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A B S T R A C T

Migrant and native South Asians appear to be at increased risk of Type II diabetes mellitus and coro-
nary disease. The aim of the present study was to determine the relationship between the most ac-
curate summary index of the lipoprotein-related risk of vascular disease, the apoB (apolipoprotein
B-100)/apoA-I (apolipoprotein A-I) ratio, and body composition in established migrant South
Asians and white Caucasians living in Canada. Men and women living in Montreal, Canada between
the ages of 20–60 years were recruited for participation in the study. Subjects were excluded if
they had a history of cardiovascular disease or were taking lipid-lowering medication. Individuals
identified themselves as Asian Indian or Caucasian. Anthropometric measurements were collected,
including weight, height, waist circumference, hip circumference and body fat percentage. Plasma
samples were analysed for total cholesterol, HDL-C (high-density lipoprotein-cholesterol), apoA-I
and apoB. Indian subjects had a substantially higher WHR (waist-to-hip ratio) than Caucasian sub-
jects [men, 0.93 +− 0.01 compared with 0.86 +− 0.01 respectively (P < 0.001); women, 0.88 +− 0.01
compared with 0.77 +− 0.01 respectively (P < 0.0001)]. WHR correlated strongly with body fat per-
centage in Caucasians (men, r = 0.63, P = 0.0002; women, r = 0.74, P < 0.0001). By contrast, there
was no correlation in Indians (men, r = 0.22, P value not significant; women, r = 0.23, P value not
significant). In addition, Indian men and women had a higher apoB/A-I ratio than Caucasians [men,
0.85 +− 0.04 compared with 0.66 +− 0.04 respectively (P = 0.001); women, 0.73 +− 0.04 compared
with 0.56 +− 0.03 respectively (P = 0.0003)]. Of interest, there were also significant correlations
between the apoB/apoA-I ratio and WHR in all of the groups, except the Indian women, which
were stronger than the correlation of the apoB/apoA-I ratio with BMI. On the other hand, there
was no significant relationship between the apoB/apoA-I ratio and the body fat percentage in any
of the groups. In conclusion, the present study confirms that, as body fat percentage increases,
the distribution of body fat differs between migrant Indians and Caucasians living in Canada. It
also relates differences in body fat distribution to differences in the apoB/apoA-I ratio, providing
at least part of the answer as to why South Asians may be at increased risk of vascular disease.

INTRODUCTION

For some time, vascular disease has been the major cause
of death in the developed countries, whereas infectious
disease and malnutrition were the principal scourges in

developing countries. However, this is no longer the
case. Within many of the developing countries of South
Asia, the incidence of vascular disease has increased so
markedly that the majority of vascular deaths within
the entire world already occur within the boundaries

Key words: apolipoprotein, body composition, obesity, South Asian population, vascular disease risk, waist-to-hip ratio.
Abbreviations: apoA-I, apolipoprotein A-I; apoB, apolipoprotein B-100; BMI, body mass index; HDL, high-density lipoprotein;
HDL-C, HDL-cholesterol; TC, total cholesterol; WHR, waist-to-hip ratio.
Correspondence: Professor Allan D. Sniderman (email allan.sniderman@muhc.mcgill.ca).
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of these previously almost unaffected countries [1]. This
expansion of disease is so profound that, within 15 years,
vascular disease will become the most common cause of
death worldwide [2].

Why is this the case? The accelerated incidence of vas-
cular disease at least in South Asia does not appear to be
simply the extension of disease from one site to another,
but may also involve the increased susceptibility of one
group of people compared with another. In this regard,
the evidence is strong that South Asians who migrate to
European and North American countries face a higher
risk of vascular disease than native white Caucasians
[3–6]. Moreover, among white Caucasians, there is a
remarkable gradient in the risk of premature vascular
disease between the genders, but this difference appears
to be diminished between South Asian men and women
[7–11].

What can account for these dramatic transformations
in risk? There is no evidence that it is due to differences in
plasma cholesterol, either in native or migrant South
Asians [3,4,12,13]. Plasma triacylglycerols (triglycerides)
have been observed to be higher and HDL-C [HDL
(high-density lipoprotein)-cholesterol] lower in South
Asians [3,4,12,13], and the incidence of diabetes is rising
abruptly both in native and migrant South Asians [3,14].
But what is driving the increased susceptibility to dys-
lipidaemia and dysglycaemia?

One factor that may account, at least in part, for their
increased susceptibility is a difference in the impact of
chronic energy excess on adipose tissue mass and meta-
bolism in that South Asians appear to suffer the metabolic
consequences of obesity at lower amounts of adipose
tissue than white Caucasians [15–19].

