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Racial/Ethnic Disparities in the
Prevalence of Diabetes and
Prediabetes by BMI: Patient
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Learning (PORTAL) Multisite
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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% ClI 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 age-
standardized 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% Cl 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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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 soci-
etal 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 complica-
tions and higher mortality rates among
racial/ethnic minority groups (3). The Dis-
parities Action Plan by the U.S. Department
of Human and Health Services has urged
the elimination of racial/ethnic differ-
ences in chronic disease burdens, includ-
ing diabetes (4). However, racial/ethnic
disparities in diabetes remain sub-
stantial, although data on Hawaiians/
Pacific Islanders and American Indians/
Alaskan Natives are scant (5,6). Accord-
ing to the Centers for Disease Control and
Prevention, 84 million (34%) Americans
had prediabetes, including almost one
in two adults aged =65 years (1). None-
theless, patterns of racial/ethnic dis-
parities in prediabetes remain elusive
because of the scarcity of data.
Obesity and race/ethnicity are two
major independent risk factors for di-
abetes. However, the racial/ethnic dis-
tribution of obesity (highest among
non-Hispanic blacks and lowest among
Asians) does not mirror that of diabe-
tes (Asians are among the highest and
whites among the lowest) (6,7). Limited
national data are available on how obe-
sity and race/ethnicity may interact with
and influence disparities in risk of diabe-
tes 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 Amer-
ican Indians/Alaskan Natives (8—11); fur-
thermore, 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 inter-
vention 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 disad-
vantages, 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

impact of varying BMI levels on racial/
ethnic disparities in diabetes and predi-
abetes among a population with univer-
sal 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 socioeco-
nomic 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 Net-
work (13). The PORTAL Network com-
bines 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 Wash-
ington], Northern California, Southern
California, Colorado, Mid-Atlantic states
[Maryland, Virginia, and District of Co-
lumbia], Georgia [through 2015], and
Washington), HealthPartners (Minne-
sota), and Denver Health (Denver, CO)
(Supplementary Fig. 1). Racial/ethnic and
socioeconomic diversity is large and gen-
erally 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 Jan-
uary 2012 and 31 December 2013 who
were aged at least 18 years as of 31 De-
cember 2013, had a weight recorded
during 2012 or 2013 and a height re-
corded in the electronic health record
(EHR), and were not pregnant during
2012-2013 (15). For Denver Health, con-
tinuous enrollment did not apply because
it is a safety-net organization without an
associated health plan for enrolling mem-
bers; therefore, the initial eligibility crite-
ria included all adults who had a primary
care encounter during 2012-2013. Data
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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 ap-
proved the research and granted a waiver
for written informed consent. The insti-
tutional review boards at the other sites
reviewed the protocol and subsequently
ceded review.

In the PORTAL Network, we identi-
fied >10 million individuals who had
continuous membership in 2012-2013.
After excluding those who were aged
<18 years (n = 2,309,558), did not have
a height and weight recorded in 2012—
2013 (n = 1,715,657), were pregnant
during 2012-2013 (n = 181,129), and
had biologically implausible height,
weight, or BMI measurements (height
<1.2or >2.4m, weight <22 or >454 kg,
BMI <5 or >90 kg/m?) (n = 6,954), a
total of 6,218,734 adults remained
(Supplementary Fig. 2). We further ex-
cluded individuals aged <20 years or
with missing data on outcome ascertain-
ment or sex (n = 1,312,496), rendering a
cohort of 4,906,238 individuals as the
analytical sample.

Diabetes and Prediabetes
Diabetes was defined using the method-
ology developed for Surveillance, Pre-
vention, and Management of Diabetes
Mellitus (SUPREME-DM), a large multisite
observational consortium, without differ-
entiation between type 1 and type 2 di-
abetes (17). The definition was adapted
from the 2010 American Diabetes Asso-
ciation (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), HbA;. =6.5%,
outpatient diagnosis (the same as in-
patient 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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(7.8-11.0 mmol/L); 3) HbA,. 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 di-
agnosis criteria qualified for prediabetes
only if they were not superseded by the
criteria for diabetes.

Race/Ethnicity

Race/ethnicity was obtained from health
plan administrative records, documen-
tation 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,
theindividual was placed in that category
regardless of race. Given the small per-
centage of participants in the multiracial/
other/unknown category (n = 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.

