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OBJECTIVE

To compare the relationship between adiposity and prevalent diabetes across
ethnic groups in the UK Biobank cohort and to derive ethnic-specific obesity cut-
offs that equate to those developed on white populations in terms of diabetes
prevalence.

RESEARCH DESIGN AND METHODS

UK Biobank recruited 502,682 U.K. residents aged 40–69 years. We used baseline
data on the 490,288 participants from the four largest ethnic subgroups: 471,174
(96.1%) white, 9,631 (2.0%) South Asian, 7,949 (1.6%) black, and 1,534 (0.3%) Chi-
nese. Regressionmodels were developed for the association between anthropomet-
ric measures (BMI, waist circumference, percentage body fat, and waist-to-hip ratio)
and prevalent diabetes, stratified by sex and adjusted for age, physical activity,
socioeconomic status, and heart disease.

RESULTS

Nonwhite participants were two- to fourfold more likely to have diabetes. For the
equivalent prevalence of diabetes at 30 kg/m2 in white participants, BMI equated
to the following: South Asians, 22.0 kg/m2; black, 26.0 kg/m2; Chinese women,
24.0 kg/m2; and Chinese men, 26.0 kg/m2. Among women, a waist circumference
of 88 cm in the white subgroup equated to the following: South Asians, 70 cm;
black, 79 cm; and Chinese, 74 cm. Among men, a waist circumference of 102 cm
equated to 79, 88, and 88 cm for South Asian, black, and Chinese participants,
respectively.

CONCLUSIONS

Obesity should be defined at lower thresholds in nonwhite populations to ensure
that interventions are targeted equitably based on equivalent diabetes prevalence.
Furthermore, within the Asian population, a substantially lower obesity threshold
should be applied to South Asian compared with Chinese groups.

Obesity and diabetes are major causes of morbidity and mortality (1). There is
substantial evidence that obesity is an independent, causal risk factor for type 2
diabetes (2–4), with a dose relationship whereby risk increases above a BMI of 20
kg/m2 (3). Obesity accounts for;6% of deaths annually in the U.K. (4), and diabetes
is the fifth leading cause of noncommunicable disease death globally (1,5). Diabetes
and obesity both predispose to cardiovascular disease, the leading cause of
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mortality in the U.K. (4–7) and a major
contributor to health care costs (6–8).
Both obesity and diabetes are increasing
in prevalence, particularly among peo-
ple from nonwhite ethnic groups (6,7).
Type 2 diabetes is up to six times more
common in people of South Asian de-
scent and up to three times more com-
mon among people of African and
African-Caribbean origin (7,9), com-
pared with white populations.
Epidemiological studies carried out in

North America, Europe, and Australia
suggest that South Asian, black, and Chi-
nese people experience a higher risk of
diabetes at lower levels of obesity than
whites (9–18). This suggests that con-
ventional clinical thresholds for obesity
that were originally derived from popu-
lations of white European descent,
namely BMI $30 kg/m2 or greater (19)
or a waist circumference $88 cm in
women or $102 cm in men (20), may
not be appropriate for nonwhite groups
(15–18). Accordingly, both the World
Health Organization (WHO) and Interna-
tional Diabetes Federation (IDF) have
proposed the development of different
thresholds for defining overweight and
obesity in Asian populations worldwide,
with the WHO Expert Consultation rec-
ommending that overweight should be
defined as BMI.23 kg/m2 and obese as
BMI .27.5 kg/m2 in Asian populations
(19,19) and the IDF recommending
waist circumference cutoffs of 80 cm
for Asian women and 90 cm for Asian
men (21). Another proposal, by experts
in India, suggested that slightly lower
cutoffs for BMI of 23 and 25 kg/m2, for
overweight and obesity respectively,
should be used for Asian Indians (15).
However, insufficient data were avail-
able to derive cutoffs for black popula-
tions, and the IDF has suggested that the
European cutoff points should be used
until such data are generated (21).
One limitation of the available data is

