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Abstract
Background—Carotid intima-media thickness (CIMT) and carotid plaques represent preclinical
markers of atherosclerosis. We sought to describe predictors of CIMT and carotid plaques,
including early life growth, in a young urban Indian cohort free of clinical cardiovascular disease
(CVD).

Methods—In 2006-2009, we performed B-mode carotid ultrasound on 600 participants (mean
[SD] age 36 [1.1] years; 45% women) from the New Delhi Birth Cohort to evaluate CIMT and
carotid plaques (> 1mm). Height and weight were recorded at birth, 2 and 11 years of age. Data on
CVD risk factors, anthropometry, medical history, socio-economic position, and lifestyle habits
were collected in 1998-2002.
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Results—Mean (SD) CIMT for men and women was 0.91 (0.12) and 0.86 (0.13) mm,
respectively. Carotid plaque was present in 33% of men and 26% of women. Waist circumference
in 1998-2002 was positively associated with CIMT (β coefficient 0.26 mm [0.17, 0.36] per SD)
and carotid plaque (OR 1.27 [1.06,1.52] per SD) in 2006-2009. Higher triglycerides, PAI-1,
insulin resistance, and diastolic blood pressure, metabolic syndrome, and lower HDL-cholesterol
and physical activity predicted higher CIMT and/or plaque (p<0.05). Longer length at 2 years was
associated with higher CIMT (p<0.05). These associations were attenuated after adjusting for
adult waist circumference.

Conclusions—These are the first prospective data from India showing that early life growth,
adult socio-demographics, and CVD risk factors predict future CIMT and /or carotid plaque.
These relationships appear primarily mediated through central adiposity, highlighting the
importance of maintaining a healthy weight in early adulthood to prevent CVD.
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carotid intima media thickness; carotid plaque; India; cohort; birth weight; infant and childhood
growth

INTRODUCTION
Carotid intima-media thickness (CIMT) serves as a surrogate marker for atherosclerosis (1)
and provides incremental information about future cardiovascular disease (CVD) risk
beyond traditional risk factors in adults >40 years old (2). Non-occlusive carotid artery
plaques represent preclinical atherosclerosis and demonstrate similar, if not higher, relative
risks for incident CVD compared to CIMT (3-5). The American Society of
Echocardiography guidelines suggest that individuals with CIMT >75th percentile (stratified
by age, sex, race/ethnicity) or carotid plaque are at increased CVD risk and may require
more aggressive risk reduction strategies (1).

Associations between preceding risk factors and CIMT in individuals <40 years old, such as
age, male sex, BMI, smoking, low-density lipoprotein-(LDL)-cholesterol and systolic blood
pressure have been established in high-income countries, such as the United States (6,7), and
Finland (8). While there have been numerous cross-sectional studies in India describing
associations between prevalent risk factors and CIMT (9-14), there have been no prospective
studies describing the distribution and predictors of CIMT in young healthy adults in India.

In this current study, we sought: 1) to describe the distribution of CIMT in a young urban
Indian cohort free of CVD, 2) to determine associations between preceding lifestyle and
cardiovascular risk factors and CIMT and/or carotid plaques, and 3) to determine
associations between growth in early life and CIMT and/or carotid plaques.

METHODS
Details of the study cohort have been published elsewhere (15). Briefly, during 1969-1972,
married women living in a 12 km2 area of Delhi (N=20 755) participated in a study of
pregnancy outcomes and childhood growth (15,16). During this period, there were 9169
pregnancies, and 8181 live births. Trained personnel recorded the babies’ weight and length
within 72 hours of birth and 6-monthly until 14-21 years. Follow-up took place in phases.
Phase 1 lasted from 1969-1972 and Phase 2 from 1973-1980. Gaps in funding and municipal
closure of unauthorized housing interrupted measurements in 1972-1973 and 1980-1982.
Data collection resumed in 1983-1990 (Phases 3 and 4).
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At initial recruitment, 60% of families had incomes >50 rupees per month (national average
28 rupees) and 15% of parents were illiterate (national average 66%). Nevertheless, 43% of
families lived in one room. Hindus were the majority religious group (84%), followed by
Sikhs (12%), Christians (2%), Muslims (1%) and Jains (1%).

Adult Follow-up Phase 5 (April 1999 – August 2002)
Between 1999-2002, we retraced 2584 (32%) of the cohort, and 1526 (61%, or 19% of the
original cohort) agreed to participate. Trained clinical research associates visited participants
at their homes in order to explain the study, obtain consent, and administer a questionnaire
on schooling, occupation, household possessions, alcohol consumption, tobacco use,
physical activity and family history(16). Education was recorded as one of seven categories
from ‘no schooling’ (category 1) through to ‘professional degree’ (e.g. – Master’s degree,
PhD, medical qualification) and occupation as one of six categories, ranging from
‘unemployed’ (category 1) and ‘unskilled manual labour’ (category 2) to ‘professional’.
Housewives were categorized according to their husband’s occupation. Information on
material possessions was recorded as an indicator of socio-economic status. Participants
were given a score of one for each of the following household items: electricity, fan, cycle,
radio, motorized 2-wheel vehicle, gas stove, television, cable television, electric mixer,
electric food grinder, electric air cooler, washing machine, car, air conditioner, computer,
television antenna, and telephone. This information was used to create a score derived as the
first principal component from a correlation matrix of the 17 binary variables and compared
with national demographic data on household possessions (17).

