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We have studied 477 8-year-old Indian children to
define the relationship between birth weight and cardiovascular risk factors, including insulin resistance
syndrome (IRS) variables and plasma total and LDL
cholesterol concentrations. All risk factors were
strongly related to current weight. After adjustment for
current weight, age, and sex, lower birth weight was
associated with higher systolic blood pressure (P =
0.008), fasting plasma insulin and 32–33 split proinsulin concentrations (P = 0.08 and 0.02), glucose and
insulin concentrations 30 min postglucose (P = 0.06
and 0.04), subscapular/triceps skinfold ratio (P =
0.003), and plasma total and LDL cholesterol concentrations (P = 0.002 and 0.001). Lower birth weight was
associated with increased calculated insulin resistance
(homeostasis model assessment [HOMA], P = 0.03), but
was not related to the HOMA index of b-cell function.
The highest levels of IRS variables and total and LDL
cholesterol were in children of low birth weight but
high fat mass at 8 years. Taller height at 8 years predicted higher fasting plasma insulin concentrations,
insulin resistance, and plasma total and LDL cholesterol concentrations. The most insulin-resistant children were those who had short parents but had themselves grown tall. Although the implications of our
findings in relation to height are unclear, interventions
to improve fetal growth and to control obesity in childhood are likely to be important factors in the prevention of cardiovascular disease and IRS in India.
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I

ndia is experiencing an “epidemic” of type 2 diabetes
and coronary heart disease (CHD) among its young
adult and middle-aged population (1–4). Indians as a
race are characteristically more insulin resistant than
white Caucasians and express the insulin resistance syndrome (IRS) (metabolic syndrome or syndrome X: insulin
resistance, hypertension, glucose intolerance, hypertriglyceridemia, and low serum HDL cholesterol concentrations) in an exaggerated manner (5–7). This occurs even in the
absence of generalized obesity, possibly because these subjects are centrally obese (8). A traditional explanation has
been that Indians have enriched a thrifty genotype that has
become detrimental in a modern urban setting (8,9). Recent
research in the U.K., Europe, and the U.S. has shown that
insulin resistance is increased in men and women who had
a low birth weight (10–12). This finding has led to an alternative (thrifty phenotype) hypothesis, which proposes that
IRS results from persistence of fetal adaptations to inadequate
intrauterine nutrition (13). If this is correct, India’s high rates
of type 2 diabetes and CHD may be a consequence of poor
fetal growth; the mean birth weight in India is 2.6–2.7 kg,
one of the lowest in the world (14,15).
In 1995, we reported in 4-year-old Indian children that
lower birth weight was associated with higher glucose and
insulin concentrations 30 min after an oral glucose load (16).
We suggested that this may be early evidence of insulin
resistance. We have now restudied these children at the age
of 8 years and selected additional children from the King
Edward Memorial Hospital (KEMH) obstetric records, especially at the extremes of birth weight.
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Sample selection. We aimed to study children born in the KEMH as full-term singleton deliveries (born at ≥37 weeks’ gestation based on the mother’s last menstrual period date) and now aged 8.00–8.99 years. Our sampling frame comprised
1) children who had taken part in the earlier study at the age of 4 years, and 2) additional children selected from the labor ward registers. The former group were 201
children born in KEMH during October 1987 to April 1989, weighing >2,000 g at
term and admitted to the routine postnatal wards. Of these, 190 (95%) were successfully retraced and included in the current study. Additional children (the
second group) were selected from all full-term singleton live births in KEMH during July 1987 to June 1989. Based on a statistical power calculation, we aimed for
a final sample of 500 children with equal numbers (n = 63) in each of eight birthweight groups representing 250-g increments. Where excess babies were listed,
the required number was selected using random number tables. The sample is
shown in full in Table 1. Of the 518 children selected, 166 had moved away from
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TABLE 1
Study sample selection

Children
Birth weight studied at
(g)
4 years (x)
≤1,750
≤2,000
≤2,250
≤2,500
≤2,750
≤3,000
≤3,250
>3,250
Total

