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Optimum BMI Cut Points to
Screen Asian Americans for
Type 2 Diabetes
DOI: 10.2337/dc14-2071

OBJECTIVE

Asian Americans manifest type 2 diabetes at low BMI levels but may not undergo
diagnostic testing for diabetes if the currently recommended BMI screening cut
point of ‡25 kg/m2 is followed. We aimed to ascertain an appropriate lower BMI
cut point among Asian-American adults without a prior diabetes diagnosis.

RESEARCH DESIGN AND METHODS

We consolidated data from 1,663 participants, ages ‡45 years, without a prior
diabetes diagnosis, from population- and community-based studies, including the
Mediators of Atherosclerosis in South Asians Living in America study, the North
Kohala Study, the Seattle Japanese American Community Diabetes Study, and the
University of California San Diego Filipino Health Study. Clinical measures
included a 2-h 75-g oral glucose tolerance test, BMI, and glycosylated hemoglobin
(HbA1c).

RESULTS

Mean age was 59.7 years, mean BMI was 25.4 kg/m2, 58% were women, and type
2 diabetes prevalence (American Diabetes Association 2010 criteria) was 16.9%.
At BMI ‡25 kg/m2, sensitivity (63.7%), specificity (52.8%), and Youden index (0.16)
values were low; limiting screening to BMI ‡25 kg/m2 would miss 36% of Asian
Americans with type 2 diabetes. For screening purposes, higher sensitivity is de-
sirable to minimize missing cases, especially if the diagnostic test is relatively
simple and inexpensive. At BMI ‡23 kg/m2, sensitivity (84.7%) was high in the
total sample and by sex and Asian-American subgroup and would miss only∼15%
of Asian Americans with diabetes.

CONCLUSIONS

The BMI cut point for identifying Asian Americans who should be screened for
undiagnosed type 2 diabetes should be <25 kg/m2, and ‡23 kg/m2 may be the
most practical.

The International Diabetes Federation recently reported that Southeast Asia and the
Western Pacific region have over half (55%) of theworld’s 382million diabetes cases
(1). The World Health Organization estimates that by 2030, 7 of the 10 countries
with the greatest burden of diabetes cases will be in Asia (2). Similar patterns are
recognized in the U.S., where the Diabetes Study of Northern California (DISTANCE)
showed that among 2 million members of a large integrated health care system,
Pacific Islanders, Filipinos, and South Asians had the highest prevalence and inci-
dence of type 2 diabetes, exceeding that of ethnic groups traditionally known to
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haveelevateddiabetes risk, includingNative
Americans, African Americans, and Latinos
(3). However, diabetes prevalence and
incidence were higher among Southeast
Asians, Japanese, Vietnamese, Koreans,
and Chinese compared with Caucasians,
despite lower BMI (3).
Current American Diabetes Associa-

tion (ADA) guidelines suggest diabetes
screening should be considered in
asymptomatic adults, who are over-
weight (BMI $25 kg/m2) and have one
or more known risk factors for diabetes,
including Asian ethnicity (4). If these risk
factors are absent, testing should begin
at age 45 years. Lower BMI cut points
have been considered to define obesity
among Asians (5), but it is not known
whether this may also apply to Asian
Americans, whose lifestyle behaviors, par-
ticularly dietary choices, differ from resi-
dents of Asia. Previous studies have
reported lower BMI among Asian Ameri-
canswith diabetes; however, they differed
in study design, enrollment criteria, and
method and time of diabetes ascertain-
ment (6). Recent studies among Asians in
Canada and the U.K. have defined BMI
cutoff values among Chinese and South
Asians that correspond to the equivalent
incidence and prevalence of diabetes at a
BMI of 30 kg/m2 in whites (7,8). However,
few studies have evaluated BMI cut points
for type 2 diabetes screening among Asian
Americansusing sensitivity, specificity, and
receiver operating characteristic (ROC)
curve analysis.
The objective of this analysis is to as-

certain the BMI cut point that might be
most practical for identifying Asian adults
($45 years) whowere found to have pre-
viously undiagnosed type 2 diabetes in
four clinical cohort studies in the U.S.

RESEARCH DESIGN AND METHODS

We used cross-sectional data from
1,663 Asian Americans enrolled in four
different U.S. cohort studies, ages $45
years, without a prior diabetes diagno-
sis. Participants were of South Asian,
Filipino, Japanese, Chinese, Korean, or
mixed Asian ancestry, without non-
Asian admixture. The four studies that
contributed data included the Media-
tors of Atherosclerosis in South Asians
Living in America (MASALA) study, the
North Kohala Study, the Seattle Japanese
American Community Diabetes Study
(JACDS), and the University of California
San Diego (UCSD) Filipino Health Study.

These studies were selected because
they are clinical studies of multiple health
outcomes, thereby reducing self-selection
of individuals with diabetes. Further,
each of these studies administered a
2-h 75-g oral glucose tolerance test
(OGTT), measured weight and height
concomitantly, and ascertained whether
there was a prior diabetes diagnosis.
Glycosylated hemoglobin (HbA1c) was
measured by high-performance liquid
chromatography using an automated an-
alyzer in all cohorts except the Seattle
JACDS and Filipino men in San Diego.

