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Abstract

Aims: The aim of this study is to estimate the associations of early and current socio-economic position (SEP) on adult

cardiometabolic risk factors in the Indian Migration Study (N¼ 7,067).

Methods and Results: Linear mixed models were used to estimate associations between early and current SEP and

cardiometabolic risk factors: systolic blood pressure (SBP), body fat and Homeostasis Model Assessment (HOMA) score.

In males, high current SEP was associated with higher SBP. In both genders, high early and current SEP were associated

with higher body fat, current SEP dominating the associations. High early SEP was associated with higher HOMA score in

males only, and the effect size halved after adjustment for current SEP. High current SEP was associated with higher

HOMA score more strongly in males than in females.

Conclusion: Higher SEP, more importantly in adulthood than childhood, was associated with cardiometabolic risk

factors in an Indian population. The relationship between SEP over the life course and urbanization should be considered

in the Indian context when public health interventions to prevent cardiovascular disease are planned.
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Introduction

The prevalence of cardiovascular disease (CVD) and its
risk factors are rising rapidly in India.1 Studies from
developed countries suggest that low socio-economic
position (SEP) throughout the life course is associated
with higher level of cardiometabolic risk factors and
CVD risk.2–4 In contrast, studies from developing
countries have constantly reported associations
between high SEP and cardiometabolic risk, although
recently there has been some debate about the direction
of association.5–8 The relative importance of early life
and adult SEP on CVD risk remain a matter of con-
troversy. There is a lack of studies on CVD risk from
developing countries that have SEP recorded in both
childhood and adulthood. A study of South Asian men
that had migrated to the UK but had recall data on
childhood (pre-migration) SEP suggested a cumulative

protective effect of longer education and non-manual
occupation in relation to CVD mortality.9 However,
a recent study in rural Indian adolescents aged 13–18
years found that higher SEP was associated with
greater adiposity but not with other CVD risk fac-
tors, suggesting that the role of early SEP on later
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CVD risk may be dependent on later SEP or lifestyle
changes (Sanjay Kinra and co-authors, unpublished
manuscript).

This study aims to assess how early and current SEP
in conjunction are associated with cardiometabolic risk
factors in adulthood in a large Indian population.
Based on previous research, we hypothesize that early
and current SEP will have an effect on cardiometabolic
risk factors, the former being mediated and potentially
also modified by the latter. If the Indian experience
reflects that found in developed countries, we would
expect to see adverse patterns in less affluent subjects,
but we suspect that this pattern may be reversed in the
Indian setting.

Methods

Study population

The Indian Migration Study (IMS) is nested within a
cardiovascular risk factor screening study conducted in
factories in north, central and south India. The design
and sampling methodology of the IMS has been
described previously.10, 11

Briefly, the study was conducted in four factories
located in cities representing the northern (Lucknow),
central (Nagpur) and southern (Hyderabad, Bangalore)
regions of India. Factory workers and their co-resident
spouses were asked about rural-to-urban migration,
and those responding positively, together with a 25%
random sample of urban non-migrants, were recruited
into the study. Each participant was asked to identify
one sibling who was still resident at their place of
origin, preferably of the same sex and closest to them
in age. As a result of this sampling strategy, a geo-
graphically representative cross-sectional sample of
participants was established, and comprised urban par-
ticipants from four major cities in India, their rural-
dwelling sibling and a subsample of urban factory
workers and their urban dwelling siblings (N¼ 7,067).
The fieldwork took place in 2005–2007.

Measurements

The participants were invited to a clinical examination
in the factory for the outcome data collection. An inter-
viewer-administered questionnaire was used to collect
socio-demographic, health and lifestyle data. Three
continuous cardiometabolic risk factors were exam-
ined: systolic blood pressure (SBP), percent body fat
and Homeostasis Model Assessment (HOMA) score.
Early and current SEP were chosen as exposures for
these three outcomes in the analyses.