BMI

Weight is routinely measured during
outpatient clinic visits, while height is
generally considered static for adults and
less frequently assessed. BMI was calcu-
lated as weight (kg) divided by height
squared (m?). 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 Orga-
nization recommendations on racial/
ethnic-specific BMI cutoffs (20), we cat-
egorized non-Asian individuals as under-
weight (<18.5 kg/m?), normal weight
(18.5-24.9 kg/m?), overweight (25.0-
29.9 kg/m?), obese class 1 (30.0-34.9
kg/m?), obese class 2 (35.0-39.9 kg/m?),
obese class 3 (40.0-49.9 kg/m?), and
obese class 4 (=50.0 kg/m?) (21,22);
and Asians as underweight (<18.5 kg/m?),
normal weight (18.5-22.9 kg/mz), over-
weight (23.0-27.4 kg/m?), obese class 1
(27.5-32.4 kg/m?), obese class 2 (32.5—
37.4 kg/m?), obese class 3 (37.5-47.4 kg/m?),
and obese class 4 (=47.5 kg/m?).

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 socioeco-
nomic 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 pov-
erty threshold levels on the basis of the
percentage below the poverty level in
his/her neighborhood block group. These
probabilities were divided into four cat-
egories: <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 prob-
abilities were divided into quartiles on
the basis of the study population distri-
bution: <23% high school or lower (high-
est education level), 23-33%, 34-48%,
and >48% (lowest education level).

Statistical Analysis

Sociodemographic and clinical character-
istics 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 eval-
uate the racial/ethnic-specific associations
of BMI category with prevalence of di-
abetes or prediabetes, age-standardized
prevalence was derived by race/ethnicity
and BMI categories using marginal stan-
dardization of predicted probabilities
from Poisson regression models, and 95%
Cls were obtained using 200 bootstrap-
ped estimates. To explore potential sex-
specific patterns, we further stratified
estimates of age-standardized preva-
lence 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% Cls of diabetes or pre-
diabetes in association with BMI cate-
gories by race/ethnicity. We adjusted for
age, sex, neighborhood poverty, neigh-
borhood 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 li-
near trend were obtained by the Mantel-
Haenszel x* 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 sen-
sitivity analyses by additionally including
participants with missing data on out-
come ascertainment in the analytic sam-
ple. 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 partic-
ipants 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? (SD 6.5
kg/mz) for the entire cohort, with Asians
having the lowest and blacks the high-
estBMI(25.6[4.7]and 31.0[7.3] kg/m?,
respectively). Compared with whites,
Asians were more likely to be over-
weight (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 Is-
landers, 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 house-
holds below the poverty level, ~2.5-fold
higher than whites (12.9%). Neighbor-
hood education levels also varied by
race/ethnicity, with 32-51% of blacks,
Hispanics, and Hawaiians/Pacific Is-
landers 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% Cl 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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[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%

32.1%]), American Indians/Alaskan Na-
tives (31.1% [30.6-31.7%]), and whites

[35.2-35.4%]), blacks (32.0% [31.9-
(31.0% [30.9-31.1%]).
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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)

Furthermore,

compared with whites, all other racial/

(Supplementary Fig. 3).

ethnic groups had a higher prevalence of
diabetes at a given BMI, with the differ-
ence 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%
Cl 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%)]),

[13.2-

blacks (13.5%

When further

stratified by sex, men overall had a higher

[17.5-18.6%]).
age-standardized prevalence of diabe-

13.7%)), and Hawaiians/Pacific Islanders

(18.0%

tes (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

lence across BMI categories among both
men and women as in the entire cohort

The prediabetes prevalence increased
with age until reaching a plateau at 60—

trend was observed for diabetes preva-
(all FDR P for trend < 0.001).