UCSD Filipino Health Study
Between 1995 and 1999, 453 Filipino-
American women were enrolled as an
ethnic comparison group to the Rancho
Bernardo Study. Between 2006 and
2007, 109 Filipino-American men were
enrolled using the same research proto-
col and clinic staff. Population-based
sampling was not feasible because Fili-
pinos were not disaggregated from
other Asian subgroups in the 1990 cen-
sus, and random digit dialing by last
namewas impractical because of shared
Spanish surnames between Filipinos and
San Diego’s sizeable Mexican-American
population. Community volunteers were
recruited at churches, stores, festivals,
and through local Filipino media and or-
ganizations. Demographic characteris-
tics of participants, particularly with
regards to educational attainment, were
similar to U.S. census data for Filipina
women. Recruitment materials empha-
sized general health and included tests
for osteoporosis and other conditions to
reduce self-selection bias for partici-
pants with known diabetes (9). Enroll-
ment criteria included age $40 years,
self-reported Filipina, and plans to reside
in San Diego for the subsequent 5 years
for follow-up.

North Kohala Study
Between 1997 and 2000, a population-
based study was conducted among
1,452 nonpregnant residents, ages 18
years and older, in North Kohala, a rural
community on the island of Hawaii. Par-
ticipants were identified by door-to-door
census and a cross-reference directory,
and community support for the research
project was fostered through local public
television announcements, flyers posted
at community centers and stores, and pre-
sentations given to community organiza-
tions (10). Participants completed a 4-h

clinical examination and interview, in-
cluding self-reports of ethnic ancestry.

MASALA Study
Between 2010 and 2013, 906 South
Asian men and women were enrolled
at two clinical centers (the University
of California, San Francisco and North-
western University, Chicago, IL). Eligibil-
ity criteria, recruitment, and study
methods have been described previ-
ously (11). Sampling was performed us-
ing South Asian last name samples from
commercial mailing list companies at
each site. To be eligible, participants
had to self-report South Asian ethnicity,
be between 40 and 84 years of age, and
be able to speak and/or read English,
Hindi, or Urdu. Individuals with any
known cardiovascular disease (CVD) or
history of cardiovascular procedures
were excluded from this study (11).

Seattle JACDS
This study included only individuals of
pure Japanese ancestry residing in King
County, WA, who were Nisei (second
generation children of immigrants
from Japan) or Sansei (third generation
children of the Nisei). Recruitment be-
gan in 1983 with a volunteer sample of
Nisei men (n = 229). The study sample
was expanded in 1986 to include Nisei
women (n = 191) and Sansei men (n =
120) and women (n = 118) (12–14). Nisei
participants were selected to oversam-
ple self-reported diabetic individuals in
order to compare diabetic with nondia-
betic individuals. Although the study
participants were volunteers, they
were shown to be very similar in terms
of several demographic characteristics
to the overall Japanese-American popu-
lation of King County (12,13). Baseline
examinations were carried out from
1983 to 1986 for Nisei men, from 1986
to 1988 for Nisei women, and from 1988
to 1991 for all Sansei.

Demographic characteristics obtained
from all studies included age, sex, self-
reported ethnicity and admixture, and
medical history, including prior diagnosis
of type 2 diabetes by a physician. Self-
reported ethnicity was ascertained
through multiple questions including the
following: participant’s province and coun-
try of birth, parent’s birthplace, and partic-
ipant’s description of their race/ethnicity
(UCSD Filipino Health Study); an estimate
of the participant’s percentage ancestry
for each of eight of the most common
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ethnic groups in Hawaii and which ethnic
group they strongly identify with (North
Kohala Study); if at least three grandpar-
ents were born in a South Asian country
and the participant’s province/state and
country of birth (MASALA); and if both
parents and all four grandparents were
Japanese (Seattle JACDS).
Clinicalmeasures included height using a

standardized stadiometer and weight by
standard balance beam or digital scale,
with participantswearing lightweight cloth-
ing and no shoes. BMI was computed as
weight divided by height squared in metric
units. A 2-h 75-g OGTT was administered
after a minimum 8-h fast. HbA1c was mea-
sured except among Filipino men in San
Diego and Japanese men and women in
Seattle. Plasma glucose was measured by
the glucose oxidase method and HbA1c by
high-performance liquid chromatography.
Type 2 diabetes was defined by ADA

criteria (2010) as HbA1c $6.5% (48
mmol/mol), fasting plasma glucose
(FPG) $126 mg/dL (6.99 mmol/L), or
2-h post–75-g glucose challenge glucose
(PPG) $200 mg/dL (11.1 mmol/L) (4).

Statistical Analysis
Descriptive analyses were performed and
presented as percentages or means (and

SD values) for categorical and continuous
covariates, respectively. Mean values of
continuous covariates were compared us-
ing independent Student t tests or ANOVA
in unadjusted comparisons and general
linear models in age-adjusted compari-
sons. Pearson x2 test was used for cate-
gorical variables. All P values were two
sided, with P , 0.05 considered statisti-
cally significant. Age-adjusted prevalence
was computed by the direct method.