that most cohorts recruited relatively
small numbers of nonwhite participants,
making it difficult to obtain robust esti-
mates of the BMI and waist circumfer-
ence at which diabetes prevalence is
equivalent. Furthermore, despite dia-
betes prevalence differing markedly
between South Asians and Chinese popu-
lations (22), current proposals for ethnicity-
specific obesity cutoffs have generally
considered Asians as a single group and
have not evaluated whether obesity

thresholds should differ between ethnic
groups of Asian origin. Because of its
large overall size, UK Biobank recruited
sufficient numbers of participants from
the black, Chinese, and South Asian pop-
ulations to make such determinations
possible. The aim of this paper was
therefore to compare the relation-
ship between adiposity and prevalent
diabetes across ethnic groups in the UK
Biobank cohort and then derive robust
ethnic-specific obesity cutoffs for
black, Chinese, and South Asian popula-
tions that equate to those developed on
white populations in terms of diabetes
prevalence.

RESEARCH DESIGN AND METHODS

Study Population
This cross-sectional study used base-
line data from UK Biobank, a large,
population-based cohort study set up
to study the lifestyle, environmental,
and genetic determinants of a range of
important diseases of adulthood (23).
Around 9.2 million invitation letters
were sent out to potential participants
in order to recruit at least 500,000 par-
ticipants. Between April 2007 and De-
cember 2010, UK Biobank recruited
502,682 participants (5.5% response
rate) aged between 40 and 69 years,
via 22 assessment centers located across
the U.K. (23,24). Extensive baseline in-
formation was collected via question-
naires and physical measurements (23).

Definitions and Exclusion Criteria
Diabetes and heart disease were based
on self-report of a physician diagnosis.
Participants classified themselves into 1
of 16 ethnic groups consistent with the
U.K. Office of National Statistics census
categories (25). This study was re-
stricted to participants who identified
themselves as belonging to one of the
following ethnic groups: white, Indian,
Pakistani, Bangladeshi, black African,
black Caribbean, or Chinese. In order
to maximize statistical power, Indian,
Pakistani, and Bangladeshi participants
were analyzed collectively as South
Asian, and the black African and black
Caribbean participants were grouped
together as the black ethnic group in
the initial analyses. Indian and Pakistani
participants were considered separately
in a supplementary analysis. Socioeco-
nomic status was measured using the
Townsend deprivation score, an area

of residence–based index of material
deprivation derived from census infor-
mation on housing, employment, social
class, and car availability. Alcohol intake,
smoking, and physical activity were
self-reported. Physical activity was
measured in accordance with the Inter-
national Physical Activity Questionnaire
scoring protocol (http://www.ipaq.ki
.se/scoring.pdf). We computed total
physical activity as the sum of walking,
moderate activity, and vigorous activ-
ity, measured as METs (min/week),
and analyzed the derived measure as a
continuous variable.

Anthropometric measurements were
obtained by trained research clinic staff
who followed standard operating proce-
dures and used regularly calibrated
equipment. Weight was measured,
without shoes and outdoor clothing, us-
ing the Tanita BC 418 body composition
analyzer. Height was measured, without
shoes, using thewall-mounted SECA 240
height measure. BMI was calculated
from weight (in kilograms) divided by
the square of height (in meters). Waist
circumference was measured at a point
midway between the lowest rib margin
and the iliac crest, in a horizontal plane,
and hip circumference was measured
just over the buttocks at the point of
maximum circumference. Both were
measured using a nonelastic SECA 200
tape measure. The waist-to-hip ratio
(WHR) was calculated from waist cir-
cumferencedividedbyhip circumference.
Percentage body fat was measured using
the Tanita BC418MA body composition
analyzer.