SEP was estimated using the Standard of Living
Index (SLI).12 Data on current and early SEP was

collected through a subset of questions used to derive
the SLI, which is a household-level, asset-based scale
devised for use in India.12, 13 Early SEP refers to house-
hold circumstances at ages 10–12. This asset-based
scale was considered a more appropriate indicator of
SEP for these analyses than education, income or occu-
pation. It includes rural and urban material goods
items and reflects wealth from crops/trading that may
be missed in income measures. Measuring at the house-
hold level is appropriate in India, where the joint family
structure of the household renders individual’s own
SEP less important. A low SLI is associated with
tobacco and alcohol use14 and with mortality,13 indicat-
ing its validity as a socioeconomic marker.

The full SLI has 29 items, but only a subset of items
believed to be most informative for this study popula-
tion was used to derive the early and current SEP. The
14 items selected to compute the current SEP were
quality of house, toilet facilities, source of lighting,
drinking water, land ownership, livestock ownership,
and possession of clock, radio, television, bicycle,
motorcycle, car, tractor, refrigerator and telephone.
A subset of 10 questions was used to derive the early
SEP (same items excluding source of lighting and pos-
session of car, tractor and telephone).

The performance of the short SLI has previously
been examined by the IMS group against the full SLI
using the National Family Health Survey 2 (NFHS-2;
the national demographic survey of India involving
91,117 households) dataset for adults. The short SLI
classified 98.5% (N¼ 89,716) of the NFHS-2 partici-
pants in the same or adjacent quintile of the full SLI
(66% in exactly the same quintile), with only 1.5%
(N¼ 1,401) falling outside this range (kappa statis-
tic¼ 0.58); there was no evidence for an urban–rural
classification bias.

Blood pressure was measured on the right upper arm
in the sitting position, after a 5-minute rest. Two read-
ings were taken using an appropriate sized cuff con-
nected to a digital device (Model M5-I, Omron,
Matsusaka Co, Japan). Skinfold thickness was mea-
sured three times at triceps and subscapular areas
using Holtain callipers. Fasting (>8 hours) venous sam-
ples were centrifuged within 45 minutes, stored locally
at �20�C, and transported monthly to the Cardiac
Biochemistry laboratory at the All India Institute of
Medical Sciences (New Delhi) for biochemical assays.

Quality assurance of measurements

All instruments and protocols were piloted before the
start of the study. All fieldworkers were trained together
and standardized at the outset, and subsequently every 6
months. The anthropometric equipment was calibrated
at the start of every clinic. The Cardiac Biochemistry
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Lab was part of the UK National External Quality
Assessment (UKNEQAS) program for quality assur-
ance of the biochemical assays.

Variables and their transformations

Weights of items for the SLI were developed by the
International Institute of Population Sciences in
India,12 and were based on a priori belief about the
relative significance of the items. The full SLI uses
weights to give a total score of 67. For the short ver-
sions, the total score is 38 for the current and 25 for the
early SLI. To analyse permutations of SEP levels at the
two time points, a binary indicator of SEP was created
by dichotomizing the standardized SLI by the median,
and assigning values 1/0 for high/low SEP. The early
and current binary SEP indicators (SEP1 and SEP2)
were then combined into a four-class variable, and
those having low early and current SEP were chosen
as a reference group.

SBP was based on a mean of two readings. HOMA
scores to estimate insulin resistance were calculated
from fasting blood glucose and serum insulin levels
using a standard formula:15

(plasma glucose (mmol/l)� plasma insulin (mU/
l))/22.5.

HOMA has been validated by comparison with bio-
chemical markers of insulin resistance in healthy Indian
people, yielding moderate correlations.16 Subscapular
and triceps skinfolds were averaged and used to calcu-
late percent body fat using an equation previously vali-
dated in Indian populations.17 SBP and body fat
distributions were approximately normal, whereas the
HOMA score distribution was log-normal (medians,
geometric means and percentage differences are
reported for HOMA score).

Statistical analyses

The distributions of demographic characteristics and of
cardiovascular risk factors were studied by gender for
descriptive purposes. Pearson’s Chi-Square test and t-
tests were used to examine gender differences in the
sample.

