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IMPORTANCE The prevalence of diabetes among Hispanic and Asian American
subpopulations in the United States is unknown.

OBJECTIVE To estimate racial/ethnic differences in the prevalence of diabetes among
US adults 20 years or older by major race/ethnicity groups and selected Hispanic and
non-Hispanic Asian subpopulations.

DESIGN, SETTING, AND PARTICIPANTS National Health and Nutrition Examination Surveys,
2011-2016, cross-sectional samples representing the noninstitutionalized, civilian,

US population. The sample included adults 20 years or older who had self-reported
diagnosed diabetes during the interview or measurements of hemoglobin A, (HbA,.), fasting
plasma glucose (FPG), and 2-hour plasma glucose (2hPG).

EXPOSURES Race/ethnicity groups: non-Hispanic white, non-Hispanic black, Hispanic and
Hispanic subgroups (Mexican, Puerto Rican, Cuban/Dominican, Central American,

and South American), non-Hispanic Asian and non-Hispanic Asian subgroups

(East, South, and Southeast Asian), and non-Hispanic other.

MAIN OUTCOMES AND MEASURES Diagnosed diabetes was based on self-reported prior
diagnosis. Undiagnosed diabetes was defined as HbA,. 6.5% or greater, FPG 126 mg/dL or
greater, or 2hPG 200 mg/dL or greater in participants without diagnosed diabetes. Total
diabetes was defined as diagnosed or undiagnosed diabetes.

RESULTS The study sample included 7575 US adults (mean age, 47.5 years; 52% women;
2866 [65%] non-Hispanic white, 1636 [11%] non-Hispanic black, 1952 [15%] Hispanic, 909
[6%] non-Hispanic Asian, and 212 [3%] non-Hispanic other). A total of 2266 individuals had
diagnosed diabetes; 377 had undiagnosed diabetes. Weighted age- and sex-adjusted
prevalence of total diabetes was 12.1% (95% Cl, 11.0%-13.4%) for non-Hispanic white, 20.4%
(95% Cl, 18.8%-22.1%) for non-Hispanic black, 22.1% (95% Cl, 19.6%-24.7%) for Hispanic,
and 19.1% (95% Cl, 16.0%-22.1%) for non-Hispanic Asian adults (overall P < .001). Among
Hispanic adults, the prevalence of total diabetes was 24.6% (95% Cl, 21.6%-27.6%) for
Mexican, 21.7% (95% Cl, 14.6%-28.8%) for Puerto Rican, 20.5% (95% Cl, 13.7%-27.3%) for
Cuban/Dominican, 19.3% (95% Cl, 12.4%-26.1%) for Central American, and 12.3% (95% Cl,
8.5%-16.2%) for South American subgroups (overall P < .001). Among non-Hispanic Asian
adults, the prevalence of total diabetes was 14.0% (95% Cl, 9.5%-18.4%) for East Asian,
23.3% (95% Cl, 15.6%-30.9%) for South Asian, and 22.4% (95% Cl, 15.9%-28.9%) for
Southeast Asian subgroups (overall P = .02). The prevalence of undiagnosed diabetes was
3.9% (95% Cl, 3.0%-4.8%) for non-Hispanic white, 5.2% (95% Cl, 3.9%-6.4%) for
non-Hispanic black, 7.5% (95% Cl, 5.9%-9.1%) for Hispanic, and 7.5% (95% Cl, 4.9%-10.0%)
for non-Hispanic Asian adults (overall P < .001).

CONCLUSIONS AND RELEVANCE In this nationally representative survey of US adults from 2011
to 2016, the prevalence of diabetes and undiagnosed diabetes varied by race/ethnicity and
among subgroups identified within the Hispanic and non-Hispanic Asian populations.
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he United States is an increasingly diverse nation, as

Hispanic and non-Hispanic Asian individuals collec-

tively now account for 23% of the US population—a
proportion expected to increase to 38% by 2060.! World-
wide, both Hispanic and Asian populations have been shown
to have a higher prevalence of diabetes than European and
African populations in both native settings and among their
diaspora.?? These differences among race/ethnicity groups
could emanate from multiple factors, including genetic, epi-
genetic, lifestyle, and environment.* Previous reports have
documented considerable variation among Hispanic and
non-Hispanic Asian subgroups in diabetes prevalence in the
United States.?>:® A previous population-based national
study showed that Hispanic and non-Hispanic Asian popula-
tions overall had a similar prevalence of total diabetes and
prediabetes compared with non-Hispanic black populations
but a higher prevalence of undiagnosed diabetes.” To date,
there have been no national estimates of diabetes and predia-
betes prevalences among Hispanic or non-Hispanic Asian
subgroups. The lack of nationally representative and current
estimates of diabetes and prediabetes among the Hispanic
and non-Hispanic Asian populations has been a gap in
national surveillance.