Moreover, considerable data now exist establishing
that the major plasma apolipoproteins, apoB (apolipo-
protein B-100) and apoA-I (apolipoprotein A-I), are
better markers of the risk of vascular disease than the
conventional plasma lipids [20]. An elevated apoB level
has been reported in migrant Indians with other elements
of the atherogenic lipoprotein profile: elevated triacyl-
glycerols and reduced HDL. However, there are as yet
only limited data on apoB and apoA-I in South Asians
[12,13] compared with Caucasians and none relating
apoB/apoA-I to body composition. The objective of the
present study, therefore, was to determine whether there
were differences in the apoB/apoA-I ratio in established
migrant South Asians in Canada compared with native
white Caucasians and, if so, whether these differences
could be related to differences in body composition.

MATERIALS AND METHODS

Subjects
Men and women between the ages of 20 and 60 years
living in Montreal, Canada were recruited for particip-

ation in the study. Subjects were excluded if they had a
history of cardiovascular disease or were taking lipid-
lowering medication. Subjects identified themselves as
South Asian Indian or Caucasian. The South Asian sub-
jects were established migrants, with the Asian men and
women having lived in Canada for an average of 13.9 +−
1.4 and 11.9 +− 1.6 years respectively. Approval for this
project was obtained from the Ethics Review Committee
of the McGill University Heath Centre (Royal Victoria
Hospital, Montreal, Quebec, Canada), and all subjects
signed an informed consent form prior to participation.

Study design
The study design was cross-sectional in nature. Data
from each subject were collected between 4 November
2004 and 24 March 2005, and all anthropometric para-
meters were measured on the same day at the McGill Uni-
versity Heath Centre (Royal Victoria Hospital, Montreal,
Quebec, Canada), or in community centres in Montreal.
All blood parameters were measured from the same
sample. Demographic information was collected using
a self-administered questionnaire.

Anthropometric measurements
Height and weight were measured to the nearest 0.5 cm
and 0.1 kg respectively. Waist circumference was mea-
sured at the horizontal circumference between the lowest
rib margin and the iliac crest, and hip circumference
was measured at the maximum circumference over the
buttocks. BMI (body mass index) was calculated as
weight (kg) divided by height (m) squared. WHR
(waist-to-hip ratio) was calculated as waist circumference
divided by hip circumference.

A tetrapolar bioelectrical impedance device (RJL Sys-
tems) was used to measure body composition. Resistance
and reactance measurements were recorded from the
device and body fat mass (kg) and body fat percentage
were calculated using software available from the manu-
facturers. Measurements were taken with the subjects
sitting. As hydration status can influence the results, sub-
jects were therefore asked to refrain from intense exercise
or excessive alcohol consumption for 3 days prior to the
assessment.

Blood lipids and apolipoproteins
Venous blood samples (14 ml) were collected in the non-
fasting state into non-heparinized and EDTA-free tubes.
Blood samples were then centrifuged at 2500 g at 4 ◦C for
10 min. Plasma to be analysed for TC (total cholesterol),
HDL-C, apoB and apoA-I was stored for less than 12 h
at 4 ◦C. The Central Laboratory at the McGill University
Heath Centre, Montreal, Quebec, Canada conducted all
assays for apolipoproteins and blood lipids using stan-
dard laboratory methods.

C© 2006 The Biochemical Society
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Table 1 Anthropometric characteristics
Values are means+− S.E.M. P < 0.05 was considered significant. NS, not significant.

Men Women

Indian Caucasian P value Indian Caucasian P value

n 54 32 28 51
Age (years) 42.9 +− 1.34 38.3+− 1.73 0.04 43.0+− 1.95 40.3+− 1.55 NS
BMI (kg/m2) 28.31+− 0.58 26.6+− 0.70 NS 28.7+− 0.86 25.8+− 0.72 0.01
Body fat percentage 21.59+− 0.65 17.6+− 0.89 0.0005 40.1+− 1.52 33.6+− 1.23 0.002
Waist circumference (cm) 100.4+− 1.31 91.1+− 2.11 0.0002 94.4+− 2.34 83.0+− 2.19 0.001
WHR 0.93 +− 0.01 0.86+− 0.01 < 0.0001 0.88+− 0.01 0.77+− 0.01 < 0.0001

Table 2 Lipoprotein characteristics
Values are means+− S.E.M. Non-fasting plasma lipoprotein levels are shown. P < 0.05 was considered significant. Adjusted P value was adjusted for BMI. NS, not
significant.

