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Abstract

Objective: UK Indian adults have higher risks of coronary heart disease and type 2 diabetes than Indian and UK European
adults. With growing evidence that these diseases originate in early life, we compared cardiometabolic risk markers in
Indian, UK Indian and white European children.

Methods: Comparisons were based on the Mysore Parthenon Birth Cohort Study (MPBCS), India and the Child Heart Health
Study in England (CHASE), which studied 9–10 year-old children (538 Indian, 483 UK Indian, 1375 white European) using
similar methods. Analyses adjusted for study differences in age and sex.

Results: Compared with Mysore Indians, UK Indians had markedly higher BMI (% difference 21%, 95%CI 18 to 24%), skinfold
thickness (% difference 34%, 95%CI 26 to 42%), LDL-cholesterol (mean difference 0.48, 95%CI 0.38 to 0.57 mmol/L), systolic
BP (mean difference 10.3, 95% CI 8.9 to 11.8 mmHg) and fasting insulin (% difference 145%, 95%CI 124 to 168%). These
differences (similar in both sexes and little affected by adiposity adjustment) were larger than those between UK Indians
and white Europeans. Compared with white Europeans, UK Indians had higher skinfold thickness (% difference 6.0%, 95%CI
1.5 to 10.7%), fasting insulin (% difference 31%, 95%CI 22 to 40%), triglyceride (% difference 13%, 95%CI 8 to 18%) and LDL-
cholesterol (mean difference 0.12 mmol/L, 95%CI 0.04 to 0.19 mmol/L).

Conclusions: UK Indian children have an adverse cardiometabolic risk profile, especially compared to Indian children. These
differences, not simply reflecting greater adiposity, emphasize the need for prevention strategies starting in childhood or
earlier.
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Introduction

People of Indian origin migrating to the UK have experienced

rates of coronary heart disease (CHD) and type 2 diabetes (T2D)

which are markedly higher than those of the white European host

population [1,2] and those of their country of origin [3], though

risks of CHD and T2D in India are now rising rapidly [4].

Although comparisons of cardiometabolic risk factors between

Indian adult migrants and the white European host population

have shown that adiposity and insulin resistance are higher among

UK Indians [1,5], assessment of the full extent of migration-

related risk factor changes requires comparisons between Indians

living in India and in the UK or other Western diaspora locations

[6]. Such comparisons, few in number, have observed marked

differences in LDL-cholesterol and blood pressure as well as

adiposity and insulin resistance [6,7]. In the most recent UK-based

study, increased adiposity was identified as a key factor underlying

migration-related changes in cardiometabolic risk [6].

CHD and T2D risks are influenced by factors operating in

childhood, infant and fetal life [8,9]. Earlier reports have suggested

that differences in adiposity and insulin resistance between UK

South Asians and UK white Europeans are apparent both in

childhood [10–12] and adolescence [13,14]. However, differences

in cardiometabolic risk factors between Indian children living in

India and the UK, and the contribution of adiposity, have been

little studied [6]. We have therefore compared cardiometabolic

risk factors among 9–10 year-old Indian children examined in

comparable recent surveys in India and the UK; data on UK

white European children have also been included for reference.
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Methods

Analyses were based on two studies, the Mysore Parthenon

Birth Cohort Study (MPBCS) and the Child Heart and Health

Study in England (CHASE). MPBCS is based on 663 normal

births delivered at the CSI Holdsworth Memorial Hospital in

Mysore, India during 1997–1998. 630 participants were eligible

for follow up at approximately 9.5 years during 2007–2008.

Ethical approval was obtained by the CSI Holdsworth Memorial

Hospital ethical committee. Mysore is a burgeoning medium-scale

city in southern India and a base to several traditional and home

industries, and recently to a growing IT sector. The city has a

population of one million which is mainly of middle socio-

economic class. CHASE is a cross-sectional study of approximately

5000 9–10 year-old children who attended 200 Primary Schools in

London, Birmingham and Leicester carried out between 2004 and

2007. The study population is multi-ethnic and included children

of Indian and white European ethnic origins. Ethical approval was

obtained from the Multicentre Research Ethics Committee. Full

details of both studies are published elsewhere [10,12,15,16]. In

both studies, informed written consent was obtained from all

parents or guardians and assent from participating children.