Alcohol consumption was recorded as the frequency of intake and measure-size of spirits,
beer and wine per week. These data were converted into units of alcohol (1 unit = 25 ml of
spirits, 282 ml of beer, or 125 ml of wine), and categorized as none, <7 units, 7-14 units, and
>14 units per week. Tobacco consumption was recorded as whether subjects smoked
(cigarettes, beedis, cigars, or hookah), chewed (raw tobacco or with pan) or inhaled (snuff).
Participants were categorized as current tobacco users or non-users. A score was derived as
a summary estimate of daily physical activity. Work-related activity was classified on a 6-
point scale ranging from ‘almost entirely sedentary’ to ‘heavy physical work’. Additional
time spent per day in domestic activities (e.g. – sweeping, washing clothes, cooking) and
leisure activities (e.g. – jogging, swimming, yoga) was recorded. Distances walked and
cycled each day, with and without a load, were estimated, and converted into approximate
periods of time spent in these activities. The time spent in all these activities was then
multiplied by metabolic constants, derived from the relative energy expenditure of activities
(18) and summed to derive a score, as we have previously reported (16).

Following the home visit, participants were asked to attend a clinic after an overnight fast.
Their weight, height, and waist circumference were measured using standardized techniques.
Blood pressure was measured using an automated device (Omron 711, Bannockburn, IL,
USA) with the participants seated after five minutes rest. The mean of two consecutive
blood pressure measurements was recorded. Fasting blood samples were drawn for plasma
glucose, insulin, cholesterol, triglyceride, fibrinogen, and plasminogen activator inhibitor-1
(PAI-1) concentrations, and high sensitivity C-reactive protein (hsCRP). A further sample
was drawn for glucose 120 minutes after a 75 gm oral glucose load. Glucose, cholesterol,
and triglyceride concentrations were analyzed by enzymatic methods using Randox kits on a
Beckman autoanalyser, and HDL-cholesterol using the same method after phosphotungstate
precipitation. Insulin concentrations were measured by radioimmunoassay (Coat-a-Count
insulin kit, Diagnostic Products, Los Angeles, CA, USA). Impaired fasting glucose (IFG),
impaired glucose tolerance (IGT) and diabetes were defined using World Health
Organization (WHO) criteria (19). Metabolic syndrome was defined using National
Cholesterol Education Program, Adult Treatment Panel III criteria (20). Insulin resistance
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was calculated according to the homeostasis model assessment (HOMA) (21). Plasma
clottable fibrinogen was determined using the Clauss clotting method (22). High sensitivity
C-reactive protein (hsCRP) was measured in serum using solid Phase ELISA assay kits
(BioCheck Inc., Foster City, CA, USA). PAI-1 was estimated using enzyme immuno-assay
kits (Diagnostica Stago, Asnières-sur-Seine, France).

Adult Follow-up Phase 6 (August 2006 – January 2009)
At a mean (SD) interval of 6.9 (1.0) years following the Phase 5 follow-up, all participants
were invited for a repeat of the above investigations. Loss to follow-up between Phases 5
and 6 was minimized through the following algorithm until all non-responders were
accounted for: telephone calls/emails, house visits, meeting with neighbours, and contact
with local post office. Eighteen (1%) participants had died, and 54 (3.5%) participants could
not be located. Of the surviving participants, 1100 (73%) agreed to participate in Phase 6.
Figure 1 outlines the reasons for loss-to-follow-up. The methods used and risk factor
measurements were identical in Phase 6 to Phase 5, except that for assessment of socio-
economic status (material possessions) mobile phone was used in place of electric food
grinder.

CIMT Measurements
For logistic reasons, CIMT measurements were limited to a sub-set of the participants. A
sample size of 600 was chosen; ex post facto, this provided 80% power to detect a change of
0.12 SD in mean CIMT per SD change in a predictor (e.g. – waist circumference, birth
weight) using a test at the 5% level. Participants were selected based on the completeness of
their weight and height record in early life. A list was prepared of the 1,526 participants in
Phase 5, in descending order of the number of available measurements in early life, starting
with those with complete measurements at birth, 2 years, and all measurements up to the age
of 17 years (a maximum of 19 measurements, N=631). Of these, 600 cohort members had
CIMT measurements (362 men; 268 women).

