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Early evidence of ethnic differences in cardiovascular risk:
cross sectional comparison of British South Asian and
white children
Peter H Whincup, Julie A Gilg, Olia Papacosta, Carol Seymour, George J Miller, K G M M Alberti,
Derek G Cook

Abstract
Objectives To examine whether British South Asian
children differ in insulin resistance, adiposity, and
cardiovascular risk profile from white children.
Design Cross sectional study.
Setting Primary schools in 10 British towns.
Participants British children aged 8 to 11 years (227
South Asian and 3415 white); 73 South Asian and
1287 white children aged 10 and 11 years provided
blood samples (half fasting, half after glucose load).
Main outcome measures Insulin concentrations,
anthropometric measures, established cardiovascular
risk factors.
Results Mean ponderal index was lower in South
Asian children than in white children (mean
difference − 0.43 kg/m3, 95% confidence interval
− 0.13 kg/m3 to − 0.73 kg/m3). Mean waist
circumferences and waist:hip ratios were similar.
Mean insulin concentrations were higher in South
Asian children (percentage difference was 53%, 14%
to 106%, after fasting and 54%, 19% to 99%, after
glucose load), though glucose concentrations were
similar. Mean heart rate and triglyceride and
fibrinogen concentrations were higher among South
Asian children; serum total, low density lipoprotein,
and high density lipoprotein cholesterol
concentrations were similar in the two groups.
Differences in insulin concentrations remained after
adjustment for adiposity and other potential
confounders. However, the relations between
adiposity and insulin concentrations (particularly
fasting insulin) were much stronger among South
Asian children than among white children.
Conclusions The tendency to insulin resistance
observed in British South Asian adults is apparent in
children, in whom it may reflect an increased
sensitivity to adiposity. Action to prevent non-insulin
dependent diabetes in South Asian adults may need
to begin during childhood.

Introduction
In the United Kingdom men and women from many
parts of the Indian subcontinent (including India, Paki-
stan, and Bangladesh) have markedly higher mortality

from coronary heart disease than is seen in the general
population.1 2 The greater prevalence of non-insulin
dependent (type II) diabetes, impaired glucose
tolerance, and insulin resistance observed in South
Asian men may be important contributory factors,3–12

though South Asian men tend to have lower blood
cholesterol concentrations and smoke less than white
people.3–6 9–12 While genetic factors probably play a part
in these differences, the expression of insulin resistance
differs between environmental settings, and there may
be a strong environmental component.13 14

Although cardiovascular disease and non-insulin
dependent diabetes may originate early in life,15 16 there
has been little attempt to study whether differences in
cardiovascular risk profiles (particularly in insulin
resistance) in South Asian and white people are appar-
ent in childhood. We compared such profiles in British
South Asian and white children.

Participants and methods
The “ten towns heart health studies” are based in 10
towns in England and Wales with widely differing adult
cardiovascular mortality. Of these, Burnley and
Rochdale include a substantial proportion of children
of South Asian origin. Details of the 1994 study have
been reported elsewhere.17 18 The study took place in a
stratified random sample of 10 primary schools in each
town. In each school we invited 50 children aged 8-11
years to take part and asked the 22 oldest (aged 10-11
years) to provide additional measurements including a
blood sample. We obtained ethical approval from all
relevant local research ethics committees and
informed written consent from parents.

Two research teams visited towns in sequence
between April and November 1994. They measured
height, weight, and blood pressure (two seated
measurements with the Dinamap 1846SX oscillomet-
ric blood pressure recorder, which also recorded heart
rate) in all children. The older pupils fasted overnight
before their assessments, which also included measure-
ments of waist and hip circumference, a simplified
three level assessment of Tanner staging for breast
development among girls19 with Tanner grades 2-3 and
4-5 combined, and the collection of a blood sample. In
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half the children this was collected after fasting and in
half it was collected 30 minutes after a standard oral
glucose load (1.75 g/kg). Blood samples were
separated and frozen at − 20oC within four hours of
collection, with snap freezing of samples for haemo-
static measurements. Serum insulin concentration was
measured by an ELISA (enzyme linked immuno-
sorbent assay) method which does not cross react with
proinsulin.20 Plasma glucose concentration (fluoride
oxalate sample) was measured with the Glucose-
Technicon Axon system (method No SM4-2143F90).
Fibrinogen concentration was measured by the Clauss
method21 and factor VIIC by a one stage semiauto-
mated bioassay.22 Serum lipid measurements have been
described elsewhere.17

