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Introduction
The prevalence of diabetes throughout the western world, and 

the world in general, has drastically increased in recent years [1,2]. 
An estimated 6.2% of Canadians are currently living with diagnosed 
diabetes [3]. Diabetes is associated with significant reductions in life 
expectancy, and mortality rates among adults with diabetes are twice 
as high as those without diabetes [3]. Obesity is thought to contribute 
to the insulin resistance syndrome [4] and as such is often linked to 
the development of diabetes [2,4,5]. Within Canada, an estimated 
25.4% of adults are classified as obese, with a further 36.7% classified 
as overweight [6]. The prevalence of obesity and related co-morbidities 
(including diabetes) are increasingly progressively in western society 
[4]. 

Ethnicity has been found to play a role in the development of both 
obesity and diabetes, even among populations exposed to a similar 
environment [4,5]. Aboriginal/Native American populations have been 
found to have the highest rates of diabetes [4,7]. East Asian populations 
have also been found to experience greater predisposition to diabetes, 
compared to White populations [5]. South Asian populations have 
long been found to experience greater rates of diabetes, compared 
to White populations [8,9]. Additionally, the prevalence of obesity is 
found to vary among ethnicities, with Native American/Aboriginal 
populations demonstrating higher rates of obesity compared to White 
populations [5]. Among Canadian studies, East Asian populations have 
been identified as having lower rates of obesity compared to White 
populations, while South Asians obesity measures were similar to that 
of the White participants [10,11]. Odds ratios for diabetes are highest 

among Aboriginal and South Asian ethnic groups, while East Asian 
groups demonstrate odds ratios lower than that of White populations 
[12]. 

The relationship between diabetes and obesity has been explored, 
with some evaluations of ethnic differences in this relationship. 
Differences in the relationship between fasting insulin concentrations 
and waist circumference have previously been found to vary by 
ethnicity [13]. While this relationship has been explored between 
ethnicities, these investigations have primarily compared Mexican-
American, non-Hispanic white and African-American populations 
[13-16]. To date, this relationship has not been gender specifically 
explored in an ethnically diverse population including South Asian, 
East Asian, and Canadian Aboriginal populations. Accordingly, this 
investigation sought to compare this relationship among several 
ethnic groups, including Aboriginal, East Asian and South Asian 
populations, examining men and women separately. In this paper, it 
has been hypothesized that there would be distinct ethnicity-related 
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Abstract
The relationship between diabetes and obesity, major contributors to cardiovascular disease, varies with 

ethnicity; however, only limited information is available regarding Aboriginal and South Asian populations. 

Objective: This investigation aimed to identify and compare the relationship between diabetes and dysglycemia, 
and obesity across several ethnicities. 

Methods: White (n=3593), Aboriginal (n=999), East Asian (n=448), and South Asian (n=222) adults were 
measured directly for body mass index (BMI) and waist circumference. Individuals were identified for diabetes 
and dysglycemia through reported diagnosis, measured random blood glucose and A1C values. The risk ratios of 
diabetes and dysglycemia were compared across measures of BMI and waist circumference. 

Results: Across all ethnic groups, individuals with greater BMI and waist circumference demonstrated greater 
risk ratios for diabetes and dysglycemia. Aboriginal and South Asian individuals demonstrated greater risks for 
diabetes relative to White adults regardless of age, gender, physical activity and body composition. Risks for 
dysglycemia were greater among East and South Asian adults regardless of covariates, while the increased risk 
among Aboriginal adults appears to be mediated by waist circumference. 

Conclusions: Overall, increased risks of diabetes and dysglycemia were observed across all ethnic groups with 
increased body composition measures.
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differences in the experiences of diabetes and obesity, among both men 
and women. 

Materials and Methods
From January 2007 to 2011, 5262 individuals from around the 

province of British Columbia were evaluated directly for various health 
measures including obesity and diabetes. These participants included 
3632 individuals of White decent, 464 East Asian individuals, 228 
South Asian individuals, and 951 Aboriginal individuals. Aboriginal 
participants in this investigation included both First Nations (94%) 
and Métis (6%) individuals. Ethics approval was obtained through the 
Clinical Research Ethics Board at the University of British Columbia 
and written informed consent was obtained from each participant 
prior to data collection. Participants were recruited at local community 
centres, community events, and health fairs. Aboriginal participants 
were additionally recruited through and in collaboration with local 
First Nations band offices and/or Native Friendship Centres. 