All CIMT measurements were obtained and interpreted using a GE ultrasound machine
(Model 5×3; GE Healthcare, Barrington, IL, USA) and a 5 MHz transducer by one
individual (AK). The common carotid artery, proximal to the carotid bulb, was identified on
both sides. The transducer was oriented longitudinally, and an area located where the intima
was clearly defined and free from plaque on the far wall (1). The intima-media thickness
was measured in 3 places, within one view, on each side via B-mode ultrasonography. For
analysis, the following variables were derived: 1) mean (SD) of all 6 CIMT values (23), 2)
the maximum CIMT value out of the 6 CIMT values, and 3) presence of carotid plaque, as
defined by the presence of focal wall thickening ≥50% than that of the surrounding vessel
wall or as a focal CIMT >1 mm area that protrudes into the lumen and is distinct from the
adjacent boundary (1).

The All India Institute of Medical Sciences research ethics committee approved the study,
and informed consent was obtained from all participants.

Statistical Analyses
The distributions of fibrinogen, hsCRP, PAI-1, triglycerides, glucose concentrations, and
insulin resistance were skewed and were transformed to normality using inverse square roots
(hsCRP only) or logarithms. For the analyses relating CIMT to growth in early life, data
from the whole original cohort was used to derive individual SD-scores for weight, BMI and
height at birth, 2 and 11 years. Interpolated values were used if measurements were made
within 1 year (at age 2 years) and 2 years (at age 11 years). To assess changes in
measurements (growth) in early life (e.g. from 2-11 years), we created conditional BMI and
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height variables for birth to 2 years of age (‘infancy’), 2-11 years of age (‘pre-pubertal
childhood’) and from 11 years to adult (Phase 5). We regressed SD-scores at the end of the
interval (e.g. 11 years) on SD-scores at the beginning (e.g. 2 years) and at birth, and
expressed the residuals as SD-scores. This produces uncorrelated variables describing
change between specific ages (‘conditional SD-scores’) (24). Associations of size and
conditional growth in early life with CIMT were examined using multiple linear regression
for mean and maximum CIMT, and multiple logistic regression for presence/absence of
plaques. These models were adjusted for age and sex. In a further set of models we adjusted
additionally for adult waist circumference.

RESULTS
We compared Phase 5 characteristics of the men and women who had CIMT measurements
in Phase 6 with those who did not. Those who had CIMT measurements were slightly older
(29.3 vs. 29.1 years, p=0.006), better educated (63% were graduates vs. 53%, p<0.001
across all education groups) and had more household possessions (mean 11.8 vs. 11.5 units,
p<0.001), higher BMI (25.1 vs. 24.6 kg/m2, p=0.04) and waist circumference (90.7 vs. 89.9
cm in men and 81.3 vs. 78.6 cm in women, p=0.04), were less likely to be tobacco users
(males: 26.8% vs. 31.9%, p=0.04) and less likely to consume >14 alcohol units per week
(males: 13.5% vs. 19.7%, p=0.02 for Chi square test across all alcohol intake groups). These
differences were no longer present after adjusting for education level and household
possessions score. There were no differences between the two groups in terms of height,
plasma lipid concentrations, blood pressure, glucose and insulin concentrations or
prevalence of glucose intolerance or metabolic syndrome, PAI-1 and CRP, family history
and physical exercise scores.

Associations between Phase 5 variables and Phase 6 CIMT
CIMT values (measured in Phase 6), and anthropometry, CVD risk factors, and lifestyle
characteristics (all measured in Phase 5) are shown in Table 1. Mean CIMT was higher in
men than women (Table 1) and increased with age (Table 2). All subsequent analyses were
adjusted for sex and age. In these regression models, CIMT was positively related to
adiposity (BMI and waist circumference) with waist circumference being the stronger
predictor (Table 2). Lower HDL-cholesterol, higher plasma triglyceride concentrations,
diastolic blood pressure, insulin resistance, PAI-1 concentrations, and the presence of
metabolic syndrome predicted higher CIMT. There was an inverse association between total
physical activity score and CIMT. Many of these associations were attenuated after
adjusting for waist circumference, although those with HDL-cholesterol and physical
exercise were not. There were no associations between CIMT and total cholesterol, glucose
intolerance or tobacco use. Findings were similar for maximum CIMT (data not shown) and
for presence of plaque (Table 3).

