.S. population are underweight or normal weight (24), our ﬁndings call for diabetes prevention strategies among these
understudied subpopulations.
The observed patterns in racial/ethnic
disparities in the PORTAL cohort were

Figure 1—Adjusted RRs (95% CIs) of diabetes by race/ethnicity and BMI categories in a logarithmic scale. Non-Asians were categorized as underweight
(UW) (BMI ,18.5 kg/m2), normal weight (NW) (18.5–24.9 kg/m2), overweight (OW) (25.0–29.9 kg/m2), and obese class (OC) 1–4 (30.0–34.9, 35.0–39.9,
40.0–49.9, $50.0 kg/m2), and Asians were categorized as UW (,18.5 kg/m2), NW (18.5–22.9 kg/m2), OW (23.0–27.4 kg/m2), and OC 1–4 (27.5–32.4,
32.5–37.4, 37.5–47.4, $47.5 kg/m2). Risk estimates were adjusted for age, sex, neighborhood poverty, neighborhood education, and site. Across BMI
categories, P for trend , 0.001 for all groups after FDR adjustment for multiple comparisons. *P for interaction , 0.001 between race/ethnicity and BMI
categories.

Downloaded from http://diabetesjournals.org/care/article-pdf/42/12/2211/528695/dc190532.pdf by guest on 30 September 2022

trend , 0.05) but not among Hispanics,
Asians, or Hawaiians/Paciﬁc Islanders.
The latter three racial/ethnic groups
tended to have a higher prevalence of
prediabetes than the former three
groups at lower BMI levels (i.e., from
underweight through obese class 1). For
instance, the age-standardized prevalence of prediabetes among those who
were overweight was 38.1% (95% CI
38.0–38.3%) in Asians, 37.5% (36.9–
38.2%) in Hawaiians/Paciﬁc Islanders,
and 35.6% (35.4–35.7%) in Hispanics,
similar to or even higher than the prevalence observed in obese class 4 among
whites (35.3% [34.5–36.0%]), blacks
(36.8% [35.5–38.2%]), and American
Indians/Alaskan Natives (34.2% [29.6–
38.8%]). Similar to the sex-speciﬁc pattern of diabetes prevalence, men had an
overall higher age-standardized prevalence of prediabetes than women (36.5%
[36.4–36.7%] vs. 31.0% [30.9–31.1%])
(Supplementary Table 2). Nonetheless,
the association between BMI and prediabetes within racial/ethnic groups
varied by sex. The racial/ethnic-speciﬁc
prevalence of prediabetes was higher
across BMI categories only among white,
black, and American Indian/Alaskan Native women (all FDR P for trend , 0.01)
but not among men.
Figures 1 and 2 present the multivariable RR (95% CI) for diabetes and
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similar to those observed previously
(5,6,25,26), including in data from the National Health and Nutrition Examination
Survey (NHANES) (5,6) (Supplementary
Table 5). The racial/ethnic-speciﬁc diabetes prevalence estimates observed in
PORTAL 2012–2013 were overall more
similar to those observed in NHANES
2011–2012 than those in NHANES
2013–2016, except for the prevalence
in men and non-Hispanic whites. This can
be attributed to varied deﬁnitions, with
NHANES 2011–2012 deﬁned by fasting
plasma glucose, HbA1c, self-report of
physician diagnosis, plus 2-h plasma glucose (not included in NHANES 2013–
2016), and ours being more inclusive
by fasting glucose, HbA1c, physician diagnosis, plus random plasma glucose and
antihyperglycemic medications. Furthermore, compared with NHANES, our study
population was based on people with
health care encounters and included
high-risk racial/ethnic subgroups of
Hawaiians/Paciﬁc Islanders and American Indians/Alaskan Natives.
Although racial/ethnic disparities in obesity may lead to racial/ethnic disparities in
diabetes prevalence, little is known about
the relative contribution of varied obesity
levels, as indicated by BMI categories, to
racial/ethnic disparities in diabetes and
prediabetes. In this regard, we provide
unprecedented data on comprehensive prevalence estimates of diabetes
and prediabetes by race/ethnicity and

detailed BMI categories among U.S.
adults. Our ﬁndings illustrate a higher
prevalence of diabetes among racial/
ethnic minority groups than among whites
at a given BMI, especially among people
who are normal weight and overweight.
Existing data on racial/ethnic disparities
in prediabetes prevalence are scarce,
with inconsistent observations. Using
the 2005–2008 NHANES data, Sentell
et al. (27) found that racial/ethnic disparities in prediabetes varied considerably by diagnostic criteria, highlighting
the importance of applying a consistent
deﬁnition to ensure comparability across
studies. By applying the 2010 ADA criteria supplemented with an outpatient
diagnosis, we observed that prediabetes
prevalence was similar in whites, blacks,
and American Indians/Alaskan Natives
(range 31.0–32.0%), lower than that in
Asians, Hawaiians/Paciﬁc Islanders, and
Hispanics (range 36.0–38.9%).
Prevalence estimates of prediabetes
were high across racial/ethnic groups
and exceeded those of diabetes, implying the presence of a large number of
individuals who could subsequently progress to overt diabetes. Of note, agestandardized prevalence of prediabetes
among Hispanics, Asians, and Hawaiians/
Paciﬁc Islanders increased with BMI levels but plateaued at obesity class 1,
suggesting progression to overt diabetes
at higher BMI levels among these subgroups. Furthermore, despite the overall