Sensitivity, specificity, and positive pre-
dictive values were computed at 1-unit
increments of BMI, ranging from 22 to
27.5 kg/m2. This BMI range was selected
to include BMI values recommended by
the World Health Organization to define
overweight (23 kg/m2) and obesity (27.5
kg/m2) among Asians (5). At each BMI cut
point, sensitivity was calculated as the
proportion with type 2 diabetes and a
BMI value equal to or greater than the
BMI cut point among all individuals with
type 2 diabetes; specificity was the pro-
portion without type 2 diabetes and a
BMI lower than the specific BMI cut point
among all individuals without type 2 di-
abetes; and positive predictive value was
computed as the proportion with type 2
diabetes and a BMI equal to or greater
than the BMI cut point. Area under the

receiver operating characteristic curve
(AUROC) for logistic regression models
was computed using the c statistic. Statis-
tical analyses were performed using SAS
version 9.2 (SAS Institute, Cary, NC).

Optimal BMI cut pointswere evaluated
using several criteria, including: 1) You-
den index (sensitivity + specificity 21);
2) misclassification rate (false negative +
false positive rate); 3) the BMI cut point
where sensitivity approximated specific-
ity; and 4) where sensitivity approximated
80%. BMI cut points were evaluated for
the total sample, by sex, and by Asian-
American subgroup.

RESULTS

Participants included 536 Filipinos (421
from the UCSD Filipino Health Study and
115 from the North Kohala Study), 500
Japanese (371 from Seattle JACDS and
129 from North Kohala), 609 South
Asians from the MASALA study, and 18
of Chinese, Korean, or mixed East Asian
ancestry (from the North Kohala Study).
Collectively, 58% were women, and
whereas sex was evenly divided among
Japanese and South Asians, three-fourths
of Filipinos were women (Table 1). Mean
agewas 59.7 years (SD 9.2), ranging from
45 to 95 years, with South Asians being

Table 1—Age-adjusted demographic and clinical characteristics: Filipino, Japanese, and South Asians in the U.S., ages ‡45
years

Filipino San Diego
and Hawaii, n = 536

Japanese Hawaii and
Seattle, n = 500

South Asian San Francisco
and Chicago, n = 609

Men 121 254 311

Women 415 246 298

Mean age (years) 61.3‡ (9.5) 61.3† (9.1) 56.9 (8.3)
Men 68.1*,‡ (8.4) 61.0† (9.0) 58.0 (9.0)
Women 59.3‡ (8.9) 61.6*,† (9.1) 55.7 (7.4)

Mean BMI (kg/m2) 25.5* (3.8) 24.9 (3.6) 25.8† (4.5)
Men 26.6 (3.8) 25.7 (3.2) 25.7 (4.6)
Women 25.3* (3.8) 23.8 (3.6) 26.0†,‡ (4.4)

Mean waist (cm) 84.1*,‡ (11.3) 88.2† (9.9) 92.5 (10.0)
Men 93.3* (10.3) 90.1 (9.2) 95.4† (9,0)
Women 81.7 (10.2) 86.4* (10.2) 89.0†,‡ (9.9)

Fasting glucose (mg/dL) (mmol/L) 101.6‡ (20.2) 101.0† (19.5) 98.8 (19.0)
5.65 (1.12) 5.62 (1.08) 5.46 (1.00)

2-h glucose (mg/dL) (mmol/L) 157.6*,‡ (65.7) 148.7† (53.5) 139.3 (53.2)
8.79 (3.64) 8.31 (2.97) 7.64 (2.95)

HbA1c (%) 5.68%* (0.99) 4.85% (0.82) 5.88%† (0.55)

HbA1c (mmol/mol) 39 (10.8) 29 (9.0) 41 (6.0)

Age-adjusted diabetes prevalence (%)
Diabetes, ADA 2010 22.8%*,‡ 12.9% 13.0%
By HbA1c $6.5% ($48 mmol/mol) 12.2%*,‡ 4.2% 6.8%
By FPG $126 mg/dL ($6.99 mmol/L) 5.4% 4.8% 3.9%
By 2-h PPG $200 mg/dL ($11.1 mmol/L) 19.4%*,‡ 11.9% 11.0%