Associations between growth in early life and CIMT
Longer length at the age of 2 years and faster length growth between birth and 2 years were
positively associated with mean CIMT (Table 4). Greater conditional BMI gain between 11
years and adulthood was also associated with higher mean CIMT. These associations were
attenuated after adjusting for adult waist circumference (Table 4). There were no other
associations of BMI or height at any age from birth through to 11 years, nor of conditional
BMI or height growth, with mean CIMT. The findings were similar if maximum CIMT or
presence of plaque were the outcomes, rather than mean CIMT (data not shown).
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DISCUSSION
Summary of main findings

We have measured carotid intima-media thickness (CIMT) and have assessed the presence
of carotid plaque in a large sample of men and women aged 33-38 years in the city of New
Delhi, India. We related CIMT to cardio-metabolic risk factors measured approximately 7
years earlier, and to the cohort members’ size and trajectory of BMI and height growth
during infancy and pre-pubertal childhood. CIMT values and carotid plaque were positively
associated with traditional cardiovascular risk factors including adiposity, blood pressure,
plasma triglyceride, biomarkers such as insulin and PAI-1 concentrations, and negatively
associated with HDL-cholesterol concentration and physical activity. These associations
appeared to be mediated, at least partly, by adiposity. Of the early growth measurements,
only height at the age of 2 years and conditional height gain in the first two years of life
were positively associated with CIMT; this effect also appeared to be mediated by adult
adiposity.

Socio-demographics, traditional cardiovascular risk factors, and biomarkers as predictors
of CIMT

These are the first prospective data from India showing that socio-demographics, traditional
cardiovascular risk factors predict later CIMT and presence of carotid artery plaque and the
largest CIMT study in India to date. Previous studies in India have only demonstrated
associations with concurrent risk markers, and have shown that age, metabolic syndrome
and diabetes are the risk factors most strongly related to CIMT (9,13,25). Additionally,
waist-hip ratio, systolic blood pressure, total and LDL-cholesterol, oxidised LDL, insulin
concentrations and insulin resistance, and C-reactive protein are correlated with CIMT in
Indian populations (11,12,26). Mean CIMT values in the New Delhi Birth Cohort
participants are generally higher than mean CIMT values smaller studies of individuals from
North and West India (26, 27), but mean body weight, blood glucose, and total cholesterol
were all higher in the New Delhi Birth Cohort participants. Mean CIMT values were higher
in older, North Indian participants with diabetes (1.3 mm [0.3]) from another study (11) but
lower than older individuals from South India (12) and South Asian immigrants to the
United Kingdom (28).

Our results, showing that many of these risk factors predict future CIMT, were broadly
similar to those found in young adults from other populations. We did not find an
association between smoking and CIMT, unlike prior literature (29), but this association has
been shown to be attenuated when controlling for adiposity as measured by BMI (30). Some
studies have suggested different strength of associations between risk factors and CIMT in
South Asian compared to white Caucasian populations; for example total cholesterol, HDL-
cholesterol and diabetes were more strongly related to CIMT in Indian compared with
Australian adults (10).

Studies in white Caucasian and US black populations have also shown that risk factors
measured in childhood predict CIMT. For example, the International Childhood
Cardiovascular Cohort (i3C) Consortium, which includes data from the Cardiovascular Risk
in Young Finns Study, the Childhood Determinants of Adult Health, the Bogalusa Heart
Study, and the Muscatine Study have demonstrated positive associations between adiposity
as measured by BMI, total cholesterol, triglycerides, and blood pressure in childhood and
CIMT in young adulthood (31).

In our data, much of the association between risk markers and CIMT appeared to be
mediated by adiposity, especially central adiposity as indicated by waist circumference.
Adiposity as measured by BMI at age 18 was the strongest predictor of future CIMT in iC3,
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with a beta coefficient (0.143) similar to our data (0.19). These data support the concept that
lifestyle changes that prevent excessive adiposity in early adulthood are also likely
important for the prevention CIMT progression and subsequent cardiovascular disease
events.

Growth in early life and CIMT
Apart from positive associations of CIMT with length measured at the age of 2 years and
gain in height between birth and 2 years, we found no associations of BMI or height at any
age from birth to 11 years, or of conditional BMI or height gain between birth-2 years or
2-11 years with young adult CIMT. These results are in marked contrast to a number of
studies showing that lower birth weight and/or weight in infancy, and rapid weight gain after
infancy, are associated with an increased risk of adult cardiovascular disease or mortality
(32-34). Data from iC3 suggest that measures of early life and childhood adiposity are
associated with CIMT, but these relationships are weaker than later measures of adiposity.
Our CIMT results are, however, consistent with many other cohort studies in a variety of
populations. For example, four studies of adults in the UK or Europe showed either no
association or a weak positive association between birth weight and CIMT (35-37). Adults
who were exposed to the Dutch Famine while in utero had lower CIMT values than those
not exposed to famine, despite having a higher risk of CVD events (38). This apparent
paradox suggests that the well-known association of small size in very early life with or
without accelerated weight gain during childhood, with cardiovascular mortality in later life
cannot be attributed to changes in CIMT. Our findings may indicate that the environmental
factors that produce early growth failure and/or rapid childhood weight gain influence CVD
mortality through changes in endothelial function, inflammatory/immune reactivity (39, 40),
or thrombosis/haemostasis, rather than through thickening of the vascular media, as
measured by CIMT, or through atherosclerosis, as measured by the presence of carotid
plaques.

