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Abstract The cause of more insulin resistance in female
than males are still unknown. To know the cause from
early life, normal values of relevant parameters are
required. So, aim of this study was to determine the ref-
erence levels of glucose and insulin in cord blood of term
newborns and to examine their effects on gender, placental
and birth weight of term newborns. In cross sectional study
60 consecutive term newborns were included from con-
stituent hospitals. Placental and birth weights were mea-
sured and cord blood was collected for estimation of serum
insulin and plasma glucose. Plasma glucose estimation was
done by auto analyzer (GOD-POD method) and serum
insulin analysis was done using Insulin ELISA Kit. After
analysis, mean & 2SD used for estimating cord blood
insulin and glucose levels, which were 10.1 £ 7.8 pIU/mL
and 67.8 &+ 33.8 mg/dL respectively. Correlation of insulin
with both birth weight and placental weight were r = 0.359
and 0.41 respectively; p < 0.001. Interestingly we found
higher insulin levels in females as compared to male
newborns in spite of having lower birth weight in them. In
conclusion this study reported the levels of insulin and
glucose in cord blood of term newborns. Incidentally, this
is the first study as per our knowledge to report significant
correlation between cord blood insulin, glucose with birth
weight, placental weight and gender in south India. Female
newborns had higher insulin levels than males, despite
lesser birth weight can be attributed to intrinsic insulin
resistance in them.
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Introduction

The overall mechanism of the fetal growth and it’s regu-
lation in utero as well as in the postnatal life is still poorly
understood. There is interaction between fetal and pla-
cental endocrine system which leads to partitioning of
nutrients and helps in proliferation and maturation of fetal
cells. Among all hormones, insulin is the most important
one with a growth promoting function [1]. ‘Fetal insulin
hypothesis’ proposed the relationship between inherited
insulin resistance and altered growth mediated by insulin. It
has been reported that there is gender difference in the
insulin levels which show girls are intrinsically more
insulin resistant than boys. Hyperinsulinaemia might be
seen even without insulin resistance but it is a well-known
risk factor for insulin resistance [2, 3].

Birth weight is a valuable measure of fetal growth and to an
extent it reflects upon the fetal origin of certain adult diseases.
Low as well as high birth weight can lead to development of
obesity and diabetes in later part of life [4]. One of the studies
in Indian new borns, reported a greater incidence of females
being born with lower birth weight as compared to males. Itis
well-known that birth weight is associated with the placental
weight but abnormal birth and placental weight are inde-
pendent risk factors for different cardiovascular disease
development in adult life [5—7]. Placenta is a complex organ
having high amount of insulin receptors which has pleiotropic
role during fetal growth whereas Insulin has direct and indi-
rect effects on the placenta [8].

The people of Indian origin are found to be more insu-
lin-resistant than European Caucasians. It has been found
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that newborns of Indian origin have higher insulin levels in
cord blood as compared to UK population in spite of
having similar birth weight in both the regions. Hyperin-
sulinemia in the cord blood may be the cause for the
genetic predisposition of Indian newborns to insulin
resistance [2, 9]. Early alteration in insulin-glucose
homeostasis increases the risk of developing insulin resis-
tance and obesity in the later years. As per the ICMR-
INDIAB study, new figures for diabetes prevalence indi-
cate that the epidemic is progressing rapidly across the
nation, reaching a total of 62.4 million persons with dia-
betes and 77.5 million persons with pre-diabetes in 2011
[10]. Thus, early detection of such high risk population at
an early stage of life is of vital importance and should be
considered to decrease the burden of this pandemic disease
[11].

To investigate any endocrine or metabolic disorder,
normal values of relevant parameters are required. There
are no studies in this regard, based on Indian population to
date, citing the normal levels of insulin and glucose in cord
blood of term newborns. This study is aimed at determining
the reference levels of insulin and glucose in cord blood of
term newborns. Very few studies have correlated these
parameters to placental and birth weight. Hence this study
will also emphasize the relationship of cord blood insulin
and glucose levels on gender, placental and birth weight of
term newborns.

Materials and Methods
Subject Selection Criteria and Sample Collection

Cross sectional study comprising 60 term newborns (3741
weeks 6/7 days of gestation) from the constituent hospitals
of Medical College in and around Mangalore was done from
April 2014 to December 2014. The study was approved by
the Institutional Research and Ethics Committee and con-
sent were taken from the mothers of all newborns included
in this study. Fifth minute Apgar score >9 for all term
newborns was included in the study. All preterm newborns
or term newborns with fifth minutes Apgar score <9 were
excluded from the study. Mothers suffering from any
infectious disease or having obstetric complications like
gestational diabetes, hypertension, kidney disease, thyroid
disease, PCOD etc. were also excluded from the study.
Venous cord blood (VCB) was collected under aseptic
conditions from the umbilical cords of 60 newborns born
through normal vaginal deliveries. After delivery, but prior
to expulsion of placenta, 3 mL blood was drawn from
umbilical cord into a plain and a fluoride vacutainer.
Plasma glucose was analyzed immediately within 4 h of
collection. Serum separated and was stored at —20 °C until

further analysis of insulin by ELISA (Enzyme linked
immunosorbent assay). All data regarding mother and
newborn were collected from mother’s case sheet.