0
0
13
44
44
57
27
16
201

Additional
children
required
(63x)

Additional
children to be
selected from
labor ward
register (63x 3 3)

63
63
50
19
19
6
36
47
304

189
189
150
57
57
21
108
141
912

Singleton
term births
in KEMH
listed in the
labor ward register
12
35
108
244
411
523
273
250
1,856

Additional
children
selected
12 (All)
35 (All)
108 (All)
57
57
21
108
141
518

Numbers in
current study
Original
4-year study
New
children
children
0
0
12
43
41
54
24
16
190

4
18
43
45
37
33
52
55
287

Total
4
18
55
88
78
87
76
71
477

Data are n unless otherwise indicated.

the address listed in the obstetric records and could not be traced, 60 declined to
take part in the study, and 287 (55%) agreed to take part. The total number studied was therefore 477.
Procedures. The children stayed overnight with their parents in the KEMH Diabetes Research Unit. In the morning, fasting blood samples were taken for measurement of plasma lipids (total cholesterol, HDL cholesterol, and triglycerides)
and plasma glucose, insulin, proinsulin, and 32–33 split proinsulin. Further blood
samples were taken 30 and 120 min after a 1.75 g/kg body weight oral glucose for
measurement of plasma glucose and insulin concentrations. Systolic and diastolic
blood pressures were measured following the 30-min blood sample, after 5 min
resting quietly, using a digital automated device (Dinamap; Criticon, Tampa, FL)
and a cuff of the appropriate size for the measured arm circumference.
Anthropometry was measured by one of two observers. Weight was measured to the nearest 0.5 kg using a portable Seca scale; height to the nearest 0.5 cm
using a wall-mounted stadiometer; waist circumference to the nearest 0.1 cm, midway between the lower costal margin and the superior iliac crest, in expiration,
with the child supine; and hip circumference to the nearest 0.1 cm, with the child
standing, as the largest measured circumference at the approximate level of the
greater femoral trochanters. Triceps and subscapular skinfolds were measured
to the nearest 0.2 mm using Harpenden calipers (CMS Instruments, London).
Parental weights and heights were also measured. Socioeconomic status was
assessed using the Kuppuswamy score, a standardized scoring system based on
a questionnaire administered to the parents, asking for details of education,
income, and type of housing (17). Before starting the study, anthropometric techniques were standardized. Ethical permission was obtained from the KEMH
Ethics Committee, and parental consent was obtained.
Laboratory methods. Plasma glucose and serum cholesterol, HDL cholesterol,
and triglyceride concentrations were measured in Pune, India, using standard enzymatic methods (Spectrum; Abbott, Irving, TX). Between-batch coefficients of variation for all the assays were <3% in the normal range. LDL cholesterol was calculated using the Friedewald-Fredrickson formula (18). Plasma insulin, proinsulin,
and 32–33 split proinsulin concentrations were measured in Cambridge, England,
U.K. Insulin was measured using a two-site immunoenzymometric assay (Medgenix, Fleurus, Belgium), which did not cross-react with intact or 32–33 split proinsulin. Between-batch coefficients of variation were 11% at 24 pmol/l, 8% at
60 pmol/l, and 4.8% at 477 pmol/l. A two-site immunometric assay was used to measure 32–33 split proinsulin (19,20). Intact proinsulin was measured using a
microtitre plate time-resolved fluorescence (delfia) assay. The solid-phase and
labeled antibodies used were the same monoclonal antibodies described for the
immunoradiometric assay of intact proinsulin (19,20). Tracer antibody was
labeled with Europium using the Delfia Europium labelling kit 1244–302 (Wallac,
Milton Keynes, Bucks, U.K.). This assay did not cross-react with insulin and
32–33 split proinsulin. Between-batch coefficients of variation were 10% at
4.4 pmol/l, 5.8% at 24 pmol/l, and 5.4% at 86 pmol/l.
Statistical methods. To satisfy assumptions of normality, measurements of
BMI, mid-upper-arm, waist, and hip circumferences and skinfold thickness
required reciprocal transformation, and measurements of subscapular-to-triceps
skinfold ratio (SS/TR), systolic and diastolic blood pressures, plasma insulin,
proinsulin, 32–33 split proinsulin, and total, LDL, and HDL cholesterol and triglyceride concentrations were log-transformed. Comparisons between the sexes
were made using t tests. Adjustments of cardiovascular risk variables for sex, age,
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and body weight, and analysis of their relationships to birth weight, were made
using multiple linear regression. Fat mass was calculated using the formula:
(0.23 3 subscapular skinfold thickness) + (0.18 3 weight) + (0.13 3 triceps skinfold thickness) – 3.0 (21). Estimates of pancreatic b-cell function and relative
insulin resistance were determined using HOMA equations (22). We have used the
30-min insulin increment (23,24) as an additional estimate of b-cell function.

