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OBJECTIVE — We sought to study the occurrence of cardiometabolic risk variables, their
clustering, and their association with insulin resistance among healthy adolescents in urban
south India.
RESEARCH DESIGN AND METHODS — School children aged 12–19 years (n ⫽
2,640; 1,323 boys and 1,317 girls) from diverse socioeconomic backgrounds were studied.
Demographic, social, and medical details were obtained; anthropometry and blood pressure
were measured. Fasting plasma glucose, insulin, and lipid profiles were measured. Clusters of
risk variables were identified by factor analysis. Association of insulin resistance (homeostasis
model assessment) with individual risk variables and their clusters were assessed.
RESULTS — One or more cardiometabolic abnormalities (i.e., low HDL cholesterol, elevated
triglycerides, fasting plasma glucose, or blood pressure) was present in 67.7% of children (in
64.8% of normal weight and 85% of overweight children). Insulin resistance was associated with
the above abnormalities except HDL cholesterol. It also showed significant positive association
with BMI, waist circumference, body fat percentage, and total cholesterol (P ⬍ 0.0001). Factor
analysis identified three distinct clusters, with minor differences in the sexes: 1) waist circumference and blood pressure; 2) dyslipidemia, waist circumference, and insulin; and 3) waist
circumference, glucose, and plasma insulin, with minor differences in the sexes. Insulin was a
component of the lipid and glucometabolic cluster. In girls, it was a component of all three
clusters.
CONCLUSIONS — Cardiometabolic abnormalities are present in nearly 68% of young,
healthy, Asian-Indian adolescents and even among those with normal weight. Insulin resistance
is associated with individual cardiometabolic factors, and plasma insulin showed association
with clustering of some variables.
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I

nsulin resistance is associated with
obesity, type 2 diabetes, cardiovascular
disease, and subclinical cardiometabolic risk markers, such as dyslipidemia,
hypertension, and central adiposity (1,2).
In fact, many have hypothesized that insulin resistance may be the common
pathophysiological factor tying together a
“syndrome” of cardiometabolic disturbance, affecting adiposity, glucose intol-

erance, dyslipidemia, and altered blood
pressure control (2– 4). On the other
hand, the concept that such a syndrome
exists has recently been challenged (5).
The association between insulin resistance and cardiometabolic risk factors is
often confounded once the disease sets in.
The ideal population for examining these
associations in depth would be one that is:
1) at high risk of insulin resistance, 2)
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young and has not yet acquired clinical
disease, and 3) undergoing rapid environmental and lifestyle change.
Asian Indians are at high risk of type 2
diabetes and cardiovascular disease and
have an insulin-resistant phenotype,
characterized by low muscle mass, upperbody adiposity, and high percentage of
body fat (6,7). While insulin resistance
runs in families and may have a genetic
basis (8), it is often lifestyle factors that
trigger the cardiometabolic disease processes (9). With India undergoing rapid
industrialization and urbanization, the
consequent changes in the form of sedentary lifestyle are rampant (10,11).
In this study, among young and
healthy adolescents (aged 12–19 years)
from urban southern India, we examined
the following: 1) the occurrence of cardiometabolic risk variables; 2) the distribution
of insulin resistance and its association with
the individual cardiometabolic risk variables, which included blood pressure, serum triglycerides, fasting plasma glucose,
and HDL cholesterol; and 3) how cardiometabolic risk factors cluster and how
much of such clustering may be associated with insulin resistance. In the context of the rising prevalence of overweight
and diabetes in India (11,12), especially
at a younger age, these data will also serve
toward policy formulation for preventive
strategies.
RESEARCH DESIGN AND
METHODS — A school-based, crosssectional survey was done among 2,640
children (1,323 boys and 1,317 girls)
aged 12–19 years studying in 8th to 12th
standards in 16 schools in Chennai, India.
The schools were selected from different
regions in the city and covered government and private schools attended by
children across all socioeconomic groups.
Adolescents aged 19 years (n ⫽ 16) were
grouped with those aged 18 years. All
subjects from each class were selected,
and the response rate was 92%. Signed
informed consent was given by parents.
The ethics committee of the institution
approved the protocol.
Details of demography, medical history, parental income, and family history
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Table 1—Medians (interquartile range) of anthropometry and cardiometabolic variables among boys and girls and in categories of socioeconomic status
Socioeconomic status
Variables