Linear mixed models were fitted between SEP1,
SEP2 and the three cardiometabolic risk factors (SBP,
percent body fat and HOMA). SEP1 and SEP2 were
included in the model at first individually and then sim-
ultaneously. The latter model was fitted with and with-
out an interaction term SEP1*SEP2. Subsequently, the
combined SEP was analysed as an exposure. All models
included random effects of sib-pair and factory site to
account for clustering.

The estimates and adjusted means were calculated
using the following model for the combined SEP and
each of the risk factors (Y):

EðYÞ ¼ aþ bSEPþ gAGEðcentredÞ þ Z1SIBPAIR

þ Z2FACTORY

where b is the parameter of interest, and the combined
SEP has four classes: early and current low (0–0), early
high and current low (1–0), early low and current high
(0–1) and early and current high (1–1) SEP. Adjustment
for age is by the fixed effect g whereas effects of sib-pair
and factory are included as normally distributed
random effects Z1 and Z2 with variances �1

2 and �2
2,

respectively. Since gender interactions were observed in
preliminary analyses, statistical analyses were stratified
by gender. STATA version 11 was used for all analyses.

Ethical approval and role of the study sponsor

This study complies with the Declaration of Helsinki.
Ethical approval for the study was obtained from the
ethics committee of the All India Institute of Medical
Sciences, and also from the local institutional review
boards. Written informed consent (witnessed thumb
print if illiterate) was obtained from the participants.
The study sponsor played no part in the design, collec-
tion or analysis of data, interpretation of findings, writ-
ing of the manuscript or the decision to submit it for
publication.

Results

Distributions of demographic characteristics and car-
diovascular risk factors are given in Table 1. Overall,
the numbers of rural, migrant and urban participants
were similar, although a higher proportion of females
were urban dwelling or migrants to the urban environ-
ment compared with males. This difference is also
reflected in SEP; a higher proportion of females had a
high early and current SEP. About 69% of participants
with low early and current SEP were rural dwellers,
whereas 71% of participants with low early and high
current SEP were migrants and 60% of those with both
high early and current SEP were urban dwellers. The
age range in the sample was wide (15–76 years). Males
had higher SBP than females but females had higher
body fat and HOMA levels than males.

Systolic blood pressure

In males, high early SEP was associated with higher
SBP but adjustment for current SEP attenuated this
association by a third (Table 2); however, the associ-
ation between high current SEP and SBP did not
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attenuate markedly after adjustment for early SEP. In
females, early SEP was not associated with SBP on its
own, but an interaction between early and current SEP
on SBP was observed (p¼ 0.028): in females with low
early SEP, high current SEP was associated with higher
SBP, whereas in females with high early SEP, high cur-
rent SEP was associated with lower SBP. In the com-
bined SEP analysis, males with high early and current
SEP had on average 2mmHg higher SBP (p¼ 0.002)
compared with males with low early and current SEP
(Table 3, Figure 1a). In males with low early SEP, cur-
rent SEP was associated with 1.7mmHg higher SBP
(p¼ 0.013).

Body fat

In the analysis of body fat, the results were similar in
both genders (Table 2). High early SEP was associated
with about 2%-units higher body fat and this estimate
halved after adjustment for current SEP (p< 0.001 in
all analyses). High current SEP was associated with 3–
4%-units higher body fat and this was little attenuated
after adjustment for early SEP. Current SEP was more
weakly associated with body fat in those with high early
SEP compared with those with low early SEP (inter-
action estimates: –1.6%-units in males and �1.9%-
units in females, p< 0.001 in both). In the combined
SEP analysis (Table 3 and Figure 1b), high early and
low current SEP (1–0) group had about 2%-units and
the low/high early and high current SEP groups (0–1
and 1–1) had 4–5%-units higher body fat than the ref-
erence group (0–0) (p< 0.001 for all comparisons).