Trained observers made standardized measurements of height,

weight, waist and mid-upper arm circumference, triceps and

subscapular skinfold thickness measurements using similar tech-

niques. Arm-leg bioimpedance was recorded with a Bodystat

Quadscan (MPBCS) or Bodystat 1500 (CHASE) (Bodystat Ltd,

Isle of Man, UK) using the same validated equation in both studies

to derive fat-free mass [17] and pubertal status assessed in girls

using the Tanner breast development scoring system. Two seated

measurements of blood pressure were made with a Dinamap 8100

(Critikon Inc, Tampa, Florida) in MPBCS or an Omron HEM-

907 (Omron Healthcare, Inc., Kyoto, Japan) in CHASE.

Appropriate cuff sizes were available in each study and room

temperature was recorded. Dinamap 8100 blood pressures were

calibrated to the standard mercury sphygmomanometer using

pooled estimates derived from published calibration studies [18–

20]; such adjustments were not needed for the Omron HEM-907

[21].

In both studies, blood samples were collected after overnight

fasting. In MPBCS, EDTA plasma samples were frozen within 2–

3 hours at 280uC and transferred to King Edward Memorial

Hospital, Pune for analysis on study completion. Glucose,

triglycerides, total and HDL cholesterol concentrations were

analysed with standard enzymatic methods (Alcyon 3000 autoan-

alyzer; Abbott Laboratories) and plasma insulin with a time-

resolved, fluoroimmunoassay (DELFIA) method (PerkinElmer Life

and Analytical Sciences, Wallac Qy, Turku, Finland). In CHASE,

plasma and serum samples were transferred to the Department of

Clinical Biochemistry, Newcastle Hospitals NHS Trust within

48 h of collection. Plasma glucose was measured using the

hexokinase method. Serum triglyceride, total and HDL-cholester-

ol were measured using an Olympus autoanalyser. Serum for

insulin measurement was separated and frozen on dry ice after

collection and analysed using an ELISA method which does not

cross-react with proinsulin [22] in the Department of Medicine,

University of Newcastle, UK. In both studies, LDL cholesterol was

estimated using the Friedewald formula [23] and the homeostasis

model assessment (HOMA) equations were used to provide

estimates of insulin resistance and beta cell function [24]. To

examine the influence of laboratory on blood marker patterns,

EDTA samples from 26 CHASE participants stored at 270uC
since collection were sent to the Pune laboratory for analysis

following MPBCS protocols during 2010.

In CHASE, child ethnicity was defined using parental

information on the self-reported ethnicity of both parents, or

parental information on the ethnicity of the child. The ‘UK

Indian’ group includes children whose parents both originated in

India and ‘UK white European’ includes children whose ethnicity

was defined as ‘white British,’ ‘white Irish,’ or ‘white European’

Statistical methods
Statistical analyses were carried out using STATA/SE software

(Stata/SE 10 for Windows, StataCorp LP, College Station, TX,

USA). Variables were checked for normality and log transformed

where necessary. Outcome variables which required log transfor-

mation included weight, BMI, waist and arm circumference,

triceps and subscapular skinfolds, sum of skinfolds, triglyceride,

fasting glucose and insulin, HOMA insulin resistance and beta cell

function. The average age of the two study populations was slightly

different and it was necessary to adjust for age as a confounder.

The similarity of associations with age in the different study

populations was formally examined; no marked differences in age

slopes were observed and age adjustments were made using a

single slope. Linear regression was used to create adjusted means

and population differences, adjusting for age and sex (except in

analyses where adjusted means are presented stratified by sex).

Means were standardized to the average age. Adjusted geometric

means and percentage differences were given for log transformed

variables.

In order to examine whether the associations between BMI, fat

mass percentage and sum of skinfolds differed between population

groups, median spline plots were created using the MSPLINE

command in Stata, which fits a smooth polynomial function to

show the inter-relationships between BMI and fat mass percentage

or sum of skinfolds (adjusted for age) in the different populations.

Population differences in BMI at a given level of fat mass

percentage (or sum of skinfolds) in different population groups

were estimated using regression models which included an

interaction term between population group and fat mass

percentage or sum of skinfolds. Absolute differences in BMI were

approximated from differences in log BMI by multiplying the

proportional differences by the expected median BMI. These were

estimated empirically by calculating the median BMI within 5

percentiles either side of the median for fat mass percentage or

sum of skinfolds for all population groups combined.

Population differences in cardiometabolic risk markers were

additionally adjusted for adiposity and height to examine whether

these explained the differences observed, having first established

that there were no consistent differences in the associations

between adiposity, height and cardiometabolic risk markers

between the three groups. Sensitivity analyses were conducted,

in which girls with a Tanner breast development score greater

than one were excluded from the analysis to remove girls who

showed evidence of pubertal development. Paired mean or

percentage differences and t-tests were used to quantify laboratory

differences based on analyses of blood samples from the same

individuals.