69 years across racial/ethnic groups

(Supplementary Fig. 3), whereas the pat-

tern of prediabetes prevalence across

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

BMI categories differed by race/ethnicity
(Table 2). An overall rising trend in the
age-standardized prevalence of predia-
betes across BMI categories was observed
among whites, blacks, and American

Indians/Alaskan Natives (all FDR P for

White Black Hispanic Asian Hawaiian/Pacific Islander American Indian/Alaskan Native All
No. 2,454,388 467,994 1,058,351 620,813 67,190 26,324 4,906,238
Diabetes prevalence
Overall 12.2 (12.1-12.3) 21.4 (21.3-21.6) 22.2 (22.1-22.3) 19.3 (19.2-19.4) 27.7 (27.4-28.0) 19.6 (19.1-20.0) 15.9 (15.8-16.0)
BMI*
Underweight 3.5 (3.3-3.7) 9.9 (8.9-11.0) 8.8 (7.8-9.7) 7.3 (6.9-7.7) 10.2 (7.7-12.7) 7.4 (4.2-10.6) 5.2 (5-5.4)
Normal weight 5.0 (4.9-5.1) 13.5 (13.2-13.7) 13.0 (12.9-13.2) 10.1 (9.9-10.2) 18.0 (17.5-18.6) 9.6 (8.9-10.4) 7.3 (7.3-7.4)
Overweight 9.4 (9.4-9.5) 17.8 (17.6-18.0) 18.9 (18.7-19.0) 18.3 (18.2-18.5) 24.6 (24.1-25.2) 15.6 (14.8-16.3) 13.4 (13.4-13.5)
Obese class 1 16.4 (16.3-16.5) 23.6 (23.4-23.9) 25.6 (25.4-25.7) 26.5 (26.3-26.8) 32.2 (31.4-33.0) 22.9 (21.9-24.0) 20.5 (20.4-20.6)
Obese class 2 23.7 (23.5-23.8) 28.6 (28.3-29.0) 32.7 (32.3-33.0) 35.9 (35.4-36.5) 38.9 (37.7-40.2) 29.7 (28.1-31.3) 27.3 (27.2-27.5)
Obese class 3 30.5 (30.2-30.8) 32.7 (32.2-33.2) 39.1 (38.6-39.6) 44.0 (42.9-45.0) 43.6 (41.8-45.4) 33.5 (31.0-36.0) 33.4 (33.2-33.6)
Obese class 4 37.4 (36.6-38.1) 36.6 (35.3-38.0) 47.0 (45.5-48.5) 49.1 (45.0-53.3) 44.8 (39.6-50.0) 41.4 (33.8-48.9) 39.3 (38.7-39.9)
P for trendt <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Prediabetes prevalence
Overall 31.0 (30.9-31.1) 32.0 (31.9-32.1) 35.3 (35.2-35.4) 37.1 (37.0-37.2) 36.7 (36.4-37.1) 31.1 (30.6-31.7) 33.4 (33.3-33.5)
BMI*
Underweight 21.1 (20.6-21.5) 23.9 (22.4-25.4) 23.8 (22.4-25.2) 29.5 (28.8-30.3) 29.5 (25.7-33.4) 17.5 (12.6-22.4) 23.9 (23.5-24.3)
Normal weight 24.4 (24.3-24.5) 26.9 (26.6-27.2) 29.3 (29.0-29.5) 33.0 (32.7-33.2) 33.7 (33.0-34.4) 26.3 (25.2-27.4) 26.8 (26.7-26.9)
Overweight 31.9 (31.8-32.0) 31.2 (31.0-31.5) 35.6 (35.4-35.7) 38.1 (38.0-38.3) 37.5 (36.9-38.2) 31.4 (30.5-32.4) 34.3 (34.2-34.3)
Obese class 1 35.0 (34.9-35.1) 33.3 (33.0-33.6) 37.5 (37.3-37.7) 39.3 (39.0-39.6) 37.1 (36.3-37.9) 32.3 (31.1-33.5) 36.7 (36.6-36.8)
Obese class 2 35.4 (35.2-35.6) 34.0 (33.6-34.4) 36.8 (36.5-37.1) 37.2 (36.6-37.7) 35.1 (33.9-36.4) 33.9 (32.1-35.6) 36.4 (36.3-36.5)
Obese class 3 35.1 (34.8-35.4) 34.8 (34.3-35.3) 35.6 (35.1-36.1) 34.1 (33.1-35.2) 34.9 (33.2-36.7) 34.3 (31.6-37.0) 35.8 (35.5-36.0)
Obese class 4 35.3 (34.5-36.0) 36.8 (35.5-38.2) 33.9 (32.5-35.3) 30.2 (26.4-33.9) 37.7 (32.5-43.0) 34.2 (29.6-38.8) 35.9 (35.3-36.5)
P for trendt 0.016 0.039 0.102 0.896 0.377 0.016 0.039