RESULTS

The children’s ages ranged from 8.05 to 8.87 years (mean ± SD
8.47 ± 0.11). Table 2 shows their mean birth weight and current (8-year) anthropometry, blood pressure, and biochemical measurements. Seven children had impaired glucose tolerance (IGT) (World Health Organization definition [25]), but
none were diabetic.
Sex, current body size, and social class. Boys had a
higher mean birth weight and larger head circumference at
8 years, but thinner skinfolds and lower fat mass than girls
(Table 2). There were no significant differences between the
sexes in 8-year weight, height, measures of central fat
(waist/hip or SS/TR ratios), blood pressure, or plasma lipid
concentrations. Girls had higher insulin, proinsulin, and
32–33 split proinsulin concentrations than boys. Birth weight
was only marginally higher in children of higher social class
(P = 0.4), but 8-year measurements, including weight, height,
BMI, and fat mass, rose markedly with increasing social class
(P < 0.001 for all).
Many of the outcome variables were higher in children of
higher current body weight. This was true of systolic blood
pressure (P < 0.05), plasma insulin (fasting and postload),
proinsulin and 32–33 split proinsulin concentrations, relative
insulin resistance (HOMA) and b-cell function (HOMA), 30-min
insulin increment and fasting plasma total, and LDL cholesterol
and triglyceride concentrations (P ≤ 0.001 for all). These
results partly reflected an association with body fat; they were
all correlated with skinfold measurements and generally
more strongly with subscapular (P ≤ 0.01 for all) than with triceps skinfold thickness. Insulin and total and LDL cholesterol also showed a relationship with height. Plasma insulin
(fasting and postload), fasting proinsulin and 32–33 split
proinsulin concentrations, and insulin resistance (HOMA),
were higher in taller children (P < 0.01 for all), as were plasma
total (P < 0.01) and LDL cholesterol concentrations (P = 0.02).
2423
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TABLE 2
Mean birth weight and anthropometric measurements, blood pressure, and circulating biochemical parameters at age 8 years
Girls
n
Birth weight (kg)
8-Year results
Height (cm)
Weight (kg)
BMI (kg/m2)
Head circumference (cm)
Mid-upper arm circumference (cm)
Waist/hip ratio (%)
Triceps skinfold (mm)
Subscapular skinfold (mm)
SS/TR
Fat mass (kg)
Blood pressure (mmHg)
Systolic
Diastolic
Glucose (mmol/l)
Fasting
30-min
120-min
Insulin (pmol/l)
Fasting
Proinsulin (fasting)
32–33 split proinsulin (fasting)
30-min
120-min
Cholesterol (mmol/l)
Total
LDL
HDL
Triglycerides (mmol/l)

221
2.7 ± 0.5

Boys
256
2.8 ± 0.5*

124.7 ± 6.3
21.3 ± 4.1
13.4 (12.4–14.2)
49.9 ± 1.5
16.3 (15.3–17.2)
82.7 ± 5.1
8.1 (6.9–10.1)
6.5 (5.5–7.8)
0.8 (0.7–0.9)
3.7 ± 1.8