In this study, population-based survey data from the US Na-
tional Health and Nutrition Examination Survey (NHANES),
2011-2016, were used to examine the prevalence of diagnosed,
undiagnosed, and total diabetes as well as prediabetes in US
adults 20 years or older among major race/ethnicity groups as
well as among Hispanic and non-Hispanic Asian subgroups.

Methods

Data Source

The NHANES is a multistage, ongoing, complex survey to
assess the health status of the noninstitutionalized civilian
population in the United States, conducted by the Centers
for Disease Control and Prevention (CDC) National Center for
Health Statistics. The research ethics review board of the
CDC approved the NHANES procedures and protocols, and
all participants provided written informed consent. Partici-
pants were interviewed at home regarding demographic,
socioeconomic, dietary, and health-related questions. They
then visited a mobile examination center where other medi-
cal, dental, and physiological measurements and laboratory
tests were performed by highly trained medical personnel.®
NHANES data have been released in 2-year survey cycles
since 1999; the dates of final collection of cycles are not pub-
licly available. The unweighted total response rates for
NHANES were 73% (2011-2012), 71% (2013-2014), and 61%
(2015-2016) for the interviewed samples, and 70% (2011-
2012), 69% (2013-2014), and 59% (2015-2016) for the exam-
ined samples.® Since 2007, NHANES has oversampled
Hispanic American individuals and since 2011 has over-
sampled non-Hispanic Asian American individuals, provid-
ing more reliable estimates of the prevalence of diabetes
among Hispanic and non-Hispanic Asian populations than
previously available.!:!!
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Key Points

Question During 2011-2016, how prevalent was diabetes among
major race/ethnicity groups and subgroups of Hispanic and
non-Hispanic Asian adults in the United States?

Findings In this cross-sectional study that included 7575 adults,
the age- and sex-adjusted diabetes prevalence was 12.1% for
non-Hispanic white, 20.4% for non-Hispanic black, 22.1% for
Hispanic, and 19.1% for non-Hispanic Asian groups. The diabetes
prevalence also differed significantly among Hispanic or
non-Hispanic Asian subgroups.

Meaning In the United States in 2011-2016, the prevalence of
diabetes varied across racial/ethnic groups.

In this study, 3 cycles of NHANES data (2011-2012, 2013-
2014, and 2015-2016) were combined. All nonpregnant par-
ticipants 20 years or older were eligible for this study. Among
them, participants who visited the mobile examination cen-
ter were eligible for measurement of glycated hemoglobin
(HbA, ) levels, with a subset randomly selected to attend the
morning examination session for measurement of fasting
plasma glucose (FPG) levels after fasting for 8 to 24 hours
and 2-hour plasma glucose (2hPG) levels measured after a
75-g oral glucose challenge. Participants using medications
for diabetes, those with hemophilia or receiving chemo-
therapy, and those who refused to participate were excluded
from the FPG or 2hPG measurement. To enable nationally
representative estimation, poststratification reweighting
using an inverse probability weighting approach was used
to account for participants excluded from the randomly
selected subset with FPG and 2hPG measurements.!? There
were no missing values for age, sex, or race/ethnicity in the
selected subset, and 6 participants with missing values for
HbA,, FPG, or 2hPG were excluded from analyses. Partici-
pants with missing values for body mass index (BMI) in the
2hPG sample were retained for analyses not using BMI, and
the complete-case approach was used for analyses using
BMI. To calculate weighted nationally representative esti-
mates, we used the interview sampling weights for partici-
pants with diagnosed diabetes and used 2hPG sampling
weights for adults without diagnosed diabetes.

Outcomes

Diagnosed diabetes was defined at the interview by having a
self-reported previous diabetes diagnosis other than during
pregnancy made by a “doctor or health professional.” To make
our estimates comparable with the CDC reports,'* FPG and
2hPG levels were calibrated to early survey cycles by using the
recommended backward calibration equations.® Having un-
diagnosed diabetes was defined as a participant without self-
reported diagnosed diabetes but with an HbA,_ level 6.5%
(47.5 mmol/mol) or greater, FPG level 126 mg/dL (7.0 mmol/L)
or greater, or 2hPG level 200 mg/dL (11.1 mmol/L) or greater
at the examination. Total diabetes was defined as having self-
reported diagnosed diabetes or undiagnosed diabetes. Predia-
betes was defined in a person without total diabetes who had
an HbA, . of 5.7% or greater to less than 6.5%, FPG 100 mg/dL
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or greater to less than 126 mg/dL, or 2hPG 140 mg/dL or greater
to less than 200 mg/dL.