Statistical Analyses
All statistical analyses were performed
using Stata version 12.2 (Stata Corpora-
tion, College Station, TX). Participants
with missing information on diabetes
were excluded, and men and women
were analyzed separately. The demo-
graphic and anthropometric character-
istics of each ethnic group were
summarized using themedian and inter-
quartile range for continuous variables
and frequencies and percentages for
categorical data. The statistical signifi-
cance of differences between ethnic
groups was tested using the Kruskal-
Wallis test for continuous variables
and Pearson x2 test for categorical var-
iables. Ordinal variables were tested
using a x2 test for trend. The P values

2 Ethnic-Specific Obesity Cutoffs Diabetes Care

http://www.ipaq.ki.se/scoring.pdf
http://www.ipaq.ki.se/scoring.pdf


for all hypothesis tests were two sided,
and P , 0.05 was interpreted as statis-
tically significant.
Univariate binary logistic regression

models were used to examine the crude
association between level of adiposity
and diabetes. Separate models were
run for each of the anthropometric
measures, and all were treated as con-
tinuous variables. All ethnic groups were
entered into the same model, and the
model was stratified by ethnic group,
with white used as the referent cate-
gory. All of the models were rerun ad-
justing for the potential confounding
effects of age and Townsend score. Fi-
nally, alcohol consumption, physical ac-
tivity, and presence/absence of heart
disease were also added as covariates.
Goodness of fit of the logistic regression
models was assessed using the area un-
der the receiver operating characteristic
curve.
To determine ethnic-specific cut

points for adiposity, BMI and waist cir-
cumference were modeled using re-
stricted cubic splines (RCS) with three
knots. RCS was preferred over a linear
model because the Akaike information
criterion static was lower for all RCS
models compared with the linear mod-
els, for determining adiposity cut points
(26). We examined the age-adjusted in-
teraction with ethnicity of each of the
anthropometric measures separately
by sex and plotted the prevalence of di-
abetes against the level of adiposity by
ethnic group. The cutoff values applied
towhitemenwere 30 kg/m2 for BMI and
102 cm for waist circumference. For
women, they were 30 kg/m2 and 88
cm, respectively. The figures were used
to determine the ethnic-specific cutoffs
at which the prevalence of diabetes was
equal to that in the white population.
We repeated the analyses, excluding
those who had been diagnosed with
diabetes for 5 years or longer, to deter-
mine whether this changed the ethnic-
specific cutoffs.

RESULTS

Of the 502,682 UK Biobank participants,
491,741 (97.8%) belonged to the eligible
ethnic groups. Information on diabetes
was missing for 1,453 (0.3%) eligible
participants. Therefore, the study popu-
lation comprised 490,288 participants.
Of these, 471,174 (96.1%) were white,
9,631 (2.0%) South Asian, 7,949 (1.6%)

black, and 1,574 (0.3%) Chinese. A total
of 38,632 participants provided infor-
mation on the “year immigrated to
United Kingdom.” Of these, 15,271
(39.5%) were from nonwhite ethnic
groups, and their median time living in
the U.K. was 34 years. Overall, 25,567
(5.2%) had diabetes.

The prevalence of diabetes was
higher than in whites among all non-
white groups and highest among South
Asian participants (Table 1). In compar-
ison with white women, most anthropo-
metric measures were higher among
South Asian and black women and lower
among Chinese women (Table 1). All of
the anthropometric measures, other
than WHR, suggested that adiposity
was highest among black women.
Among men, the results were less con-
sistent across the individual measures.
In both sexes, there were significant dif-
ferences between the ethnic groups in
age, socioeconomic status, smoking sta-
tus, alcohol intake, and level of physical
activity (Table 1).

The univariate logistic regression
analyses confirmed a stronger associa-
tion between adiposity and diabetes in
nonwhite groups, among both men and
women (Table 2). The association was
strongest among South Asian partici-
pants, irrespective of their sex and the
anthropometric measure used (Table 2).
After adjustment for the potential con-
founding effects of age and socioeco-
nomic status, the stronger associations
in nonwhite groups increased further.
The associations were modestly attenu-
ated after inclusion of alcohol consump-
tion, physical activity, and presence/
absence of heart disease in the models,
but all associations remained statisti-
cally significant, and the association be-
tween adiposity and diabetes remained
three- to fourfold greater in South Asian
than white participants (Table 2).