Data are % (95% Cl). *Non-Asians were categorized as underweight (BMI <18.5 kg/m?), normal weight (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?), and obese class 1-4 (30.0-34.9, 35.0-39.9,

40.0-49.9,
37.5-47.4,

=50.0 kg/m?), and Asians were categorized as underweight (<18.5 kg/m?), normal weight (18.5-22.9 kg/m?), overweight (23.0-27.4 kg/m?), and obese class 1-4 (27.5-32.4, 32.5-37.4,
=>47.5 kg/m?). TP for trend across BMI categories was adjusted for multiple comparisons using the FDR method.
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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 preva-
lence of prediabetes among those who
were overweight was 38.1% (95% ClI
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 prev-
alence 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 pat-
tern of diabetes prevalence, men had an
overall higher age-standardized preva-
lence 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 pre-
diabetes 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 Na-
tive women (all FDR P for trend < 0.01)
but not among men.

Figures 1 and 2 present the multivari-
able RR (95% Cl) for diabetes and

10 1

prediabetes for each BMI category
compared with normal weight coun-
terparts by race/ethnicity, after adjust-
ing 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% Cl 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 pro-
nounced, 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 sensi-
tivity analysis, we also included participants
with missing data on outcome ascertain-
ment who were relatively younger and
more likely to be normal weight but did
not vary in other sociodemographic var-
iables compared with the analytical sam-
ple. Results were materially unchanged,
and similar racial/ethnic-specific trends
in BMI gradients for risk of diabetes and
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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 preva-
lence 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 ad-
justing 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 His-
panics and Asians, respectively. Of note,
we observed a considerably high preva-
lence of diabetes ranging from 4% to
18% and prediabetes ranging from 18%
to 34% among underweight and over-
weight adults. Given that 25-30% of the
U.S. population are underweight or nor-
mal weight (24), our findings call for dia-
betes prevention strategies among these
understudied subpopulations.

The observed patterns in racial/ethnic
disparities in the PORTAL cohort were
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Figure 1—Adjusted RRs (95% Cls) of diabetes by race/ethnicity and BMI categories in a logarithmic scale. Non-Asians were categorized as underweight
(UW) (BMI <18.5 kg/m?), normal weight (NW) (18.5-24.9 kg/m?), overweight (OW) (25.0-29.9 kg/m?), and obese class (OC) 1-4 (30.0-34.9, 35.0-39.9,
40.0-49.9, =50.0 kg/m?), and Asians were categorized as UW (<18.5 kg/m?), NW (18.5-22.9 kg/m?), OW (23.0-27.4 kg/m?), and OC 1-4 (27.5-32.4,
32.5-37.4,37.5-47.4, =47.5 kg/mz). Risk estimates were adjusted for age, sex, neighborhood poverty, neighborhood education, and site. Across BMI
categories, Pfortrend < 0.001 for all groups after FDR adjustment for multiple comparisons. *Pfor interaction < 0.001 between race/ethnicity and BMI
categories.
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Figure 2—Adjusted RRs (95% Cls) of prediabetes by race/ethnicity and BMI categories in a logarithmic scale. Non-Asians were categorized as
underweight (UW) (BMI <18.5 kg/m?), normal weight (NW) (18.5-24.9 kg/m?), overweight (OW) (25.0-29.9 kg/m?), and obese class (OC) 1-4 (30.0—
34.9,35.0-39.9, 40.0-49.9, =50.0 kg/m?), and Asians were categorized as UW (< 18.5 kg/m?), NW (18.5-22.9 kg/m?), OW (23.0-27.4 kg/m?),and OC 1—
4(27.5-32.4,32.5-37.4,37.5-47.4,=47.5 kg/mz). 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.

similar to those observed previously
(5,6,25,26), including in data from the Na-
tional Health and Nutrition Examination
Survey (NHANES) (5,6) (Supplementary
Table 5). The racial/ethnic-specific dia-
betes 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, HbA;., self-report of
physician diagnosis, plus 2-h plasma glu-
cose (not included in NHANES 2013-
2016), and ours being more inclusive
by fasting glucose, HbA,., physician di-
agnosis, plus random plasma glucose and
antihyperglycemic medications. Further-
more, 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 Ameri-
can Indians/Alaskan Natives.