Results

In MPBCS, 538 children (256 boys and 282 girls, mean age 9.4

years) participated and had full measurements (85% of all

surviving birth cohort participants). In CHASE, 483 UK Indians

and 1375 white Europeans (948 boys and 910 girls, mean age 10.0

years) participated (75.1% of Indians and 69.4% of white

Europeans invited). Among the UK Indian children, most (83%)

were born in the UK; 12% were born in India and 4% in other
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locations (for 1% birth place was unknown); their parental

occupations were 31.3% managerial/professional, 33.8% inter-

mediate and 26.5% in routine/manual; the remaining 8.4% were

unemployed or had unknown occupations) [25]. Mean levels of

adiposity and cardiometabolic risk factors are shown for boys and

girls in each population group (Table 1) and overall population

mean differences in these outcome measures (which were similar

in boys and girls) in Table 2. Differences expressed as z-scores are

presented in Supporting Information Table S1.

Differences between Indian and UK Indian children
Compared with Mysore Indian children, UK Indians were

taller (mainly reflecting greater leg length); heavier and more

adipose (higher mean BMI, waist and arm circumferences,

subscapular and triceps skinfolds and fat mass percentage). They

had higher fasting insulin concentrations, insulin resistance, beta

cell function, HDL-and LDL-cholesterol concentrations, and

systolic and diastolic blood pressure. Their mean triglyceride

levels were however similar to those of Mysore Indians, while

glucose levels were lower. The largest percentage differences

(,145%) and z-score differences (1.3–1.5) were observed for

fasting insulin, insulin resistance and beta-cell function. White

Europeans generally showed similar, though slightly smaller,

differences from Mysore Indians, except that their trunk length

and leg lengths were greater and triglyceride levels were lower.

Differences between UK Indian and UK white European
children

Differences between UK Indians and white European children

were less marked than those between UK Indians and Mysore

Indians (Table 2). UK Indians had a similar mean height but were

lighter and had lower mean BMI, waist and arm circumferences

than white Europeans. However, UK Indians had higher mean fat

mass % and skinfold thickness (particularly subscapular skinfold);

fasting insulin, insulin resistance and beta-cell function were

markedly higher, while triglyceride, diastolic (though not systolic)

blood pressure, total and LDL-cholesterol were all slightly higher.

Fasting glucose and HDL-cholesterol were similar. Again the

largest differences, both percentage (,30%) and z-score (,0.4)

were observed for fasting insulin, insulin resistance and beta cell

function. The differences were similar in boys and girls and were

little affected by adjustment for pubertal status in girls (data not

presented). Differences between UK Indians and other population

groups were similar in participants who were UK born and those

who were not (data not presented).

Population differences in the relationship between
adiposity and BMI

The inter-relations of BMI, fat mass % and sum of subscapular

and triceps skinfolds in the three study populations are shown in

Figure 1, with estimated absolute differences in BMI at the median

fat mass percentage and sum of skinfolds shown in Table 3. For

any given fat mass percentage (or sum of skinfolds), mean BMI was

highest among white Europeans, intermediate among UK Indians

and lowest among Mysore Indians, except at the lower end of the

distribution where Mysore Indians had similar or higher BMI

levels than UK Indians. Conversely, at any given BMI, fat mass

percentage (or sum of skinfolds) was lowest among white

Europeans, intermediate among UK Indians and highest among

Indians. At the median fat mass percentage, UK white European

children had a mean BMI ,3.0 kg/m2 higher than Mysore Indian

children, while UK Indians had a BMI level ,1.8 kg/m2 higher

than Mysore Indian children; these differences were larger in girls

than boys. The corresponding BMI differences for sum of skinfolds

were slightly smaller; again these differences were slightly larger in

girls than boys (Table 3). In similar comparisons of UK Indians

and white Europeans, UK Indians had a BMI level 1.0 kg/m2

lower than white Europeans both at the median fat mass

percentage and the median sum of skinfolds; for fat mass

percentage this difference was very slightly higher in boys than

girls.