Ethnicity and social class
We classified ethnicity into four main groups on the
basis of the child’s appearance (white, Asian, other,
mixed race) and cross checked with surname and with
questionnaire information on parents’ place of birth,
religion, and first language. To determine response
rates by ethnic group we defined the ethnic group of
non-participants on the basis of surname and checked
with schools in cases of doubt. Parents provided infor-
mation on their longest held occupation, which we
classified using the registrar general’s 1980 classifi-
cation of occupations.

Statistical methods
We used the SAS statistical package version 6.12 (SAS
Institute, Cary, NC, USA) for all statistical analyses.
Serum insulin and triglyceride concentrations were
markedly skewed and were log transformed. For these
variables we have presented geometric mean values
and percentage differences (with 95% confidence
limits). We used ponderal index (weight (kg)/height
(m)3)—independent of age and height—as an index of
weight for height. We calculated estimates of insulin
resistance (insulin × glucose/22.5) from fasting values
in accordance with “homeostasis model assessment.”23

Physical measurements were adjusted for observer
(four levels). We adjusted blood glucose and insulin
concentrations for time of day and for variation in the
interval between glucose load and venepuncture.18 We
adjusted all the main analyses for town, sex, and age.
When appropriate we also adjusted for height and
ponderal index. We determined differences between
ethnic groups in slope between adiposity and insulin
concentration by regressing log (insulin) on each
adiposity measure using PROC GLM and fitting an
interaction term for adiposity measure*ethnic group.

Results
Overall, 3415 white and 227 South Asian children took
part (response rates 73% and 80% respectively). We
excluded 18 children of mixed race from analyses. We
took blood samples from 1287 white and 73 South
Asian children (response rates 64% and 61%
respectively). Demographic and social characteristics
are shown in table 1. South Asian children were slightly
younger on average than white children, but a similar
proportion were girls. Most of the South Asian
children had been born in the United Kingdom, and a
high proportion were measured in Burnley and Roch-
dale. More white children had parents with non-
manual occupations. Of the 120 South Asian mothers
who provided information, 82 (68%) were born in
Pakistan, 15 (13%) in Bangladesh, and 5 (4%) in India.
Results were similar for fathers. Almost all (95%) were
Muslim. These characteristics were similar in the subset
of children who provided blood samples.

Ethnic group and cardiovascular risk factors

Body build, blood pressure, and heart rate
White children were heavier and slightly taller on aver-
age, with a greater mean ponderal index than their
South Asian counterparts (table 2). However, mean
waist and hip circumferences and waist:hip ratios were
similar in the two groups. Mean diastolic blood
pressure and heart rate were higher in the South Asian
children, particularly after adjustment for height and
ponderal index. The difference in mean diastolic blood
pressure was greatly reduced after we also adjusted for
heart rate (from 1.4 to 0.7 mm Hg, 95% confidence
interval − 0.3 mm Hg to 1.7 mm Hg, P=0.19).

Blood lipids and coagulation factors
Mean concentrations of total, low density lipoprotein,
and high density lipoprotein cholesterol were slightly
but not significantly lower in South Asian children
(table 3). Mean triglyceride concentration was signifi-
cantly higher in South Asian children than white chil-
dren. Mean fibrinogen concentrations were markedly
higher in South Asian children. Factor VII concentra-
tions were similar in the two groups.

