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OBJECTIVE—The deﬁnition of obesity (BMI $30 kg/m2), a key risk factor of diabetes, is
widely used in white populations; however, its appropriateness in nonwhite populations
has been questioned. We compared the incidence rates of diabetes across white, South Asian,
Chinese, and black populations and identiﬁed equivalent ethnic-speciﬁc BMI cutoff values for
assessing diabetes risk.

RESULTS—The median duration of follow-up was 6 years. After adjusting for age, sex, sociodemographic characteristics, and BMI, the risk of diabetes was signiﬁcantly higher among South
Asian (hazard ratio 3.40, P , 0.001), black (1.99, P , 0.001), and Chinese (1.87, P = 0.002)
subjects than among white subjects. The median age at diagnosis was lowest among South Asian
(aged 49 years) subjects, followed by Chinese (aged 55 years), black (aged 57 years), and white
(aged 58 years) subjects. For the equivalent incidence rate of diabetes at a BMI of 30 kg/m2 in
white subjects, the BMI cutoff value was 24 kg/m2 in South Asian, 25 kg/m2 in Chinese, and 26
kg/m2 in black subjects.
CONCLUSIONS—South Asian, Chinese, and black subjects developed diabetes at a higher
rate, at an earlier age, and at lower ranges of BMI than their white counterparts. Our ﬁndings
highlight the need for designing ethnically tailored prevention strategies and for lowering current
targets for ideal body weight for nonwhite populations.
Diabetes Care 34:1741–1748, 2011

T

ype 2 diabetes is a growing epidemic. There currently are an estimated 285 million people with
known type 2 diabetes (henceforth “diabetes”) worldwide; this number is projected to rise to ~438 million by 2030,
with a disproportionate burden expected
in developing countries, particularly India and China, and among ethnic minorities living in wealthier nations (1). Earlier
cross-sectional studies (2–4) have reported ethnic differences in the prevalence

of diabetes; however, to date there have
been no longitudinal studies comparing
the incidence rate and age at diagnosis
of diabetes across the world’s four major
ethnic groups (white, South Asian, Chinese,
and black populations) and among individuals from these four groups living in
the same social macroenvironment.
Although the deﬁnition of obesity
(BMI $30 kg/m2), a key risk factor of diabetes, has been validated in white populations (5), its appropriateness in Asian
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RESEARCH DESIGN AND
METHODS—The study cohort included individuals drawn from Statistics
Canada’s 1996 National Population
Health Survey (NPHS) and the Canadian
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RESEARCH DESIGN AND METHODS—We conducted a multiethnic cohort study of
59,824 nondiabetic adults aged $30 years living in Ontario, Canada. Subjects were identiﬁed
from Statistics Canada’s population health surveys and followed for up to 12.8 years for diabetes
incidence using record linkages to multiple health administrative databases.

populations has been questioned (6).
Recognizing this, a World Health Organization (WHO) expert panel was convened
in 2002 to discuss the potential for developing Asian-speciﬁc BMI cutoff points for
obesity (7). The consultation concluded
that with the data available at the time,
there was no clear BMI cutoff point that
would be universally applicable to Asians
and that the prespeciﬁed BMI ranges
would be retained (i.e., underweight
,18.5 kg/m2, normal 18.5 to ,25 kg/m2,
overweight 25 to ,30 kg/m2, and obese
$30 kg/m 2 ) for assessing the risk of
obesity-related chronic diseases. Nevertheless, the WHO expert panel recommended
potential BMI categories for public health
action in people of Asian descent (i.e.,
underweight ,18.5 kg/m 2 , increasing
but acceptable risk 18.5 to ,23 kg/m2,
increased risk 23 to ,27.5 kg/m2, and
high risk $27.5 kg/m2) (7). The WHO
panel also emphasized the need for longitudinal studies using disease outcomes
data to better understand the relationship
between BMI and obesity-related diseases
and to derive and validate ethnic-speciﬁc
BMI cutoff points. Because of these recommendations, several studies have attempted to redeﬁne obesity for Asians. A
systematic review (8) of these studies
found that, although most studies were
in favor of lowering the BMI cutoff point
for obesity in Asians, the majority of these
studies used cross-sectional data and some
did not report health outcomes.
The two main objectives of this multiethnic cohort study were 1) to compare the
incidence and age at diagnosis of diabetes
across white, South Asian, Chinese, and
black subjects living in Ontario, Canada,
one of the world’s most ethnically diverse
regions; and 2) to derive ethnically appropriate population-based BMI cutoff values
for obesity in assessing diabetes risk using
clinically ascertained diabetes. A cutoff
point of a BMI of 30 kg/m2 was chosen
because it represents the current standard
for obesity, a key risk factor of diabetes.