In Fig. 1, the prevalence of diabetes is
plotted against the level of adiposity by
ethnic group. Irrespective of the anthro-
pometric measure used (BMI or waist
circumference), the prevalence of dia-
betes among nonwhite groups was
equivalent to that in the white group
at a lower level of adiposity. Compared
withwhitewomenwith aBMIof 30 kg/m2,
diabetes prevalence was equivalent in
South Asian women with a BMI of 22.0
kg/m2, in black women with a BMI of
26.0 kg/m2, and in Chinese women

with a BMI of 24.0 kg/m2 (Fig. 1A and
Table 3). In men, the equivalent figures
were comparable at 21.6, 26.0, and 26.0
kg/m2 for South Asian, Chinese, and
black men, respectively (Fig. 1B and Ta-
ble 3). For waist, a circumference of 88
cm in white womenwas equivalent to 70
cm in South Asian women, 74 cm in Chi-
nese women, and 79 cm in black women,
in terms of diabetes prevalence (Fig. 1C
and Table 3). A waist circumference of
102 cm in white men was equivalent to
79, 88, and 88 cm in South Asian, Chi-
nese, and black men, respectively (Fig.
1D and Table 3). We repeated the anal-
ysis considering Indians and Pakistanis
separately and found that for women,
BMI values of 21.6 kg/m2 in Pakistanis
and 22.3 kg/m2 in Indians, and for men,
BMI values of 21.5 and 22.0 kg/m2 for
Pakistanis and Indians, respectively,
were equivalent to a BMI of 30 kg/m2

in whites for diabetes prevalence. Simi-
larly, equivalent waist circumference val-
ues were lower for Pakistani than Indian
women (68.0 vs. 70.0 cm) and men (78.0
vs. 80.0 cm) (Supplementary Fig. 1 and
Supplementary Table 1). When we re-
peated the analyses excluding partici-
pants who had been diagnosed with
diabetes for 5 years or longer, the BMI
and waist circumference cutoffs were
very similar to the previous values for
black and Chinese groups, but the values
for South Asian men were slightly higher
(Table 3). The areas under the receiver
operating characteristic curves showed
that the logistic regression models
were a good fit, ranging from 74 to
78% (Supplementary Table 2).

CONCLUSIONS

Our study demonstrated ethnic differ-
ences in both the prevalence of diabetes
and the association between adiposity
and prevalent diabetes. Consistent
with previous studies, South Asians
had the highest prevalence of diabetes,
followed by Chinese and black partici-
pants, with whites having the lowest
prevalence (7,10,11). Obesity was a
risk factor in all ethnic groups, but the
risk associated with obesity, as defined
by current guidelines, was two- to four-
fold higher in nonwhite participants. In
nonwhite groups, the prevalence of di-
abetes was equivalent to that in white
populations at much lower levels of BMI
and waist circumference. Using current
guidelines to target interventions at
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obese individuals would result in a
higher risk threshold for diabetes being
applied to nonwhite individuals. The
curvilinear relationship between BMI
and diabetes contrasts to the U-shaped
relationship between BMI and total and
cardiovascular mortality, which is not
fully understood. This simpler relation-
ship, combined with plentiful evidence
that diabetes can be prevented by life-
style changes, justifies the focus on di-
abetes in deriving ethnic-specific
cutoffs.

Our findings are consistent with pre-
vious studies in suggesting that the cut-
offs currently recommended by the
WHO should be reduced when applied
to nonwhite populations (11–16).
Whereas the current cutoffs apply
equally well to diabetes and cardiovas-
cular disease when applied to white
populations, studies in nonwhite popu-
lations tend to produce lower ethnic-
specific equivalents for diabetes than
cardiovascular disease (12,14,18). Our
study demonstrated that South Asians
had an equivalent prevalence of diabe-
tes at a BMI of 22.0 kg/m2 in women and
21.6 kg/m2 in men, which is at the lower
end of the normal BMI range for white
populations. This is consistent with pre-
vious studies. A U.K. study by Gray et al.
(12) measuring glycemic risk score pro-
duced BMI cutoffs of 21.5 and 22.6
kg/m2 for South Asian men and women,
respectively, as being equivalent to a
BMI of 30.0 kg/m2 in whites, and a sim-
ilar Canadian study by Razak et al. (13)
suggested a BMI cutoff of 21.0 kg/m2 in
South Asians for both men and women.
Chiu et al. (14) recommended a higher
South Asian cutoff value of 24.0 kg/m2

