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Objective: Low birth weight isassociated with adult insulin resistance and diabetes. We conducted thisstudy to
correlate low birth weight with insulin resistance in mid and late childhood. Methods: Children whose birth
weight records were available were successively enrolled from middle and low socioeconomic status urban
schoolsinwestern India. 600 childrenin age groups 5-16 year swer e screened for availability of recorded birth
weight in six schools. Detailed birth records were available for 158 children born full term. Parents of 134
(84.8%) agreed to participate in the study after informed consent. These children were evaluated for various
anthropometric indices and fasting blood was obtained for determination of glucose and insulin levels. Insulin
resi stance was deter mined using homeostasis model assessment (HOMA) and HOMA-2 formula. Compar ative,
univariate and multivariate statistical analyseswere performed. Results: The mean age of the children was 10.0
+ 2.4 years. Maternal diabeteswas present in 3 (2.2%). Mean weight at birth was 2.84 + 0.61kg and low birth
weight (<2.5 kg) wasin 49 children (36.6%). There was no significant statistical differencein current height,
weight, body mass index, waist, hip, waist-hip ratio, mid upper arm circumference, and systolic and diastolic
blood pressurein children bornwith low or normal birth weight (P >0.10). In low birth weight as compared to
normal birthweight children mean fasting blood glucose (80.1 + 16.1vs. 70.1 + 14.8 mg/dL; P = 0.042), median
(interquartilerange) fastinginsulinlevels(10. 18, 6.08-18.54 vs. 2.12, 0.02-7.45 pU/mL; Mann-Whitney U test,
p<0.0001), and HOMA-derived insulin resistance (1.88, 1.06-4.52, vs. 0.35, 0.02-1.52, P <0.0001) were
significantly greater. Therewas a significant negative correlation of birth weight with fasting insulin level s after
multifactorial adjustments (partial correlation coefficient r = —0.436, P <0.001). Multivariate conditional
logistic regression analysisreveal ed that birthwei ght was significant deter minant of fasting insulin level s after
adjusting for age, gender, body massindex, waist and waist hip ratio (oddsratio 3.82, 95% confidenceintervals
1.16-12.63, P = 0.028). Conclusions: Children born with low birth weight have significantly greater fasting
glucose, fasting insulin levelsand insulin resistance at mid and late chil dhood.
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OW birth weight due to fetal undernutrition

associated with rapid catch-up growth and gain
in body weight during early childhood is associated
with adult insulin resistance, diabetes and
cardiovascular diseases(1-3). In many historica
retrospective studies it was reported that low birth
weight is associated with greater incidence of adult
cardiovascular deaths(1,4). Subsequently, it has
been reported that there is also greater incidence of
peripheral insulin resistance, lower pancreatic beta-
cell function, central obesity, multiple lipid
abnormalities, and diabetesin these subjects(1,5,6).
Six hypotheses have been proposed to explain the
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low birth weight and high adult metabolic diseases
association. Neel(7) initially proposed a thrifty
genotype hypothesisin 1960’ s; Halesand Barker(8)
devel oped athrifty-phenotype hypothesisto explain
thecrucial role of environmental factors; McCance,
et al.(9) proposed a surviving small-baby genotype
hypothesis; Hattersley and Tooke(10) proposed a
fetal-insulin hypothesis to explain the strong gene-
environment interactions in insulin resistance;
Dabelea, et al.(11) McKeigue(2) and Yajnik(12)
have proposed a bimodal distribution hypothesis,
combining environmental and genetic influences, to
explain high insulin resistance in underweight as
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well as overweight newborns; and Gerstein(13) has
proposed agene-adaptation hypothesisthat explains
the high prevalence of insulin resistance in
developing societies.

A number of studies reported that in small-for-
date children insulin resistance develops in
adulthood(1,5,6,14-16). Only a few studies have
been reported on birth weight association with
insulin levelsin early childhood. In neonates it has
been reported that thereisaU-shaped distribution of
insulin resistance with low birth weight as well as
high birth weight neonates having greater fasting
insulin levels than normals(17). Yajnik, et al.(18)
and Bavdekar, et al.(19) studied children at four and
eight years of age and detected significant fasting
hyperinsulinemia in low birth weight babies four
and eight years old. Similar results have ben
reported in studies from Britain, Scandinavia and
North America(1,2). Growth velocity for height,
weight and other measures of adiposity from 4to 8
yearswasastrong predictor of insulin resistanceand
cardiovascular risk factorsthan the measurementsat
eight yearsof age. Among Pimalndiansin USA(11)
it has been reported that low birthweight babieswho
continue to remain thin at adolescence do not
develop insulin resistance and adult insulin
resistance develops when there is a significant
weight gaininthese children. Singhal and L ucas(20)
have proposed that exposure to nutrient excess in
low birthweight babies is more important for adult
cardiovascul ar diseasesin personswith intrauterine
growth retardation. To determine the importance of
birth weight on fasting insulin levels and insulin
resistance we studied school children aged 5-15
yearsin northwest India.