Eighteen participants of Chinese, Korean, ormixed East Asian ancestry are not represented. There were no HbA1c data for San Diego Filipinomen and
Seattle Japanese. *P , 0.05, Filipino vs. Japanese. †P , 0.05, Japanese vs. South Asian. ‡P , 0.05, Filipino vs South Asian.
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slightly younger compared with either
Filipinos or Japanese (P , 0.05). Mean
BMI was 25.4 kg/m2 (SD 4.0, range 14.6–
67.1 kg/m2). Average BMI was similar by
ethnicity among men but was signifi-
cantly lower among Japanese women
compared with either Filipinos or South
Asianwomen andwas significantly lower
among Filipino women compared with
South Asian women.
Collectively, mean FPG was 5.58

mmol/L (100.5 mg/dL, SD 19.3) and
was significantly lower among South
Asians compared with Filipinos or Japa-
nese. Mean PPG was 8.22 mmol/L
(148.1 mg/dL, SD 58.3) and was signifi-
cantly higher among Filipinos compared
with the other two groups and signifi-
cantly higher among Japanese com-
pared with South Asians. HbA1c was not
measured among Japanese in Seattle or
Filipino men in San Diego. Mean HbA1c
was 5.69% (SD 0.84) (39 mmol/mol, SD
9.2) and was significantly higher among
South Asians compared with either
group and significantly higher among Fil-
ipinos compared with Japanese.
A total of 1,663 participants had FPG

and PPG measures; of these, only 1,214
(73%) had HbA1c measures. Using any
of these criteria, cumulative diabetes
prevalence was 16.9% in the sample of
1,663 adults. When stratified by Asian-
American subgroup, age-adjusted newly
diagnosed type 2 diabetes prevalence
was significantly higher among Filipinos
(22.8%) compared with either Japanese
(12.9%) or South Asians (13.0%) (P ,
0.001) and did not differ between Japa-
nese and South Asians (P = 0.78). These
observations persisted when diabetes
was diagnosed either by HbA1c or PPG
but did not differ by Asian-American
subgroup when diabetes was defined
by FPG only. When stratified by diagno-
sis method, 112 (9.2%) had HbA1c

$6.5% (48 mmol/mol), 83 (5.0%) had
FPG $126 mg/dL (6.99 mmol/L), and
244 (14.7%) had PPG $200 mg/dL
(11.1 mmol/L).
Among the 1,214 participants with all

three diagnostic measures, type 2 diabe-
tes prevalence was 18.4% (n = 223). Of
these, 9.2% (n = 112) fulfilled the HbA1c
criterion, 5.5% (n = 67) met the FPG cri-
terion, and 15.5% (n = 188) met the PPG
criterion. If screening was limited to
HbA1c, half (50%) of Asian Americans
with diabetes would remain undiag-
nosed. If FPG was added, an additional,

albeit minimal (n = 14), 1.2% would be
diagnosed. The remaining 44% (n = 97) of
Asian Americans with type 2 diabetes
would remain undiagnosed without the
PPG since they had isolated postchal-
lenge hyperglycemia (with both HbA1c
and FPG not diagnostic of diabetes).

The area under the BMI-diabetes ROC
curve was 0.617. This low AUROC value
reflects the poor sensitivity of BMI in
predicting type 2 diabetes in an Asian-
American population. Among the 281
participants without a prior diagnosis
of type 2 diabetes, BMI at the time of
diagnosis is shown in Fig. 1. Although
the mean BMI at the time of diabetes
diagnosis was 26.7 kg/m2, 37% of
women and 21% of men with diabetes
had a BMI #24.9 kg/m2 and may other-
wise not be screened if the recommend-
ed threshold criterion for screening of
BMI $25 kg/m2 is used.

Table 2 shows the sensitivity, specific-
ity, positive predictive value, and the
misclassification rate in the total sample
and by sex. Sensitivity varied widely,
ranging from 90.8 to 36%; however,
the misclassification rate was similar
across BMI cut points, ranging from
0.87 at BMI $23 kg/m2 to 0.83 at BMI
$27 kg/m2. The positive predictive
value was low across all BMI cut points,
ranging from 19.5% at BMI .23 kg/m2

to 25% at BMI .27 kg/m2. The BMI cut
point with the highest Youden index and
the lowest misclassification rate was
26 kg/m2; however, limiting screening
at this cut point would miss almost
half (48.4%) of Asian Americans with
previously undiagnosed diabetes. The

BMI cut point where sensitivity approxi-
mated specificitywas 25.2 kg/m2, but lim-
iting screening to this cut point would
miss 39.5% of Asian Americans with pre-
viously undiagnosed type 2 diabetes.

Figure 2 shows sensitivity values by
Asian-American subgroup at each BMI
cut point. Sensitivity declined with in-
creasing BMI and varied widely, al-
though Youden index values varied
minimally across BMI cut points. At a
BMI $23 kg/m2, sensitivity was 89.8%
for Filipinos, 84.2% among South Asians,
and 79.1% for Japanese. Sensitivity de-
clined with a higher cut point at BMI
$25 kg/m2, ranging from 62.7% among
Filipinos, 65.7% in Japanese, to 67.1%
among South Asians. Limiting screening
to this BMI cut point would miss diabe-
tes diagnosis in 37% of Filipinos, 34% of
Japanese, and 33% of South Asians.

Youden index values were low, and
misclassification rates were high, and
values were relatively similar across
BMI cut points, thereby limiting their
usefulness in identification of optimal
BMI cut points. Therefore, to reduce
missing potential cases of type 2
diabetes, a targeted sensitivity of 80%
was used as a final criterion to assess
optimal BMI cut points for identifying
Asian Americans who should undergo
diabetes screening. In the total sample,
as well as for men andwomen, a BMI cut
point of$23.5 kg/m2 produced sensitiv-
ity approximating 80% (Fig. 2).