Boys (n ⫽ 1,323)

Age (years)
15.0 (14.0–16.0)
BMI (kg/m2)
18.1 (16.3–20.8)
Body fat (%)
8.8 (5.7–13.5)
Waist circumference (cm)
65.0 (60.0–72.0)
Systolic blood pressure (mmHg) 100.0 (90–110)
Diastolic blood pressure (mmHg)
70 (70–80)
Fasting plasma glucose (mmol/l)
4.9 (4.6–5.2)
Triglycerides (mmol/l)
0.81 (0.63–1.10)
Total cholesterol (mmol/l)
3.54 (3.14–4.00)
HDL cholesterol (mmol/l)
1.14 (1.01–1.30)
Fasting insulin (pmol/l)††
72.6 (43.8–114.6)
HOMA-IR
2.6 (1.6–4.2)

Girls (n ⫽ 1,317)

Category 1

Category 2

16.0 (15.0–16.0)
16.0 (15.0–17.0) 15.0 (14.0–16.0)*
19.3 (17.4–21.9)‡ 18.4 (16.5–20.5) 18.8 (16.9–21.9)§
17.3 (13.5–22.0)‡ 12.7 (7.2–18.1)
13.5 (8.8–18.9)
62.0 (57.0–68.0)‡ 62.0 (57.0–67.0) 64.0 (59.0–71.0)*
100.0 (90–100)
100.0 (90–110)
100.0 (90–110)
70
70
70 (70–80)
4.8 (4.5–5.1)
4.81 (4.59–5.09) 4.92 (4.64–5.20)*
0.84 (0.69–1.08)储 0.81 (0.65–1.05) 0.84 (0.66–1.10)§
3.77 (3.35–4.21)
3.64 (3.25–4.10) 3.66 (3.27–4.13)
1.24 (1.09–1.40)‡ 1.17 (1.01–1.35) 1.19 (1.04–1.37)
94.2 (62.4–135.6)‡ 72.6 (45.6–112.2 88.8 (58.2–130.2)*
3.4 (2.2–4.9)‡
2.6 (1.6–3.9)
3.2 (2.1–4.8)*

Category 3
15.0 (14.0–16.0)†
19.5 (17.3–22.6)†
14.2 (8.8–20.5)
67.0 (61.0–75.0)†¶
100.0 (95–100)
70 (70–80)
4.92 (4.70–5.20)†
0.85 (0.67–1.15)**
3.61 (3.19–4.18)
1.24 (1.06–1.40)¶**
98.4 (61.2–147.6)†
3.6 (2.2–5.3)†

*P ⬍ 0.0001 for category 1 vs. 2; †P ⬍ 0.0001 for category 1 vs. 3; ‡P ⬍ 0.0001 for girls vs. boys; §P ⬍ 0.05 for category 1 vs. 2; ¶P ⬍ 0.05 for category 2 vs. 3;
储P ⬍ 0.05 for girls vs. boys; and **P ⬍ 0.001 for category 1 vs. 3. ††Adjusted for age and BMI.

of diabetes and cardiovascular disease
were obtained using a questionnaire, with
parental help when necessary. Height and
weight were measured without shoes.
The subject was asked to stand erect with
shoulders and heels flat against the wall,
looking straight ahead. Height was measured to the nearest centimeter using a
tape stuck to the wall. Weight was measured to the nearest 0.1 kg using a digital
bathroom scale, which was checked each
day using a standard weight. Waist was
defined as the smallest girth between the
coastal margin and the iliac crest. Blood
pressure measurements were made with
two cuffs of different sizes. The average of
two readings taken in sitting position at
an interval of 5 min was noted, and the
values were rounded off to the nearest 5
mmHg. Body fat percentage was measured using Tanita body composition analyzer (Model TBF-300; Tanita, Tokyo,
Japan). In girls, age at menarche was recorded at interview.
Fasting blood samples were drawn after a minimum fasting of 8 h and were
transported to the laboratory on ice (4 –
8°C) for estimation of plasma glucose
(fluoride-oxalate tube), plasma insulin
(EDTA tube), and serum lipids. Plasma
glucose was measured using the glucose
oxidase-peroxidase method (13), serum
total cholesterol (14) and triglycerides
(15) by standard enzymatic procedures
and HDL cholesterol by direct assay
method (16). Biochemical assays were
done on a Hitachi 912 autoanalyzer using
regents from Roche Diagnostics, Mannheim, Germany with appropriate quality
control methods. Plasma insulin was
DIABETES CARE, VOLUME 30, NUMBER 7, JULY 2007