Men Women

Indian Caucasian P value Adjusted P value Indian Caucasian P value Adjusted P value

ApoB (g/l) 1.00+− 0.03 0.79 +− 0.05 0.0005 0.002 0.92+− 0.04 0.77+− 0.03 0.002 0.02
ApoA-I (g/l) 1.19+− 0.03 1.23 +− 0.04 NS NS 1.30+− 0.05 1.44+− 0.04 0.046 NS
TC (mmol/l) 5.23+− 0.13 4.79 +− 0.19 NS NS 5.27+− 0.16 5.02+− 0.13 NS NS
HDL-C (mmol/l) 0.97+− 0.03 1.24 +− 0.05 < 0.0001 < 0.0001 1.13+− 0.05 1.51+− 0.06 < 0.0001 0.0001
TC/HDL-C ratio 5.44+− 0.21 3.90 +− 0.23 < 0.0001 < 0.0001 4.64+− 0.24 3.37+− 0.16 < 0.0001 < 0.0001
ApoB/apoA-I ratio 0.85+− 0.04 0.66 +− 0.04 0.0002 0.001 0.73+− 0.04 0.56+− 0.03 0.0003 0.002

Statistical analysis
All results are means +− S.E.M. All statistical analysis was
done using SigmaStat (Jandel), GraphPad Prism and JMP
IN Version 5 (SAS Institute). Continuous data, such as
blood lipid parameters and anthropometric parameters,
were compared (Indian men compared with Cauc-
asian men, and Indian women compared with Caucasian
women) by unpaired two-tailed Student’s t test. Two-
way ANOVA was used to calculate adjusted P values for
BMI and group effects on each lipoprotein parameter.
One-way ANOVA with Bonferroni post-hoc test was
used to test differences between all groups. Relationships
between variables in each group were assessed by linear
regression analysis using Pearson correlation. Signific-
ance was set at P < 0.05.

RESULTS

There was no significant difference in hip circumference
between the Indian and Caucasian men or between the
Indian women and Caucasian women (Table 1). There
was a significant difference in age between the men. Not-
withstanding the lack of difference in BMI between
Indian and Caucasian men, there were significant differ-
ences between them for body fat percentage, waist cir-
cumference and WHR. BMI was significantly different in
the women; however, Indian women had a significantly

higher body fat percentage, waist circumference and
WHR than Caucasian women.

ApoB, HDL-C, TC/HDL-C ratio and apoB/apoA1
ratio remained significantly different between the Indian
men and Caucasian men and between the Indian women
and Caucasian women after adjustment for BMI (Table 2).
Adjustment for body fat percentage yielded similar re-
sults (results not shown). However, after adjusting for
WHR, only HDL-C and the TC/HDL-C ratio remained
significantly different between the Indian men and Cau-
casian men and between the Indian women and Caucasian
women.

In Figure 1, the individual results for WHR and body
fat percentage are shown for each group. The slope of
this line indicates the cross-sectional relationship between
abdominal obesity and total body fat. The relationship
was significant in both Caucasian men and women, but
not in Indian men or women.

Table 2 summarizes the blood lipid and apolipo-
protein results. Indian women had significantly higher
apoB, apoB/apoA-I ratio and TC/HDL-C ratio, and
significantly lower apoA-I and HDL-C than Caucasian
women. Similarly, Indian men had significantly higher
apoB, apoB/apoA-I ratio and TC/HDL-C ratio, and sig-
nificantly lower HDL-C. Note that apoB and the apoB/
apoA-I ratio were comparable in the Indian women and
Caucasian men, despite known gender differences, when
all groups were tested using ANOVA.

C© 2006 The Biochemical Society
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Figure 1 Pearson correlation analysis of body fat percentage and WHR in Indian men (A), Caucasian men (B), Indian women
(C) and Caucasian women (D)

The relationship among the subjects in each group
between the WHR and apoB/apoA-I ratio is shown in
Figure 2. With the exception of the Indian women, the
relationship was positive and significant, indicating that a
higher WHR is associated with a greater apoB/apoA-I
ratio. The relationship between BMI and the apoB/
apoA-I ratio was significant only in the Caucasians and,
even in these groups, it appeared less clear cut than the rel-
ationship between the WHR and apoB/apoA-I ratio
(Figure 3). Finally, there was no evidence in any of
the subgroups of a significant relationship between the
apoB/apoA-I ratio and body fat percentage (Figure 4).