Definition of Race/Ethnicity Groups and Subgroups
Race/ethnicity was categorized as Hispanic or non-Hispanic at
first. The non-Hispanic black category (single race or in com-
bination with any other race including non-Hispanic Asian) in-
cluded all non-Hispanic persons who self-identified as black
or African American.'?"! The non-Hispanic nonblack Asian cat-
egory (single race or in combination with any other race ex-
cept black, hereafter referred to as non-Hispanic Asian) in-
cluded all non-Hispanic persons who did not self-identify as
black and had origins in any of the Asian countries. Non-
Hispanic participants not falling into those categories who were
white were defined as non-Hispanic white, and other non-
Hispanic participants who were not white were defined as non-
Hispanic other.

Both Hispanic subgroups and non-Hispanic Asian sub-
groups were based on self-reported race/ethnicity origins in
restricted data from the CDC Research Data Center. Hispanic
participants were divided into 6 subgroups: Mexican,
Puerto Rican, Cuban/Dominican, Central American (Costa
Rican, Guatemalan, Honduran, Nicaraguan, Panamanian,
Salvadoran, other Central American), South American
(Argentinean, Bolivian, Chilean, Colombian, Ecuadorian,
Paraguayan, Peruvian, Uruguayan, Venezuelan, other South
American), and other Hispanic. Non-Hispanic Asian partici-
pants were divided into 4 subgroups: East Asian (Chinese,
Japanese, and Korean), South Asian (Asian Indian, Pakistani,
Sri Lankan, Bangladeshi, Nepali, and Bhutanese), Southeast
Asian (Filipino, Vietnamese, Cambodian, Laotian, Thai,
Indonesian, Malaysian, Singaporean, and Hmong), and other
Asian. Estimates for other Hispanics or other Asians were not
reported because of small sample sizes of mixed groups or
subgroups, but the sampled adults of those race/ethnicity
subgroups were included for the estimates of the overall
Hispanic or overall non-Hispanic Asian populations.

Other Variables

Other self-reported demographic variables included age, sex,
and education (less than high school, high school graduate or
equivalent, or more than high school). Body weight was mea-
sured using a digital weight scale with participants wearing
only underwear beneath the examination gown. Standing
height was measured using a stadiometer with a fixed verti-
cal backboard and adjustable headpiece. BMI was classified
into 5 categories (<23.0, 23.0-24.9, 25.0-29.9, 30.0-34.9, and
235.0 [calculated as weight in kilograms divided by height in
meters squared]).

Statistical Analysis

All analysis accounted for the complex sampling design to pro-
duce population-based weighted US nationally representa-
tive estimates according to NHANES analytic guidelines.'* Ad-
justed estimates were reported for comparing among groups
or among subgroups. Multiple linear regression was used to
model adjusted means of continuous dependent variables.
Multiple logistic regression was used to model adjusted pro-
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portions of categorical dependent variables. Mean prediction
from multiple regression was used as an adjusted estimate over
the covariate distribution.’® Among adults without diag-
nosed or undiagnosed diabetes, the distributions of HbA,level,
FPG, and 2hPG values were investigated using multiple quan-
tile regression.

Most estimates of regression adjusted for demographic
factors, including age, age squared, sex, and race/ethnicity.
BMI-adjusted prevalence of diabetes was investigated in
additional analyses. Variances and confidence intervals of
mean or proportion were estimated using the Taylor linear-
ization as a default. The delete-1 jackknife replicate method
was used for calculating the variation of quantiles, and com-
parisons of estimates from different models were based on
the delta method.'®

All analyses were performed using Stata version 15.1
(StataCorp). Estimates with 95% confidence intervals that did
notinclude the null or with a 2-tailed significance level (P value)
less than .05 were considered statistically significant. To
minimize the false-positive inference, overall P values among
race/ethnicity groups, among Hispanic subgroups, or among
non-Hispanic Asian subgroups were used instead of the
P value of pairwise comparisons between 2 race/ethnicity
groups or subgroups. Estimates noted in the tables with rela-
tive standard error (ie, standard error/estimate) less than 30%
are considered unreliable and should be interpreted with
caution.!” Given the multiple outcomes and subgroup com-
parisons without adjustment for multiple comparisons, find-
ings should be interpreted as exploratory.

. |
Results

The interview sample of NHANES 2011-2016 had 16 856 men
and nonpregnant women 20 years or older with (n = 2266) and
without (n = 14 590) self-reported diagnosed diabetes. Among
them, 16 189 participants had HbA, levels measured, 6910 had
FPG levels measured, and 5315 had 2hPG levels measured af-
ter a 75-g oral glucose challenge. Results reported here were
based on a sample of 7575 men and nonpregnant women either
with diagnosed diabetes (n = 2266) or values for HbA,, FPG,
and 2hPG (n = 5309).