measured using a radioimmunoassay kit
(Diasorin, Saluggia, Italy), which had a
sensitivity of 4 U/ml (⬍24 pmol/l) and
intra and interassay coefficients of variation ⬍10%. Insulin resistance was calculated using the homeostasis model
assessment of insulin resistance (HOMAIR) (17).
In the absence of a national consensus
on the normal cutoff values for anthropometric, lipid, and blood pressure parameters in Indian children, the criteria used
in the Third National Nutritional Examination Survey for American adolescents
were used in this study (18). Cutoff values
were derived for BMI (ⱖ85th percentile),
waist circumference (⬎75th percentile
for age and sex), and blood pressure
(⬎90th percentile adjusted for age and
sex). The cutoff values for triglycerides
(ⱖ1.1 mmol/l) and HDL cholesterol
(⬍1.3 mmol/l for girls of all ages and boys
aged ⬍15 years; ⬍1.17 mmol/l for boys
aged 15–19 years) were also used as suggested by Ferranti et al. (18). Normal fasting glucose was taken as ⬍5.6 mmol/l.
The 75th percentile of HOMA-IR in normal weight children without any risk factors was considered the cutoff for normal.
Cardiometabolic variables studied were
blood pressure, triglycerides, HDL cholesterol, and insulin resistance (HOMAIR) in groups dichotomized as overweight
and normal weight (BMI). Waist circumference was also included as a risk variable in the factor analysis, as central
adiposity may be a risk variable independent of overall adiposity (BMI).
Socioeconomic status was assessed
based on the occupation and monthly in-

come of parents, dwelling unit, and automobile ownership. Monthly income
(Indian rupees [INR]) was divided into
three categories: low (⬍ 5,000 INR), middle (5,000 –20,000 INR), and high
(⬎20,000 INR). Those with professional
jobs or employment in jobs likely to have
a monthly income of ⬎20,000 INR, who
own or rent a house in costly areas, and
who have cars were considered part of the
high-income group, regardless of reported income.
Statistical analyses
Median values are reported for skewed
variables, and group comparisons were
made using median test or 2 test as relevant. Spearman rank correlations of insulin resistance (HOMA-IR) with other
variables were evaluated. Factor analysis
with principal component analysis was
used to identify the domains that segregated among the risk variables (19). The
risk variables included were logtransformed values of fasting insulin (as a
surrogate for insulin resistance), systolic
and diastolic blood pressure, fasting plasma
glucose, HDL cholesterol, triglycerides, and
Z values of waist circumference. Z values
were calculated for age-standardized
waist circumference. The principal component analysis method with orthogonal
rotation identifies subsets of clusters of
correlated variables (19). Interpretation is
based on the correlations, called loadings
(range ⫺1.0 to 1.0), between the factors
and the original independent variables
greater than ⫾0.30 —to interpret the resulting factor pattern as suggested by Cu1829
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Table 2—Prevalence of cardiometabolic abnormalities and values of HOMA-IR in relation to presence of abnormalities
Median HOMA-IR values
Variables (abnormal cutoffs)

Prevalence of
abnormalities

Subjects with
abnormalities

Subjects with
no abnormality

P

HDL cholesterol*
Triglycerides (ⱖ1.1 mmol/l )
Elevated blood pressure (⬎ 90th percentile)†
Fasting plasma glucose (ⱖ 5.6 mmol/l)
Positive family history of diabetes

1,516 (57.4)
637 (24.2)
158 (6.0)
154 (5.8)
505 (19.1)

3.1
3.8
5.4
4.6
3.3

2.8
2.8
2.9
2.9
2.9

0.0019
⬍0.0001
⬍0.0001
⬍0.0001
⬍0.0001

Data are n or n (%). *⬍ 1.3 mmol/l for girls of all ages and boys aged ⬍15 years and ⬍1.17 mmol/l for boys aged 15–19 years. †Adjusted for age and sex.