When stratified by subgroup, BMI cut
points of 23.6 kg/m2 among Filipinos,
23.4 kg/m2 among South Asians, and
22.8 kg/m2 among Japanese Americans

Figure 1—Percent distribution of Asian Americans with newly diagnosed type 2 diabetes by BMI.
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yielded sensitivity values approximating
80%. When stratified by diabetes diag-
nostic criteria, sensitivity approached
80% at BMI $24.0 kg/m2 among partic-
ipants diagnosed by HbA1c $6.5%
(48 mmol/mol), at BMI $23.4 kg/m2

among those diagnosed by FPG $126
mg/dL (6.99 mmol/L), and at BMI $23.2
kg/m2 among Asian Americans with iso-
lated postchallenge hyperglycemia.

The identification of a BMI cut point
that has higher sensitivity would be eco-
nomically and clinically practical to iden-
tify Asian Americans who should undergo
diabetes screening.

Screening Asian Americans at BMI$23
kg/m2 had a sensitivity of 84.7% and
would miss identification of ;15.3% of
Asian Americans with type 2 diabetes.
Further, screening Asian Americans at

BMI $23 kg/m2 might facilitate identifi-
cation of Asian Americans with isolated
postchallenge hyperglycemia. When
analyses included younger participants,
BMI$23 kg/m2 persisted as the optimal
cut point for those aged $35 years (n =
2,042) or $40 years (data not shown).

CONCLUSIONS

In the absence of a national, multicen-
ter, prospective cohort study of Asian
Americans, our combined data from our
four community-based studies showed
that age-adjusted diabetes prevalence
(16.9%) by OGTT was high among Asian-
American adults without a prior diabetes
diagnosis. However, limiting screening to
HbA1c and fasting glucose measures fails
to identify almost half of Asian Americans
with type 2 diabetes. Current recommen-
dations to screen asymptomatic Ameri-
cans with BMI $25 kg/m2 produced low
sensitivity and specificity andwould fail to
identify over one-third of Asian Ameri-
cans with type 2 diabetes. Diabetes
screening at a lower BMI cut point of
$23 kg/m2 should be considered since
it improves sensitivity and would enable
early diagnosis andmanagement of Asian
Americans with type 2 diabetes. BMI
alone cannot predict incident diabetes,
but our data suggest that a BMI cut point
of $23 kg/m2 can be a practical initial
screening tool to identify Asian Ameri-
cans who may have or be at risk for di-
abetes. The U.S. Preventive Services Task
Force recently changed its position to
broaden screening for diabetes and pre-
diabetes, supporting a wider BMI ap-
proach to screening. BMI serves as a
trigger point for action (15).

There is now ample evidence that di-
abetes is present among Asian Americans
at a higher frequency than in the non-
Hispanic white population. Since the
costs associated with type 2 diabetes
are mainly attributable to the manage-
ment and consequences of complications
associated with this disease and since
these complications are related to both
duration and severity of hyperglycemia,
it is important to identify individuals
whomay be at increased risk for diabetes
to institute therapy in a timely manner.
Rates of diabetes-related complications
have reduced significantly in the past
two decades (16), and this may be due
to improved glucose control.

Increased body size as manifested by
greater body weight and BMI has been

Table 2—Sensitivity, specificity, positive predictive value, and AUROC among
Asian American adults, ages ‡45 years without known type 2 diabetes

BMI (kg/m2) Diabetes (%) Sensitivity (%) Specificity (%) PPV (%)
Misclassification

rate

Total N = 1,663
$22 255 (15.3) 90.8 18.4 15.3 0.91
$23 238 (14.3) 84.7 28.8 19.5 0.87
$24 208 (12.5) 74.0 40.7 20.3 0.85
$25 179 (10.8) 63.7 52.8 21.5 0.84
$26 145 (8.7) 51.6 65.3 23.2 0.83
$27 122 (7.3) 43.4 73.6 25.1 0.83
$27.5 102 (6.1) 36.3 77.8 24.9 0.86

Women n = 970
$22 159 (16.4) 89.3 22.4 20.5 0.88
$23 150 (15.5) 84.3 33.2 22.1 0.83
$24 131 (13.5) 73.6 45.8 23.4 0.81
$25 112 (11.6) 62.9 57.1 24.8 0.80
$26 90 (9.3) 50.6 68.4 26.5 0.81
$27 74 (7.6) 41.6 76.1 28.1 0.82
$27.5 60 (6.2) 33.7 79.4 26.9 0.87

Men n = 693
$22 96 (13.9) 93.2 13.1 15.8 0.94
$23 88 (12.7) 85.4 22.9 16.2 0.92
$24 77 (11.1) 74.8 33.9 16.5 0.91
$25 67 (9.7) 65.1 47.1 17.7 0.88
$26 55 (7.9) 53.4 61.0 19.3 0.86
$27 48 (6.9) 46.6 70.2 21.4 0.83
$27.5 42 (6.1) 40.8 75.6 22.6 0.84

PPV, positive predictive value.