based on the adjusted incidence of
diabetes, but did not include any confi-
dence intervals to indicate the precision
of their cut point estimates. Nyamdorj
et al. (10) pooled data from 30 cross-
sectional studies (n = 54,467), con-
ducted in 11 Asian and European
countries, on the crude prevalence of
diabetes and reported an equivalent
BMI cutoff of 19.0 kg/m2 for South
Asian groups. Our study cutoffs for
BMI of 24.0 kg/m2 in Chinese women,
26.0 kg/m2 in Chinese men, and 26.0
kg/m2 for both black women and men
were comparable to the cutoff range of
23.0–26.0 kg/m2 shown by Nyamdorj
et al. (10), Chiu et al. (14), and Stommel
et al. (10,18) based on diabetes. In
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contrast, our study cutoff for Chinese
was higher than the value of 21.0
kg/m2 recommended by Razak et al.
(13) based on glycemic risk score. Based

on glycemic risk score, rather than di-
abetes, Gray et al. (12) produced an
identical cutoff value of 69 cm for South
Asian women but a higher figure of 84

cm for South Asian men, whereas the
Nyamdorj et al. (10) study based on diabe-
tes recommended 70 and 73 cm in South
Asian women and men, respectively,

Figure 1—Age-adjusted associations between diabetes prevalence and adiposity. This figure presents the relationship between diabetes prevalence
and BMI by ethnic groups in South Asian (solid red line), Chinese (solid blue line), black (solid green line), and white (solid black line) women (A) and
South Asian (solid red line), Chinese and black (solid green line), and white (solid black line) men (B), and the relationship between diabetes
prevalence and waist circumference by ethnic groups in South Asian (solid red line), Chinese (solid blue line), black (solid green line), and white (solid
black line) women (C) and South Asian (solid red line), Chinese and black (solid green line), and white (solid black line) men (D), showing the
equivalent levels of adiposity in each ethnic group compared with the white ethnic group. Results are adjusted for age and stratified by sex.

Table 3—Age-adjusted BMI and waist circumference cutoffs equivalent to conventional obesity thresholds by ethnic group
and sex

White South Asian Black Chinese

Reference cutoff value Mean (95% CI) Mean (95% CI) Mean (95% CI)

Including all participants with diabetes
Women BMI (kg/m2) 30.0 22.0 (21.4–23.0) 26.0 (25.3–27.2) 24.0 (22.3–27.1)

WC (cm) 88.0 70.0 (66.0–72.0) 79.0 (77.3–81.5) 74.0 (69.5–80.0)
Men BMI (kg/m2) 30.0 21.6 (21.0–22.6) 26.0 (25.3–27.3) 26.0 (24.0–28.5)

WC (cm) 102.0 79.0 (77.0–80.4) 88.0 (86.2–90.3) 88.0 (83.4–94.1)

Including only participants with diabetes diagnosed within last 5 years
Women BMI (kg/m2) 30.0 22.3 (21.4–23.6) 25.3 (24.2–26.7) 23.4 (20.5–28.1)

WC (cm) 88.0 72.0 (69.5–75.3) 78.0 (75.3–81.3) 74.0 (68.6–82.7)
Men BMI (kg/m2) 30.0 23.4 (22.3–25.0) 26.0 (24.8–27.4) 26.0 (23–30.3)

WC (cm) 102.0 84.0 (77.0–85.2) 88.0 (85.3–91.5) 88.0 (80.3–101.5)