Effect on population differences of adjusting for
adiposity and height

Adiposity markers were strongly correlated with insulin, insulin

resistance, triglyceride, LDL-cholesterol and blood pressure in all

population groups (data not presented). The effects of adiposity

adjustment (with fat mass percentage and sum of skinfolds) on the

population differences in blood markers and blood pressure are

shown in Table 4; percentage changes in the population

differences in cardiometabolic risk markers after adjustment for

adiposity are shown in Supporting Information Table S3. The

differences between UK Indian and Mysore Indian children in

mean levels of insulin, insulin resistance and beta cell function

were reduced by at most one third, while differences in total and

LDL-cholesterol and blood pressure were little affected; differences

in glucose and HDL-cholesterol became more marked. All these

differences remained highly statistically significant. Adjustment for

adiposity had similar effects on UK Indian-white European

differences, reducing those in insulin, insulin resistance and beta-

cell function by up to one quarter, with smaller effects on

differences in diastolic blood pressure, total and LDL-cholesterol

and triglyceride. Again, all differences remained highly statistically

significant.

Height was strongly correlated with insulin, insulin resistance

and blood pressure in all population groups. Adjustment for height

in addition to adiposity (Supporting Information Table S2) led to

slight further reduction in the differences between UK Indians and

Mysore Indians in blood pressure, insulin, insulin resistance and

beta-cell function, with no effects on total, LDL and HDL-

cholesterol and an increase in the difference in fasting glucose; the

differences however remained substantial and statistically signifi-

cant. UK Indian-white Europeans differences were unchanged by

additional adjustment for height.

Laboratory comparison
Paired sample comparisons between the CHASE and MPBCS

laboratories are summarized in Supporting Information Table S4.

Mean insulin and triglyceride levels were slightly higher in the

CHASE laboratory; the triglyceride difference was statistically

significant. Total, LDL and HDL cholesterol levels were slightly

higher in the MPBCS laboratory; the total cholesterol difference

was statistically significant. The CHASE-MPBCS laboratory

differences in insulin were substantially smaller than the observed

study population differences and even the upper 95% confidence

interval could not explain the observed population differences;

laboratory differences in total, LDL and HDL cholesterol were

small and opposite in direction to the observed population

differences.

Discussion

UK Indian children had substantially higher levels of adiposity,

insulin resistance, LDL- and HDL-cholesterol and blood pressure

than Mysore Indian children. They also had higher levels of

adiposity, insulin resistance, LDL-cholesterol and diastolic blood

pressure than UK white European children, though differences

Cardiometabolic Risk Markers in Indian Children
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were less marked. At any given fat mass percentage, BMI was

highest in white Europeans, intermediate in UK Indians and

lowest in Mysore Indians. Conversely, at an equivalent BMI, body

fat levels (based on fat mass percentage and skinfolds) were highest

in Mysore Indians, intermediate in UK Indians and lowest among

white Europeans. The differences in insulin concentrations and

estimated insulin resistance and beta cell function between these

population groups were modestly reduced by adjustment for

adiposity markers (by approximately 30%); adjustment for

adiposity had little impact on differences in other risk markers.

We are not aware of previous comparisons between Indian

children in India and the UK, though previous adult studies have

compared UK Punjabi migrants with siblings in the Punjab [7]

and UK Gujaratis with Gujaratis in their villages of origin [6].

Those studies also showed higher levels of adiposity, insulin

resistance, total-cholesterol and blood pressure in UK Indians.

However, the differences in the present study appeared larger –

fasting insulin concentration in UK Indian children was more than

twice as high, compared with a one-third increase in the largest

adult study [6], while differences in total and LDL-cholesterol

(0.8 mmol/L, 0.5 mmol/L respectively) were also larger than

previously reported in adults (0.5 mmol/L, 0.3 mmol/L respec-

tively). Differences in systolic and diastolic blood pressure in the

present study (10.3 mmHg, 7.7 mmHg respectively) were similar

to those reported in adults (13.0 mmHg, 8.0 mmHg respectively)

[6]. The higher HDL-cholesterol and the lower plasma glucose

concentrations in UK Indians were also consistent with earlier

findings in adults [6]. The differences between UK Indians and

white Europeans (particularly in fat mass %, skinfold thickness and

insulin resistance) are consistent with previous reports on UK

South Asian children [10–12] and adults [5].

Strengths of the present investigation include the large size of

the study populations (sufficient for the detection of modest risk

factor differences) and the similarity of measurements and

measurement techniques in CHASE and MPBCS, with scope

for adjustment for method differences where present (e.g. for blood

pressure). The equation used for deriving fat mass % from

bioimpedance, though derived in white European children, has

been validated in Indian children; it provided close agreement

with estimates of fat mass % derived from doubly labeled water in

girls, though it may have underestimated fat mass % in boys [26].

Both study laboratories were externally standardized; between-

laboratory comparisons suggested that only a small component of

the observed between-population differences in insulin and none

of the observed differences in total, LDL and HDL cholesterol

between Mysore and UK Indians could be explained by

laboratory measurement differences. Adjustment for small differ-

ences in mean age between the study populations was undertaken.