reton and D’Agostino (19). SPSS package,
version 10.1, was used for the analyses.
RESULTS — Table 1 shows the sexand socioeconomic-specific characteristics of the study subjects (n ⫽ 2,640;
1,323 boys and 1,317 girls). Median of
blood pressure was similar, waist circumference was significantly lower, and all
other parameters were significantly
higher in girls than in boys. Girls had significantly higher fasting insulin and insulin resistance than boys (P ⬍ 0.0001).
Socioeconomic distribution of children
was as follows: low income, 36.6%; middle income, 52.9%; and high income,
10.5%. Anthropometric variables, fasting
plasma glucose, triglycerides, plasma insulin, and HOMA-IR values were all
higher in the high socioeconomic group.
The mean age of menarche in girls was
12.7 ⫾ 1.0 years. We did not measure the
stages of puberty in boys.
HOMA-IR showed significant (P ⬍
0.001) inverse correlation with age (r ⫽
⫺0.13), whereas BMI (r ⫽ 0.32), waist
circumference (r ⫽ 0.24), body fat percentage (r ⫽ 0.34), blood pressure (sys-

tolic r ⫽ 0.13; diastolic r ⫽ 0.07), fasting
plasma glucose (r ⫽ 0.28), triglycerides
(r ⫽ 0.21), and total cholesterol (r ⫽
0.12) were positively correlated (P ⬍
0.0001). HDL cholesterol and insulin resistance were not correlated (r ⫽ 0.01,
P ⫽ 0.51).
HOMA-IR was significantly higher in
children aged ⬍14 years (median ⫺3.3)
than in those aged ⬎14 years (HOMA-IR
⫺3.0, P ⫽ 0.002). Multiple linear regression analysis showed that parameters independently associated with HOMA-IR
were as follows: BMI (␤ ⫽ 0.14, SE ␤ ⫽
0.02, P ⬍ 0.0001, r2 ⫽ 8.5%), younger
age (␤ ⫽ ⫺0.23, SE ␤ ⫽ 0.03, P ⬍
0.0001, r2 ⫽ 1.5%), female sex (␤ ⫽
0.42, SE ␤ ⫽ 0.10, P ⬍ 0.0001, r2 ⫽ 0.3),
and waist circumference (␤ ⫽ 0.02, SE
␤ ⫽ 0.008, P ⬍ 0.004, r2 ⫽ 0.3). Fat
percentage was not associated with
HOMA-IR (␤ ⫽ 0.03, SE ␤ ⫽ 0.014, P ⫽
0.446).
A total of 1,790 children (67.8%) had
abnormal values for one or more cardiometabolic risk factors (i.e., lipids, fasting
plasma glucose, and blood pressure). The
prevalence of each abnormality is shown

in Table 2. Median values of HOMA-IR
were higher in subjects with abnormal
values for each parameter (Table 2). Family history of diabetes was reported in
19.1% of children, and HOMA-IR was
significantly higher in those with a family
history (Table 2).
Overweight children had higher
prevalence and clustering of abnormalities (other than overweight and waist circumference) compared with those of
normal weight (P ⬍ 0.0001) (Table 3). In
overweight children, HOMA-IR values
were significantly higher (P ⬍ 0.001)
even in the absence of abnormalities.
HOMA-IR values increased with increasing number of abnormalities in both subgroups. The cutoff for normal HOMA-IR
was 3.62 in our study. The percentage
with insulin resistance (HOMA-IR ⬎3.6)
showed an increasing trend with the increasing number of abnormalities (P ⬍
0.0001). Overweight children showed
higher rates of insulin resistance.
Elevated waist circumference (⬎75th
percentile for age and sex) was present in
a total of 625 (23.7%) children, in 285

Table 3—Comparison of prevalence of abnormalities in relation to body weight and the influence of clustering on HOMA-IR values
Abnormalities

Total

n
Normal weight (n ⫽ 2,245)
Overweight n ⫽ 394
2
P*

2,640
2,245
394
—
—

Nil
850 (32.2)
790 (35.2)
59 (15.0)
61.84
⬍0.0001

1

2

⬎2

1,181 (44.7)
1,006 (44.8)
175 (44.4)
NS
NS

545 (20.6)
420 (18.7)
125 (31.7)
9.43
0.002

64 (2.4)
29 (1.3)
35 (8.9)
78.45
P ⬍ 0.0001

Median HOMA-IR values and percentage with value ⬎3.6

Total
Normal weight
Overweight

Median

n (%)