WC, waist circumference.
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and 70 and 82 cm in Chinese women and
men.
This study builds on the earlier pub-

lished findings in a number of important
ways. First, with a total of 490,288 par-
ticipants, including 9,631 South Asians,
1,534 Chinese, and 7,949 blacks, it is
;10 times larger than any other previ-
ous investigation on this topic. This al-
lows for a more precise estimate of the
equivalent BMI and waist cut points
than was previously possible and for ro-
bust cut point estimates to be made for
men and women separately. We also
considered cut points for Indians and
Pakistanis separately, within the South
Asian group, reporting for the first time
that equivalent BMI andwaist cut points
for diabetes prevalence were slightly
lower in Pakistanis than Indians. It is of
note that 89.4% of South Asian women
and 94.8% of South Asian men in the UK
Biobank cohort had BMI values .22.0
and 21.6 kg/m2, respectively. This sug-
gests that, depending on the nature of
the intervention, it may sometimes be
more feasible and cost-effective to
target all South Asians rather than trying
to identify the largemajority at high risk.
For people with a BMI of ;22 kg/m2,
weight loss interventions may not be
the most appropriate mechanism for re-
ducing diabetes risk, but other lifestyle
interventions such as dietary modifica-
tion and increased physical activity
could be established for them. Studies
have shown that physical activity levels
are lower in South Asian groups and that
South Asians may need to engage in
greater levels of physical activity than
whites for an equivalent glycemic risk
profile (27,28). Therefore, future re-
search is required to determinewhether
interventions aimed at increasing phys-
ical activity, rather than weight loss per
se,may bemore appropriate at this level
of BMI.
Several hypotheses have been pro-

posed to explain why nonwhite popula-
tions have an equivalent risk of diabetes
at lower levels of adiposity. Many re-
searchers attribute this to higher insulin
resistance among Asian and black pop-
ulations, as a result of which body fat is
deposited in the abdomen and liver at a
lower BMI, and that the “thrifty gene”
inherited from Asian ancestors enabled
them to store calories more efficiently
during long periods of famine, but
predisposes to weight gain in our

obesogenic environment (29,30). Lower
birth weight, shorter limbs relative to
the trunk, insufficient physical activity,
physiological differences such as low fit-
ness and reduced capacity for fat oxida-
tion have also been suggested as
contributory factors (27,30).

UK Biobank is a very large study and
provided sufficient numbers in the four
main ethnic subgroups. Therefore, ama-
jor strength was our ability to compare
several ethnic groups living in the same
country within the same study. Previous
U.K. cross-sectional studies have been
smaller overall, recruited smaller num-
bers of nonwhite participants, and com-
pared fewer ethnic groups; for example,
the study by Mckeigue et al. (11) was
based on 3,754 participants in total.
We had access to several measures of
adiposity, all measured by trained staff,
using validated methods and standard
operating procedures. We were able to
adjust for a wide range of potential con-
founding factors, but residual confound-
ing can never be fully excluded from an
observational study. Our results showed
that the regression fitted the different
models reasonably well, with all produc-
ing areas under the curve in excess of
74%. In our cross-sectional study of
prevalent cases of diabetes, we could
not establish a temporal relationship
between obesity and diabetes. How-
ever, reverse causation is unlikely to
be a major problem since the subgroup
analysis that included only recently
(within 5 years) diagnosed patients
with diabetes produced very similar cut-
off values (except for South Asian men,
in which the cut point values increased
slightly). Diabetes was ascertained by
self-report of a physician diagnosis.
Therefore, incomplete ascertainment is
possible but unlikely to introduce a sys-
tematic error. Indeed, Bays et al. (31)
reported that the prevalence of diabe-
tes was similar when based solely on
self-report in the SHIELD (Study to
Help Improve Early evaluation and man-
agement of risk factors Leading to Dia-
betes) screening survey compared with
clinical and laboratory corroboration
of self-reports in the National Health
and Nutrition Examination Survey.
Schneider et al. (32) also showed that
self-reported diabetes was .92% reli-
able and 83% sensitive. We were unable
to differentiate between type 1 and type
2 diabetes. However, in the age-group