higher prediabetes prevalence among
Asians and Hawaiians/Paciﬁc Islanders
compared with other groups, the BMI
gradient for prediabetes risk was least
pronounced among Asians and Hawaiians/
Paciﬁc Islanders after adjusting for covariates. These ﬁndings are of particular importance given that Asians and Hawaiians/
Paciﬁc Islanders have been shown to have
suboptimal glycemic control and progress
faster through the prediabetes stage
compared with their white counterparts
(28–30). Collectively, these ﬁndings highlight the particular importance and necessity of close surveillance and prompt
intervention to mitigate the risk of prediabetes and its progression to diabetes
among these high-risk subgroups across
BMI levels.
The underlying mechanisms whereby
Asians, Hawaiians/Paciﬁc Islanders, and
Hispanics had a disproportionately higher
burden of diabetes and prediabetes at
lower BMI levels remain to be elucidated.
Of note, compared with other racial/
ethnic groups, Asians at a given BMI
have a higher percentage of body fat
and visceral fat (31), which in turn
have been linked to insulin resistance
and an increased risk of diabetes (32).
Furthermore, Asians may experience innate susceptibility to impaired insulin
secretion early in the development of
diabetes (33). Indeed, impaired b-cell
function compared with adiposityinduced insulin resistance may play
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Figure 2—Adjusted RRs (95% CIs) of prediabetes by race/ethnicity and BMI categories in a logarithmic scale. Non-Asians were categorized as
underweight (UW) (BMI ,18.5 kg/m2), normal weight (NW) (18.5–24.9 kg/m2), overweight (OW) (25.0–29.9 kg/m2), and obese class (OC) 1–4 (30.0–
34.9, 35.0–39.9, 40.0–49.9, $50.0 kg/m2), and Asians were categorized as UW (,18.5 kg/m2), NW (18.5–22.9 kg/m2), OW (23.0–27.4 kg/m2), and OC 1–
4 (27.5–32.4, 32.5–37.4, 37.5–47.4, $47.5 kg/m2). Risk estimates were adjusted for age, sex, neighborhood poverty, neighborhood education, and site.
Across BMI categories, P for trend , 0.001 for all groups after FDR adjustment for multiple comparisons. *P for interaction , 0.001 between race/
ethnicity and BMI categories.
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The BMI values were based on weight
and height extracted from EHR. Nonetheless, prior studies have demonstrated the validity of EHR-derived BMI data
against research-quality data (39). Similarly, the ascertainment of diabetes and
prediabetes were based on EHR data.
Although we cannot entirely rule out the
possibility of disease misclassiﬁcation,
the quality of diagnosis codes coupled
with laboratory results and medications
is relatively high in managed health care
systems and has been validated for many
health conditions, including diabetes
(40). Furthermore, the inclusion of integrated health care system members
reduced the potential racial/ethnic variation in disease ascertainment as a result
of disparate access to health care. If
certain racial/ethnic minority members
remain less likely to be screened within
the health care systems, this would have
resulted in an underestimated slope of
the BMI-diabetes association. We did not
have direct measures of adiposity or
visceral fat, which may be more strongly
associated with insulin resistance and
diabetes risk. We also lacked data on
lifestyle factors, such as smoking, diet,
and physical activity. Future studies examining the role of these potential intermediate factors are warranted to
further explain the racial/ethnic disparities in diabetes or prediabetes across
BMI levels. In addition, Asian ethnic
categories were not consistently available across all sites; thus, future investigations across Asian ethnic categories
are warranted. Finally, our methods did
not allow us to distinguish between
type 1 and type 2 diabetes; however,
the majority was type 2 on the basis of
limiting our study population to adults
aged $20 years.
In conclusion, we documented substantial racial/ethnic disparities in the
prevalence of diabetes and prediabetes
by BMI category among 4.9 million
adults in the U.S. from 2012 to 2013.
Age-standardized prevalence estimates of
both diabetes and prediabetes were
higher among racial/ethnic minority
groups than among whites, especially at
lower BMI values, suggesting the role
of factors other than obesity in the disproportionate burden of diabetes and prediabetes among racial/ethnic minorities.
Clinicians should be aware that the BMI
cutoffs for increased risk of diabetes and
prediabetes vary by race/ethnicity and

that the risk is even high at relatively low
BMI levels in racial/ethnic minority
groups. The ﬁndings of a disproportionately higher risk of diabetes and prediabetes at lower BMI levels among
racial/ethnic minority groups highlight
the importance of tailored screening,
prevention, and intervention strategies
to mitigate the risk of diabetes and prediabetes. Future investigations to explore
the relative contributions of nonobesityand obesity-driven factors in racial/ethnic
disparities in diabetes and prediabetes
burden are warranted.
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