The sample included 2866 (65%) non-Hispanic white, 1636
(11%) non-Hispanic black, 1952 (15%) Hispanic, 909 (6%) non-
Hispanic Asian, and 212 (3%) non-Hispanic other partici-
pants. Mean age was 49.6 years for non-Hispanic white, 45.1
years for non-Hispanicblack, 41.8 years for Hispanic, 44.7 years
for non-Hispanic Asian, and 46.1 years for non-Hispanic other
participants (Table 1).

Forty-seven participants with missing values for BMI in
the 2hPG sample were excluded for analyses using BMI.
Mean BMIs differed significantly among race/ethnicity
groups and subgroups: 29.2 (95% CI, 28.8-29.6) for non-
Hispanic white, 30.6 (95% CI, 30.2-31.1) for non-Hispanic
black, 29.9 (95% CI, 29.5-30.4) for Hispanic, and 24.4 (95%
CI, 24.0-24.7) for non-Hispanic Asian groups and subgroups
(P < .001 overall). Among non-Hispanic Asian subgroups,
mean BMIs were 23.4 (95% CI, 22.9-23.9) for East Asian, 25.9
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Table 2. Weighted Crude and Adjusted Prevalence of Total, Diagnosed, and Undiagnosed Diabetes and Prediabetes by Race/Ethnicity
Among US Adults 20 Years or Older, NHANES 2011-2016

Age-Sex-
Crude Age-Sex-Adjusted BMI-Adjusted
No. of Prevalence, % Overall Prevalence, % Overall Prevalence, % Overall
Race/Ethnicity? Cases” (95% ClI) P Value®© (95% Cl) P Value© (95% Cl) P Value©
Total Diabetes®
All adults® 2643 14.6 (13.6-15.7) <.001 <.001 <.001
Non-Hispanic 828 13.3(12.1-14.6) 12.1(11.0-13.4) 11.9(10.7-13.0)
white
It\JllonI-Hispanic 706 18.3 (16.6-19.9) 20.4(18.8-22.1) 18.4 (16.8-20.0)
ack
Hispanic® 759 16.6 (14.2-18.9) <.001 22.1(19.6-24.7) <.001 20.3(18.3-22.4) .04
Mexican 455 17.8(14.8-20.8) 24.6 (21.6-27.6) 21.6(19.0-24.2)
Puerto Rican 84 19.8(12.4-27.2) 21.7 (14.6-28.8) 19.9(13.6-26.2)
Cuban/Dominican 60 19.3(10.8-27.7) 20.5(13.7-27.3) 20.1(14.5-25.7)
Central American 56 12.3(6.8-17.9) 19.3(12.4-26.1) 19.4(13.4-25.3)
South American 39 9.5(6.2-12.7) 12.3(8.5-16.2) 14.9(10.7-19.1)
Non-Hispanic Asian® 281 16.4 (13.4-19.5) .09 19.1(16.0-22.1) .02 27.0(23.4-30.6) .05
East Asian 77 12.4(7.8-17.0) 14.0(9.5-18.4) 21.3(15.7-26.9)
South Asian 77 19.4(13.3-25.5) 23.3(15.6-30.9) 27.7 (19.2-36.2)
Southeast Asian 56 18.9(12.6-25.2) 22.4(15.9-28.9) 33.4(25.7-41.1)
Non-Hispanic 69 17.1(10.5-23.7) 18.5(11.6-25.3) 17.7 (11.2-24.2)
other
Diagnosed Diabetes’
All adults® 2266 10.0(9.3-10.8) <.001 <.001 <.001
Non-Hispanic 690 9.1(8.2-9.9) 8.2(7.5-9.0) 8.0(7.2-8.8)
white
lt;llonI-Hispanic 637 13.6(12.4-14.8) 15.4(14.0-16.7) 13.5(12.2-14.9)
ack
Hispanic® 649 10.9(9.4-12.4) .002 14.9(13.1-16.6) <.001 13.4(12.0-14.9) .003
Mexican 395 11.8(9.6-13.9) 16.7 (14.6-18.7) 14.4 (12.5-16.2)
Puerto Rican 79 16.4(9.8-23.0) 18.5(11.5-25.4) 16.7 (11.3-22.1)
Cuban/Dominican 42 8.5(5.3-11.8) 9.2(6.2-12.1) 8.6 (6.5-10.8)
Central American 42 6.4(3.6-9.3) 10.5(6.4-14.7) 10.6 (6.4-14.8)
South American 33 6.9 (4.1-9.7) 8.9(5.2-12.6) 10.9 (6.9-14.9)
Non-Hispanic Asian® 228 9.9 (7.9-11.9) .009 11.6 (9.7-13.6) .002 17.1(14.4-19.8) .002
East Asian 58 6.6 (4.4-8.8) 7.6 (5.3-9.9) 11.5(8.2-14.8)
South Asian 65 13.2(9.4-17.0) 16.0(11.3-20.7) 19.1(13.6-24.7)
Southeast Asian 45 10.7 (6.8-14.6) 12.8(9.2-16.4) 21.1(15.6-26.5)
Non-Hispanic 62 13.9(8.7-19.2) 15.1(9.8-20.4) 14.2 (9.3-19.2)
other
Undiagnosed Diabetes®
All adults® 377 4.6 (3.9-5.3) .23 .003 .002
Non-Hispanic 138 4.3(3.4-5.2) 3.9(3.0-4.8) 3.9(3.0-4.8)
white
Non-Hispanic 69 4.6 (3.4-5.8) 5.2(3.9-6.4) 4.9 (3.8-6.0)
black
Hispanic® 110 5.7 (4.4-7.0) .004 7.5(5.9-9.1) <.001 7.1(5.7-8.5) .02
Mexican 60 6.0 (4.6-7.5) 8.4 (6.5-10.2) 7.6 (6.0-9.2)
Puerto Rican 5 3.5(0.0-7.0)" 3.2(0.4-6.1)" 3.2 (0.4-6.0)"
Cuban/Dominican 18 10.7 (4.4-17.0) 11.4(5.9-17.0) 11.6 (6.4-16.7)
Central American 14 5.9 (1.4-10.4)" 8.8(2.5-15.1)" 8.9 (3.0-14.7)"
South American 6 2.6 (0.7-4.4)" 3.3(1.1-5.4)" 4.0(1.3-6.6)"
Non-Hispanic Asian® 53 6.5 (4.1-8.8) 91 7.5 (4.9-10.0) .86 10.9(6.9-15.0) .69
East Asian 19 5.8(2.7-8.9) 6.3(3.3-9.2) 9.9(5.3-14.5)
South Asian 12 6.2 (2.1-10.3)" 7.5 (2.5-12.5)" 9.6 (3.3-15.9)"
Southeast Asian 11 8.2 (2.3-14.1)" 9.7 (2.8-16.6)" 15.0 (4.7-25.3)"
Non-Hispanic 7 3.2(0.7-5.6)" 3.4 (0.8-6.0)" 3.3(0.8-5.7)"
other
(continued)
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Table 2. Weighted Crude and Adjusted Prevalence of Total, Diagnosed, and Undiagnosed Diabetes and Prediabetes by Race/Ethnicity