Subjectsand M ethods

The study was approved by the medical college
institutional research review board. Children
whose birth weight records were available were
successively enrolled from six middle and low
socioeconomic status urban schoolsin western India
after obtaining written permission from respective
school principals. Children at these schools were
typically born at government hospitalsin theregion
and data on birthweight were obtained from
discharge records available with the parents.
M easurements of these hospitalsareusually reliable
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although no validation ispossible. 600 children aged
5-15 years were screened for identifying students
whose recorded birth weight in six schools in the
city. Sample size was determined using the World
Health Organization cardiovascul ar survey methods
monograph(21) and the present study sample was
considered adequate when the data are either
normally distributed (in case of anthropometric
variablesand glucose) or not normally distributed as
theinsulinlevels. For examplerequired samplesize
for giving an 85% chance of recognizing a pre-
specified 10% difference in mean values between
two populations, significant at 5% level using atwo-
tailed test, would be 25 subjects.21 Inclusion criteria
were normally delivered children, full-term (38-42
weeks) gestation, and not presently suffering from
any major illness. Children who had severe
malnutrition, recent acute febrile illness or known
chronic disease of liver, kidney, lungs etc. were
excluded. We could identify 158 children (26.3%)
who had written birth recordsavailable and fulfilled
other criteria. Informed consent was sought and
obtained from parents of 134 (84.8%) children.
These children were evaluated for various
demographic, anthropometric and biochemical
indices.

Detailed anthropometry (height, weight, body-
mass index (BMI), waist, hip, waist-hip ratio
(WHR), mid upper arm circumference, and blood
pressure) was performed according to the World
Health Organization Guidelines(22) by a trained
pediatrician. A 6-hour fasting blood sample (5 mL)
was obtained for determination of hemoglohin,
glucoseandinsulinlevelsusing previously reported
methods(17). Glucose was estimated by glucose-
oxidase peroxidase method using a commercially
available kit. Serum insulin was estimated by
immunoradiometric assay using commercia kits.
The intra- and inter-assay coefficients of variation
for the insulin were 5.2 and 7.3% respectively,
sensitivity was 1.2 pU/mL and specificity 80%(16).
Insulin resistance was determined using homeo-
stasis model assessment (HOMA) using the
HOMA-2 formula(23). For calculation of HOMA
glucose values were converted to mmol/L and
insulinlevelsto ng/mL. Blood lipid estimationswere
not performed.

Satistical analysis: All data were digitized and
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analyses performed using SPSS V.10.0 statistical
package (SPSS Inc., Chicago, USA). Numerical
valuesarereported asmean + 1 SD. Significance of
inter-group comparisons were evaluated using
analysis of variance (ANOVA) for variables
normally distributed. Levels of insulin and HOMA
derived insulin resistance had skewed distribution
(Fig. 1) hencemedian levelsand interquartile ranges
arereported. Significance of inter-group difference
was determined using the non-parametric Mann-
Whitney test. Spearman’s non-parametric cor-
relation coefficients for insulin levels with various
anthropometric and biochemical parameters were
calculated. For estimation of multiple correlations,
partial correlation coefficients were determined for
adjusting influence of various demographic and
anthropometric variables (age, gender, weight, BMI,
waist, WHR and mid upper arm circumference)
on birthweight-insulin correlation. To determine
independent odds of correlation of birthweight with
insulin resistance we performed a conditional
multivariatelogistic regression analysis. Dependent
variable was dichotomized fasting insulin and
independent variables successively added to
the equation were age, gender, BMI, waist and
WHR as continuous variables. P values <0.05 were
considered significant.
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Results

The mean age of the children was 10.0 + 2.4
years. There were 81 boys (60.4%) and 53 girls
(39.5%). Maternal diabeteswaspresent in 3 (2.2%).
Mean weight at birth was 2.84 + 0.61 kg and low
birth weight (<2.5 kg) was observed in 49 children
(36.6%) and 85 children (63.4%) were born with
normal weight (2.5-4.5 kg). Therewere no children
with birth weight more than 4.5 kg in the study
cohort. Among the low birthweight children there
were 32 (65.3%) boysand 17 (34.6%) girlswhilein
normal birthweight group there were 49 boys
(57.6%) and 36 girls (42.3%) (¢ test, P = 0.59).
There was no significant difference in height,
weight, body massindex, waist, hip, waist-hipratio,
mid upper arm circumference, and systolic and
diastolic blood pressurein children bornwith low or
normal birthweight (P>0.10) (Tablel).