HOMA score

Differences in HOMA scores by SEP were more pro-
nounced in males than in females and the patterns of
association were also different by gender. High early
SEP was associated with higher HOMA score only in
males (Table 2) and the effect size halved after adjust-
ment for current SEP. High current SEP was associated
strongly with higher HOMA score in both genders but
in males the estimated effect size was over double of
that observed in females, regardless of early SEP. In
the combined SEP analysis in males (Table 3,
Figure 1c), high current SEP (0–1) was more strongly
associated with a higher HOMA score than high early
SEP (1–0), and males with both early and current high
SEP (1–1) had the highest score. In females, there was
less evidence of such a graded pattern. Instead, it
appeared that high current SEP (irrespective of early
SEP) was associated with higher HOMA score.

Discussion

This study in a large Indian sample of adults found that
indicators of higher SEP in childhood and adulthood
were associated with cardiometabolic risk factors, and
that some of the patterns of associations differed by
gender. On the whole, we found that current SEP had
a greater contribution to the cardiometabolic risk
status than early SEP, suggesting that the effect of
early SEP may be partly mediated through current
SEP. In some of the analyses effect modification was
present; for example, current high SEP was less
strongly associated with higher body fat in those with

Table 1. Distributions of demographic characteristics and cardiometabolic risk factors

Variable Male (N¼ 4,123) Female (N¼ 2,944) Total (N¼ 7,067)

Migration status, % (N)

Rural 38.5 (1,459) 23.9 (652) 32.4 (2,111)

Migrant 29.8 (1,127) 36.2 (985) 32.4 (2,112)

Urban 31.7 (1,201) 39.9 (1,086) 35.1 (2,287)

Early SEP, % (N)

Low (0) 51.2 (2,112) 43.2 (1,271) 47.9 (3,383)

High (1) 48.9 (2,011) 56.8 (1,673) 52.1 (3,684)

Late SEP, % (N)

Low (0) 47.2 (1,945) 40.9 (1,203) 44.6 (3,148)

High (1) 52.8 (2,178) 59.1 (1,741) 55.4 (3,919)

Age (years), mean (SD) 41.5 (10.6) 39.8 (9.9) 40.8 (10.4)

SBP (mmHg), mean (SD) 124.4 (16.9) 119.2 (17.2) 122.2 (17.4)

Body fat (%), mean (SD) 23.8 (7.3) 31.2 (7.5) 26.9 (8.2)

HOMA score, median (IQR) 1.25 (0.68 – 2.09) 1.34 (0.75 – 2.14) 1.28 (0.72 – 2.12)

HOMA, Homeostasis Model Assessment; IQR, inter-quartile range; SBP, systolic blood pressure; SD, standard deviation; SEP,

socio-economic position.
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Table 2. Association between early and current socio-economic position, their interaction, and cardiometabolic risk factors

(maximum N¼ 4,120 males, 2,940 females)