Figure 1. Interrelationships between measures of adiposity adjusted for age in white Europeans (long dashes), UK Indians (solid
line) and Indians (short dashes) using median splines. Data are adjusted for age and presented between the 5th and 95th percentiles for the
variable on the horizontal axis by removing the bottom 5th and top 5th centiles from each population group separately. The y-axis is on the log scale.
doi:10.1371/journal.pone.0036236.g001

Table 3. Estimated population differences in BMI at median adiposity (fat mass % or sum of skinfolds) levels in whole study
population: for all children and by sex.

Explanatory variable Estimated absolute difference in BMI (95% CI)

UK Indian - UK white European - UK Indian -

Indian Indian UK white European

Fat mass % All 1.79 (1.51, 2.09) 2.96 (2.70, 3.24) 21.00 (21.17, 20.82)

Boys 1.16 (0.77, 1.56) 2.38 (1.99, 2.77) 21.07 (21.28, 20.85)

Girls 2.03 (1.59, 2.48) 3.14 (2.75, 3.54) 20.94 (21.23, 20.64)

Sum of skinfolds (mm) All 1.50 (1.30, 1.71) 2.69 (2.50, 2.88) 21.02 (21.16, 20.88)

Boys 1.30 (1.02, 1.58) 2.46 (2.20, 2.73) 21.02 (21.19, 20.84)

Girls 1.65 (1.33, 1.97) 2.89 (2.61, 3.17) 21.06 (21.28, 20.83)

Estimated population differences were evaluated at the median level of adiposity (fat mass % or sum of skinfolds) and were adjusted for age and sex (except by sex),
population group and an interaction term between population group and the adiposity marker. Population differences presented separately for boys and girls were
from a stratified analysis by sex.
doi:10.1371/journal.pone.0036236.t003
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The observed differences between Indian and UK children are

strongly coherent; adiposity differences expressed as SD scores are

similar for a wide range of independently assessed markers,

suggesting that the comparisons are valid. Although the two

studies had different designs (CHASE was cross-sectional and

MPBCS a birth cohort, both are effectively treated as cross-

sectional studies in this investigation. The slight difference in the

time periods in which these cross-sectional studies were carried out

(CHASE between 2004 and 2007, MPBCS between 2007 and

2008, a median difference of 1 year 8 months) is unlikely to have

an appreciable effect on the results. In supplementary analyses, we

have modeled time trends in adiposity and cardiometabolic risk

markers within the periods of the separate studies; no appreciable

secular trends were apparent within each individual study. Both

Indian and UK populations studied were urban, though both the

Indian study (a birth cohort based on a hospital providing

maternity care for the neighbouring population) and the UK study

(a survey based on primary schools) are likely to have

underrepresented children from extremely poor and extremely

affluent families. Had the comparison been based on Indian

children from semi-urban or rural settings, cardiometabolic

differences between UK and Indian populations could have been

even larger [27]. The regions of origin of the UK Indians

(predominantly Gujarat and to a lesser extent Punjab, both in

North India) are different from those of the Mysore population

(based in the Karnataka region in Southern India). However,

patterns of mean BMI and proportions of overweight or obesity in

Indian adults in Karnataka are similar to those in Gujarat and

those in India as a whole, though lower than those in Punjab [28];

rates of cardiovascular disease among Indian adults are similar in

Karnataka and Gujarat regions but lower than those in Punjab

[27]. However, the high levels of obesity and cardiovascular

disease currently observed in Punjab are likely to have developed

after the migration of families whose children participated in

CHASE. Moreover, restriction of analyses in CHASE children to

those specifically of Gujarat origin did not materially affect the

findings of UK Indian-Indian comparisons.

The cardiometabolic risk comparisons between UK Indians and

Mysore Indians complement those based on UK Indian-white

European comparisons alone [1,11–13]. If the markedly higher

total (and LDL) cholesterol, blood pressure and adiposity levels in

UK Indian children compared with Indians were to be maintained

into adult life, these could account for approximately 22%, 44%

and 29% higher CHD risks respectively at 40–49 years (potentially

2–3 fold combined) [29–31]. The higher BMI in UK Indians, if

maintained into adulthood, could also account for a T2D risk

approximately 60% higher than in Indians [30]. However, this

could be an underestimate both because adiposity from childhood

is likely to have a greater impact on T2D risk [32] and because the

BMI difference between UK and Mysore Indians is likely to have

underestimated the true difference in body fat (Figure 1).