Figure 2—Sensitivity and Youden index at selected BMI cut points.
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recognized to identify people who are at
risk for diabetes. However, many Asian
Americans who have documented type
2 diabetes do not appear to be very
heavy (6). Excess visceral fat accumula-
tion, assessed by computed tomogra-
phy, was observed among Filipino
Americans (even with BMI ,23 kg/m2)
compared with normal-weight Cauca-
sians and African Americans (17). Tem-
poral change in intra-abdominal fat area,
independent of BMI, was predictive of in-
cident diabetes among Japanese Ameri-
cans with normal BMI (24.2 kg/m2) (18).
Thus in clinical practice, Asian Americans
are likely to be overlooked as being at
risk for type 2 diabetes by BMI cutoff
criteria for overweight and obesity that
are more useful for non-Asian popula-
tions. Our findings support the view
that a lower BMI cut point is appropriate
for identifying Asian Americans who
should be screened for undiagnosed
type 2 diabetes, and our proposed BMI
cut point of 23 kg/m2 is within the range
of other observations among Asian Brit-
ish and Asian Canadians. For the equiva-
lent prevalence of diabetes at 30 kg/m2

in white participants, BMI equated to
22 kg/m2 among South Asians in the UK
Biobank study (7) and to 24 kg/m2

among South Asians in Canada (8).
Both studies had a sizeable number of
Chinese participants but no Japanese or
Filipino participants, so comparisons to
our findings were not feasible for these
Asian subgroups.
Both studies identified different BMI

cut points for Chinese and South Asians,
ranging from 25 to 26 kg/m2 and 22 to
24 kg/m2, respectively. Asian Americans
are heterogeneouswith regard to diabe-
tes prevalence and risk, but identifying
and implementing BMI cut points for
each Asian subgroup is impractical. A
single BMI cut point from a public health
standpoint that is simple to use is critical
as we continue to face a high rate of
undiagnosed diabetes in the U.S., while
appreciating the need for an individual-
ized approach on the patient level ac-
cording to other risk factors, including
ethnicity.
Clinical and diagnostic tests are charac-

terized by both sensitivity and specificity.
There are multiple criteria for defining
optimum cut points for such testing,
and these vary by disease as well as the
cost and convenience of the test. Gener-
ally speaking, for diagnosis of a disease,

specificity is highly desirable. For screen-
ing, however, it is preferable to be more
inclusive rather than exclusive to mini-
mize overlooking at-risk cases. This is
particularly the case if the screening
test is not costly and definitive diagnosis
of the disease for which screening is be-
ing conducted is also economical. The
costs associated with determining BMI
are negligible, and the costs of the diag-
nostic test for type 2 diabetes are rea-
sonable. The cost of performing an OGTT
involves a glucose solution and test ad-
ministration after 2 h and is suitably
higher than an FPG test.

BMI is a useful first-step screening test
for the identification of patients at risk for
diabetes. A BMI cut point that has higher
sensitivity despite lower specificity would
be economically and clinically practical to
identify Asian Americans who should un-
dergo further glucose testing for type 2
diabetes. Based upon our examination
of the extant literature and the data
from the current analysis, we have exam-
ined the criteria for defining theBMI cutoff
value based upon sensitivity and suggest
that BMI$23 kg/m2 may be appropriate.
Although reduction in this cutoff will lead
to more people being tested and found to
bewithout diabetes, theremay be value in
this determination to those tested in reas-
suring them of the absence of this com-
mon metabolic disease.

Screening guidelines should also con-
sider the value of the OGTT test partic-
ularly among Asian Americans. Limiting
screening to just HbA1c and FPG failed to
identify 44% of Asian Americans with
type 2 diabetes, specifically those with
isolated postchallenge hyperglycemia.
Isolated impaired glucose tolerance
and postchallenge hyperglycemia are
common features among South Asians,
Japanese, and Filipinos (19–21), reflect-
ing normal to slightly reduced hepatic
insulin sensitivity, moderate to severe
muscle insulin resistance, and a severe
deficit in late-phase insulin secretion
(22). Such differences in the pathophys-
iology of type 2 diabetes among Asians
compared with other ethnic groups re-
inforce the importance of the 2-h OGTT
for early diagnosis of type 2 diabetes
among Asian Americans.

The strengths of the current analysis
include data obtained from population-
based or community health studieswhere
participants were recruited for general
health outcomes. The North Kohala Study

was population based and included
young residents, ages 20 years and older.
The MASALA study was population
based and used telephone recruitment
based on last name lists and excluded
participants with cardiovascular disease,
thereby possibly reducing self-selection
of participants with CVD comorbidities,
including type 2 diabetes. In San Diego,
recruitment materials emphasized mul-
tiple health outcomes, including osteo-
porosis, to reduce self-selection of
participants with CVD or type 2 diabetes.
The Japanese cohort in Seattle was
based on a volunteer sample that was
representative of Japanese Americans
in Seattle (23). All four studies queried
participants about their medical history
and current medication, and the current
analysis excluded those with a physician
diagnosis of type 2 diabetes, as well as
those taking insulin or oral hypoglycemic
agents. The few existing studies on dia-
betes prevalence among Asian Ameri-
cans have been based on self-report,
medical records, HbA1c, or FPG, such
that individuals with isolated postchal-
lenge hyperglycemia are missed (20). In
our analysis, diabetes ascertainmentwas
complete since it was based on OGTT in
all 1,663 participants. Further, diabetes
was ascertained by all three methods,
including HbA1c and fasting and post-
challenge glucose in 1,214 participants.
Finally, to our knowledge, this is the first
analysis to assess sensitivity, specificity,
positive predictive value, and misclassi-
fication rates at every BMI cut point in
pooled samples of Asian-American study
populations.