Risk factor Unadjusted modela Adjusted modelb Interaction modelc

SBP (mmHg) Males

SEP1 1.2 [0.1, 2.2], 0.8 [–0.2, 1.9], 1.4 [�0.1, 2.9],

p¼ 0.027 p¼ 0.131 P¼ 0.068

SEP2 1.4 [0.4, 2.4], 1.2 [0.2, 2.2], 1.7 [0.4, 3.0],

p¼ 0.004 p¼ 0.017 p¼ 0.013

SEP1*SEP2 N/A N/A �1.1 [�3.0, 0.9],

p¼ 0.287

Females

SEP1 �1.1 [�2.4, 0.1], �1.1 [�2.4, 0.2], 0.5 [�1.4, 2.4],

p¼ 0.084 p¼ 0.106 p¼ 0.620

SEP2 �0.4 [�1.6, 0.8], �0.2 [�1.4, 1.1], 1.2 [�0.5, 2.9],

p¼ 0.515 p¼ 0.811 p¼ 0.180

SEP1*SEP2 N/A N/A �2.7 [� 5.0, �0.3],

p¼ 0.028

Body fat (%) Males

SEP1 2.0 [1.6, 2.3], 0.9 [0.5, 1.2], 1.7 [1.2, 2.2],

p< 0.001 p< 0.001 p< 0.001

SEP2 4.1 [3.8, 4.4], 3.9 [3.5, 4.2], 4.6 [4.2, 5.1],

p< 0.001 p< 0.001 p< 0.001

SEP1*SEP2 N/A N/A �1.6 [�2.3, �1.0],

p< 0.001

Females

SEP1 1.9 [1.5, 2.4], 1.2 [0.7, 1.6], 2.3 [1.7, 2.9],

p< 0.001 p< 0.001 p< 0.001

SEP2 3.2 [2.8, 3.6], 2.9 [2.5, 3.3], 3.8 [3.3, 4.4],

p< 0.001 p< 0.001 p< 0.001

SEP1*SEP2 N/A N/A �1.9 [�2.7, �1.1],

p< 0.001

HOMA score (%-difference) Males

SEP1 19.4 [12.3, 27.0], 10.4 [3.6, 17.7], 11.8 [2.5, 21.9],

p< 0.001 p¼ 0.002 p¼ 0.012

SEP2 33.5 [26.0, 41.5], 30.1 [22.4, 38.2], 31.6 [21.2, 42.9],

p< 0.001 p< 0.001 p< 0.001

SEP1*SEP2 N/A N/A �2.5 [�13.3, 9.6],

p¼ 0.670

Females

SEP1 5.7 [�1.6, 13.5], 2.1 [�5.1, 9.9], 2.1 [�8.0, 13.4],

p¼ 0.129 p¼ 0.573 p¼ 0.694

SEP2 14.7 [7.3, 22.6], 14.2 [6.6, 22.2], 14.1 [3.8, 25.5],

p< 0.001 p< 0.001 p¼ 0.006

SEP1*SEP2 N/A N/A 0.0 [�12.4, 14.2],

p¼ 0.999

HOMA, Homeostasis Model Assessment; SBP, systolic blood pressure; SD, standard deviation; SEP1, high early socio-economic position; SEP2, high

current socio-economic position. aUnadjusted model: SEP1 and SEP2 included in separate models. bAdjusted model: SEP1 and SEP2 included simul-

taneously. cInteraction model: SEP1 and SEP2 and their interaction included. All models are adjusted for age and include random effects for sib-pair and

factory site.
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high early SEP compared with those with low early
SEP. These findings are consistent with the Forsdahl
hypothesis which argued that poverty followed by sub-
sequent affluence may be worse for cardiovascular risk
than prolonged poverty.18 This suggests early and cur-
rent SEP may not act independently on cardiometa-
bolic risk factors. In this study, those individuals in
the highest SEP group for both time periods had the
worst cardiovascular profile, except for SBP in women.

Various conceptual models have been developed to
describe the hypotheses on the relationship between
exposures and disease outcomes over the life
course.19,20 A critical period model is based on the
idea that there is a limited time window in which an
exposure adversely (or protectively) affects the develop-
ment of an individual and subsequent disease outcome.
A model in which later exposure to physiological or
psychological stressors changes the effect of the expos-
ure is called a critical period model with later effect
modifiers. A sensitive period model is similar to the crit-
ical period model but it allows weaker effects also out-
side specific time windows, as well as more scope for
modification/reversal of the effects. A simpler accumu-
lation-of-risk model can be used to test the cumulative
effect of exposures on the outcome, based on the
number, duration or the severity of exposures at vari-
ous times. Some of these models have been tested with
respect to life course SEP and CVD risk factors, pre-
dominantly in developed countries.2,4 In the present
study, SEP was only available at two time points, and
therefore formal testing of these models was omitted.
However, available data from the present study sug-
gests consistency with an adult sensitive period model
rather than a simple accumulation-of-risk model.

Comparisons with previous research

Comparisons between studies on SEP and cardiometa-
bolic risk are challenging for various reasons. There are
several dimensions of SEP (e.g. education, occupation,
income, place of residence, ownership of household
items) that are captured by different SEP definitions
to varying degrees. Although many of the dimensions
of SEP are interrelated, their associations with health
outcomes may differ,6 which limits comparability of
studies that have applied different SEP definitions.
The timing of SEP measurement varies between studies,
and few studies have measured SEP at several time
points. Cardiometabolic outcomes measured in each
study may also vary, ranging from intermediate risk
outcomes (e.g. adiposity, blood pressure, insulin resist-
ance) to CVD morbidity and mortality. The age of the
study population strongly influences the choice of the
outcomes measured. Furthermore, the study setting
and design have to be considered when any compari-
sons are made.