studied, the majority of cases (.90%)
will be type 2 (7), and the cutoffs were
very similar in the subgroup analysis lim-
ited to participants with recently diag-
nosed diabetes, who are much less
unlikely to be type 1. In due course,
follow-up of UK Biobank participants
will provide data on incident cases of di-
abetes, which can be used to verify the
cutoffs derived from the baseline data.
This study was conducted in the U.K.
From migration studies, we know that
ethnic groups who emigrate differ from
those remaining in their native countries
in terms of metabolic risk and that this is
due to changes in their lifestyle (33–37).
However, we believe that the underlying
relationship between adiposity and dia-
betes in a given ethnic group should be
unaffected by country of residence, and
therefore the results should be general-
izable to people of the same ethnic
group who live outside of the U.K., in-
cluding their country of origin. However,
further studies should be conducted to
corroborate this.

Defining a threshold value for BMI or
waist circumference is necessary to tar-
get diabetes screening and prevention,
including weight reduction interven-
tions. Our study adds to the growing
evidence that nonwhite groups face a
greater burden of diabetes at lower lev-
els of adiposity. Therefore, applying the
same adiposity thresholds in nonwhite
and white populations introduces in-
equality in terms of disease risk. There
is now overwhelming evidence of the
need for lower ethnic-specific cutoffs
for intervention in nonwhite popula-
tions. Although the precise cutoffs var-
ied slightly between studies, the
rankings of ethnic groups has been con-
sistent, with South Asians having the
lowest cutoff values and Chinese having
values either equal to or below those of
black groups. Lower obesity thresholds
should be applied to nonwhite groups,
and should be specific to each ethnic
group, in order to ensure an equitable
approach based on equivalent risk. In
particular, the present data show that
Asians should not be treated as a single
group when considering obesity thresh-
olds, an approach that has been adopt-
ed in some previous recommendations
(15,19,21), with South Asians requiring a
substantially lower obesity cutoff than
Chinese. Moreover, these findings,
which will aid future guidelines in this
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area, could help to promote better pub-
lic education and health measures to at-
tenuate obesity risks in high-risk ethnic
populations.
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Supplementary Table 1. Age-adjusted body mass index and waist circumference cut-offs equivalent to 
conventional obesity thresholds in Indian and Pakistani ethnic groups. 
 

    
White 
 

 
Pakistani 

 
Indian 

   (reference  
cut-off value) 

mean (95% CI) mean (95% CI) 

      Women BMI (kg/m2) 
 

30·0 21.6 (20.2–23.5) 22·3 (21.4-23.3) 

 WC (cm) 
 
 

88·0 68.0 (65.5–72.0) 70.0 (69.0–73·0) 

      Men BMI (kg/m2) 
 

30·0 21.5 (20.6–22.8) 22.0 (21·4–22.9) 
 
 

 WC (cm) 
 
 

102·0  78.0 (75.7–80.7) 80.0 (78·3–82·1) 

 

 
Supplementary Table 2. Table showing the goodness-of-fit for each model used in analyses by sex. 
 

 
 

Female 
 (%) 

Male  
(%) 

BMI 
 

77·0 76·0 

%BF 
 

74·0 74·0 

WC 
 

78·0 76·0 

WHR 78·0 75·0 
BMI body mass index; WC waist circumference; %BF percentage body fat; WHR waist-to-hip-ratio 
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Supplementary Figure 1. Age-adjusted adiposity cut-points in Indian, Pakistani and White women sub-groups. This figure presents the 
relationship between diabetes prevalence and body mass index (BMI) by ethnic groups in Indian (solid green line), Pakistani (solid red line) 
and White (black solid line) women (figure 1a) and men (figure 1b), and the relationship between diabetes prevalence and waist 
circumference by ethnic groups in Indian (solid green line), Pakistani (solid red line) and White (solid black line) women (figure 1c) and men 
(figure 1d) showing the equivalent levels of adiposity in each ethnic group compared to the White ethnic group. Results are adjusted for age 
and stratified by sex. 
 

 