Glucose and insulin concentration
Mean glucose concentrations were similar in South
Asian and white children, but insulin concentration
both after fasting and after a glucose load were
markedly higher in South Asian children (table 4).
These differences in insulin concentration persisted
after we adjusted for height and ponderal index. The
mean difference in insulin resistance between South
Asian and white children with homeostasis model
assessment23 was similar to the difference in fasting
insulin concentration: 54% (14% to 108%) after adjust-
ment for age and sex and 69% (29% to 121%) after
additional adjustment for height and ponderal index.
The percentage differences in insulin concentrations
between South Asian and white children were slightly
higher among girls (fasting 74%, 5% to 189%; after
glucose load 57%, 6% to 130%) than boys (fasting 36%,
− 9% to 102%; after glucose load 49%, − 2% to 125%),
but there was no evidence of sex interaction for either
measurement (fasting P=0.4; after glucose load P=0.9).
Breast development was less pronounced among

Table 1 Characteristics of study participants

South Asian children
(n=227*)

White children
(n=3415*)

P value (no ethnic
difference)

Mean (SD) age (years) 10.2 (0.54) 10.5 (0.66) <0.0001

No (%) of girls 107 (47) 1639 (48) 0.66

No (%) born in United Kingdom 117/141 (83) 2789/2817 (99) <0.0001

No (%) measured in Burnley or
Rochdale

202 (89) 546 (16) <0.0001

No (%) with parents in non-manual
occupation

27/93 (29) 1334/2723 (49) <0.0001

*Base number except where shown otherwise.
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South Asian girls than white girls (45% v 35% still at
Tanner stage 1). However, adjustment for pubertal sta-
tus tended to increase rather than diminish ethnic dif-
ferences in insulin concentration.

When we restricted analyses to children from
Burnley and Rochdale we found similar ethnic
differences in insulin concentration, though confi-
dence intervals were larger (fasting 43%, –6% to 120%;
after glucose load 53%, 16% to 103%). When we
restricted analyses to children of Pakistani origin the
results were similar to those for the whole study popu-
lation. Adjustment for waist circumference or waist:hip
ratio, social class, heart rate (as a proxy for physical fit-
ness), and physical activity (based on parents’
assessment of child’s usual level of physical activity) had
no important effect on estimated ethnic differences in
insulin. Adjustment for birth weight reduced the

fasting difference by a quarter but did not affect the
difference after glucose load.

Body build and insulin concentration: relation in
different ethnic groups
Ponderal index, waist circumference, and to a lesser
extent waist:hip ratio were related to fasting insulin
concentration (r=0.36, 0.35, 0.05, respectively with log
insulin concentration) and to insulin concentration
after glucose load (r=0.35, 0.35, 0.05, respectively with
log insulin concentration). The relations between body
build and insulin concentration were examined
separately in white and South Asian children (table 5).
The slopes regressing log insulin concentration on
each of the three measures of body build were
markedly steeper in South Asian children than in white
children (figure). For fasting insulin concentration the
differences in slope between ethnic groups (tests for

Table 2 Body build, blood pressure, and pulse rate in South Asian and white children. Figures are means (SE)

South Asian§
(n=227)

White§
(n=3415)

Difference (95% CI)

Adjustment 1§ Adjustment 2¶

Height (cm) 140.5 (0.5) 140.9 (0.1) −0.4 (−1.4 to 0.6) —

Weight (kg) 34.5 (0.6) 35.8 (0.1) −1.3 (−2.5 to −0.1)* —

Ponderal index (kg/m3) 12.27 (0.15) 12.70 (0.03) −0.43 (−0.73 to −0.13)† —

Systolic blood pressure (mm Hg) 111.7 (0.9) 112.4 (0.2) −0.6 (−2.4 to 1.1) 0.3 (−1.3 to 1.9)

Diastolic blood pressure (mm Hg) 66.6 (0.5) 65.5 (0.1) 1.1 (0.0 to 2.2) 1.4 (0.3 to 2.5)*

Heart rate (beats/min) 84.9 (0.9) 81.5 (0.2) 3.4 (1.6 to 5.2)‡ 3.7 (1.9 to 5.5)‡

Waist circumference (cm)** 61.2 (1.0) 61.0 (0.2) 0.3 (−1.7 to 2.3) —

Hip circumference (cm)** 75.6 (0.9) 76.3 (0.2) −0.7 (−2.5 to 1.2) —

Waist:hip ratio** 0.807 (0.006) 0.799 (0.001) 0.008 (−0.005 to 0.021) —

*0.01<P<0.05.
†0.005<P<0.01.
‡P<0.005.
§Adjusted for age, sex, and town.
¶Adjusted for age, sex, town, childhood height, and ponderal index (not carried out for body build measures).
**No=86 for South Asian children and 1415 for white children.