In developed countries, such as England and Wales,
the social gradient in cardiovascular disease has
switched from a positive gradient with the affluent
more affected in 1931 and 1951 to an inverse gradient
of higher rates of heart disease among the poorer social
classes by 1961,21 now a consistent finding in contem-
porary studies in the developed world. In developing
countries there is evidence of a positive social gradient
in cardiovascular disease.22 The explanation for such
gradients and changes is not straightforward, and
may depend on access to health care more than social
patterning of risk factor distributions.23 In India, using
rural dwelling participants from the IMS, we have

Table 3. Association between combined early and current socio-economic position and cardiometabolic risk factors

N (%) SBP (mmHg) Missing Body fat (%) Missing

HOMA score

(%-difference) Missing

SEPa 7,060 – 127 739

Males 4,120 – 70 460

0–0 1,250 (30.3) Reference – Reference 8 Reference 73

1–0 692 (16.8) 1.4 [�0.1, 2.9] – 1.7 [1.2, 2.2] 7 11.8 [2.5, 21.9] 39

0–1 859 (20.8) 1.7 [0.4, 3.0] – 4.6 [4.2, 5.1] 17 31.6 [21.2, 42.9] 165

1–1 1,319 (32.0) 2.0 [0.8, 3.3] – 4.7 [4.3, 5.2] 38 43.4 [33.1, 54.5] 183

Females 2,940 – 57 279

0–0 702 (23.9) Reference – Reference 10 Reference 45

1–0 498 (16.9) 0.5 [�1.4, 2.4] – 2.3 [1.7, 2.9] 6 2.1 [�8.0, 13.4] 25

0–1 568 (19.3) 1.2 [�0.5, 2.9] – 3.8 [3.3, 4.4] 10 14.1 [3.8, 25.5] 74

1–1 1,172 (39.9) �1.0 [�2.6, 0.5] – 4.2 [3.7, 4.7] 31 16.6 [6.8, 27.3] 135

HOMA, homeostasis model assessment; SBP, systolic blood pressure; SEP, socio-economic position. aSEP coding: 0–0¼ low early and low current SEP,

1–0¼ high early and low current SEP, 0–1¼ low early and high current SEP, 1–1¼ high early and high current SEP.
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demonstrated that tobacco and alcohol use, low intake
of fruit and vegetables and being underweight were
more common in lower current socioeconomic pos-
itions, whereas obesity, dyslipidaemia, diabetes (men
only) and hypertension (women only) were more preva-
lent in higher current socioeconomic positions.8

The association between SEP over the life course
and cardiometabolic risk factors has been little studied
in developing countries. A recent review of five data-
bases covering all countries and languages captured 30
studies on the relationship between childhood SEP and
adulthood obesity, most of which also had adulthood
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Figure 1. Adjusted means [95% confidence interval] of (a) systolic blood pressure (SBP, mmHg), (b) body fat (%), and (c) HOMA
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SEP available.4 Childhood SEP was inversely asso-
ciated with adulthood obesity in 70% of the included
studies in females but only in 27% of the studies in
males, adjusted for age. After an additional adjustment
for adult SEP, this association persisted only in 47% of
the studies in females and in 14% of the studies in
males, suggesting that adult SEP may be one of the
mechanisms explaining the observed inverse association
between childhood SEP and adulthood obesity.
However, all of these study populations were from
developed countries (North America, Australia, New
Zealand) except for one population from China. No
studies in other Asian populations met the inclusion
criteria. Our study in the Indian setting shows an
opposite pattern compared with the studies reviewed
from developed countries, with higher childhood and
adulthood SEP associated with a higher body fat and
other cardiometabolic risk factors. In both cases adult-
hood SEP seems to have a larger impact, probably
mediating the effect of childhood SEP on the cardiome-
tabolic outcomes. However, more data are needed from
developing countries to enable reliable comparisons of
the associations between life course SEP and cardiome-
tabolic risk in different settings.