Ethnicity, BMI, and diabetes incidence

Data linkages
Each subject’s survey data were anonymously linked to health-administrative
databases using their encrypted 10-digit
health card number. Self-reported data on
prevalent comorbidities were augmented
using information found in administrative records (i.e., the Ontario Hypertension Database for hypertension [10] and
the hospital discharge abstract database of
the Canadian Institute for Health Information for heart disease [ICD-9 codes 410,
411, 413, and 428 or ICD-10 codes I20–
I22 and I50], stroke [ICD-9 codes 430–438
or ICD-10 codes I60–I69], and cancer
[ICD-9 code 14 or ICD-10 code C]). Records also were linked to the Ontario
Registered Persons Database for vital
status.
Subjects with prevalent diabetes,
heart disease, stroke, or cancer, identiﬁed
either by self-report or using administrative health records, and those with missing values for important risk factors (i.e.,
BMI, income adequacy, and urban/rural
dwelling) were excluded from the study.
The percentage of observations excluded
as a result of missing BMI values were
similar across ethnic groups (i.e., 2.5%
white, 2.0% South Asian, 2.9% Chinese,
and 3.5% black).
Incident cases of diabetes were ascertained by means of record linkages with
the population-based Ontario Diabetes
Database. The Ontario Diabetes Database
is created using a validated administrative
data algorithm that identiﬁes diabetes
from multiple administrative data sources
with high sensitivity (86%) and speciﬁcity
1742
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Table 1—Baseline characteristics of the study cohort by ethnic group, Ontario, Canada,
1996–2005*
White

South Asian

Chinese

Black

n
57,210
1,001
866
747
Sociodemographic characteristics
Age at baseline (years)
Mean
48.5
43.7
44.5
44.5
Median (interquartile range)
46 (38–57) 42 (36–49) 42 (36–50) 42 (36–51)
Male sex
49.1
56.8
51.0
50.1
Year of interview
1996
22.2
14.4
11.2
19.6
2001
27.1
26.9
27.1
28.5
2003
26.9
28.0
33.5
26.6
2005
23.9
30.7
28.2
25.3
Urban dwelling
67.4
84.1
88.1
78.9
Income adequacy†
1 (lowest)
6.2
13.2
6.3
14.9
2 (lower-mid)
16.4
26.4
26.9
27.6
3 (mid-higher)
35.5
35.9
34.7
33.9
4 (highest)
42.0
24.5
32.1
23.6
Individual income (CAN$) (mean)
43,950
33,402
33,060
33,572
Highest level of education in household
Less than secondary school diploma
7.7
4.9
4.1
7.5
Secondary school diploma
13.2
10.3
10.8
11.2
Some postsecondary
5.8
3.4
3.0
9.9
Postgraduate degree
73.3
81.4
82.1
71.4
Immigrant type, number of
years in Canada
Immigrant, ,10
2.5
41.5
35.0
18.3
Immigrant, 10 to ,30
6.3
47.4
48.3
48.6
Immigrant, $30
12.8
8.1
10.1
23.9
Nonimmigrant
78.5
3.0
6.6
9.3
Risk factors
BMI (in kg/m2)
Mean
26.1
24.6
22.6
26.1
Median (interquartile range)
26 (23–28) 24 (22–27) 22 (20–24) 26 (23–28)
Obesity (BMI $30 kg/m2)
16.5
6.9
2.2
14.7
Currently smoking
26.4
11.9
11.3
14.9
History of hypertension
20.4
17.1
15.2
20.8
Inadequate physical activity†
65.0
78.8
78.9
70.7
Inadequate fruit and vegetable
consumption†
21.7
16.4
26.8
22.7
Psychosocial stress†
26.4
23.2
18.9
21.5
Alcohol consumption (drinks per week)
,3
61.0
84.8
92.2
85.4
3–14
33.3
14.1
7.3
13.7
.14
5.7
1.1
0.6
0.8
Number of alcoholic drinks per week
Mean
3.9
1.1
0.7
1.3
Median (interquartile range)
1 (0–5)
0 (0–1)
0 (0–0)
0 (0–1)
Data are percentages, unless otherwise indicated. Data were derived from the Ontario components of Statistics Canada’s NPHS and CCHS, 1996–2005. *The study cohort included 57,210 white, 1,001 South Asian,
866 Chinese, and 747 black participants living in Ontario. All estimates were weighted by the survey sample
weight to allow for estimates to be generalizable to the overall Ontario population. †Deﬁnitions: income
adequacy, based on annual household income and the number of people in the household [18]; inadequate
physical activity, #15 min/day; inadequate fruit and vegetable intake, less than three times per day; psychosocial stress, feeling “extremely” or “quite a bit” versus “not at all,” “not very,” or “a bit” stressed most days.
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Community Health Survey (CCHS) cycles
1.1 (2001), 2.1 (2003), and 3.1 (2005) (9).
The NPHS/CCHS are periodic government–
funded surveys that provide populationbased estimates of the health status of
Canadians. These surveys were conducted
in over 25 languages and had response
rates between 75.1 and 94.4%.
Our study included survey participants living in Ontario who were aged
$30 years at the time of survey and who
identiﬁed themselves as white, South Asian
(i.e., of Indian, Pakistani, Bangladeshi,
or Sri Lankan origin), Chinese, or black.
The surveys collected information on various sociodemographic characteristics
(e.g., income, education) and risk factors
(e.g., BMI from self-reported height
and weight, current smoking, and inadequate physical activity). Additional details on these variables are published
elsewhere (4).