Among US Adults 20 Years or Older, NHANES 2011-2016 (continued)

Age-Sex-
Crude Age-Sex-Adjusted BMI-Adjusted
No. of Prevalence, % Overall Prevalence, % Overall Prevalence, % Overall

Race/Ethnicity? Cases® (95% Cl) P Value®© (95% Cl) P Value© (95% Cl) P Value®©
Prediabetes’
All adults® 2384 37.5(35.6-39.4) .59 .03 .04
Non-Hispanic white 935 37.3(34.7-39.8) 36.1(33.6-38.6) 36.2 (33.6-38.8)
Non-Hispanic black 487 38.3(35.2-41.4) 39.9 (37.0-42.9) 39.5(36.4-42.5)
Hispanic® 624 38.3(35.7-40.9) .89 41.6 (38.7-44.5) .76 41.2(38.4-43.9) .86

Mexican 355 39.9 (36.2-43.5) 43.5(39.5-47.4) 42.8(38.8-46.7)

Puerto Rican 50 35.9 (26.3-45.5) 37.8(27.9-47.7) 38.3(28.3-48.2)

Cuban/Dominican 55 37.3(29.1-45.4) 37.7 (30.1-45.3) 38.0(30.2-45.7)

Central American 61 36.7 (30.1-43.3) 40.9 (33.8-47.9) 40.8 (33.7-47.8)

South American 55 35.2(25.3-45.1) 37.4(27.2-47.5) 39.3(29.3-49.4)
Non-Hispanic Asian® 271 35.5(32.6-38.3) .79 37.0(33.9-40.1) .56 41.4 (38.5-44.4) 24

East Asian 109 37.4(31.4-43.4) 39.1(33.0-45.3) 44.4(38.7-50.1)

South Asian 53 32.5(24.4-40.6) 33.5(25.5-41.4) 36.4(28.1-44.8)

Southeast Asian 43 32.8(25.1-40.5) 34.6 (27.6-41.7) 39.7 (32.4-47.1)
Non-Hispanic other 67 38.3(29.9-46.8) 39.7 (31.5-48.0) 40.1(31.9-48.4)

Abbreviations: BMI, body mass index; FPG, fasting plasma glucose;

HbA, ., glycated hemoglobin; 2hPG, 2-hour plasma glucose; NHANES, National

Health and Nutrition Examination Survey.