In low birthweight as compared to normal
birthweight children mean fasting blood glucose
(80.1+16.1vs. 70.1 + 14.8 mg/dL; P=0.042) was
significantly greater. Mean fasting insulin levels
(14.15 +15.70 vs. 4.56 + 6.11 pU/mL) as well as
HOMA derived insulin resistance (3.10 + 3.86 vs.
0.96 + 1.39 units) were also significantly greater in
low birthweight children (ANOV A test, P <0.0001)
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Fig. 1. Distribution curve for fasting insulin levelsin the overall study group (n= 134). There
is a significant leftward skew in the insulin level distribution (mean= 8.14 + 11.65,
skewness 4.05 + 0.21, kurtosis 26.22 + 0.42).
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TABLE I-Demographic, Anthropometric and Bio-
chemical Featuresinthe Sudy Groups

Variable Birthweight Birthweight
<2.5kg >2.5kg
(n=49) (n= 85)
Age(yr) 10.8+25 10.7+ 2.6
Birthweight (kg) 21+0.3 32+04
Height (cm) 1382+120 141.0+12.4
Weight (cm) 299+7.1 306+£7.2
Total weight gain (kg) 27.8+7.1 274+7.2
Growth velocity (kg/yr) 26+05 26+0.5
Body massindex (kg/m?)  15.6+2.9 154+3.1
Waist (cm) 53.7+4.8 55.3+7.7
Hip (cm) 63.4+9.8 64.0+£11.6
Waist:hipratio 0.86+0.08 0.87+0.07
Mid-arm circumference 18.3+25 18.6+25
(cm)
Systolic BP (mm Hg) 100.2+94 101.2+8.7
Diastolic BP (mmHg) 66.8+7.4 66.3+ 6.5
Glucose (fasting) (mg/dL) 80.1+16.1 70.1+14.8

Valuesareinmean+ 1 SD; BPblood pressure.

(TableIl). The median fasting insulin levelsin low
birthweight children (10.18 pU/mL, 25th-75th
interquartile range (IQR) 6.08-18.54) were also
significantly greater than in normal birthweight
(2.12U/mL, IQR 0.02-7.45) (Mann-Whitney U test,
P <0.0001). In low hirthweight children median
HOMA derived insulin resistance (1.88 units, IQR
1.06-4.52 vs. 0.35 units, IQR 0.02-1.52, P <0.0001)
wasalso significantly greater.

Spearman’s correlation coefficients of fasting
insulinlevelswith variousanthropological variables
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showed that there was a significant univariate
inverse correlation with birth weight (-0.47), and
current waist (-0.16), hip (-0.21), WHR (-0.21),
height (—0.17), and mid upper arm circumference (-
0.18), and positive correlation with growth rate
(0.19) and fasting glucose (0.45) (P <0.05).
Univariate regression analysis showed that
birthweight correlated significantly with fasting
insulin (linear regresson multiple R = 0.43,
R? = 0.18, P <0.0001; exponential regression
multiple R? = 0.38, R?= 0.14, P <0.0001) (Fig. 2).
Multivariate partial correlation analysis revealed
that age and gender-adjusted correlation of fasting
insulin with birth weight was significant (R = 0.46,
<0.001). Thissignificancewasretained after adding
al the significant anthropometric variables in
the equation (R = 0.44, p = 0.001). To determine
independent influence of birth weight on fasting
insulin levels at childhood we performed a multi-
variate conditional logistic regression analysis
(Table 111). This showed that birthweight was
significant determinant of fasting insulin levels
before (odds ratio 4.86, 95% confidence intervals
(Cl) 2.43-9.60, P<0.001) and after adjusting for age,
gender, body mass index, waist and waist hip ratio
(oddsratio 3.82, 95% CI 1.16-12.63, P=0.028).