Chiu and Associates
Table 2—Ethnic-speciﬁc incidence rates (per 1,000 person-years) of diabetes for subjects aged $30 years, overall and by
sociodemographic characteristics and categories of BMI*
Ethnic group (rate [95% CI])†
South Asian
(n = 1,001)

Chinese
(n = 866)

Black
(n = 747)

9.5 (9.1–9.9)

20.8 (16.1–25.4)

9.3 (5.8–13.1)

16.3 (11.8–21.6)

4.8 (4.4–5.3)
12.9 (12.0–13.6)
17.5 (16.1–19.0)

16.3 (11.7–21.8)
28.1 (18.1–40.4)
25.5 (9.8–47.7)

4.7 (1.7–7.6)
13.1 (5.9–21.6)
36.4 (14.0–68.5)

7.2 (3.8–10.8)
30.5 (20.1–42.7)
32.7 (8.2–83.5)

10.8 (10.1–11.4)
8.4 (7.8–8.9)

24.0 (16.6–31.8)
16.8 (10.9–23.2)

10.3 (5.6–16.1)
8.1 (3.5–13.4)

14.1(8.3–20.7)
18.8 (11.3–26.2)

12.9 (11.3–14.5)
11.8 (10.8–12.9)
9.5 (8.8–10.3)
7.9 (7.2–8.7)

29.4 (14.4–46.9)
19.5 (12.2–28.4)
16.4 (9.4–24.8)
24.4 (14.2–35.6)

4.4 (0.0–11.7)
7.0 (2.8–11.5)
10.4 (3.9–18.9)
11.1 (5.1–17.1)

33.6 (18.0–54.9)
6.9 (2.2–13.3)
21.0 (12.8–31.3)
9.9 (3.6–17.7)

13.6 (12.2–14.9)
8.7 (8.0–9.3)

25.3 (8.3–40.9)
18.5 (13.0–24.5)

19.9 (6.1–36.0)
9.6 (5.2–14.5)

22.3 (8.1–41.8)
14.2 (8.2–21.3)

9.4 (8.8–10.0)
9.7 (9.1–10.3)

18.8 (11.3–28.2)
21.5 (16.0–27.1)

4.5 (1.3–9.3)
10.5 (6.0–15.0)

17.2 (9.2–26.2)
15.9 (10.7–21.7)

8.9 (8.5–9.4)
11.7 (10.4–13.0)

30.8 (3.4–79.5)
20.5 (15.9–25.1)

8.6 (0.9–21.7)
9.4 (5.8–13.5)

8.1 (0.7–19.4)
17.2 (12.7–22.8)

4.0 (2.2–6.4)
8.9 (6.8–11.0)
14.9 (13.2–16.7)