Several study limitations require ac-
knowledgment, particularly the absence
of available data from Chinese, Viet-
namese, and Korean cohorts in the
U.S. Our sample was limited to just 18
Chinese, Korean, and mixed-Asian par-
ticipants in the North Kohala Study,
which was population based. Chinese
migration to the U.S. began over a century
ago, and Chinese Americans comprise the
largest Asian-American subgroup. Viet-
namese and Koreans comprise the
fourth and fifth largest Asian-American
subgroups, respectively, exceeding the
Japanese-American population. How-
ever, there are no clinical cohorts of these
Asian-American subgroups that include
OGTTmeasures. Data from the DISTANCE
study showed that Chinese Americans
with either incident or prevalent diabetes
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had lower BMI compared with Filipinos
and South Asians (3); therefore our ob-
servation of an optimal BMI screening
cut point of $23 kg/m2 might also be
appropriate for Americans of Chinese
descent. Our collective sample size was
small compared with the DISTANCE and
UKBiobank studies; however, toour knowl-
edge, our data represent all population-
and community-based clinical cohorts of
Asian Americans where diabetes was as-
certained by OGTT. Prospective studies
among aggregate Asian-American sub-
groups must be established to better un-
derstand the unique pathophysiology of
diabetes among Asian Americans and es-
tablish appropriate screening, preven-
tion, and treatment interventions.

Acknowledgments. The authors thank the
study participants for their time and commit-
ment, and our clinical research teams. The
Veterans Affairs Puget Sound Health Care System
supported both S.E.K. and E.J.B’s involvement in
this article.
Funding. This work was supported by the
National Institutes of Health (DK-31801, R03-DK-
60575, HL-093009, K24-HL-112827, DK-31170,
DK-02654, DK-02860, DK-48152, DK-50703,
DK-55460, DK-17047, DK-55460, DK-35876,
HL-07028, HL-49293, RR-00037, HL-29393,
U01-HL-079163, and G12-RR-03061) and the
Department of Veterans Affairs.
Duality of Interest. No potential conflicts of
interest relevant to this article were reported.
Author Contributions. M.R.G.A. conceived
the project, collected data, conducted statistical
analysis, and wrote the manuscript. A.M.K. and
W.Y.F. collected and contributed data to this
project, assisted with statistical interpretation
of the results, helped draft sections of the
manuscript, and reviewed and edited the man-
uscript. W.C.H. assisted with statistical inter-
pretation of the results, helped draft sections of
the manuscript, and reviewed and edited the
manuscript. H.K.C. conceived and collected data
and reviewed and edited the manuscript. A.G.
collected data, prepared data files, contributed
to the interpretation of the results, and re-
viewed and edited the manuscript. E.J.B. and
T.H. collected and contributed data to this
project, assisted with statistical interpretation
of the results, and reviewed and edited the
manuscript. S.E.K. collected and contributed
data to this project and reviewed and edited
the manuscript. D.L.L. and M.J.M. collected and
contributed data to this project. Y.O. and K.K.S.

reviewed and edited the manuscript. M.R.G.A.
is the guarantor of this work and, as such, had
full access to all the data in the study and takes
responsibility for the integrity of the data and
the accuracy of the data analysis.
Prior Presentation. Excerpts of this study (San
Diego and Hawaii data) were presented as an
oral presentation (OR-71) and all data from this
manuscript were presented as a late-breaking
poster (161-LR) at the 74th Scientific Sessions of
the American Diabetes Association, San Fran-
cisco, CA, 13–17 June 2014.