Individual characteristics collected included age, sex, height, 
weight, body mass index (BMI), waist circumference, diagnoses 
of diabetes and a random blood glucose measure. Ethnicity was 
self-reported by participants through a questionnaire asking each 
participant to classify them ethnically, including a list of ethnic groups 
including Aboriginal, Black/African, East Asian, South Asian, South 
American, White or Other. Only individuals identifying themselves 
as Aboriginal, East Asian, White or South Asian were included in this 
analysis due to the small sample size of remaining/other ethnicities 
sampled. Physical activity was evaluated using the Healthy Physical 
Activity Participation Questionnaire [17,18]. Active individuals were 
those reporting at least 3 days per week of vigorous activity or 5 days 
per week of moderate intensity activity, meeting the Health Canada 
recommendations [19,20]. Moderately active individuals were defined 
as those reporting 3-4 days per week of moderate intensity activity, 
while physically inactive individuals were those reporting <3 days per 
week of moderate or vigorous activity.

Obesity measures included determined calculations of BMI from 
direct measurements of weight and height, and direct measures of 
waist circumference. Anthropometric measurements were obtained 
according to standardized protocols from the Canadian Society for 

Exercise Physiology [17]. Height was measured to the nearest 0.1 cm 
after removal of shoes, hats, and any hair ornaments. Weight was 
measured to the nearest 0.2 kg after participants had removed shoes, 
jackets, and any heavy objects. The BMI was calculated as weight in 
kilograms divided by height in metres squared. Waist circumference 
was measured at the end of exhalation at the World Health Organization 
waist circumference landmark, the midpoint between the twelfth rib 
and iliac crest on the right side of the body, while participants crossed 
their arms over their chest [21]. 

A non-fasting blood glucose measurement was obtained using the 
point of care Cholestech LDX system (Cholestech, Inverness Medical, 
Hawyard, CA). This measure was determined from one finger-prick 
35 μL blood sample. Among individuals sampled from 2009-2011, 
a measure of glycosylated haemoglobin, A1C, was obtained (A1C 
Now+, Bayer, Sunnyvale, CA) from a single 5 μL finger-prick blood 
sample. Diagnoses of diabetes were obtained from participant self-
report. Diabetes was defined as reported diagnoses of diabetes or a 
non-fasting plasma glucose measurement of >11..1 mmol∙L-1 [22], or 
A1C measurement of ≥ 7.0% (≥ 53 mmol∙mol-1) [23]. Dysglycemia was 
defined as reported diagnosis of diabetes, a non-fasting plasma glucose 
measurement of >7.8 mmol∙L-1 [24] or A1C measurement of ≥ 6.0% (≥ 
42 mmol∙mol-1). 

Statistical analyses were performed using Statistica 9.0 (Stats Soft, 
Tulsa, OK). Mean, standard deviation, and proportion of diabetes 
and obesity measures and statuses were calculated for each ethnicity. 
Comparisons of these rates and characteristics between ethnicities, for 
each gender, were performed using ANCOVA analyses to allow for 
adjustments for age and gender differences between ethnicities. The 
risk ratios were calculated from multiple linear regression analysis, in 
order to adjust for differences in age and gender between ethnicities 
and to determine correlates of diabetes and dysglycemia [25]. Statistical 
significance was considered for all statistical analyses where P values 
<0.05.