17.5 (11.3–25.5)
22.6 (14.8–30.2)
23.8 (10.1–41.8)

2.6 (0.7–5.0)
10.7 (5.4–16.6)
29.9 (8.8–57.4)

14.3 (5.5–26.2)
17.4 (10.7–25.3)
19.4 (8.5–34.3)

3.3 (1.2–5.6)
4.1 (3.7–4.5)
10.0 (9.3–10.8)
25.6 (23.5–27.4)

1.8 (0.0–7.3)
12.1 (7.8–16.9)
27.7 (17.1–38.7)
76.6 (49.0–110.3)

0.0 (0.0–0.0)
6.8 (3.3–10.6)
19.5 (9.3–34.2)
79.6 (17.6–157.7)

0.0 (0.0–0.0)
8.4 (3.6–14.6)
18.6 (10.6–27.1)
38.0 (18.0–61.8)

3.1 (2.7–3.6)
6.9 (6.4–7.6)
19.0 (17.9–20.0)

11.6 (6.0–17.8)
20.2 (13.1–27.8)
44.9 (28.1–63.9)

3.7 (1.1–6.4)
16.8 (8.4–25.2)
30.9 (10.9–52.6)

7.3 (1.1–16.9)
14.1 (8.6–20.2)
28.9 (17.0–42.9)

Data were derived from the Ontario components of Statistics Canada’s NPHS and CCHS, 1996–2005. *The study cohort included 57,210 white, 1,001 South Asian,
866 Chinese, and 747 black participants living in Ontario. All estimates were weighted by the survey sample weight to allow for estimates to be generalizable to the
overall Ontario population. †Bootstrap methods were used to derive 95% CIs. ‡BMI categories were those deﬁned by the WHO expert panel convened in 2002 (7).

(97%) (11). Subjects were followed from
the survey interview date to the diabetes
diagnosis date, death date, or 31 March
2009, whichever occurred ﬁrst.
Statistical analysis
Cumulative incidence curves were constructed using ﬁtted Cox proportional
hazards models to derive unadjusted
and adjusted marginal estimates of cumulative incidence of diabetes for each
ethnic group (12). From the ﬁtted regression model, we estimated the predicted
care.diabetesjournals.org

probabilities of diabetes within the 12.8
years of follow-up, assuming that all
subjects were white. The mean of these
probabilities across the entire sample represented the marginal probability of an
event occurring within the study period,
assuming everyone was white. This
method was repeated for South Asian,
Chinese, and black subjects.
Multivariate Cox proportional hazards
regression methods were used to assess
whether ethnicity was an independent
predictor of incident diabetes. Sensitivity

analyses were performed in which models
were additionally adjusted for the highest
level of education in the household,
number of years lived in Canada, agesex interaction, and age-BMI interaction. Moreover, we calculated hazard
ratios (HRs) adjusted for covariates expressed as continuous rather than categorical measures.
To determine ethnic-speciﬁc BMI
cutoff points, we performed a Poisson regression model in which the effect of BMI
on diabetes incidence was modeled using
DIABETES CARE, VOLUME 34, AUGUST 2011
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Overall incidence of diabetes
Sociodemographic characteristics
Age at baseline (years)
30 to ,45
45 to ,65
$65
Sex
Male
Female
Income adequacy
1 (lowest)
2 (lower-mid)
3 (mid-higher)
4 (highest)
Highest level of education in household
At most secondary school diploma
At least some postsecondary
Rural or urban dwelling
Rural
Urban
Immigrant status
Nonimmigrant
Immigrant (born outside of Canada)
Number of years in Canada (among immigrants)
,10
10 to ,30
$30
BMI categories (kg/m2)
WHO-deﬁned BMI categories for the general population‡
,18.5, underweight
18.5 to ,25, normal
25 to ,30, overweight
$30, obese
WHO-deﬁned BMI categories for Asian populations‡
18.5 to ,23, increasing but acceptable risk
23 to ,27.5, increased risk
$27.5, high risk

White
(n = 57,210)

Ethnicity, BMI, and diabetes incidence
Table 3—Cox proportional HRs for incident diabetes, by ethnicity and sex*
White