125.4 ± 5.9
22.0 ± 4.0
13.7 (12.8–14.6)*
50.4 ± 1.6*
16.2 (15.2–17.1)
82.8 ± 5.1
6.7 (5.8–8.1)†
5.5 (4.7–6.5)†
0.8 (0.7–0.9)
3.3 ± 1.5*

111.2 (105.0–118.0)
62.7 (57.5–69.0)

111.4 (106.0–117.0)
62.9 (58.0–68.0)

4.5 ± 0.6
7.6 ± 2.0
5.3 ± 1.2

4.6 ± 0.8
7.3 ± 1.4*
5.1 ± 1.0

25.3 (19.0–35.0)
3.4 (2.6–4.5)
4.8 (3.3–6.8)
177.5 (119.0–295.8)
92.8 (53.8–169.3)

23.2 (16.0–35.0)
3.1 (2.3–4.2)*
3.7 (2.6–5.3)†
158.2 (97.0–272.0)
72.6 (44.3–121.0)*

3.4 (3.1–3.8)
2.0 ± 0.6
1.0 (0.9–1.3)
0.7 (0.6–0.9)

3.4 (3.0–3.8)
2.0 ± 0.6
1.1 (0.9–1.3)
0.7 (0.5–0.9)

Data are n or means ± SD, except for BMI, mid-upper arm circumference, triceps skinfold, and subscapular skinfold, which are harmonic mean (interquartile range), and data for SS/TR, blood pressure, insulin, proinsulin, split proinsulin, cholesterol, and triglycerides, which are geometric mean (interquartile range). P for difference between sexes:*P < 0.05, †P < 0.0001.

SS/TR and waist/hip ratios were higher in children with fatter
skinfolds (SS/TR: P < 0.001 for subscapular, P = 0.003 for triceps; waist/hip: P < 0.01 for subscapular, P = 0.04 for triceps).
In order to assess “clustering” of the different components
of the IRS in our children, we designated a child positive for
an IRS variable if his or her value was above the highest
quartile for insulin resistance (HOMA), systolic blood pressure, or plasma triglyceride concentration, or below the lowest quartile for plasma HDL cholesterol concentration. We
started with 109 children who were above the highest quartile for insulin resistance (HOMA). Of these, 55 children were
positive for insulin resistance (HOMA) alone without any
other features of the IRS (group 1), 30 for insulin resistance
plus any one of the other main IRS variables (systolic blood
pressure, plasma triglyceride, and HDL cholesterol concentrations) (group 2), 21 for insulin resistance plus two IRS
variables (group 3), and 3 for insulin resistance plus all three
other variables (group 4). Current weight, height, and fat
mass increased from group 1 to group 4 (P < 0.001, for all),
indicating a strong association between increasing body size
and clustering of the features of the IRS.
Relationships with birth weight. Children of higher birth
weight were heavier and taller at 8 years (Table 3) and tended
to have fatter triceps and subscapular skinfold thicknesses
2424

(P = 0.007 and P = 0.1, respectively, adjusted for age and
sex). Table 3 also shows mean values for all cardiovascular
risk variables according to birth weight. Systolic blood pressure, plasma LDL cholesterol concentrations, and SS/TR
ratios were inversely related to birth weight. These relationships were stronger after adjustment for age, sex, and current
body weight; inverse trends were then also seen with fasting
plasma insulin and 32–33 split proinsulin concentrations,
insulin resistance (HOMA), 30-min plasma glucose and
insulin concentrations, and plasma total cholesterol concentrations. After adjustment for current weight, lower birth
weight was also associated with increased clustering of the
IRS variables (P < 0.001). All these trends remained significant
after further adjustment for social class, except for fasting
insulin (P = 0.1) and 30-min glucose (P = 0.07). Although
plasma triglyceride concentrations tended to fall and HDL
cholesterol concentrations to rise with increasing birth
weight, these trends were not statistically significant. There
were no relationships between birth weight and diastolic
blood pressure, fasting and 120-min glucose concentrations,
b-cell function (HOMA and 30-min insulin increment), or
waist/hip ratio (Table 3). There was no significant difference
in birth weight between the seven children with IGT (2.9 kg)
and those with normal glucose tolerance.
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TABLE 3
Mean height, weight, blood pressure, plasma glucose, insulin, and lipid concentrations, and measures of central fat, according to
birth weight