Table 3 Blood lipids and haemostatic factors in South Asian and white children

South Asian§ White§ Difference (95% CI)

No Mean (SE) No Mean (SE) Adjustment 1§ Adjustment 2¶

Cholesterol (mmol/l):

Total 73 4.56 (0.10) 1287 4.66 (0.02) −0.10 (−0.30 to 0.11) −0.10 (−0.31 to 0.10)

Low density lipoprotein 73 2.70 (0.09) 1286 2.78 (0.02) −0.09 (−0.27 to 0.10) −0.09 (−0.28 to 0.09)

High density lipoprotein 73 1.38 (0.04) 1286 1.43 (0.01) −0.05 (−0.13 to 0.03) −0.05 (−0.13 to 0.03)

Triglyceride (mmol/l)** 73 1.01 1287 0.91 11.7% (0.0 to 24.8%)* 12.1% (0.9 to 24.5%)*

Fibrinogen (g/l) 55 2.80 (0.08) 667 2.52 (0.02) 0.28 (0.10 to 0.45)‡ 0.22 (0.06 to 0.39)†

Factor VII (%) 55 105.9 (4.3) 667 104.9 (1.1) 1.0 (−7.9 to 10.0) −0.9 (−9.7 to 7.9)

*0.01<P<0.05.
†0.005<P<0.01.
‡P<0.005.
§Adjusted for age, sex, and town.
¶Adjusted for age, sex, town, childhood height, and ponderal index.
**Geometric mean.

Table 4 Plasma glucose and serum insulin concentrations in South Asian and white children

South Asian* White* Difference (95% CI)

No Mean (SE) No Mean (SE) Adjustment 1* Adjustment 2†

Fasting

Glucose (mmol/l) 41 4.85 (0.07) 625 4.85 (0.01) 0.00 (−0.14 to 0.14) 0.02 (−0.12 to 0.15)

Insulin (pmol/l)‡ 40 47.8 622 31.2 53.4% (14.4% to 105.6%)§ 68.0% (29.1% to 118.5%)§

After glucose load

Glucose (mmol/l) 31 7.16 (0.32) 587 7.01 (0.06) 0.15 (−0.49 to 0.79) 0.18 (−0.46 to 0.82)

Insulin (pmol/l)‡ 31 459.8 581 298.7 54.0% (19.1% to 99.0%)§ 42.7% (12.8% to 80.3%)§

*Adjusted for age, sex, and town.
†Adjusted for age, sex, town, childhood height, and ponderal index.
‡Geometric mean.
§P<0.005.
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interaction) were significant for all three measures. For
insulin concentration after a glucose load only the dif-
ference for waist:hip ratio was significant (P=0.05).

Discussion
This cross sectional study has shown that the tendency
among British South Asian adults to develop insulin
resistance is apparent in childhood, though it is not
associated with overt glucose intolerance at that stage.
The proportional difference in fasting insulin concen-
tration between South Asian and white children was
similar to that seen in British adults.6 7 However, the
difference in insulin concentration after glucose load in
children was smaller than that seen in most adult stud-
ies.4 6 9 It is unlikely that the results are an artefact of
sampling or differential response rates (only margin-
ally different in the two groups) or the result of ethnic
differences in pubertal status. In this study South Asian
children were younger, slightly shorter, and, in the case
of girls, showed less pubertal development—all factors
that tend to reduce insulin concentrations.