Median

n (%)

Median

n (%)

Median

n (%)

2.6
2.5
4.9§

246 (30)
198 (25)
48 (81)

2.9†
2.6
5.0§

404 (34)
272 (27)
132 (75)

3.9‡
3.3‡
6.1‡§

301 (55)
189 (45)
112 (90)

7.1‡
5.4‡
8.0‡¶

52 (81)
18 (62)
34 (97)

Data are n (%) unless otherwise indicated. *Normal vs. overweight. †P ⫽ 0.002 vs. no abnormalities. ‡P⬍ 0.0001 vs. no abnormalities. §P ⬍ 0.0001 vs. normal
weight by median test; ¶P ⬍ 0.05 vs. two abnormalities.
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Table 4—Results of factor analysis showing the clusters of cardiometabolic risk variables
Total
Variables
HDL cholesterol
Triglycerides
Z waist circumference
Systolic blood pressure
Diastolic blood pressure
Fasting plasma glucose
Fasting insulin
Variance (%)
Total variance (%)

Boys

Girls

Factor 1

Factor 2

Factor 3

Factor 1

Factor 2

Factor 3

Factor 1

Factor 2

Factor 3

⫺0.10
⫺0.02
0.57
0.91
0.90
⫺0.04
0.19
32.2

⫺0.74
0.74
0.32
0.02
⫺0.16
⫺0.22
0.31
17.8
65.9

0.21
0.23
0.38
0.05
⫺0.03
0.75
0.68
15.9

⫺0.02
0.02
0.52
0.92
0.92
⫺0.15
0.20
32.9

0.16
0.38
0.51
0.08
⫺0.02
0.69
0.71
18.3
67.4

⫺0.78
0.66
0.27
0.02
⫺0.01
⫺0.33
0.23
16.2

⫺0.06
⫺0.01
0.58
0.88
0.86
⫺0.03
0.37
32.3

⫺0.77
0.74
0.30
⫺0.19
⫺0.04
⫺0.14
0.38
18.3
65.5

0.09
0.07
0.28
0.06
⫺0.03
0.88
0.57
15.0

Log-transformed variables were entered.

(12.7%) with normal weight and in 340
(86.3%) who were overweight.
Factor analyses identified three definite clusters of risk variables with some
differences between boys and girls (Table
4). In the total group, the first cluster was
the blood pressure factor, second was the
lipid factor, and third was the glucose factor. Waist circumference was a component of all three factors. Insulin was
associated with factors two and three. In
boys, the second was the glucose and insulin factor. Waist circumference was a
component of factors one and two in both
sexes. In girls, insulin was associated with
all of the three factors.
Type 2 diabetes was diagnosed in one
boy aged 16 years, who had the following
values: fasting plasma glucose 15.2
mmol/l, 2-h glucose 28.0 mmol/l, A1C
11.8%, total cholesterol 5.0 mmol/l, and
triglycerides 6.7 mmol/l. These values improved in 2 months in response to metformin and medical nutrition therapy
(fasting plasma glucose 5.6 mmol/l and
2-h glucose 5.7 mmol/l), and blood pressure was 130/90 mmHg.
CONCLUSIONS — In this population-based study, we found that 64.8% of
normal weight children and adolescents
had at least one cardiometabolic risk factor and that these factors clustered into
three groups. Plasma insulin and waist
circumference were strongly associated
with these clusters. Waist circumference
was a component of two clusters in both
sexes.
Previous studies of cardiometabolic
risk variables in children and adolescents
have been mostly in obese subjects (20 –
23). In contrast, our study has shown the
occurrence of these abnormalities even in
children with ideal BMIs. However, abnormalities were more and tended to
DIABETES CARE, VOLUME 30, NUMBER 7, JULY 2007