Weight (kg)
Height (cm)
BMI (kg/m2)
Blood pressure (mmHg)
Systolic
Diastolic
Glucose (mmol/l)
Fasting
30-min
120-min
Insulin (pmol/l)
Fasting
Proinsulin
32–33 split proinsulin
30-min
120-min
30-min insulin increment
b-cell function (HOMA)
Insulin resistance (HOMA)
Cholesterol (mmol/l)
Total
LDL
HDL
Triglycerides (mmol/l)
Waist/hip ratio
SS/TR

Birth weight (kg)
≤2.75
≤3.0

≤2.0

≤2.25

≤2.5

≤3.25

>3.25

P

Adjusted P

20.8
123.3
13.5

19.7
121.6
13.1

21.1
124.3
13.4

21.4
124.6
13.5

21.7
125.6
13.6

22.2
126.3
13.7

23.6
127.9
14.1

<0.001
<0.001
<0.001

—
—
—

115.7
66.0

111.1
61.5

112.3
62.7

109.1
62.2

112.1
63.8

111.8
62.9

109.8
62.4

0.06
0.7

0.008
0.7

4.8
7.3
5.4

4.6
7.9
5.4

4.5
7.6
5.1

4.7
7.4
5.3

4.5
7.3
5.2

4.5
7.0
5.1

4.6
7.4
5.2

0.97
0.07
0.6

0.6
0.06
0.8

31.9
3.6
5.4
166.5
108.0
16.7
126.6
1.3

22.6
3.1
3.9
180.4
83.8
20.7
93.4
0.9

23.7
3.2
4.0
170.3
73.0
19.8
111.4
0.9

24.3
3.5
4.6
160.1
84.3
16.0
105.0
1.0

23.7
3.2
4.3
158.6
80.6
17.9
108.1
1.0

22.5
3.2
3.9
158.9
80.0
18.5
100.8
0.9

26.1
3.3
4.0
178.6
81.7
20.9
98.6
1.0

0.7
0.8
0.3
0.7
0.4
0.9
0.3
0.6

0.08
0.1
0.02
0.04
0.1
0.2
0.1
0.03

3.5
2.1
1.1
0.8
84.8
88.3

3.4
2.1
1.0
0.6
82.2
83.7

3.5
2.1
1.0
0.8
83.0
84.1

3.4
2.0
1.1
0.8
82.7
80.4

3.5
2.1
1.0
0.7
82.7
81.6

3.2
1.8
1.1
0.7
81.4
77.7

3.4
1.9
1.1
0.7
83.6
82.2

0.1
0.03
0.1
0.5
0.3
0.05

0.002
0.001
0.2
0.2
0.4
0.003

P values are derived by multiple linear regression using variables as continuous. Adjusted P values are adjusted for age, sex, and
current body weight.