1744

HR

HR (95% CI)†

n = 57,210

n = 1,001

Chinese
P†

HR (95% CI)†

Black
P†

n = 866

HR (95% CI)†

P†

n = 747

1 (reference) 2.23 (1.72–2.78) ,0.001 0.99 (0.62–1.41)
1 (reference) 2.63 (1.99–3.27) ,0.001 1.15 (0.73–1.68)

0.97
0.48

1.72 (1.27–2.27)
2.04 (1.50–2.68)

,0.001
,0.001

1 (reference) 2.46 (1.88–3.08) ,0.001 1.10 (0.68–1.60)
1 (reference) 3.40 (2.58–4.24) ,0.001 1.87 (1.16–2.60)

0.65
1.93 (1.43–2.50)
0.002 1.99 (1.39–2.71)

,0.001
,0.001

1 (reference) 3.56 (2.51–4.76) ,0.001 2.19 (1.26–3.18) ,0.001 1.96 (1.26–2.85)

0.002

1 (reference) 3.42 (2.39–4.61) ,0.001 2.34 (1.33–3.39) ,0.001 1.93 (1.22–2.87)
1 (reference) 3.59 (2.55–4.80) ,0.001 2.15 (1.22–3.14)
0.001 1.98 (1.28–2.90)
1 (reference) 3.86 (2.46–5.57) ,0.001 2.47 (1.23–3.89)
0.001 2.06 (1.27–3.23)

0.004
0.001
0.003

1 (reference) 3.52 (2.50–4.72) ,0.001 2.29 (1.30–3.23) ,0.001 2.03 (1.31–2.99)
n = 26,395
n = 546
n = 420
n = 375

,0.001

1 (reference) 2.28 (1.58–3.03) ,0.001 0.98 (0.52–1.53)
1 (reference) 2.73 (1.83–3.69) ,0.001 1.11 (0.61–1.78)

0.94
0.69

1.31 (0.76–1.96)
1.53 (0.89–2.23)

0.24
0.06

1 (reference) 2.60 (1.76–3.49) ,0.001 1.06 (0.60–1.71)
1 (reference) 3.78 (2.59–5.08) ,0.001 1.76 (0.97–2.83)

0.84
0.04

1.51 (0.88–2.23)
1.65 (0.87–2.56)

0.08
0.06

1 (reference) 4.02 (2.46–5.98) ,0.001 2.05 (1.04–3.51)

0.02

1.51 (0.67–2.59)

0.23

1 (reference) 3.71 (2.25–5.48) ,0.001 2.20 (1.12–3.70)
1 (reference) 4.05 (2.53–6.11) ,0.001 1.99 (1.00–3.47)
1 (reference) 4.29 (2.38–7.37) ,0.001 2.37 (1.10–4.49)

0.01
0.03
0.02

1.31 (0.58–2.42)
1.51 (0.67–2.59)
1.36 (0.50–2.56)

0.46
0.23
0.45

1 (reference) 3.90 (2.39–5.93) ,0.001 2.10 (1.06–3.53)
n = 30,815
n = 455
n = 446

0.02

1.53 (0.68–2.65)
n = 372

0.22

1 (reference) 2.04 (1.32–2.85) ,0.001 0.99 (0.43–1.63)
1 (reference) 2.48 (1.62–3.42) ,0.001 1.19 (0.53–1.89)

0.98
0.58

2.26 (1.39–3.24)
2.75 (1.71–3.94)

,0.001
,0.001

1 (reference) 2.30 (1.51–3.18) ,0.001 1.14 (0.49–1.81)
1 (reference) 3.01 (1.99–4.20) ,0.001 2.00 (0.88–3.18)

0.69
0.03

2.51 (1.56–3.58)
2.40 (1.47–3.52)

,0.001
,0.001

1 (reference) 2.99 (1.68–4.60) ,0.001 2.30 (0.91–4.21)

0.03

2.45 (1.26–4.09)

0.004

1 (reference) 3.08 (1.74–4.69) ,0.001 2.39 (0.97–4.24)
1 (reference) 3.02 (1.72–4.69) ,0.001 2.32 (0.93–4.26)

0.02
0.02

2.55 (1.31–4.30)
2.50 (1.28–4.20)