Results 
Of the 5275 individuals who participated in this health screening, 

61.4% were female. Participants represented a range of ages from 18 
to 97 years individuals of a range of health statuses. Table 1 describes 

Characteristic Aboriginal White East Asian South Asian P-value
 (n=951) (n=3632) (n=464) (n=228)  
Age (years) ± SD 41.5 ± 12.8‡ 50.6 ± 16.2 45.5 ± 14.0‡ 44.4 ± 13.1‡ <0.001
Female n (%) 716 (75.1)§ 2175 (59.9) 279 (60.1) 112 (49.1)§ <0.001
Weight (kg) ± SD 84.2 ± 19.4† 78.3 ± 17.3 65.0 ± 13.1† 73.4 ± 13.6† <0.001
BMI (kg·m-2) ± SD 30.8 ± 6.7† 27.5 ± 5.3 24.5 ± 3.7† 26.7 ± 4.5 <0.001
WC (cm) ± SD 100.9 ± 16.6† 89.7 ± 14.6 80.8 ± 10.9† 89.6 ± 11.7 <0.001
Random Blood Glucose (mmol·L-1) ± SD 6.24 ± 2.38† 6.03 ± 1.78 6.21 ± 1.66 6.34 ± 2.27 <0.001
A1C (%) ± SD
A1C (mmol·mol-1) ± SD

5.5 ± 0.7
37 ± 8

5.5 ± 0.7
37 ± 8

5.6 ± 0.3
38 ± 3

5.6 ± 0.7
38 ± 8 0.80

SBP (mmHg) ± SD 117.6 ± 16.2† 119.7 ± 17.4 114.4 ± 17.7† 116.4 ± 15.1† <0.001
DBP (mmHg) ± SD 74.0 ± 10.9† 72.6 ± 10.4 71.1 ± 11.1† 73.7 ± 9.9 <0.001
Diabetesδ n (%) 76 (8.0)† 169 (4.7) 14 (3.0) 18 (7.9) <0.001
Dysglycemiaε n (%) 132 (13.9) 391 (10.8) 68 (14.7) 35 (15.4) <0.001
Physically Inactive n (%) 454 (47.7)† 1163 (32.0) 263 (56.7)† 115 (50.4)† <0.001
Moderately Active n (%) 180 (18.9) 730 (20.1) 75 (16.2) 35 (15.4) 0.02
Physically Active n (%) 317 (33.3)† 1739 (47.9) 126 (27.2)† 78 (34.2)† <0.001

BMI: Body Mass Index; DBP: Diastolic Blood Pressure; SBP: Systolic Blood Pressure; SD: Standard Deviation; WC: Waist Circumference; δdiabetes Diagnosis: Random 
Blood Glucose >11.1 mmol·L-1 or A1C >6.9% (>52 mmol·mol-1); εDiabetes Diagnosis: Random Blood Glucose >7.8 mmol·L-1 or A1C >5.9% (>41 mmol·mol-1); ‡Significantly 
different from White after adjusting for gender; §Significantly different from White after adjusting for age; †Significantly different from White after adjusting for age and gender

Table 1: Characteristics and health status of participants, by ethnicity.
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the characteristics of participants from each ethnicity. Average BMI, 
waist circumference, systolic blood pressure, and diastolic blood 
pressures were significantly different between ethnicities, even after 
adjusting for age and gender differences. Aboriginal participants 
generally demonstrated the highest BMI and waist circumference 
values, with the highest rates of obesity and abdominal obesity. South 
Asian populations demonstrated the highest levels of non-fasting 
plasma glucose and A1C with the highest rate of dysglycemia. East 
Asian individuals demonstrated the lowest levels of BMI and waist 
circumference with the lowest levels of diabetes. 

Increased body mass index was associated with increases in both 
diabetes and dysglycemia (Figures 1A and 1B) among all four ethnic 
groups. Aboriginal participants demonstrated the greatest increase in 
the risk ratio of both diabetes and dysglycemia at BMI measures of 31.0 
kg∙m-2 and greater. However, the risk ratios of diabetes among East 
Asian and South Asian individuals were more variable, demonstrating 
the highest increase in risk ratio at BMI measures of 25.0-26.9 kg∙m-2 and 
27.0-28.9 kg∙m-2, respectively. South Asian individuals demonstrated 
significantly greater risk ratios of dysglycemia at BMI measures 
29.0-30.9 kg∙m-2, while East Asian and White adults demonstrated 
significantly greater risk ratios at BMI measures >31.0 kg∙m-2. Overall, 
all four ethnic groups demonstrated significantly greater risk ratios 
of diabetes among greater BMI measures relative to those with BMI 
measures of less than 25.0 kg∙m-2. 