Interactions between birth weight and current weight.
Figure 1 shows insulin resistance (HOMA), systolic blood
pressure, SS/TR, and plasma total cholesterol concentrations
in relation to birth weight and current weight simultaneously.
The inverse trends with birth weight were strongest in the
highest 8-year weight group. The positive trends with current
weight tended to be strongest in the lowest birth-weight
group. The highest values were seen in children who were
light at birth and heavy at 8 years. Though not shown in the
figure, results were similar for plasma triglyceride concentration. The interaction term (birth weight 3 current weight)
was statistically significant for insulin resistance (P = 0.004),
but not for systolic blood pressure (P = 0.4), plasma triglyceride concentrations (P = 0.3), SS/TR ratio (P = 0.5), or
plasma total cholesterol concentrations (P = 0.8; all adjusted
for age and sex).
To determine how different components of 8-year body
weight were related to IRS variables, multiple regression
analyses were carried out, including current fat mass and
height instead of overall weight (Table 4). Higher fat mass was
strongly associated with increased insulin resistance, systolic blood pressure, plasma triglyceride concentrations,
SS/TR ratio, and plasma total cholesterol concentration.
Taller height was associated with increased insulin resistance, but was not related to the other outcomes. Birth
weight was inversely related to all outcomes except plasma
triglyceride concentration.
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We repeated all these analyses, limiting the sample to the
190 children who took part in our earlier study at age 4 years.
In this smaller group of children, none of the outcome variables was significantly related to birth weight. The B values
for the change in the major IRS variables (insulin resistance,
systolic blood pressure, plasma triglyceride concentration,
SS/TR, and plasma cholesterol concentration) were as follows: logged insulin resistance –4.9%; logged systolic blood
pressure –0.6%; logged triglyceride concentration –7.4%;
logged SS/TR –2.0%; and logged cholesterol –4.7%. These are
all within the 95% CIs for the sample as a whole (Table 5).
Parental height. Finally, we examined the relationship of the
IRS variables to maternal and paternal heights and midparental height (MPH), which is used clinically as an indicator of “genetic” growth potential (boys: [(maternal height +
paternal height in centimeters)/2] + 7 cm; girls: [(maternal
height + paternal height in centimeters)/2] – 7 cm (26).
Insulin resistance (HOMA), but not the other IRS variables,
was inversely related to MPH (P < 0.001), independently of the
child’s own birth weight and current height, weight, and fat
mass. The most insulin-resistant children were those whose
parents were short, but who had grown tallest at 8 years.
Maternal and paternal heights contributed independently to
this effect, both being significantly related to insulin resistance
when added to the regression analysis in place of MPH.
When MPH, or maternal and paternal heights, were added to
the regression shown in Table 4, the relationship of insulin
2425
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FIG. 1. Mean levels of insulin resistance variable (HOMA), systolic blood pressure, serum cholesterol concentration, and SS/TR at 8 years of
age by tertiles of birth weight and 8-year weight. Significance level for the trend in each row and column (adjusted for age and sex) is shown
at the end. ns, not significant, *P < 0.05, **P < 0.01, ***P < 0.001.

resistance to the child’s 8-year height remained strongly statistically significant, while that to birth weight was no longer
significant (Table 5). The other IRS variables and total and
LDL cholesterol concentrations were unrelated to parental
height, and remained significantly related to birth weight
when parental heights were added to the regressions shown
in Table 4.
DISCUSSION

We have measured cardiovascular disease risk factors, including components of the insulin resistance syndrome, and
plasma total and LDL cholesterol concentrations, in a large
sample of healthy 8-year-old Indian children (Table 2). Children
who were heavier at 8 years had higher plasma insulin and
proinsulin concentrations, calculated insulin resistance
(HOMA), systolic blood pressures, SS/TR skinfold thickness
ratios, and plasma total and LDL cholesterol concentrations.
After adjustment for current weight, all these risk factors
were higher in children of lower birth weight (Table 3).
Our findings for insulin resistance and the IRS variables are
similar to those in 10-year-old children in the U.K. (27), and in
adults in the U.K. (10), Europe (11), and India (28). Consistently with other studies (29,30), we found no association
between birth weight and insulin secretion. Several groups
(12,31–33) have reported no association between birth weight
and circulating total or LDL cholesterol in later life. A study
in the U.K., however, showed an inverse relationship with
abdominal circumference at birth, thought to reflect neonatal
liver size (34). The association of low birth weight with high
plasma LDL cholesterol concentration in our children may
2426