Understanding the reasons for the population differences in

adiposity and cardiometabolic risk is potentially important for

prevention. Adiposity alone did not appear to explain the

population group differences in cardiometabolic risk; this is

consistent with the limited contribution of adiposity to differences

in insulin resistance and blood lipids between UK South Asians

and white Europeans in the main CHASE Study [12,33]. The

higher fat mass percentage at a given BMI observed among Indian

children both in the UK and in Mysore is consistent with earlier

observations in children [10] and adults [34] and with the concept

of the ‘thin-fat’ Indian child [35]. The finding emphasizes the

importance of using markers other than BMI for the assessment of

adiposity in South Asian children [10]. Diet and physical activity

are likely to play an important role in the population differences in

adiposity and cardiometabolic risk observed. It is likely that

differences in childhood diet (particularly higher intakes of calories

and saturated fat) contribute to the higher levels of adiposity and

circulating total, LDL and HDL-cholesterol and insulin levels in

UK Indians [33]. However, it was not possible to examine this

issue in detail in the present study because assessments of dietary

intake were collected using very different methods in the two

studies (24 hour recall in CHASE and food frequency question-

naire assessment in MPBCS). Low physical activity levels among

UK Indians are also likely to contribute to higher levels of

adiposity and insulin resistance [36]. Although we have shown in

an earlier report that UK South Asians, including Indians, have

lower objectively measured physical activity levels than UK white

Europeans, it was not possible to examine this issue in detail in the

present study because only 34% of the children in CHASE and

11% of children in MPBCS had objective physical activity

assessments using an Actigraph GT1M. Among the children

measured, mean levels of activity counts per minute (CPM) were

lowest among UK Indians (mean 433.6, 95% CI 413.2, 454.0),

intermediate among UK white Europeans (mean 492.5, 95% CI

483.3, 501.6) and highest among Mysore Indians (mean 515.8,

95% CI 476.5, 555.1). However, these differences, if representa-

tive of those in the populations studied, would not account for the

pattern of cardiometabolic risk levels observed (markedly lower in

Mysore Indians compared with both UK white Europeans and

UK Indians), nor for their size, when taking account of the

expected impact of these physical activity differences on

cardiometabolic risk in the CHASE Study population [37]. This

suggests that the contribution of physical activity to population

differences in cardiometabolic risk may well be small. The

contribution of other factors including socioeconomic status and

family size to the risk marker differences between Mysore and UK

Indians requires consideration, but is likely to be small. We have

reported elsewhere that there are no consistent associations

between socioeconomic status and cardiometabolic risk in UK

Indians [25]. Although higher socioeconomic status is associated

with higher levels of adiposity and insulin in Mysore Indians (data

not presented), the population-wide differences between Mysore

and UK Indians remain, even among participants with high

socioeconomic status. Family size (measured in CHASE but not in

MPBCS) is unrelated to cardiometabolic risk. Early life exposures,

particularly low birth weight, are associated with T2D and insulin

resistance [8,38]. However, mean birth weights were lowest in

Mysore Indian children [15], intermediate in UK Indians and

highest in UK white Europeans, both in CHASE (Nightingale

CM, unpublished data), suggesting that birth weight patterns alone

do not account for the higher cardiometabolic risk of UK Indian

children. Differences in family history of diabetes do not account

for the population differences observed, which remained un-

changed in a sensitivity analysis in which all children with parental

or grand parental history of diabetes were excluded from analysis.

The early emergence of these adverse cardiometabolic risk

profiles among UK Indian and white European children when

compared with Mysore Indian children emphasizes that efforts to

control chronic disease in the UK, especially in Indian diaspora

populations need to take a life course approach, including children

as well as adults. On this basis, population-wide improvements in

diet (particularly to reduce total energy, saturated fat and salt

intakes) and increases in physical activity levels are likely to be

particularly important priorities in preventing the emergence of

cardiometabolic risk in the next generation.

Cardiometabolic Risk Markers in Indian Children

PLoS ONE | www.plosone.org 8 April 2012 | Volume 7 | Issue 4 | e36236



Supporting Information

Table S1 Population differences in measures of body size/

adiposity and cardiometabolic risk markers using z-scores.

(DOC)

Table S2 Population differences in cardiometabolic risk markers

with and without adjustment for adiposity and height.

(DOC)

Table S3 Percentage change in population differences due to

adjustment for adiposity.

(DOC)

Table S4 Laboratory differences in blood results for 26 subjects.