On comparing risk ratios of diabetes and dysglycemia across 
increasing waist circumference measures, ethnic variations were 
observed (Figure 2A). East Asian adults were observed to demonstrate 
significantly greater risks of diabetes with waist circumference 
measures above 88.0 cm (female) or 102.0 cm (male), with risks more 
than 12 times greater. The other three ethnic groups demonstrated 
similar trends with diabetes risks 3-5 times greater than the lowest waist 
circumference individuals of their respective ethnic groups. All four 
ethnic groups demonstrated significantly greater risks of dysglycemia 
among individuals with greater waist circumference measures relative 
to individuals with the lowest waist circumference measures. The 

greatest increase in risk was observed among South Asian adults. 
Significant increases in risk ratios were observed among White, East 
Asian and South Asian individuals with waist circumference measures 
in the 84.0-87.9 cm (female) or 94.0-101.9 cm (male) ranges. However, 
Aboriginal individuals were not observed to have increased risk ratios 
of dysglycemia until the highest waist circumference measures. 

In comparing the risk ratios of diabetes and dysglycemia directly 
between ethnicities, differences were identified (Table 2). Relative to 
White individuals, Aboriginal and South Asian individuals were found 
to have significantly higher risks for diabetes, even after adjusting for 
age, gender, physical activity and body composition. By contrast, no 
difference was identified between East Asian and White individuals 
in the risk for diabetes. When comparing the risks of dysglycemia 
between ethnic groups, different trends occurred. Both East and 
South Asian populations demonstrated significantly greater risks 
of dysglycemia relative to White adults, even after adjusting for age, 
gender, physical activity and body composition. Aboriginal individuals 
were found to have significantly greater risks for dysglycemia than 
White individuals when adjusting for age, gender, physical activity and 
BMI. However, when adjusting for differences in waist circumference 
between Aboriginal and White individuals, differences in the risk ratios 
of dysglycemia are not identified. 

Discussion
This investigation was unique in identifying differential relationships 

of obesity and diabetes between ethnicities, including Aboriginal and 
South Asian populations. Understanding ethnic differences in the risks 
and development of diabetes and dysglycemia are important for optimal 
treatment strategies, as ethnic specific treatment and prevention 
strategies have recently been endorsed for the treatment of diabetes 
and cardiovascular disease [26,27]. All four ethnic groups in this 
investigation were recruited at the same community events, resulting 
in samples of all four ethnic groups from the same communities. The 
centralized recruitment of all ethnicities at community events, fairs and 
community centres likely reduces the selection bias and any regional 
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Figure 1: The multiple linear regression risk ratio for diabetes (A) and dysglycemia (B), adjusted for age and gender, across body mass index measures, by ethnic 
group among participants evaluated from 2007-2011 in British Columbia.
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or geographic differences. The greater rates of diabetes that was 
observed among Aboriginal and South Asian populations identified 
are consistent with that of other published literature [8,11,28]. Within 
the province of British Columbia, the age-adjusted rate of diabetes is 
4.8% [28]. Among Aboriginal populations, we identified a diabetes rate 
of 8.0%, compared to a national estimate of 6.3% [12], and greater than 
the reported provincial rate among First Nations people of 6.7% [28]. 
Similarly, among South Asian populations, we identified a rate of 7.9%, 
compared to 5.6% in the national survey [12]. Diabetes rates among 
White and East Asian populations in our investigation were similar 
to, or slightly higher than rates previously published [12]. While our 
rates of diabetes are generally found to be higher than that of the 

national report, it is important to note the difference in data collection 
between the two investigations. As diabetes rates are known to increase 
with increasing age [29], the inclusion of 12-16 year old individuals 
within the national survey may result in under estimations of the true 
diabetes rates among adult populations. Additionally, the greater rates 
of diabetes among Aboriginal populations we report may reflect the 
exclusion of on-reserve individuals among the Canadian Community 
Health Survey, while our investigation include both on and off reserve 
Aboriginal populations [12]. We also collected direct assessments 
of blood glucose and A1C along with self report, while the national 
survey reported only self-reports through a telephone survey [12]. A 
lack of awareness of diabetes may influence the diabetes rates reported. 
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Figure 2: The multiple linear regression risk ratio for diabetes (A) and dysglycemia (B), adjusted for age and gender, across waist circumference measures, by ethnic 
group among participants evaluated from 2007-2011 in British Columbia.  