CIMT values in New Delhi compared to elsewhere
Mean CIMT values in our study were considerably higher, and indeed the whole CIMT
distribution was right-shifted, compared with those obtained in studies of young adults in the
USA (29) and France (41) (Table 5). Reasons for these differences may include higher body
weight, fasting plasma glucose, and total cholesterol in the New Delhi Birth Cohort
participants compared with other cohorts, despite similar ages (26, 42); differences in
transducer frequency among studies (5 MHz vs. 7.5 MHz); operator or reader bias; or
chance.

Strengths and limitations of the study
Strengths of the study were CIMT measurements by a single operator on a large population-
based cohort of young adults using a standard protocol, combined with high quality
measurements of body size, made by trained researchers, frequently through infancy and
childhood, and measurements of a range of traditional CVD risk markers 7 years previously.
Our study also has limitations. First, by design, only 39% of the Phase 5 participants (7.3%
of the original cohort) were included, which may bias our results. Participants who had
CIMT measurements were slightly older and had higher socio-economic status than the
members of the cohort who did not have these measurements, but these differences were
small. Second, we used a lower threshold (1 mm) a priori to define carotid plaque than
others have previously used (1.5 mm), which may partially explain the relatively high
prevalence of carotid plaque in this cohort. Third, we did not evaluate intra-operator or -
observer variability, which may bias our results.

Khalil et al. Page 7

Int J Cardiol. Author manuscript; available in PMC 2013 September 05.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Conclusions
In conclusion, we have demonstrated the association between socio-demographics,
traditional cardiovascular risk factors, biomarkers such as insulin and PAI-1 and future
CIMT and carotid artery plaque for the first time in India. These relationships appear
primarily mediated through central adiposity, highlighting the importance of maintaining a
healthy weight in early adulthood to prevent or postpone the onset of cardiovascular disease.
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Key Messages

• These are the first prospective data from India showing that socio-
demographics, traditional cardiovascular risk factors predict later CIMT and
presence of carotid artery plaque.

• Carotid intima-media thickness (CIMT) and carotid plaque were positively
associated with traditional cardiovascular risk factors including adiposity, blood
pressure, plasma triglyceride, biomarkers such as insulin and PAI-1
concentrations, and negatively associated with HDL-cholesterol concentration
and physical activity measured 7 years earlier in the 600 participants from the
New Delhi Birth Cohort.

• These associations appeared to be mediated, at least partly, by adiposity.

• Of the early growth measurements, only height at the age of 2 years and
conditional height gain in the first two years of life were positively associated
with CIMT; both appeared to be mediated by adult adiposity.
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Figure 1.
Flowchart showing loss to follow up since Phase 5.
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Table 1

Characteristics of the cohort (age and CIMT measurements measured in Phase 6 and anthropometry, CVD risk
factors and lifestyle factors measured in Phase 5).

Men N=362 Women N=238

Age (years) (Phase 6) 36.3 (1.0) 36.2 (1.0)

CIMT Measurements (Phase 6)

Mean CIMT (mm) 0.91 (0.12) 0.86 (0.13)

Maximum CIMT (mm) 1.05 (0.19) 0.98 (0.19)

Carotid plaque >1mm* 33.4 25.6

Adult anthropometry (Phase 5)

BMI (kg/m2) 25.0 (4.1) 25.3 (5.1)

Overweight (>25kg/m2)* 49.4 50.0

Obese (>30kg/m2) 9.1 16.0

Height (cm) 169.8 (6.3) 155.4 (5.3)

Waist circumference (cm) 90.7 (11.5) 81.3 (12.6)

Waist/hip ratio 0.93 (0.06) 0.82 (0.07)

CVD risk factors (Phase 5)

Total cholesterol (mg/dl) 198.7 (42.8) 186.7 (36.7)

HDL-cholesterol (mg/dl) 45.2 (11.0) 49.4 (12.1)

LDL-cholesterol (mg/dl) 121.9 (34.4) 116.4 (33.3)

Triglycerides (mg/dl)
† 128 (95, 194) 93 (70, 126)

Systolic BP (mmHg) 118.7 (10.3) 107.2 (11.7)

Diastolic BP (mmHg) 77.9 (9.4) 73.8 (9.7)

Fasting glucose (mg/dl) 
† 96.9 (86.9, 106.9) 97.9 (88.9, 104.9)

120-min glucose (mg/dl) 
† 104.9 (89.7, 126.9) 112.9 (97.9, 129.9)

Impaired fasting glucose (IFG)* 16.5 13.8

Impaired glucose tolerance (IGt)* 10.2 9.6

History/Diagnosis of Diabetes* 5.4 4.8

Insulin resistance (HOMA) 
† 2.3 (1.4, 2.7) 2.0 1.1, 2.6)

Metabolic syndrome* 34.5 23.6

Fibrinogen (g/dl) 
† 2.6 (2.2, 3.0) 2.8 (2.4, 3.2)