(DOC)

Acknowledgments

The authors are grateful to the CHASE Study team, to the MPBCS

research team, associated hospital staff, Patsy Coakley and Sneha-India

and to all participating children and families. We thank Dr. CS Yajnik and

staff (KEM Hospital, Pune, India) and Dr. I Gibb and staff (RVI Hospital,

Newcastle, UK) for biochemical assays.

Author Contributions

Conceived and designed the experiments: PHW CHDF. Performed the

experiments: GVK SRV JCH ARR CGO DGC PHW CHDF. Analyzed

the data: CMN. Wrote the paper: CMN PHW CHDF.

References

1. Health Survey for England 2004: The health of ethnic minority groups (2006)
The information centre.

2. Wild SH, Fischbacher C, Brock A, Griffiths C, Bhopal R (2007) Mortality from
all causes and circulatory disease by country of birth in England and Wales

2001–2003. J Public Health (Oxf) 29: 191–198.
3. WHO (2011) The WHO Global InfoBase. Last updated: 20/01/2011. Available

at: https://apps.who.int/infobase/Index.aspx.

4. Patel V, Chatterji S, Chisholm D, Ebrahim S, Gopalakrishna G (2011) Chronic
diseases and injuries in India. Lancet 377: 413–428.

5. McKeigue PM, Shah B, Marmot MG (1991) Relation of central obesity and
insulin resistance with high diabetes prevalence and cardiovascular risk in South

Asians. Lancet 337: 382–386.

6. Patel JV, Vyas A, Cruickshank JK, Prabhakaran D, Hughes E (2006) Impact of
migration on coronary heart disease risk factors: comparison of Gujaratis in

Britain and their contemporaries in villages of origin in India. Atherosclerosis
185: 297–306.

7. Bhatnagar D, Anand IS, Durrington PN, Patel DJ, Wander GS (1995) Coronary

risk factors in people from the Indian subcontinent living in west London and
their siblings in India. Lancet 345: 405–409.

8. Kuh DL, Ben-Shlomo Y (1997) A life course approach to chronic disease
epidemiology. Oxford: Oxford University Press.

9. Barker DJ (1993) Fetal origins of coronary heart disease. Br Heart J 69: 195–196.
10. Nightingale CM, Rudnicka AR, Owen CG, Cook DG, Whincup PH (2010)

Patterns of body size and adiposity among UK children of South Asian, black

African-Caribbean and white European origin: Child Heart And health Study in
England (CHASE Study). Int J Epidemiol 40: 33–44.

11. Whincup PH, Gilg JA, Papacosta O, Seymour C, Miller GJ (2002) Early
evidence of ethnic differences in cardiovascular risk: cross sectional comparison

of British South Asian and white children. BMJ 324: 635.

12. Whincup PH, Nightingale CM, Owen CG, Rudnicka AR, Gibb I (2010) Early
emergence of ethnic differences in type 2 diabetes precursors in the UK: the

Child Heart and Health Study in England (CHASE Study). PLoS Med 7:
e1000263.

13. Ehtisham S, Crabtree N, Clark P, Shaw N, Barrett T (2005) Ethnic differences
in insulin resistance and body composition in United Kingdom adolescents.

J Clin Endocrinol Metab 90: 3963–3969.

14. Whincup PH, Gilg JA, Owen CG, Odoki K, Alberti KG (2005) British South
Asians aged 13–16 years have higher fasting glucose and insulin levels than

Europeans. Diabet Med 22: 1275–1277.
15. Krishnaveni GV, Veena SR, Hill JC, Kehoe S, Karat SC (2010) Intrauterine

exposure to maternal diabetes is associated with higher adiposity and insulin

resistance and clustering of cardiovascular risk markers in Indian children.
Diabetes Care 33: 402–404.

16. Krishnaveni GV, Hill JC, Leary SD, Veena SR, Saperia J (2005) Anthropom-
etry, glucose tolerance, and insulin concentrations in Indian children:

relationships to maternal glucose and insulin concentrations during pregnancy.
Diabetes Care 28: 2919–2925.

17. Clasey J, Bradley K, Bradley J, Long D (2007) A new BIA equation estimating

the body composition of young children. Obesity 15: A127.
18. Barker ME, Shiell AW, Law CM (2000) Evaluation of the Dinamap 8100 and

Omron M1 blood pressure monitors for use in children. Paediatr Perinat
Epidemiol 14: 179–186.

19. Jin RZ, Donaghue KC, Fairchild J, Chan A, Silink M (2001) Comparison of

Dinamap 8100 with sphygmomanometer blood pressure measurement in a
prepubertal diabetes cohort. J Paediatr Child Health 37: 545–549.