Model 1: Adjusted for age and gender; Model 2: Adjusted for age, gender and physical activity classification (inactive, moderately active or active); BMI: Body Mass Index; 
WC: Waist Circumference

Table 2: Obesity correlates of diabetes and dysglycemia in Canadians-multiple logistic regression analysis.

 Ethnicity
Model 1 RR 
(95% CI) P value

Model 2 RR 
(95% CI) P value

Model 2 and BMI 
RR (95% CI) P value

Model 2 and WC 
RR (95% CI) P value

Model 2 BMI and 
WC RR (95% CI) P value

Diabetes
White 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)
Aboriginal 3.26 

(2.47-4.24) <0.001 2.52 
(1.55-3.96) <0.001 2.29 

(1.69-3.07) <0.001 1.67 
(1.20-2.29) 0.002 1.64 

(1.17-2.26) 0.004

East Asian 0.93 
(0.54-1.59) 0.80 0.85 

(0.49-1.46) 0.56 1.24 
(0.71-2.12) 0.44 1.57 

(0.90-2.68) 0.11 1.58 
(0.91-2.69) 0.10

South Asian 2.63 
(1.63-4.12) <0.001 2.52 

(1.55-3.96) <0.001 2.89 
(1.79-4.51) <0.001  2.94

(1.82-4.62) <0.001 2.91 
(1.79-4.57) <0.001

Dysglycemia
White 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)
Aboriginal 1.84 

(1.53-2.20) <0.001 1.78 
(1.47-2.14) <0.001 1.87 

(1.35-2.53) <0.001 1.18 
(0.94-1.46) 0.15 1.16 

(0.92-1.44) 0.20

East Asian 1.67 
(1.31-2.10) <0.001 1.56 

(1.22-1.98) <0.001 1.95 
(1.53-2.46) <0.001 2.16 

(1.70-2.70) <0.001 2.17 
(1.71-2.72) <0.001

South Asian 1.79 
(1.30-2.41) <0.001 1.72 

(1.24-2.34) 0.001 1.87 
(1.35-2.53) <0.001 1.85 

(1.34-2.51) <0.001 1.85 
(1.33-2.50) <0.001
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Alternatively, the rates of diabetes in our more recent investigation 
may indicate an increase in diabetes prevalence in recent years.  

The connection between obesity and diabetes has long been reported 
[2,10,30,31]. Currently, rates of both obesity and diabetes continue to 
rise among both developed and developing nations [32]. With these 
increases in chronic conditions among non-White populations, the 
relationship between obesity and diabetes is found to differ among 
ethnicities [4,33]. As this relationship may vary between ethnicities, 
understanding which individuals present the greatest risks for 
diabetes with increasing body mass provides valuable information for 
encouraging the most successful treatment and prevention strategies. 
We identified generally greater rates of diabetes among individuals 
with greater BMI or waist circumference measures, among all ethnic 
groups. This finding is expected given outcomes of other investigations 
[2,10,30]. However, the diabetes rates were found to vary between 
ethnicities. Another Canadian investigation compared the median 
fasting plasma glucose levels and median A1C levels across quintiles 
of BMI and waist circumference between the same four ethnic groups 
[10]. These comparisons found similar trends for increased median 
fasting plasma glucose or A1C measures among individuals with 
greater BMI or waist circumference measures [10]. Ethnic differences 
in the prevalence of diabetes across measures of body composition 
have similarly been reported previously [5,8,34]. 

In a previous report, median fasting plasma glucose and A1C values 
were generally found to be highest among Aboriginal individuals 
and lowest among White individuals across all measures of BMI and 
waist circumference, with similar levels among East Asian and South 
Asian individuals [10]. This higher level of diabetes and dysglycemia 
indicators supports our increased risk of diabetes among Aboriginal 
populations with increasing BMI measures. Similarly, the previously 
identified elevated levels of fasting plasma glucose, A1C and diabetes 
prevalence along body composition measures among South Asian 
populations, relative to White populations support our greater increase 
in risk of dysglycemia among South Asian populations with increasing 
waist circumference measurements [8,10,34]. We also identified the 
greatest risk ratio of diabetes among East Asian individuals with the 
highest BMI measures. 