PAI-1 (ng/ml)
† 95 (58,148) 80 (42, 140)

hs CRP (mg/l) 
† 2.0 (1.0, 4.0) 2.0 (0.9, 4.4)

Lifestyle factors (Phase 5)

Family history* 67.1 70.6

Alcohol >14 u/wk* 13.5 0

Tobacco* 30.7 0

Occupation:
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Men N=362 Women N=238

 Unemployed/unskilled/semi-

  skilled*‡
9.1 10.1

Education:

 Illiterate/primary/middle school 10.8 5.9

Possessions score 11.9 (1.8) 11.7 (2.0)

Data are mean (SD) unless otherwise indicated:

†
median and interquartile range for skewed variables

*
percent for categorical variables. Family history = high blood pressure, angina, myocardial infarct, stroke or diabetes in a first-degree relative.

Tobacco = any tobacco use currently or in the past.

‡
For women who described their occupation as housewife (63%) we have categorised them here by their husband’s occupation.
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Table 2

Associations of adult anthropometry, CVD risk factors and lifestyle factors (all measured in Phase 5) with
mean CIMT (per 0.1 mm) measured in Phase 6.

Predictor variable Regression
coefficient

95% confidence
Interval

p value Regression
coefficient

95% confidence
interval

p value

Model 1
adjusted for age and sex only

Model 2
further adjusted for adult waist circumference

Age (years) 0.22 0.12 to 0.32 <0.001 0.19 0.09 to 0.29 <0.001

Sex (Male=0, Female=1) −0.54 −0.74 to -0.34 <0.001 −0.54 −0.74 to -0.34 <0.001

Adult anthropometry (Phase 5)

BMI (z) 0.19 0.09 to 0.29 <0.001

Height (z) 0.05 −0.05 to 0.15 0.3

Waist circumference (z) 0.26 0.17 to 0.36 <0.001

CVD risk factors (Phase 5)

Total cholesterol (z) 0.04 −0.06 to 0.14 0.4 −0.02 −0.13 to 0.08 0.6

HDL cholesterol (z) −0.14 −0.23 to -0.04 0.008 −0.11 −0.21 to -0.02 0.02

LDL cholesterol (z) 0.03 −0.07 to 0.13 0.6 −0.03 −0.13 to 0.07 0.6

Triglycerides (z) 0.16 0.06 to 0.26 0.002 0.08 −0.03 to 0.18 0.1

Systolic BP (z) 0.06 −0.05 to 0.16 0.3 −0.03 −0.13 to 0.08 0.6

Diastolic BP (z) 0.11 0.01 to 0.21 0.04 0.00 −0.10 to 0.11 1.0

Fasting glucose (z) 0.09 −0.02 to 0.19 0.1 0.06 −0.03 to 0.16 0.2

120-min glucose (z) 0.09 −0.01 to 0.19 0.09 0.04 −0.06 to 0.14 0.5

IFG (1) v normoglycaemic (0) −0.10 −0.38 to 0.18 0.5 −0.16 −0.44 to 0.12 0.3

IGT (1) v normoglycaemic (0) 0.11 −0.23 to 0.45 0.5 −0.02 −0.36 to 0.32 0.9

Diabetes (1) v normoglycaemic
(0)

0.15 −0.31 to 0.61 0.5 −0.02 −0.48 to 0.44 0.9

Any glucose tolerance (IFG, IGT
or DM)

0.04 −0.19 to 0.27 0.7 −0.04 −0.27 to 0.18 0.7

Insulin resistance (HOMA) (z) 0.13 0.03 to 0.23 0.01 0.02 −0.09 to 0.13 0.7

Metabolic syndrome 0.41 0.20 to 0.63 <0.001 0.20 −0.04 to 0.43 0.1

Fibrinogen (z) 0.04 −0.06 to 0.14 0.5 0.03 −0.07 to 0.12 0.6

PAI-1 (z) 0.11 0.01 to 0.21 0.03 0.08 −0.02 to 0.18 0.1

hs CRP (z) 0.07 −0.03 to 0.17 0.2 −0.03 −0.13 to 0.08 0.6

Lifestyle factors (Phase 5)*

Family history 0.07 −0.14 to 0.28 0.5 −0.02 −0.23 to 0.19 0.8

Alcohol 0.04 −0.08 to 0.16 0.5 0.02 −0.09 to 0.14 0.7

Tobacco 0.04 −0.10 to 0.19 0.6 0.04 −0.10 to 0.19 0.5

Occupation 0.06 −0.04 t0 0.16 0.2 0.03 −0.07 to 0.12 0.6

Education −0.04 −0.12 to 0.05 0.4 −0.05 −0.13 to 0.03 0.2

Possessions 0.01 −0.09 to 0.11 0.8 −0.03 −0.13 to 0.08 0.6

Total exercise score −0.17 −0.27 to -0.07 0.001 −0.14 −0.24 to -0.05 0.004

z=standard deviation score.