reflect the smaller abdominal circumference (and presumably liver growth) of Indian babies (35). While cardiovascular
risk variables were more strongly related to current weight
than to birth weight, our results support the hypothesis that
reduced fetal growth, or the factors that cause it, has lasting
endocrine and metabolic effects culminating in the later
development of the IRS and cardiovascular disease (13,36).
Fetal growth is thought to be strongly influenced by environmental factors, such as maternal size and nutrition, and infections (37). Genetic factors certainly contribute to fetal growth,
although so far few specific genes have been identified (38).
Our data suggest that interventions to prevent the IRS and cardiovascular disease should include measures to improve fetal
growth in India, where approximately one-third of newborn
babies weigh ≤2.5 kg at birth (15).
Children with the most adverse cardiovascular risk profiles
(including clustering of the IRS variables) were light at birth
and heavy at 8 years. Risk variables were related to birth
weight only in heavier children, and to current weight most
strongly in children of low birth weight (Fig. 1). A similar pattern has been shown in two other recent studies of children,
from the U.K. (27) and South Africa (39). Of the components
of body weight, higher fat mass was associated with an
increase in all the risk variables. We speculate that reduced
intrauterine growth induces endocrine and metabolic adaptations to allow the best use of available nutrients for survival
in utero. These adaptations may limit options for nutrient utilization in later life, and in situations of positive energy balance lead to excess fat deposition, especially in central
depots, which aggravates insulin resistance. This hypothesis
DIABETES, VOL. 48, DECEMBER 1999
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TABLE 4
Multiple regression analysis of IRS variables with current
(8-year) height and fat mass, birth weight, age, and sex
B (95% CI)
Log insulin resistance (HOMA)
Height (cm)
Fat mass (kg)
Birth weight (kg)
Age (years)
Sex (boys, 1; girls, 2)
Log systolic blood pressure
(mmHg)
Height (cm)
Fat mass (kg)
Birth weight (kg)
Age (years)
Sex
Log plasma triglycerides
(mmol/l)
Height (cm)
Fat mass (kg)
Birth weight (kg)
Age (years)
Sex
Log SS/TR
Height (cm)
Fat mass (kg)
Birth weight (kg)
Age (years)
Sex
Plasma total cholesterol
concentration (mmol/l)
Height (cm)
Fat mass (kg)
Birth weight (kg)
Age (years)
Sex

P

1.6 (0.6 to 2.6)
8.3 (4.9 to 11.9)
–9.7 (–18.6 to 0.2)
50.2 (–3.4 to 133.7)
7.6 (–2.3 to 18.4)

<0.001
<0.001
0.05
0.07
0.1

0.008 (–0.2 to 0.2)
0.7 (0.1 to 1.3)
–1.8 (–3.5 to 0.0)
7.9 (0.2 to 16.2)
–0.5 (–2.1 to 1.1)

0.9
0.01
0.04
0.04
0.5

–0.3 (–1.1 to 0.5)
5.0 (2.1 to 8.0)
–4.1 (–12.2 to 4.7)
–18.5 (–43.8 to 18.3)
2.1 (–5.7 to 10.6)

0.4
<0.001
0.3
0.3
0.6

–0.3 (–0.7 to 0.1)
3.9 (2.4 to 5.3)
–4.8 (–8.7 to –0.7)
–5.5 (–20.9 to 12.9)
–3.5 (–7.1 to 0.2)

0.09
<0.001
0.02
0.5
0.06

0.3 (–0.1 to 0.7)
2.0 (0.8 to 3.3)
–5.3 (–8.6 to –1.2)
0.7 (–13.7 to 17.5)
–1.7 (–5.0 to 1.7)

0.07
<0.001
0.003
0.9
0.3

B values are percentage changes in the outcome variable per unit
change in predictor variables.