2 For classification scheme of race/ethnicity, see Table 1 (footnotes b-f).

b Unweighted total number of participants with diabetes or prediabetes.

€ Overall P value across race/ethnicity groups or subgroups was calculated
using the F test; the overall P value in the line for all adults is for the variation
across all major race/ethnicity groups; the overall P value in the line of
Hispanic is for the variation across all Hispanic subgroups; the overall P value
in the line of non-Hispanic Asian is for the variation across all non-Hispanic
Asian subgroups.

9Includes adults with total (ie, self-reported diabetes or undiagnosed) diabetes.

¢ All participants in this race/ethnicity category, including other participants in
this category but not belonging to a selected subgroup listed in the table.

f Based on self-report of diagnosed diabetes.
& Defined as an adult without self-reported diagnosed diabetes but having

HbA, level 6.5% or greater, FPG 126 mg/dL or greater, or 2hPG 200 mg/dL
or greater.

" Has a relative standard error (standard error/estimate) greater than 30%;
estimate is considered unreliable and should be interpreted with caution.

" Defined as an adult without total diabetes but with HbA,_ level 5.7% or greater

to less than 6.5%, an FPG level 100 mg/dL or greater to less than 126 mg/dL,
or a 2hPG 140 mg/dL or greater to less than 200 mg/dL.

(95% CI, 25.2-26.6) for South Asian, and 23.9 (95% CI, 23.1-
24.6) for Southeast Asian subgroups (P < .001 overall).

Education levels also differed significantly among race/
ethnicity groups (overall P < .001). The proportions with edu-
cation more than high school were 68.2% (95% CI, 63.2%-
73.1%) for non-Hispanic white, 56.0% (95% CI, 52.0%-59.9%)
for non-Hispanic black, 40.3% (95% CI, 36.1%-44.5%) for
Hispanic, and 73.9% (95% CI, 69.4%-78.5%) for non-Hispanic
Asian groups. The proportions with education more than
high school also varied among subgroups: among Hispanic
subgroups, 33.4% (95% CI, 28.4%-38.4%) for Mexican, 53.2%
(95% CI, 37.4%-69.0%) for Puerto Rican, 57.2% (95% CI,
49.3%-65.1%) for Cuban/Dominican, 26.9% (95% CI, 19.0%-
34.7%) for Central American, and 69.1% (95% CI, 60.6%-
77.5%) for South American subgroups (overall P < .001);
among non-Hispanic Asian subgroups, 77.7% (95% CI,
70.8%-84.6%) for East Asian, 76.1% (95% CI, 67.7%-84.5%)
for South Asian, and 60.0% (95% ClI, 48.4%-71.6%) for South-
east Asian subgroups (overall P = .03).

The crude prevalence of total diabetes was 14.6% (95% CI,
13.6%-15.7%), including 10.0% (95% CI, 9.3%-10.8%) with di-
agnosed diabetes and 4.6% (95% CI, 3.9%-5.3%) with undiag-
nosed diabetes; 37.5% (95% CI, 35.6%-39.4%) had prediabe-
tes (Table 2).

JAMA December 24/31,2019 Volume 322, Number 24

The age- and sex-adjusted prevalence of total diabetes and
diagnosed diabetes were different among major race/
ethnicity groups (overall P < .001), among Hispanic sub-
groups (overall P < .001), and among non-Hispanic Asian sub-
groups (overall P = .02). After adjusting for age and sex, the
prevalence of total diabetes was 12.1% (95% CI, 11.0%-13.4%)
for non-Hispanic white, 20.4% (95% CI, 18.8%-22.1%) for non-
Hispanicblack, 22.1% (95% CI, 19.6%-24.7%) for Hispanic, and
19.1% (95% CI, 16.0%-22.1%) for non-Hispanic Asian groups
(overall P < .001). Among Hispanic subgroups, the preva-
lence of total diabetes was 24.6% (95% CI, 21.6%-27.6%) for
Mexican, 21.7% (95% CI, 14.6%-28.8%) for Puerto Rican, 20.5%
(95% ClI, 13.7%-27.3%) for Cuban/Dominican, 19.3% (95% CI,
12.4%-26.1%) for Central American, and 12.3% (95% CI, 8.5%-
16.2%) for South American subgroups (overall P < .001). Among
non-Hispanic Asian subgroups, the adjusted prevalence of total
diabetes was 14.0% (95% CI, 9.5%-18.4%) for East Asian, 23.3%
(95% CI, 15.6%-30.9%) for South Asian, and 22.4% (95% CI,
15.9%-28.9%) for Southeast Asian subgroups (overall P = .02).