*
Family history of high blood pressure, angina, myocardial infarction, stroke or diabetes in a first degree relative; Alcohol consumption (four

levels from none to heavy); Tobacco use (any type of tobacco, categorised into current user vs. non-user); Total exercise score derived as a
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summary estimate of daily physical activity (work-related activity classified on a 6-point scale ranging from ‘almost entirely sedentary’ to ‘heavy
physical work’; additional time spent per day in domestic activities (e.g. – sweeping, washing clothes, cooking) and leisure activities (e.g. –
jogging, swimming, yoga); distances walked and cycled each day, with and without a load; converted into approximate periods of time spent in
these activities, then multiplied by metabolic constants and summed; Occupation as one of six categories, ranging from ‘unemployed’ (category 1)
and ‘unskilled manual labour’ (category 2) to ‘professional’; housewives categorized according to their husband’s occupation; Education: one of
seven categories from ‘no schooling’ (category 1) through to ‘professional degree’ (e.g. – Masters degree, PhD, medical qualification); Material
possessions: score of one for each of the following household items: electricity, fan, cycle, radio, motorized 2-wheeler vehicle, gas stove,
television, cable television, electric mixer, electric grinder, electric air cooler, washing machine, car, air conditioner, computer, television antenna,
and telephone; this information was used to create a score derived as the first principal component from a correlation matrix of the 17 binary
variables.
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Table 3

Associations of adult anthropometry, CVD risk factors and lifestyle factors (all measured in Phase 5) with the
presence of carotid plaque measured in Phase 6.

Predictor variable OR 95% confidence
interval

p value OR 95% confidence
interval

p value

Model 1
adjusted for age and sex only

Model 2
further adjusted for adult waist

circumference

Age (years) 1.20 1.00 to 1.44 0.05 1.17 0.97 to 1.41 0.1

Sex (Male=0, Female=1) 0.69 0.48 to 0.99 0.04 0.69 0.48 to 0.99 0.04

Adult anthropometry (Phase 5)

BMI (z) 1.14 0.95 to 1.36 0.1

Height (z) 1.09 0.91 to 1.30 0.4

Waist circumference (z) 1.27 1.06 to 1.52 0.01

CVD risk factors (Phase 5)

Total cholesterol (z) 1.02 0.85 to 1.22 0.8 0.96 0.80 to 1.16 0.7

HDL cholesterol (z) 0.84 0.70 to 1.00 0.05 0.85 0.71 to 1.02 0.08

LDL cholesterol (z) 1.03 0.86 to 1.22 0.8 0.98 0.82 to 1.18 0.8

Triglycerides (z) 1.16 0.97 to 1.38 0.1 1.08 0.90 to 1.31 0.4

Systolic BP (z) 1.16 0.97 to 1.39 0.1 1.09 0.91 to 1.32 0.4

Diastolic BP (z) 1.21 1.01 to 1.44 0.04 1.12 0.92 to 1.36 0.3

Fasting glucose (z) 1.05 0.88 to 1.25 0.6 1.03 0.86 to 1.23 0.8

120-min glucose (z) 1.12 0.94 to 1.35 0.2 1.07 0.89 to 1.29 0.5

IFG (1) v normoglycaemic (0) 0.97 0.59 to 1.59 0.9 0.90 0.54 to 1.49 0.7

IGT (1) v normoglycaemic (0) 1.00 0.55 to 1.83 1.0 0.88 0.47 to 1.62 0.7

Diabetes (1) v normoglycaemic (0) 0.55 0.22 to 1.40 0.2 0.44 0.17 to 1.13 0.09

Any glucose tolerance (IFG, IGT or DM) 0.92 0.61 to 1.38 0.7 0.84 0.56 to 1.27 0.4

Insulin resistance (HOMA) (z) 1.13 0.95 to 1.35 0.2 1.03 0.85 to 1.26 0.8

Metabolic syndrome 1.75 1.20 to 2.55 0.003 1.54 1.01 to 2.35 0.04

Fibrinogen (z) 1.04 0.87 to 1.24 0.7 1.03 0.86 to 1.23 0.8

PAI-1 (z) 0.98 0.82 to 1.17 0.8 0.95 0.79 to 1.14 0.6

hs CRP (z) 1.03 0.86 to 1.23 0.7 0.95 0.78 to 1.16 0.6

Lifestyle factors (Phase 5) *

Family history 0.98 0.67 to 1.43 0.9 0.90 0.62 to 1.33 0.6

Alcohol 0.87 0.70 to 1.07 0.2 0.85 0.69 to 1.05 0.1

Tobacco 0.92 0.71 to 1.18 0.5 0.92 0.71 to 1.18 0.5

Occupation 1.07 0.89 to 1.28 0.5 1.04 0.86 to 1.24 0.7

Education 0.88 0.77 to 1.02 0.09 0.87 0.75 to 1.00 0.06

Possessions 0.88 0.74 to 1.06 0.2 0.85 0.71 to 1.03 0.09

Total exercise score 0.70 0.58 to 0.84 <0.001 0.72 0.60 to 0.86 <0.001

z=standard deviation score.