is supported by studies showing that lower birth weight predicts higher waist/hip ratio in adults (40) and SS/TR ratio in
adults (12) and children (41,42). Our observation that lower
birth weight predicts higher SS/TR ratio, a better indicator of
central fatness in children than waist/hip ratio (43), in prepubertal children from a developing country highlights the
importance of poor intrauterine growth in relation to later central obesity. Excess fat tissue could lead to the IRS either by
overproduction of nonesterified fatty acids and the glucose–fatty acid cycle (44), or through increased synthesis
and release of leptin (45) or proinflammatory cytokines (46).
Children who were light at birth and tall at 8 years had
increased insulin resistance (Table 4). It is possible that a lowbirth-weight baby who grows tall postnatally has experienced greater intrauterine growth retardation relative to its
growth potential than one who does not (47,48). Thus it may
be the postnatal “catch-up” growth, and/or the intrauterine
growth retardation which preceded it, that is associated with
increased insulin resistance. Another possibility is that taller
height at 8 years reflects advanced skeletal maturity. Lower
birth weight has been associated with earlier menarche (49)
and possibly adrenarche (50). In this case, we might expect
DIABETES, VOL. 48, DECEMBER 1999

TABLE 5
Multiple regression analysis of insulin resistance with current
(8-year) height and fat mass, birth weight, age, and sex, and
parental heights

Log insulin resistance (HOMA)
Height (cm)
Fat mass (kg)
Birth weight (kg)
Age (years)
Sex (boys, 1; girls, 2)
Father’s height (cm)
Mother’s height (cm)

B (95% CI)

P

2.7 (1.5 to 3.3)
6.7 (2.7 to 10.8)
–1.4 (–12.4 to 11.0)
–32.3 (–58.9 to 11.6)
9.2 (–1.8 to 21.4)
–1.2 (–2.1 to –0.2)
–1.1 (–2.1 to –0.1)

<0.001
<0.001
0.8
0.1
0.1
0.01
0.04

B values are percentage changes in the outcome variable per unit
change in predictor variables.

insulin resistance to be associated with reduced final (adult)
height in these children.
One of our new findings was that short maternal and paternal height independently predicted insulin resistance in the
children. The most insulin-resistant children were those
whose parents were short but who had grown tall at 8 years.
After adjusting for parental height, insulin resistance was still
related to 8-year height but was no longer related to birth
weight. In a well-nourished population, parental heights
reflect genetic height potential (51). Our findings may therefore reflect a genetic mechanism. For example, since insulin
is a growth factor in utero and postnatally, genetically mediated insulin resistance could be associated with short
parental stature and low birth weight in the offspring (52). It
is difficult in that case, however, to explain the childrens’
greater height at 8 years. Alternatively, our results may have
an intrafamilial environmental explanation. In our population, short stature in the parents could reflect poor nutrition
during their own childhood and adolescence (51).
The apparently stronger relationships of risk variables to
birth weight in this study than in our earlier 4-year study
may indicate that the relationships strengthen with age, as has
been suggested for blood pressure (53). In view of the negative findings when we limited the analysis to the 190 children
who took part previously, however, a more likely explanation
is that the higher numbers of children in the current study,
especially at the extremes of birth weight, simply increased
the statistical power.
In summary, we have shown that after adjustment for current weight, IRS variables and plasma total and LDL cholesterol concentrations at 8 years are inversely related to birth
weight. Children with the most adverse risk profiles are those
who were born small but who are relatively fat and tall at
8 years. While we are unsure how to interpret our findings in
relation to tall height, our results indicate that a high fat mass
is particularly detrimental, in terms of cardiovascular risk, in
low-birth-weight children. This is supported by a recent study
in Finland showing that men who were thin at birth but fat in
childhood had increased coronary heart disease mortality
(54). Increasing body fat and height are well-known secular
trends in socioeconomically developing communities (51,55).
High cardiovascular risk in low-birth-weight individuals may
therefore be an inevitable consequence of such development.
In the long term, improvement in fetal growth is likely to be
2427
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an important factor in the prevention of cardiovascular disease
in India. In the meantime, it is important to find out if prevention of obesity in childhood could prevent disease in the
low-birth-weight members of our population.
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