0.003
0.004
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Overall
Main models
Unadjusted
Age and sex
Survey year, income adequacy,
urban vs. rural dwelling
BMI
Inadequate physical activity,
inadequate fruit and vegetable
consumption, psychosocial
stress, alcohol consumption‡
Sensitivity analyses
Highest level of education in
household
Age-sex and age-BMI interactions
Number of years in Canada
Individual income, fruit and
vegetable consumption,
alcohol consumption as
continuous variables
Male subjects
Main models
Unadjusted
Age
Survey year, income adequacy,
urban vs. rural dwelling
BMI
Inadequate physical activity,
inadequate fruit and vegetable
consumption, psychosocial
stress, alcohol consumption‡
Sensitivity analyses
Highest level of education in
household
Age-sex and age-BMI interactions
Number of years in Canada
Individual income, fruit and
vegetable consumption,
alcohol consumption as
continuous variables
Female subjects
Main models
Unadjusted
Age
Survey year, income adequacy,
urban vs. rural dwelling
BMI
Inadequate physical activity,
inadequate fruit and vegetable
consumption, psychosocial
stress, alcohol consumption‡
Sensitivity analyses
Highest level of education in
household
Age-sex and age-BMI interactions

South Asian

Chiu and Associates
Table 3—Continued
White
HR
Number of years in Canada
Individual income, fruit and
vegetable consumption,
alcohol consumption as
continuous variables

South Asian
HR (95% CI)†

Chinese
P†

HR (95% CI)†

Black
P†

HR (95% CI)†

P†

1 (reference) 3.39 (1.69–5.63) ,0.001 2.33 (0.79–4.80)

0.07

2.80 (1.39–5.15)

0.003

1 (reference) 3.00 (1.69–4.64) ,0.001 2.44 (0.99–4.30)

0.02

2.61 (1.38–4.41)

0.002

Data were derived from the Ontario components of Statistics Canada’s NPHS and CCHS, 1996–2005. *The study cohort included 57,210 white, 1,001 South Asian,
866 Chinese, and 747 black participants living in Ontario. All estimates were weighted by the survey sample weight to allow for estimates to be generalizable to the
overall Ontario population. †Bootstrap methods were used to derive 95% CIs and P values. ‡Deﬁnitions: income adequacy, a Statistics Canada measure of socioeconomic status based on annual household income and the number of people in the household; inadequate physical activity, #15 min/day; inadequate fruit and
vegetable intake, less than three times per day; psychosocial stress, individual feeling “extremely” or “quite a bit” versus “not at all,” “not very,” or “a bit” stressed on
most days; nonregular alcohol consumption, less than three drinks per week.

RESULTS
Study participants
Table 1 displays the baseline characteristics of the study cohort of 57,210
white, 1,001 South Asian, 866 Chinese,
and 747 black participants living in
Ontario. At baseline, the median BMI
was lowest among Chinese participants
care.diabetesjournals.org

(Supplementary Fig. 1). The median
follow-up time was 6 years for each ethnic group.
Diabetes incidence
Over the 12.8-year study period, 4,076
subjects were diagnosed with diabetes.
The crude incidence rate of diabetes
(per 1,000 person-years) was highest among
South Asian subjects (20.8 [95% CI 16.1–
25.4]), followed by black (16.3 [11.8–
21.6]), white (9.5 [9.1–9.9]), and Chinese
(9.3 [5.8–13.1]) subjects (Table 2). Diabetes was more common among men
than women in most ethnic groups,
with the exception of the black group in
which women had a 33% higher rate of
diabetes than men. These differences,
however, were statistically nonsigniﬁcant. There was a clear inverse association
between income adequacy and diabetes
incidence among white subjects; however, the gradient was less clear among
South Asian and black subjects and was
reversed among Chinese subjects. Across
all groups, a higher level of household
education seemed to be protective against
the risk of diabetes. Among immigrants,
the incidence of diabetes seemed to increase with longer duration of residence
in Canada, which is consistent with the
hypothesis that immigrant health declines
with increasing duration of exposure to
Western culture (15).
There was a strong gradient in the risk
of diabetes with increasing BMI (Table 2).
The relative rate of diabetes for people in
the obese (BMI $30 kg/m2) versus the
normal (BMI 18.5 to ,25 kg/m2) BMI
group varied greatly by ethnicity (black:
4.5, white: 6.2, South Asian: 6.3, and
Chinese: 11.7). Moreover, even at BMI
ranges that are thought to confer increasing but acceptable risk for Asian populations (7), the incidence rate of diabetes