*
Family history of high blood pressure, angina, myocardial infarction, stroke or diabetes in a first degree relative; Alcohol consumption (four

levels from none to heavy); Tobacco use (any type of tobacco, categorised into current user vs. non-user); Total exercise score derived as a
summary estimate of daily physical activity (work-related activity classified on a 6-point scale ranging from ‘almost entirely sedentary’ to ‘heavy
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physical work’; additional time spent per day in domestic activities (e.g. – sweeping, washing clothes, cooking) and leisure activities (e.g. –
jogging, swimming, yoga); distances walked and cycled each day, with and without a load; converted into approximate periods of time spent in
these activities, then multiplied by metabolic constants and summed; Occupation as one of six categories, ranging from ‘unemployed’ (category 1)
and ‘unskilled manual labour’ (category 2) to ‘professional’; housewives categorized according to their husband’s occupation; Education: one of
seven categories from ‘no schooling’ (category 1) through to ‘professional degree’ (e.g. – Masters degree, PhD, medical qualification); Material
possessions: score of one for each of the following household items: electricity, fan, cycle, radio, motorized 2-wheeler vehicle, gas stove,
television, cable television, electric mixer, electric grinder, electric air cooler, washing machine, car, air conditioner, computer, television antenna,
and telephone; this information was used to create a score derived as the first principal component from a correlation matrix of the 17 binary
variables.
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Table 4

Associations between size and growth in early life and mean CIMT (per 0.1mm) measured in Phase 6.

Size and growth in early life Regression
coefficient

95%
confidence

interval

p value Regression
coefficient

95%
confidence

interval

p value

Model 1
adjusted for age and sex only

Model 2
further adjusted for adult waist

circumference

Size variables

Birth weight (z) 0.01 −0.10 to 0.11 0.9 −0.03 −0.13 to 0.07 0.5

Birth length (z) 0.00 −0.10 to 0.10 1.0 −0.03 −0.13 to 0.07 0.6

Birth BMI (z) 0.01 −0.10 to 0.11 0.9 −0.03 −0.13 to 0.07 0.6

2 year height (z) 0.12 0.02 to 0.22 0.02 0.05 −0.05 to 0.15 0.3

2 year BMI (z) 0.06 −0.04 to 0.16 0.2 0.00 −0.10 to 0.10 1.0

11 year height (z) 0.06 −0.04 to 0.16 0.2 −0.02 −0.13 to 0.08 0.7

11 year BMI (z) 0.06 −0.04 to 0.16 0.2 −0.10 −0.22 to 0.01 0.08

Growth variables

Conditional height (0-2 y) 0.13 0.03 to 0.23 0.01 0.06 −0.04 to 0.16 0.3

Conditional BMI (0-2 y) 0.06 −0.04 to 0.16 0.3 0.00 −0.10 to 0.11 0.9

Conditional height (2-11 y) −0.02 −0.12 to 0.08 0.7 −0.08 −0.18 to 0.03 0.2

Conditional BMI (2-11 y) 0.04 −0.06 to 0.14 0.4 −0.11 −0.23 to 0.00 0.05

Conditional height (11 y-adult) −0.05 −0.15 to 0.06 0.4 −0.05 −0.15 to 0.06 0.4

Conditional BMI (11 y-adult) 0.22 0.11 to 0.32 <0.001 0.03 −0.12 to 0.18 0.7

Z=standard deviation score. Data were analysed using linear regression. Each row represents a separate regression for each model.
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Table 5

Comparison of right and left common CIMT values measured in Phase 6 with large US and European cohorts
with similar age ranges.

US Bogalusa Heart Study (27) - 35 years old

RIGHT White Male White Female Black Male Black Female

25th 0.662 0.611 0.712 0.685

50th 0.740 0.676 0.793 0.754

75th 0.845 0.754 0.929 0.837

LEFT White Male White Female Black Male Black Female

25th 0.658 0.618 0.713 0.67

50th 0.76 0.693 0.812 0.736

75th 0.864 0.766 0.894 0.822

EUROPE AXA Study (26) - 31-40 years old

RIGHT Male Female

25th 0.42 0.42

50th 0.46 0.45

75th 0.5 0.49

LEFT Male Female

25th 0.44 0.44

50th 0.47 0.47

75th 0.57 0.51

INDIA New Delhi Birth Cohort – 36 years old

RIGHT Male Female

25th 0.90 0.80

50th 1.00 0.90

75th 1.10 1.00

LEFT Male Female

25th 0.80 0.80

50th 1.00 0.90

75th 1.10 1.00
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