After additional adjustment for BMI, 20.3% (95% CI,
18.3%-22.4%) of Hispanic participants and 27.0% (95% CI,
23.4%-30.6%) of non-Hispanic Asian participants had diag-
nosed or undiagnosed diabetes. After adjusting for age and
sex, prevalences of undiagnosed diabetes were 3.9% (95% CI,
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Figure. Age- and Sex-Adjusted Distribution of HbA,_, Fasting Plasma Glucose, and 2-Hour Plasma Glucose Values Among Adults 20 Years or Older

Without Diabetes by Major Race/Ethnicity Group, NHANES 2011-2016
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To estimate the percentiles of the distribution of HbA,, fasting plasma glucose,
and 2-hour plasma glucose among adults without diabetes (previously diagnosed
or undiagnosed), 4789 participants without diabetes were included in this Figure
(2038 non-Hispanic white, 930 non-Hispanic black, 1193 Hispanic, and 628

non-Hispanic Asian; 143 non-Hispanic participants without diabetes who did not
fallinto these categories were not included because of unreliable estimates). To
convert glucose values to mmol/L, multiply by 0.0555. HbA, indicates glycated
hemoglobin; NHANES, National Health and Nutrition Examination Survey.

3.0%-4.8%) for non-Hispanic white, 5.2% (95% CI, 3.9%-
6.4%) for non-Hispanic black, 7.5% (95% CI, 5.9%-9.1%) for
Hispanic, and 7.5% (95% CI, 4.9%-10.0%) for non-Hispanic
Asian groups (overall P = .003). The age- and sex-adjusted
prevalence of prediabetes was 36.1% (95% CI, 33.6%-38.6%)
for non-Hispanic white, 39.9% (95% CI, 37.0%-42.9%) for
non-Hispanic black, 41.6% (95% CI, 38.7%-44.5%) for His-
panic, and 37.0% (95% CI, 33.9%-40.1%) for non-Hispanic Asian
groups (overall P = .03). There were no significant differ-
ences in prediabetes prevalence among the Hispanic or non-
Hispanic Asian subgroups.

The difference in prevalence of undiagnosed diabetes was
significant among race/ethnicity groups (overall P = .003)
(Table 2), and the proportion of undiagnosed diabetes among
adults with total diabetes was also significant: 32.4% (95% CI,
27.0%-37.7%) for non-Hispanic white, 24.8% (95% CI, 19.7%-
29.9%) for non-Hispanic black, 33.2% (95% CI, 28.1%-38.3%)
for Hispanic, and 37.9% (95% CI, 28.6%-47.3%) for non-
Hispanic Asian groups (overall P = .04) (Table 3).

Among US adults without diagnosed diabetes, none of the
3 diagnostic tests detected all undiagnosed diabetes based on
current diagnostic cutpoints (Table 3). Among adults without
diagnosed diabetes, the proportion that met criteria for undi-
agnosed diabetes as defined by each diagnostic test were 2.0%
(95% CI, 1.6%-2.4%) using HbA, . values, 2.3% (95% CI, 1.9%-
2.7%) using FPG values, and 4.1% (95% CI, 3.4%-4.8%) using
2hPG values. Among adults without diagnosed diabetes, 2hPG
alone identified 80.4% (95% CI, 74.1%-87.5%) of undiag-
nosed diabetes, which was higher than HbA, . alone (39.2%
[95% CI, 30.8%-50.1%]) (P < .001) or FPG alone (45.1% [95%
Cl, 44.1%- 61.0%]) (P < .001).

To estimate the age- and sex-adjusted percentiles of
the distribution of HbA, ., FPG, and 2hPG values among
adults without total diabetes, 4789 participants without
total diabetes were included: 2038 non-Hispanic white, 930

2396 JAMA December24/31,2019 Volume 322, Number 24

non-Hispanic black, 1193 Hispanic, and 628 non-Hispanic
Asian; 143 non-Hispanic participants without diabetes who did
not fall into these categories were not included because of un-
reliable estimates. The Figure shows the age- and sex-
adjusted cumulative probabilities of distribution for HbA,,
FPG, and 2hPG values among participants without total dia-
betes. The differences in medians by major race/ethnicity group
were statistically significant (all overall P values <.001). Non-
Hispanic black participants had a median HbA, . of 5.6% (95%
CI, 5.5%-5.6%), followed by Hispanic (5.5% [95% CI, 5.4%-
5.5%]), non-Hispanic Asian (5.4% [95% CI, 5.4%-5.5%]), and
non-Hispanic white (5.3% [95% CI, 5.3%-5.4%]) participants.
Hispanic participants had a median FPG of 96.1 mg/dL (95%
CI, 95.2-97.3), followed by non-Hispanic Asian (95.2 mg/dL
[95% CI, 94.0-95.9]), non-Hispanic white (94.5 mg/dL [95%
CI, 93.7-95.5]), and non-Hispanic black (93.0 mg/dL [95% CI,
92.2-93.9]) participants. Non-Hispanic Asian participants had
the median 2hPG (107.2 mg/dL [95% CI, 104.2-110.0]), fol-
lowed by Hispanic (103.8 mg/dL [95% CI, 100.4-106.5]), non-
Hispanic black (101.7 mg/dL [95% CI, 100.2-104.1]), and non-
Hispanic white (99.5 mg/dL [95% CI, 98.2-101.6]) participants.
After additional adjustment for BMI, the distributions of HbA,_,
FPG, and 2hPG values for non-Hispanic Asian participants
shifted higher (eFigure in the Supplement).