(per 1,000 person-years) was signiﬁcantly
higher among South Asian subjects (11.6
[95% CI 6.0–17.8]) than among white
subjects (3.1 [2.7–3.6]).
The cumulative incidence curves for
diabetes in each ethnic group are displayed
in Supplementary Fig. 2. After controlling
for BMI, current smoking, hypertension,
age, sex, and other sociodemographic characteristics, all three nonwhite groups had a
higher risk of diabetes than the white
group.
HRs
The proportional hazards assumption
was veriﬁed by conﬁrming that ethnicity
did not have a signiﬁcant time-varying
covariate effect in the proportional hazards model. HRs adjusted for age, sex, and
sociodemographic characteristics revealed a signiﬁcantly elevated risk of diabetes for South Asian and black subjects
compared with white subjects (Table 3).
After additionally controlling for BMI, the
HRs for all three nonwhite ethnic groups
were signiﬁcantly higher than their white
counterparts (South Asian subjects 3.40
[95% CI 2.58–4.24], P , 0.001; black
subjects 1.99 [1.39–2.71], P , 0.001;
and Chinese subjects 1.87 [1.16–2.60],
P = 0.002). Estimates remained signiﬁcantly elevated after additional adjustment for smoking, hypertension, diet,
exercise, alcohol consumption, and psychosocial stress and for all sensitivity analyses (Table 3).
Age at diagnosis
Among those who developed diabetes
during the study period, the median age
at diagnosis was lowest among South Asian
subjects (aged 49 years), followed by
Chinese (aged 55 years), black (aged 57
years), and white (aged 58 years) subjects.
DIABETES CARE, VOLUME 34, AUGUST 2011
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restricted cubic splines with four knots
(13). The incidence of diabetes was the
dependent variable (the offset variable
was person-years of follow-up), whereas
BMI, ethnicity, BMI-ethnicity interaction,
age, age-BMI interaction, sex, survey year,
income adequacy, and urban/rural dwelling were the independent variables. We
calculated the predicted incidence rate
of diabetes for white subjects at a BMI of
30.0 kg/m 2 and identiﬁed the corresponding BMI values for the other three
ethnic groups. A sensitivity analysis using
ﬁve knots to model the cubic splines also
was performed.
Statistical analyses were performed
using SAS version 9.2 statistical software
(SAS Institute, Inc., Cary, NC). All analyses were weighted by Statistics Canada’s
sample weights to account for the complex survey sampling design and to allow
for estimates to be generalizable to the
overall Ontario population. Bootstrap
methods, using 500 sets of bootstrapsampling weights and appropriate z tests,
were used to test statistical signiﬁcance
(14). A two-sided P value ,0.05 was considered statistically signiﬁcant.
Ethics approval for this study was
obtained from the research ethics board at
Sunnybrook Health Sciences Centre. Statistics Canada obtained informed consent
from all study participants for administrative data linkages.

Ethnicity, BMI, and diabetes incidence
Ethnic-speciﬁc BMI cutoff values
Figure 1 displays the ethnic-speciﬁc relationship between BMI and the incidence
rate of diabetes, while controlling for age,
sex, and other sociodemographic factors.
For the equivalent incidence rate of diabetes at BMI 30 kg/m2 in white subjects,
the BMI cutoff values were 24 for South
Asian, 25 for Chinese, and 26 for black
subjects. Similar results were found using
ﬁve knots for the cubic splines (Supplementary Fig. 3), thus demonstrating the
robustness of our ﬁndings.