Although racial/ethnic disparities in obe-
sity 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 comprehen-
sive 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 dis-
parities in prediabetes varied consider-
ably by diagnostic criteria, highlighting
the importance of applying a consistent
definition to ensure comparability across
studies. By applying the 2010 ADA cri-
teria 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, imply-
ing the presence of a large number of
individuals who could subsequently prog-
ress to overt diabetes. Of note, age-
standardized prevalence of prediabetes
among Hispanics, Asians, and Hawaiians/
Pacific Islanders increased with BMI lev-
els but plateaued at obesity class 1,
suggesting progression to overt diabetes
at higher BMI levels among these sub-
groups. 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 cova-
riates. These findings are of particular im-
portance 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 high-
light the particular importance and neces-
sity of close surveillance and prompt
intervention to mitigate the risk of pre-
diabetes 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 in-
nate susceptibility to impaired insulin
secretion early in the development of
diabetes (33). Indeed, impaired {-cell
function compared with adiposity-
induced insulin resistance may play
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a more pronounced role in the patho-
genesis of type 2 diabetes, especially in
less obese individuals of Asian origin
(34,35). Future mechanistic investiga-
tions on heterogenous phenotypes of
diabetes by race/ethnicity, including
the relatively well-studied phenotype of
impaired insulin sensitivity and the less-
studied phenotype of impaired B-cell
function, are warranted (36,37).

Our study has several notable strengths.
The cohort of >4.9 million adults of wide
racial/ethnic and socioeconomic diversity
is uniquely well suited to examine asso-
ciations between detailed BMI levels and
risk of diabetes or prediabetes across
racial/ethnic categories. We extend the
literature by reporting the most extensive
data to our knowledge on racial/ethnic
and BMI category-specific disparities in
diabetes and the far lesser studied pre-
diabetes in U.S. adults, especially among
the understudied Hawaiians/Pacific Is-
landers and American Indians/Alaskan
Natives. The cohort comprised individuals
who were health plan members during the
study period, thus reducing confounding
as a result of disparate access to health
care. Furthermore, diabetes ascertain-
ment is based on the presence of an in-
patient diagnosis or any two or more of
the following events: abnormal fasting
plasma glucose, random plasma glucose,
or HbA, values; outpatient diagnosis; and
antihyperglycemic medication. This confir-
matory approach of using a second test to
diagnose diabetes may help to decrease
false-positive results as demonstrated
previously (38).

Certain limitations of our study merit
discussion. Despite the large sample size
and wide geographical coverage, our
cohort of health care members may
not be generalizable to the general U.S.
population. However, previous studies
indicate that members of integrated
health care systems are representative
of and reflect diversity of the underlying
population in the served geographic area
(14). Because of the cross-sectional na-
ture of the study, BMI levels could have
changed after diabetes diagnosis as a
result of lifestyle modification or medi-
cation treatment, which, however, could
have resulted in an underestimated slope
of the obesity-diabetes association. In
addition, the differences in time between
BMI measure and diabetes or prediabe-
tes ascertainment were nondifferential
across BMI categories (data not shown).

The BMI values were based on weight
and height extracted from EHR. None-
theless, prior studies have demonstrat-
ed the validity of EHR-derived BMI data
against research-quality data (39). Sim-
ilarly, 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 in-
tegrated health care system members
reduced the potential racial/ethnic var-
iationin disease ascertainmentasaresult
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 ex-
amining the role of these potential in-
termediate factors are warranted to
further explain the racial/ethnic dispar-
ities in diabetes or prediabetes across
BMI levels. In addition, Asian ethnic
categories were not consistently avail-
able across all sites; thus, future inves-
tigations 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 sub-
stantial 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 dis-
proportionate burden of diabetes and pre-
diabetes among racial/ethnic minorities.
Clinicians should be aware that the BMI
cutoffs for increased risk of diabetes and
prediabetes vary by race/ethnicity and
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thattheriskis even high at relatively low
BMI levels in racial/ethnic minority
groups. The findings of a disproportion-
ately higher risk of diabetes and pre-
diabetes 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 pre-
diabetes. Future investigations to explore
the relative contributions of nonobesity-
and obesity-driven factors in racial/ethnic
disparities in diabetes and prediabetes
burden are warranted.
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