Discussion

This study shows that children with low birth
weights have significantly greater fasting glucose,
insulin levels and insulin resistance at mid and late
childhood. Thisisobserved in childrenwho areborn
small and then achieve weight similar to those born
with normal weight. The study limitations include
small sample size. However, the sample size has
been calculated using the recent World Health

TABLE II-Insulin Levelsand I nsulin Resistance Parametersin the Two Groups

Variable Birthweight <2.5kg Birthweight >2.5kg Pvalue
(n=49) (n =85)

Insulin fasting (mean + SD pU/mL, 95% Cl) 14.15+15.70 (9.69-18.62) 4.56+6.11(3.23-5.89) <0.0001

Insulin fasting (geometric mean, pU/mL) 4,979 0.119 <0.0001

Insulin fasting (median and interquartile range, 10.18 (6.08-18.54) 2.12(0.02-7.45) <0.0001

pu/mL)

Insulinresistance HOMA (mean + SD, 95% Cl)) 3.10+ 3.86(2.00-4.19) 0.96+1.39(0.66-1.26) <0.0001

Insulinresistance HOMA (median, interquartilerange) 1.88 (1.06-4.52) 0.35(0.02-1.52) <0.0001

Valuesareinmean + 1 SD; Cl confidenceintervals, HOMA homeostasis model assessment.

INDIAN PEDIATRICS 180 VOLUME 44—mARcH 17, 2007



GUPTA, ET AL.

Organization manual for cardiovascular epidemio-
logical studies(21). Other limitationsinclude cross-
sectional nature of the study and retrospective
design using available hospital records instead of
prospective cohort study. However, many of the
earlier studies, including the famous British
studies(1) have used a similar historical retro-
spectivedesign(1,2).

Yajnik, et al.(18) examined 379 children aged
4 years for insulin levels and insulin resistance
in western India. They reported that 30 min post
glucose insulin and glucose levels inversely
correlated with birthweight. Bavdeker, et al.(19)
reported glucose and insulin levels in 8-year-old
children from the same cohort. An inverse
correlation of adjusted current weight and birth
weight was noted with fasting and post glucose
insulinlevels, pro-insulinlevelsand HOMA derived
insulin resistance. The greatest insulin resistance
was observed in those with low birth weight and
high current weight, i.e., children with abnormal
weight gain. The results of the present study are
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similar tothesereportsby Y ajnik et al and Bavdekar
et al. Dabelea, et al.(11) investigated mechanisms
underlying the association between birth weight and
type 2 diabetesin apopul ation based cohort of 3061
Pima Indians aged 5-29 years. Birth weight was
positively related to current weight and height
(P <0.0001). The 2-hour glucose concentrations
showed aU-shaped relationship with birthweight in
subjects >10 years of age and this relationship was
independent of current body size. In 2272 non-
diabetic subjects fasting insulin concentrations and
HOMA-derived insulin resistance were negatively
correlated with birth weight. In the present study
none of the children had diabetes and there were no
children with very high birth weight (>4.5 kg) asin
the Pima Indian study therefore there was no U-
shaped relationship of fasting insulin at adolescence
with birth weight although thereis someflattening at
terminal end of the exponential regression line
(Fig. 2). In aprevious study of 7-day-old neonates
we reported that there was indeed a U-shaped
relationship of birth weight with fasting and
2 hour insulin, fasting glucose, and HOMA insulin
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Fig.2. Quadratic regression plot of fasting insulin levels (uU/mL) with birth weight (kg)

in the study subjects. There is a significant negative correlation (linear equation
multipler = 0.43, r2= 0.18; exponential equation multiple r= 0.38, r2= 0.14;

P <0.0001)..
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resistance similar to Pimalndians. Our study results
are also similar to the non-diabetic cohort of the
Pimalndian study that shows a negative correlation
of birth weight with fasting insulin levelsin all age
groupsfrom 5to 29 years.