A review of Indian studies suggests that over time
the association between high SEP and CVD outcomes
has started showing reversal, and as the CVD epidemic
matures, socio-economically disadvantaged groups are
becoming increasingly vulnerable to CVD risk.6

However, studies from representative samples of
Indian population do not support this conclusion.7, 24

Furthermore, nearly all studies included in this review
have information available only on adulthood SEP,
and are therefore unable to take into account the con-
tribution of early life SEP on CVD risk. A migrant
study that had recall data on pre-migration childhood
SEP suggested that low SEP in both childhood and
adulthood is associated with CVD mortality.9

However, the design of this study and the SEP meas-
urement used (years of education) limit comparison
with the present study. Nevertheless, it is possible that
a similar reversal of the SEP associations on cardiome-
tabolic risk that took place in Europe after the mid-
1900s could happen in India in the next few decades,
if the higher SEP groups gain better access to healthy
foods and exercise facilities, and the lower SEP groups
continue smoking, eat high-calorie, saturated fat foods
and become more sedentary as occupational opportu-
nities change.

Some studies suggest that subjects from urban
middle-socioeconomic status have a high burden of car-
diovascular risk factors in low-income countries.25

Migration to an urban environment often results in
improvement in SEP; in the present study, 71% of par-
ticipants with low early and high current SEP were

migrants. Previous research within the IMS has also
shown that migration to an urban environment rapidly
increases body fat and gradually affects other cardio-
metabolic risk factors.26 The study also found an inter-
action between urban life-years and current SEP on
adiposity, indicating a stronger effect on adiposity in
recent migrants (�10 urban life-years) from lower
SEP groups. This interrelation between migration
status and SEP is of importance when targeted public
health interventions are planned in the Indian setting
and suggest that recent migrants may be a vulnerable
group.

Strengths and limitations

The present study is one of the first large studies to
analyse SEP in two different time points in a low-
income setting. The study design ensured a good repre-
sentation of different SEPs and urban and rural sub-
populations in the data. Although the design of the
study was rather complex, involving sib-pairs, this
was appropriately accounted for in the data analysis.

Some of the limitations of this study are possible
measurement error and recall bias in the SEP measures.
In particular, the participants may have found difficulty
in recalling socio-economic circumstances from child-
hood, on average 30 years prior to the administration
of the questionnaire. In addition, SEP was available in
only two time points, which limited a detailed explor-
ation of different life course models in this study.

Migration status, a characteristic closely related to
SEP, was included only in a descriptive analysis and in
a sensitivity analysis. Its association with cardiometa-
bolic risk factors in the IMS has been analysed previ-
ously in detail.26 Sensitivity analyses (not shown)
suggest that migration status may partly mediate the
observed association between early SEP and SBP in
males. Adjustment for migration status did not further
attenuate the association between early SEP and body
fat already adjusted for current SEP, but it explained
part of the association between current SEP and body
fat in both genders. A similar pattern was seen for
HOMA score as for body fat.

Mediation of SEP associations through lifestyle fac-
tors such as diet and physical activity were not explored
in this paper, since a separate manuscript is being pre-
pared for that purpose. However, the relationship
between migration and diet has already been analysed
in the IMS.27 This study showed that migrant and
urban participants had a higher overall energy intake.
They reported up to 80% higher fruit and vegetable
intake and up to 35% higher sugar intake. These
groups represent to an extent the high current SEP
groups in the present study. The overall energy con-
sumption in these groups is of concern and could be
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considered as a target for interventions, while ensuring
the levels of fruit and vegetable consumption will
remain high.

Conclusions

This study found that high SEP in childhood and more
strongly in adulthood is associated with cardiometa-
bolic risk factors in an Indian population. The popula-
tion-level increase in SEP in the Indian setting is closely
related to lifestyle changes brought about by urbaniza-
tion, and therefore life course SEP needs to be taken
into consideration for designing interventions that aim
for CVD prevention.
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