20. Park MK, Menard SW, Yuan C (2001) Comparison of auscultatory and
oscillometric blood pressures. Arch Pediatr Adolesc Med 155: 50–53.

21. Ostchega Y, Nwankwo T, Sorlie PD, Wolz M, Zipf G (2010) Assessing the

validity of the Omron HEM-907XL oscillometric blood pressure measurement

device in a National Survey environment. J Clin Hypertens (Greenwich) 12:

22–28.

22. Andersen L, Dinesen B, Jorgensen PN, Poulsen F, Roder ME (1993) Enzyme

immunoassay for intact human insulin in serum or plasma. Clin Chem 39:

578–582.

23. Friedewald WT, Levy RI, Fredrickson DS (1972) Estimation of the

concentration of low-density lipoprotein cholesterol in plasma, without use of

the preparative ultracentrifuge. Clin Chem 18: 499–502.

24. Levy JC, Matthews DR, Hermans MP (1998) Correct homeostasis model

assessment (HOMA) evaluation uses the computer program. Diabetes Care 21:

2191–2192.

25. Thomas C, Nightingale CM, Donin AS, Rudnicka AR, Owen CG, et al. (2012)

Socio-economic position and type 2 diabetes risk factors: patterns in UK

children of South Asian, black African-Caribbean and white European origin.

PLoS One In Press.

26. Kehoe SH, Krishnaveni GV, Lubree HG, Wills AK, Guntupalli AM (2011)

Prediction of body-fat percentage from skinfold and bio-impedance measure-

ments in Indian school children. Eur J Clin Nutr ejcn2011119 (epub).

27. Gupta R, Misra A, Pais P, Rastogi P, Gupta VP (2006) Correlation of regional

cardiovascular disease mortality in India with lifestyle and nutritional factors.

Int J Cardiol 108: 291–300.

28. International Institute for Population Sciences, Macro International (2007)

National Family Health Survey 3, 2005–06: India: Volume I.

29. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R (2002) Age-specific

relevance of usual blood pressure to vascular mortality: a meta-analysis of

individual data for one million adults in 61 prospective studies. Lancet 360:

1903–1913.

30. Whitlock G, Lewington S, Sherliker P, Clarke R, Emberson J, et al. (2009) Body-

mass index and cause-specific mortality in 900 000 adults: collaborative analyses

of 57 prospective studies. Lancet 373: 1083–1096.

31. Lewington S, Whitlock G, Clarke R, Sherliker P, Emberson J, et al. (2007) Blood

cholesterol and vascular mortality by age, sex, and blood pressure: a meta-

analysis of individual data from 61 prospective studies with 55,000 vascular

deaths. Lancet 370: 1829–1839.

32. Hypponen E, Power C, Smith GD (2003) Prenatal growth, BMI, and risk of type

2 diabetes by early midlife. Diabetes Care 26: 2512–2517.

33. Donin AS, Nightingale CM, Owen CG, Rudnicka AR, McNamara MC, et al.

(2010) Ethnic differences in blood lipids and dietary intake between UK children

of black African, black Caribbean, South Asian, and white European origin: the

Child Heart and Health Study in England (CHASE). Am J Clin Nutr 92:

776–783.

34. WHO (2004) Appropriate body-mass index for Asian populations and its

implications for policy and intervention strategies. Lancet 363: 157–163.

35. Yajnik CS, Fall CH, Coyaji KJ, Hirve SS, Rao S, et al. (2003) Neonatal

anthropometry: the thin-fat Indian baby. The Pune Maternal Nutrition Study.

Int J Obes Relat Metab Disord 27: 173–180.

36. Owen CG, Nightingale CM, Rudnicka AR, Cook DG, Ekelund U, et al. (2009)

Ethnic and gender differences in physical activity levels among 9–10-year-old

children of white European, South Asian and African-Caribbean origin: the

Child Heart Health Study in England (CHASE Study). Int J Epidemiol 38:

1082–1093.

37. Owen CG, Nightingale CM, Rudnicka AR, Sattar N, Cook D G, et al. (2010)

Physical activity, obesity and cardiometabolic risk factors in 9- to 10-year-old

UK children of white European, South Asian and black African-Caribbean

origin: the Child Heart And health Study in England (CHASE). Diabetologia

53: 1620–1630.

38. Whincup PH, Kaye SJ, Owen CG, Huxley R, Cook DG, et al. (2008) Birth

weight and risk of type 2 diabetes: a systematic review. JAMA 300: 2886–2897.

Cardiometabolic Risk Markers in Indian Children

PLoS ONE | www.plosone.org 9 April 2012 | Volume 7 | Issue 4 | e36236