Figure 1—Association between the incidence rate of diabetes and BMI by ethnic group. The
multivariate Poisson regression model included age, sex, BMI, BMI-ethnicity interaction, age-BMI
interaction, income adequacy, survey year, and urban versus rural dwelling. Four knots were used
to generate the restricted cubic splines. All estimates were weighted by the survey sample weight to
allow for estimates to be generalizable to the overall Ontario population. Data were derived from the
Ontario components of Statistics Canada’s NPHS and CCHS, 1996–2005.
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diabetes in the other ethnic groups.
Likewise, a recent trend toward urbanization and the associated rise in obesogenic
behaviors already has resulted in a rapid
rise in prediabetes and diabetes in the
Chinese population in China (17).
Several hypotheses have been proposed to explain why non-Europeans
have a higher risk of diabetes than people
of European descent. Researchers suggest
that non-European ethnic groups are
more likely to have inherited the thrifty
gene because their ancestors were more
likely than Europeans to have been exposed to extended periods of starvation.
The thrifty gene was advantageous during
feast or famine cycles because it enabled
individuals to store calories more efﬁciently during times of food shortages. In
the present day, however, where there is
an abundance of high-fat and high-calorie
foods, the thrifty gene makes it difﬁcult
for individuals to control their weight.
Other hypotheses for the higher risk of
diabetes in nonwhite versus white subjects include a genetic susceptibility to
insulin resistance, particularly in South
Asian subjects (18,19); a higher likelihood of intrauterine deprivation coupled
with weight gain and physical inactivity
later in life; and higher central adiposity at
similar BMI levels (20).
Our ﬁndings suggest that the current
deﬁnition of obesity may provide a false
sense of security for South Asian, Chinese,
and black populations and that, even at a
BMI range thought to be acceptable, the
risk of diabetes may be markedly underestimated in nonwhite ethnic groups who
appear to be particularly sensitive to weight
gain in terms of diabetes risk. To better
reﬂect the risk of incident diabetes, our
data suggest that the current BMI cutoff
value for obesity should be lowered in
South Asian, Chinese, and black groups.
Most of the earlier studies that attempted to
redeﬁne BMI cutoff points in Asian populations relied on prevalence data, in which
BMI and obesity-related conditions were
ascertained at the same point in time. This
is potentially problematic because having
diabetes could inﬂuence metabolic and
lifestyle changes, which in turn could inﬂuence body weight. A number of previous
studies also were impeded by a lack of data
on speciﬁc clinical outcomes (20,21). Nevertheless, our ﬁndings are consistent with
earlier reports (6,22,23) on Asian populations that recommended BMI cutoff values
between 22 and 27 kg/m2 for predicting
the risk of diabetes, as well as of hypertension, cardiovascular disease, and mortality.
care.diabetesjournals.org
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CONCLUSIONS—In this populationbased cohort study in Ontario, Canada,
South Asian subjects had the highest crude
incidence rate of diabetes, followed by
black, white, and Chinese subjects. After
adjusting for differences in baseline BMI,
age, sex, and other sociodemographic
characteristics, South Asian subjects were
3.40 times, black subjects were 1.99 times,
and Chinese subjects were 1.87 times
more likely than white subjects to develop
diabetes. On average, diabetes occurred
9 years earlier among South Asian subjects, 3 years earlier among Chinese subjects, and 1 year earlier among black
subjects than among white subjects. The
ethnic-speciﬁc incidence of diabetes varied
markedly across BMI categories. For
the equivalent incidence rate of diabetes
at BMI 30 kg/m2 in white subjects, we
found lower BMI cutoff points for South

Asian (24 kg/m2), Chinese (25 kg/m2), and
black (26 kg/m2) subjects, thus supporting
the need for lower BMI cutoff values for
diabetes screening and lower ideal target
body weights in nonwhite populations.
The ethnicity-sex patterns of diabetes
incidence observed in this study are consistent with results from earlier prevalence
studies in Canada (4), the U.K. (2), the U.S.
(3), and elsewhere (16). Although most of
the earlier studies compared two or three
ethnic groups and relied mainly on crosssectional data, our study is the ﬁrst to
conduct a cohort study to compare the
risk of incident diabetes in the world’s
four major ethnic groups. An incidence
study among individuals from different
groups initially free of disease and living
in a similar environment is stronger than
a prevalence study because it allows for
more certainty that ethnicity is a true independent risk factor for the development of
diabetes while simultaneously accounting
for other confounding factors that might
inﬂuence the development of diabetes.
The relatively low crude rate of diabetes in the Chinese population living in
Ontario might be partly attributed to the
relatively low average BMI observed in
this population. Our data suggest that a
population shift from the normal BMI
range to the obese BMI range would result
in an alarming 11.7-fold–increased rate of
diabetes in Chinese subjects compared
with a 4.5–6.3-fold increased rate of
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The diabetes epidemic is expected to
worsen with the ageing of the population,
with increasing urbanization, and with
growing obesity rates in Canada and most
other parts of the world. Our ﬁndings
highlight the urgent need for ethnically
appropriate diabetes education and
screening programs targeted toward the
South Asian, Chinese, and black populations and health services planning that
aims to reduce the risk of diabetes in these
high-risk populations.
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