cluster more frequently in the presence of
overweight. This was evident in the factor
analysis, in which waist circumference
was included as the index of overweight.
HOMA-IR values were significantly
increased in subjects with cardiometabolic abnormalities. Blood pressure significantly correlated with insulin
resistance in children. A positive association between insulin levels and blood
pressure was reported in American children in some previous reports (24 –28),
while a few other studies did not find such
a correlation (29,30). The factor analysis
showed the association of plasma glucose
with insulin in both sexes. Fasting hyperglycaemia was present only in a small percentage of children and adolescents.
The commonest cardiometabolic abnormality was low HDL cholesterol, followed by elevated triglycerides; the latter
showed a strong association with insulin
resistance. Low HDL cholesterol was seen
in a large percentage of Asian-Indian
adults in India (31) and in other countries
(32). We had earlier suggested that elevated triglycerides could be used as a surrogate marker of insulin resistance in
Asian-Indian, nondiabetic adults (33).
We now confirm the findings in the children. The strong association of insulin resistance with dyslipidaemia had also been
reported in childhood in other populations (20,28).
South-Asian adolescents have lower
insulin sensitivity compared with European populations (34,35). This ethnic difference in insulin sensitivity was attributed
to the higher body fat in South-Asian children (35) and may reflect differences in historical survival patterns.
In our study, girls had higher insulin
resistance than boys, and this was not related to the higher percentage of body fat.
The Early Bird Study in the U.K. among

healthy children aged 5 years had reported that girls had an intrinsically
higher insulin resistance than boys independent of the influence of body fat (36).
In our study, insulin resistance was
higher in younger children who were in
the peripubertal period. Interaction of
various hormones during puberty may
decrease insulin sensitivity (37–39). A
longitudinal study of insulin resistance in
American children showed that during
puberty, insulin resistance decreased by
⬃50%, with a compensatory increase in
plasma insulin (40). Decrease in insulin
sensitivity was independent of the
changes in body fat. The metabolic
changes seen were increased lipolysis, decreased glucose oxidation, and a decrease
in adiponectin levels. The changes were
proposed to be partially mediated by increased growth hormone secretion (40).
One of the limitations of our study was
that we could not assess pubertal stages in
boys. The age at menarche in girls was
12.7 ⫾ 1 years. We noted that insulin
resistance was higher in children aged
ⱕ14 years and probably related to the
stage of puberty.
Clustering of cardiometabolic abnormalities in our study subjects appeared to
be associated with insulin resistance,
more so in girls. Insulin resistance was
found to be strongly associated with adiposity and glucose levels. Two previous
studies in American children and adolescents had also demonstrated associations
with insulin resistance using factor analysis (20,41). Independent associations of
BMI and insulin resistance with cardiometabolic risk variables and of their clustering in children have also been shown
(27). A recent prospective study in American children by Sinaiko et al. showed that
insulin resistance begins at an early age,
has an independent effect on cardiovascu1831
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lar risk, and may continue during adolescence (28).
Subjects with positive family history
of diabetes were relatively more insulin
resistant. Presence of a positive family history was known in 19.1%, and it is likely
to be an underestimation, as it was elicited
by history. The familial nature of insulin
resistance, reported in adults in an earlier
publication by us, was confirmed in the
study (8).
Presence of overweight and cardiometabolic abnormalities were more common in the higher socioeconomic group,
probably related to the differences in lifestyle. In an earlier study in school children, we noted that unhealthy lifestyle
was common in the higher socioeconomic stratum (42).
In conclusion, there is a high prevalence of cardiometabolic risk factors even
in healthy young children of normal
weight in southern India, and we find evidence of clustering of several of these factors. Insulin resistance seems to be associated with elevated levels of fasting
plasma glucose, blood pressure, and triglycerides and with their clustering. Given the
fact that 64.8% of normal weight children
had at least one cardiometabolic
abnormality, our data also raise questions
about what is normal weight in this
population.
Lack of details on the pubertal stages,
especially in boys, is a limitation of this
study. However, we noted that insulin resistance was higher in younger children in
the pubertal period than in adolescents.
Blood pressure readings approximated to
values of 5 may also have affected the sensitivity of the analysis to some extent.
Identification of individual risk factors on
a single cross-sectional analysis has limited predictive value. However, occurrence of multiple abnormalities confirms
the existence of the risk in the study
population.
Prospective studies are, therefore,
needed to determine whether the clusters
of risk variables predict future cardiovascular events more than individual risk factors or their sum. Furthermore, it is not
known whether the three clusters found
in our study each represent different aetiopathophysiological processes and risk
factors and whether they may need different interventions.
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