The elevated risk of diabetes and dysglycemia among South Asian 
populations relative to White, for the same age, gender, physical 
activity, and body composition suggests the greater development of 
diabetes among South Asian populations is mediated by factors not 
investigated in this study. Socio-economic factors [35], genetics [36] 
and body fat distribution [37] have previously been suggested as 
causes of this greater risk of diabetes among South Asian populations. 
Additionally, as South Asian populations demonstrate greater risks of 
both diabetes and dysglycemia at the same measures of BMI and/or 
waist circumference, these risk ratios support the use of ethnic-specific 
body composition guidelines. 

Among East Asian populations, the greater risks of dysglycemia at 
the same levels of BMI and/or waist circumference support the lower 
obesity definitions among this population. However, the similar risks 
of diabetes may suggest protective mechanisms reduce the diabetes risk 
among East Asian populations for the same obesity measure relative 
to White populations. Diet has been previously implicated as a strong 
contributor to the development of diabetes, where a diet high in cereal 
fibre and polyunsaturated fat, and low in Trans fat and glycemic 
load was associated lower risks of developing diabetes [16]. Further, 
this reduced risk of developing diabetes with a healthy diet has been 
found to be stronger among minority populations as compared to the 

reduction in diabetes risk among white populations maintaining a 
similar diet [16]. 

Relative to White populations, Aboriginal populations were 
identified as having increased risks of diabetes for the same age, 
gender, physical activity, BMI and/or waist circumference. However, 
the risks of dysglycemia appear to be mediated by differences in waist 
circumference as these differences disappear when waist circumference 
differences are accounted for. Similarly, Aboriginal individuals were 
found to have the lowest increase in risk ratios of dysglycemia with 
increases in waist circumference measures (Figure 2B), and the lowest 
rates of dysglycemia and diabetes among individuals in the lowest waist 
circumference range (data not shown). These results suggest Aboriginal 
populations may experience greater rates of dysglycemia due to greater 
body abdominal obesity. However, the further development of diabetes 
may be mediated by additional factors beyond body composition. 
Possible contributing factors include differential experience of 
gestational diabetes [38], dietary adaptations [39], or development 
of obesity at a younger age [40], resulting in a greater cumulative 
effect of obesity at the same age. The mediation of dysglycemia risks 
among Aboriginal populations through waist circumference supports 
interventions to reduce waist circumference as a potential means of 
reducing diabetes and dysglycemia among this population. 

Aboriginal individuals demonstrated increased risks for diabetes 
among the highest BMI range of more than 17 times greater than the 
lowest BMI range. Similarly, East Asian individuals demonstrated 
increased risks of diabetes among the highest waist circumference range 
of more than 12 times that of the lowest waist circumference range. South 
Asian populations demonstrated the highest rates of dysglycemia and 
high rates of diabetes and have been found to have greater proportions 
of visceral abdominal fat for the same waist circumference measures 
[41]. These results highlight the need for obesity management among 
all ethnic groups to prevent and manage diabetes and other chronic 
conditions. While South Asian and Aboriginal populations have 
previously been highlighted as populations at risk of chronic health 
conditions, these results identify potential risks among East Asian 
populations as well [11,28,42]. 

The cross-sectional design of this investigation limits the ability to 
determine causality in this relationship. While a relationship between 
obesity and diabetes is explored, the cause and effect of this relationship 
cannot be identified. Due to the method of participant recruitment and 
evaluation of participants at community events, fasting plasma glucose 
and glucose tolerance measures could not be obtained. A lack of these 
measures may have resulted in underestimations of the prevalence of 
diabetes in these populations. Small sample sizes among the South 
and East Asian populations may also limit the generalizability of these 
results to a larger population. 

Conclusion
Higher BMI and waist circumference levels are associated with 

greater prevalence of diabetes among all ethnicities, though increased 
risks were identified at different BMI and waist circumference ranges 
among different ethnic groups. Maintenance of weight within health 
ranges may contribute to prevention and treatment of diabetes among 
all ethnic groups. 
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