|
Discussion

In this nationally representative study of the US population
from 2011 to 2016, the age- and sex-adjusted prevalences of
undiagnosed diabetes and total diabetes were high among
Hispanic, non-Hispanic black, and non-Hispanic Asian groups
compared with the non-Hispanic white group. There was con-
siderable heterogeneity in diabetes prevalence among Hispanic
subgroups and among non-Hispanic Asian subgroups. Among
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adults with undiagnosed diabetes, a high proportion were iden-
tified using the 2hPG test.

Other studies have shown that, compared with individu-
als in other race/ethnicity groups, Asian individuals with dia-
betes have lower BMI values.'® Although the associations be-
tween BMI and diabetes were comparably strong across race/
ethnicity groups, the BMI cutpoint for increased risk for type 2
diabetes is much lower among Asian individuals than those in
other major race/ethnicity groups.'-?° In this study, after ad-
justing for age, sex, and BMI, Southeast Asian participants had
the highest total diabetes prevalence among non-Hispanic Asian
subgroups. The effect of BMI adjustment on glucose distribu-
tions was also observed among non-Hispanic Asian partici-
pants without diabetes.

The 2hPG test detected the greatest proportion of undiag-
nosed diabetes in this study. A previous study showed that
the proportion of diabetes detected by 2hPG testing was high
among Asian adults.?! In this study, the proportion of undiag-
nosed diabetes detected by each of the 3 glucose tests varied
among the race/ethnicity groups. Diabetes may be underdiag-
nosed without the 2hPG test,?2 especially among Hispanic and
non-Hispanic Asian groups. The HbA, test, recommended by
the American Diabetes Association, is more clinically conve-
nient than the other 2 tests. In general, the higher proportion
of undiagnosed diabetes identified using the 2hPG test could
alsoreflect the reluctance of health care professionals to use the
2hPG test for detection of diabetes.

Racial/ethnical differences in diabetes detection by test
type may be due to underlying physiological causes. FPG re-
flects hepatic glucose production, 2hPG reflects inadequate
suppression of hepatic glucose production and reduced glu-
cose uptake by splanchnic and peripheral tissues, and HbA,.
reflects the average glucose level in the previous 2 to 3
months.?* Other studies have reported that non-Hispanic black
persons had higher levels of HbA,. than non-Hispanic white
persons,?* possibly because of a higher prevalence of hemo-
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globinopathies or other pathophysiologic or genetic factors.?®
Similarly, isolated elevated HbA, . levels have been reported in
South Asian persons.2® This study showed that for non-
Hispanic black participants, the whole distribution of HbA,.
levels shifted higher than for any other race/ethnicity group.
Thus, race/ethnicity differences in the prevalence of undiag-
nosed diabetes may be related to physiological differences.

Limitations

This study had several limitations. First, because the survey
was cross-sectional, cause-effect inferences cannot be made.
Second, despite oversampling of Hispanic and non-Hispanic
Asian groups, NHANES 2011-2016 was still limited by small
sample sizes for single Hispanic or non-Hispanic Asian sub-
groups for some estimates. Nevertheless, the current study pro-
vides a benchmark for comparison of future national esti-
mates for Hispanic and non-Hispanic Asian groups. Third,
diabetes type was not available, diagnosed diabetes was self-
reported, and undiagnosed diabetes was defined by a 1-time
measurement of glucose level in a single blood sample, so there
is a possibility of misclassification in both directions.?”-28
Fourth, NHANES only includes noninstitutionalized civil-
ians; thus, the analysis may underrepresent some segments
of the US population. Fifth, race/ethnicity groups were self-
reported and US immigrants are vastly diverse; the race/
ethnicity subgroups may not be finely enough defined to ac-
count for people emigrating from regions with varying lifestyle
and dietary patterns, or over varying time periods.

. |
Conclusions

In this nationally representative survey of US adults from 2011
to 2016, the prevalence of diabetes and undiagnosed diabe-
tes varied by race/ethnicity and among subgroups identified
within the Hispanic and non-Hispanic Asian populations.
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