Forsen, et al.(24) studied therelationship of type
2 diabeteswith sizeat birth and childhood growthina
cohort of 3639 men and 3447 women born between
1924 and 1933 in Sweden. The cumulativeincidence
of type-2 diabetes was 7.9% in men and 5.4% in
women. The incidence increased with decreasing
birth weight, birth length, ponderal index and
placental weight. The odds ratio or type 2 diabetes
was 1.38 (95% Cl 1.15t0 1.66; P <0.001) for each 1
kg decrease in birth weight. The mean weights and
heights of children at 7 years of age who later
developed type-2 diabetes were about average.
Thereafter, their growth in weight and height was
accelerated until 15 years of age. The oddsratio for
development of type 2 diabeteswas 1.39 (Cl 1.21to
1.61, P<0.001) for each standard deviation increase
in weight between 7 and 15 years of age. The odds
ratio became 1.83 (Cl 1.37 to 2.45, P <0.001) in an
analysis restricted to persons whose birth weights
were below 3.0 kg. In the present study odds of
having high insulin levels in children having
birthweight <2.5 kg are 4.86 (Cl 2.43-9.60) on
univariateanalysisand at multivariate adjustment are
2.82 (Cl 1.16-12.63) (Table III). Although the
fasting insulin levels in childhood correlated with
growth velocity it was lost on multivariate
adjustments and larger prospective studies are
needed to clarify this association. Bhargava, et al.
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from New Delhi, India(25) evaluated glucose
intolerance and plasma insulin concentrations in
1491 men and women aged 26 to 32 yearswho had
been measured at birth and at intervals of three to
six months throughout infancy childhood, and
adol escenceinaprospective popul ation based study.
Impaired glucosetolerancewas present in 10.8% and
diabetes in 4.4%. Subjects with impaired glucose
toleranceand diabeteshad alow body massindex till
two years, followed by an early adiposity rebound
and accelerated increase in body mass index upto
adulthood. However, despite as increase in weight
between the ages of 2 to 12 years none of these
subjects were obese at the age of 12 years. These
findings are similar to the present study where we
report that despite no obesity in small-born children
thereisagreater insulin resistance at adol escence.

Diamond has reviewed the prevalence of type-2
diabetesin popul ations around theworld(26). It was
noted that the epidemic of type-2 diabetes in
exploding in most populations but not in European
Caucasians. Genetic and evolutionary conse-
guences of geographical differencesin food history
havebeen implicated. The high prevalence of type-2
diabetesin certain groupssuch as Native Americans,
Hispanic Americans, Asian and Pacific Islanders,
and South Asians which are large, ancient, well
mixed popul ationsrules out explanationsin terms of
thefounder effect or genetic drift and could be dueto
some compensating advantage that offsets the
obvious morbidity and mortality. The principle
evolutionary theory for the possible benefits
of genes predisposing to type-2 diabetes is

TABLE I11-Sepwise Conditional Logistic Regression Analysis For Identifying Influence Of Multiple Demographic And
Anthropometric Covariateson Fasting Insulin Levels (Dependent Variable).

Covariates Logistic regression Oddsratio Pvalue
beta-coefficient (95% confidence
intervals)
Birthweight 157+0.35 4.86 (2.43-9.60) <0.001
Birthweight + age 1.76+0.40 5.83(2.68-12.65) <0.001
Birthweight + age + gender 1.29+0.57 3.65(1.19-11.21) 0.024
Birthweight + age + gender + body massindex 1.28+0.58 3.60 (1.15-11.27) 0.028
Birthweight + age + gender + body massindex + waist 1.35+0.61 3.84(1.17-12.62) 0.026
Birthweight + age + gender + body massindex + 1.34+0.61 3.82(1.16-12.63) 0.028

waist + waist-hipratio
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What is Already Known

Low birth weight predisposes to adult cardiovascular diseases and diabetes in studies from developed countries.

The data from developing countries is inconsistent.

Possible mechanisms include lower beta cell mass, insulin resistance, high blood pressure, and lipid

abnormalities.

What this Study Adds

This study shows that children born with a birth weight <2.5 kg have more insulin resistance at mid and late

childhood as compared with normal birth weight babies.

Appropriate maternal nutritional strategies to prevent low birth weight children are required.

Nedl’s thrifty gene hypothesis(7). More obvious 3.

explanation is the epidemic of adverse lifestyles
among worldwide non-Caucasian popul ations(27).
Y ajnik(12) has proposed an Indian thin-fat body

composition associated with the insulin resistance 4.

syndrome. The present study shows that under-
weight newborns who achieve weight similar to
children born normal have greater fasting insulin

levels and HOMA-derived

Although we have not measured total body fat of
these children but the findings are consonant with
the thin-fat Indian children hypothesis. Indeed,
Singhal, et al.(28) have reported that thin children

who grow to become fat at adolescence accumulate 6.
more fat than muscle leading to insulin resistance.
Larger pros-pective studies are needed to confirm
these observations, especially when there hasbeen a .

criticism of Barker's hypothesis as a statistical

artifact(29).
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