References
1. International Diabetes Federation. IDF Diabe-
tes Atlas. 6th ed. Brussels, Belgium, International
Diabetes Federation, 2013
2. Wild S, Roglic G, Green A, Sicree R, King H.
Global prevalence of diabetes: estimates for the
year 2000 and projections for 2030. Diabetes
Care 2004;27:1047–1053
3. Karter AJ, Schillinger D, Adams AS, et al. Ele-
vated rates of diabetes in Pacific Islanders and
Asian subgroups: The Diabetes Study of North-
ern California (DISTANCE). Diabetes Care 2013;
36:574–579
4. American Diabetes Association. Standards of
medical care in diabetesd2014. Diabetes Care
2014;37(Suppl. 1):S14–S80
5. WHO Expert Consultation. Appropriate
body-mass index for Asian populations and its
implications for policy and intervention strate-
gies. Lancet 2004;363:157–163
6. Staimez LR, Weber MB, Narayan KM, Oza-
Frank R. A systematic review of overweight,
obesity, and type 2 diabetes among Asian Amer-
ican subgroups. Curr Diabetes Rev 2013;9:312–
331
7. Ntuk UE, Gill JM,Mackay DF, Sattar N, Pell JP.
Ethnic-specific obesity cutoffs for diabetes
risk: cross-sectional study of 490,288 UK Bio-
bank participants. Diabetes Care 2014;37:
2500–2507
8. Chiu M, Austin PC, Manuel DG, Shah BR, Tu
JV. Deriving ethnic-specific BMI cutoff points for
assessing diabetes risk. Diabetes Care 2011;34:
1741–1748
9. AranetaMRG,Wingard DL, Barrett-Connor E.
Type 2 diabetes and metabolic syndrome in
Filipina-American women: a high-risk nonobese
population. Diabetes Care 2002;25:494–499
10. Grandinetti A, Kaholokula JK, Theriault AG,
Mor JM, Chang HK, Waslien C. Prevalence of
diabetes and glucose intolerance in an ethni-
cally diverse rural community of Hawaii. Ethn
Dis 2007;17:250–255
11. Kanaya AM, Kandula N, Herrington D, et al.
Mediators of Atherosclerosis in South Asians
Living in America (MASALA) study: objectives,
methods, and cohort description. Clin Cardiol
2013;36:713–720

12. Fujimoto WY, Leonetti DL, Kinyoun JL, et al.
Prevalence of diabetes mellitus and impaired
glucose tolerance among second-generation
Japanese-American men. Diabetes 1987;36:
721–729
13. Fujimoto WY, Leonetti DL, Bergstrom RW,
Kinyoun JL, Stolov WC, Wahl PW. Glucose intoler-
ance and diabetic complications among Japanese-
American women. Diabetes Res Clin Pract 1991;
13:119–129
14. Fujimoto WY, Bergstrom RW, Leonetti DL,
Newell-Morris LL, Shuman WP, Wahl PW. Met-
abolic and adipose risk factors for NIDDM and
coronary disease in third-generation Japanese-
American men and women with impaired
glucose tolerance. Diabetologia 1994;37:
524–532
15. U.S. Preventive Services Task Force. Draft
Recommendation Statement. Abnormal Glu-
cose and Type 2 Diabetes Mellitus in Adults:
Screening [Internet]. Available from http://
www.uspreventiveservicestaskforce.org/Page/
Document/RecommendationStatementDraft/
screening-for-abnormal-glucose-and-type-2-
diabetes-mellitus. Accessed 23 October 2014
16. Gregg EW, Li Y, Wang J, et al. Changes in
diabetes-related complications in the United
States, 1990-2010. N Engl J Med 2014;370:
1514–1523
17. Araneta MRG, Barrett-Connor E. Ethnic dif-
ferences in visceral adipose tissue and type 2
diabetes: Filipino, African-American, and white
women. Obes Res 2005;13:1458–1465
18. Wander PL, Boyko EJ, Leonetti DL, McNeely
MJ, Kahn SE, Fujimoto WY. Change in visceral
adiposity independently predicts a greater risk
of developing type 2 diabetes over 10 years in
Japanese Americans. Diabetes Care 2013;36:
289–293
19. HsuWC, Boyko EJ, FujimotoWY, et al. Path-
ophysiologic differences among Asians, native
Hawaiians, and other Pacific Islanders and treat-
ment implications. Diabetes Care 2012;35:
1189–1198
20. Kanaya AM, Herrington D, Vittinghoff E,
et al. Understanding the high prevalence of di-
abetes in U.S. South Asians compared with four
racial/ethnic groups: the MASALA and MESA
studies. Diabetes Care 2014;37:1621–1628
21. Araneta MR, Grandinetti A, Chang HK. A1C
and diabetes diagnosis among Filipino Ameri-
cans, Japanese Americans, and Native Hawai-
ians. Diabetes Care 2010;33:2626–2628
22. Nathan DM, Davidson MB, DeFronzo RA,
et al.; American Diabetes Association. Impaired
fasting glucose and impaired glucose tolerance:
implications for care. Diabetes Care 2007;30:
753–759
23. FujimotoWY, Boyko EJ, Hayashi T, et al. Risk
factors for type 2 diabetes: lessons learned from
Japanese Americans in Seattle. J Diabetes Inves-
tig 2012;3:212–224

care.diabetesjournals.org Araneta and Associates 7

http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementDraft/screening-for-abnormal-glucose-and-type-2-diabetes-mellitus
http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementDraft/screening-for-abnormal-glucose-and-type-2-diabetes-mellitus
http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementDraft/screening-for-abnormal-glucose-and-type-2-diabetes-mellitus
http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementDraft/screening-for-abnormal-glucose-and-type-2-diabetes-mellitus
http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementDraft/screening-for-abnormal-glucose-and-type-2-diabetes-mellitus
http://care.diabetesjournals.org