DISCUSSION

Our data confirm that the distribution of body fat differs
in migrant Indians in Canada compared with native white
Caucasians. In Caucasian men and women, the relation-
ship between WHR ratio and body fat percentage ap-
peared to be genuinely linear and therefore genuinely pre-
dictable. In the Indians, particularly the women, this neat
relationship was absent, a finding we cannot explain and
which must be addressed in future studies. Our results
also demonstrate that gender and ethnicity interact: that
the deposition of adipose tissue in the abdomen progress-
ively increased in a stepwise fashion from white Cau-
casian females, to Indian females, to white Caucasian
males, to Indian males.

This trend was closely, although not exactly paralleled,
by differences in the apoB/apoA-I ratio among the
different groups. In support of this relationship is the fact
that the differences in the apoB/apoA-I ratio between the
Indian and Caucasian groups were no longer significant
after adjustment for WHR, whereas adjustment for BMI
or body fat percentage produced no effect.

In both groups of subjects, as anticipated, the apoB/
apoA-I ratio was greater in males than in females. The be-
tween-group comparisons were of greater interest. The
level of apoB was significantly higher in the Indian
women compared with the Caucasian men, in contrast
with the usual gender relationship [21–23]. Moreover, in
these groups, the mean levels of apoA-I were virtually
identical, again, in contrast with the usual relationship
between the genders [21–23]. Perhaps, as a consequence of
sample size, the apoB/apoA-I ratio was not significantly
different between the Indian women and the Caucasian
men. However, it was significantly higher in the
Indian men than in the Caucasian men.

The apoB/apoA-I ratio is the most powerful summary
index of the lipoprotein-related risk of vascular disease,
and the INTERHEART study has established that there
is a precise linear relationship with extremely narrow con-
fidence limits between this ratio and the risk of vascular
disease within all of the diverse groups [24]. Our observ-
ation that the apoB/apoA-I ratio in Indian women was at
least equivalent to Caucasian men supports the evidence
that South Asian women do not share the same relative

C© 2006 The Biochemical Society
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Figure 2 Pearson correlation analysis of WHR and apoB/apoA-I ratio in Indian men (A), Caucasian men (B), Indian women
(C) and Caucasian women (D)

Figure 3 Pearson correlation analysis of BMI and apoB/apoA-I in Indian men (A), Caucasian men (B), Indian women (C) and
Caucasian women (D)

C© 2006 The Biochemical Society
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Figure 4 Pearson correlation analysis of body fat percentage and apoB/apoA-I in Indian men (A), Caucasian men (B), Indian
women (C) and Caucasian women (D)

immunity from premature vascular disease that Cau-
casian women do compared with Caucasian men [7,8].

There was no evidence of any systematic relationship
between body fat percentage and the apoB/apoA-I ratio.
Moreover, the relationship appeared to be stronger be-
tween the apoB/apoA-I ratio and WHR than between the
apoB/apoA-I ratio and BMI. It is worth noting that
the INTERHEART study demonstrated that WHR was
superior to BMI as an index of the risk of vascular
disease [25]. Our data showing closer relationships of the
apoB/apoA-I ratio to WHR than to BMI are of interest
in this regard and suggest that the risk of WHR may be
mediated, at least in part, through the apoB/apoA-I ratio.

The challenge is to understand why Indians and other
South Asians begin to store more fat in the upper body
at a lower body fat percentage than Caucasians do. Our
hypothesis, simply put, is that because the climate is so
much warmer in South Asia, the peoples living there have
fewer primary adipocytes (the layer of adipocytes just
under the skin) than do Caucasians who have lived for
tens of thousands of years in colder climates [26]. Primary
adipocytes, most of which are located in the lower
limbs, provide us with our thermal barrier and would be
expected to be more fully developed in Caucasians than
South Asians. As well, primary adipocytes are relatively
metabolically inert. That is, they are characterized by low

transmembrane fatty acid fluxes [26]. On exposure to
a positive energy balance, primary adipocytes in South
Asians become larger with greater transmembrane fatty
acid fluxes [26]. Moreover, visceral adipocytes, a second-
ary site of adipocyte development, must proliferate and
expand earlier in South Asians than Caucasians, because
of the reduced storage capacity for excess fatty acids
within the primary adipocytes [26]. Visceral adipocytes
are also characterized by higher transmembrane fatty
acid fluxes and a more adverse pattern of cytokine se-
cretion [26]. The higher systemic and hepatic trans-
membrane fatty fluxes play an integral role in pro-
ducing hypertriacylglycerol hyperapoB, the atherogenic
dyslipoproteinaemia so characteristic of abdominal obe-
sity and Type II diabetes mellitus [27]. Obviously, how-
ever, although our data are consistent with this hypo-
thesis, it must be tested much more directly and more
stringently.
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