Previous studies
Previous studies have suggested that ethnic differences
in insulin resistance develop before adulthood. Among
young adult relatives of patients with coronary artery

disease, South Asian people had higher insulin
concentrations than white people.24 Among South
African schoolchildren aged 10-12 years, those of
Indian origin had higher insulin concentrations after
glucose load than white children.25 In populations at
exceptionally high risk for non-insulin dependent
diabetes (for example, Pima Indians) overt insulin
resistance and diabetes is seen in childhood.26

The increased mean concentrations of triglyceride
and somewhat lower concentrations of high density
lipoprotein cholesterol in South Asian children are
consistent both with the higher degree of insulin resist-
ance observed27 and with earlier reports in adults.4 6 11

The higher mean fibrinogen concentration seen
among the South Asian children is unexpected.
Fibrinogen concentrations in South Asian adults have
generally been similar to or lower than those in white
people,4 5 12 28 except for those seen in one recent US
study.29 Our finding is not explained by active cigarette
smoking, which is less common among South Asian
children, and awaits confirmation. The higher mean
heart rate observed in South Asian children could
reflect lower levels of physical fitness or increased sym-
pathoadrenal activity in this group.30

Explanation for findings
The causes of the increased insulin resistance in these
South Asian children remain unclear. Adiposity
(particularly central adiposity) is a prominent correlate
of insulin resistance in South Asian adults.6 However,
even though our measures of adiposity (including cen-
tral adiposity) are limited, our results suggest that the
ethnic difference in insulin concentrations is not
accompanied by a concomitant difference in adiposity.
Hyperinsulinaemia may precede adiposity in the early
stages of the pathogenesis of insulin resistance,31 and
insulin metabolism of South Asian people may be
more sensitive to a given degree of adiposity, general
or central. Similar findings have been described in one
recent study in adults,32 though not in earlier ones.3 6

The cause of the ethnic difference in the sensitivity of
insulin metabolism to obesity is difficult to establish

Table 5 Percentage difference (95% confidence interval) in insulin concentration per
one unit increase in adiposity measure in each ethnic group. All analyses adjusted for
age, sex, and town

Measure White South Asian
P value (no ethnic

difference)

Ponderal index (kg/m3)

Fasting 14.3 (11.0 to 17.8) 28.8 (18.4 to 40.1) 0.009

After glucose load 10.7 (8.1 to 13.5) 16.3 (8.2 to 25.1) 0.21

Waist circumference (cm)

Fasting 3.4 (2.6 to 4.3) 6.9 (4.7 to 9.2) 0.003

After glucose load 2.6 (1.9 to 3.3) 4.3 (2.5 to 6.1) 0.08

Waist:hip ratio*

Fasting 2.6 (1.5 to 3.8) 9.5 (5.5 to 13.7) 0.001

After glucose load 1.5 (0.6 to 2.5) 7.4 (3.1 to 11.9) 0.008

*One unit change in waist:hip ratio taken as 0.01.
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within the present small study. Both environmental
and genetic influences are likely to be important. The
roles of fetal nutrition, physical fitness, and physical
activity, for which we could make only crude
adjustments, require further investigation. Childhood
nutrition might also be important. When we used a
food frequency questionnaire we found that South
Asian children consumed less fresh fruit and
vegetables than white children did. Infective or inflam-
matory factors could also play a part.33

Implications
Our results imply that the primary prevention of insu-
lin resistance, non-insulin dependent diabetes, and
cardiovascular disease in high risk populations (includ-
ing British South Asians) may need to begin before
adult life. Given that South Asian people may be
particularly sensitive to the metabolic consequences of
obesity (currently increasing in prevalence among
British children34), the prevention of obesity in
childhood and adolescence among South Asian
people, with a combination of dietary measures and
increased physical activity,35 is a strong priority while
other influences on the development of ethnic
differences in insulin resistance are assessed.
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What is already known on this topic

Compared with white people British South Asians
are at increased risk of coronary heart disease,
stroke, and non-insulin dependent diabetes

There is evidence that these conditions originate
in early life

What this study adds

British South Asian children show higher average
levels of insulin and insulin resistance than white
children

These ethnic differences in insulin resistance in
childhood are not associated with corresponding
differences in adiposity, particularly central
adiposity

Insulin metabolism seems to be more sensitive to
a given degree of adiposity among the South
Asian children compared with white children

The prevention of insulin resistance and its
consequences may need to begin during
childhood, particularly in South Asians
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