Biochemical Estimations and Analysis

Plasma glucose estimation was done by glucose oxidase—
peroxidase (GOD-POD) method (Agappe diagnostic Kkits,
Ernakulam, Kerala) using Roche Hitachi P800 auto-anal-
yser (Roche Diagnostics GmbH, Mannheim). The coeffi-
cient of variation (CV) for intra and inter-batch for glucose
was <5 %. Insulin levels were assayed based on sandwich
principle in ELx 800 by BIO TEK® Instruments, Inc. using
insulin ELISA kit manufactured by “DRG, German com-
pany”. The CV for intra and inter-batch insulin assay was
<3 %. Insulin resistance was calculated by HOMA 2IR/
HOMA Calculator ver2.2 (Homeostasis model assessment)
[12]. Placenta was weighed with digital scale within 1 h of
expulsion. The weights of all newborns were measured
with the same instruments in labor room after cord
clamping.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics version 17
(SPSS, Chicago, IL, USA). The data were presented as
Mean + SD. The reference values for insulin and glucose
was calculated by using Mean & 2SD. Student indepen-
dent ‘t’ test and Pearson’s correlation coefficient were used
to determine the significance between variables. p value
less than 0.05 was considered statistically significant.

Results

Mothers included in the study were between 20 and
38 years of age with mean age of 26.8 years. Data of all 60
newborns with 23 males (38.3 %) and 37 females
(67.7 %), their placental weight, birth weight, anthropom-
etry, cord blood glucose, insulin and HOMA 2IR values
were reported (Table 1).

Normal range of cord blood insulin and glucose levels in
all subjects was calculated by taking Mean + 2SD which
were 2.31-17.9 plU/mL and 34-101.6 mg/dL respectively.
Independent sample ‘t’ test was done to compare the dif-
ferent parameters between male and female term newborns
(Table 2). Male and female term newborns differed sig-
nificantly in terms of insulin levels and placental weight.
Female newborns were having higher insulin (11 £
3.8 plU/mL, p = 0.01) and placental weight (556.7 +
74.6 g, p = 0.01) than males in whom mean insulin and
placental weight was 8.5 & 3.6 pIU/mL and 497.3 + 959 g
respectively. On the other hand, male babies had higher
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Table 1 Placental weight, birth

weight, crown rump length,
head circumference, cord blood
glucose, insulin and HOMA 2IR

Categories Gender N Mean SD (95 % CI) SE Range
Placental weight (g) Male 23 497.3 95.9 (455.8-538.8) 20.0 350-680
Female 37 556.7 74.6 (531.8-581.6) 12.26 420-680
Total 60 534 87.6 (511.3-566.6) 11.31 350-680
Birth weight (kg) Male 23 3.0 0.37 (2.9-3.2) 0.07 2.5-3.5
Female 37 2.8 0.23 (2.7-2.9) 0.03 2.5-3.4
Total 60 2.9 0.31 (2.8-3) 0.04 2.5-3.5
Crown-rump length (cm) Male 23 50.0 2.22 (49-51) 0.46 46-54
Female 37 48.1 1.73 (47.5-48.7) 0.28 44-51
Total 60 48.8 2.13 (48.3-49.4) 0.27 44-54
Head circumference (cm) Male 23 333 0.98 (32.9-33.7) 0.20 32-35
Female 37 33.0 1.50 (32.5-33.5) 0.24 30-38
Total 60 33.1 1.32 (32.8-33.5) 0.17 30-38
Insulin (uIU/mL) Male 23 8.5 3.63 (6.9-10.1) 0.75 3.3-16
Female 37 11.0 3.83 (9.8-12.3) 0.63 3-18
Total 60 10.1 3.93 (9-11.1) 0.50 3-18
Glucose (mg/dL) Male 23 74.0 17.48 (66.4-81.6) 3.64 40-114
Female 37 63.9 15.56 (58.7-69) 2.55 39-124
Total 60 67.8 16.91 (63.4-72.2) 2.18 39-124
HOMA 2IR Male 23 1.02 0.44 0.092 0.4-2
Female 37 1.26 0.45 0.074 0.3-2.3
Total 60 1.17 0.46 0.059 0.3-2.3

HOMA 2IR homeostasis model assessment-insulin resistance, CI confidence interval (lower value-higher

value), N number of subjects

Table 2 Comparison of cord blood insulin, glucose, placental and
birth weight in Male and female of term newborns

Males (23) Females (37) p value
Insulin (uWIU/mL) 85 +3.6 11 + 3.8 0.01*
Glucose (mg/dL) 74 £ 17.4 63.9 + 5.5 0.03*
Placental weight (g) 4973 £ 959 556.7 £ 74.6 0.01*
Birth weight (kg) 3.08 +£0.3 2.87 £ 02 0.02*

Values are presented as mean £ SD and significance was calculated
between male and female (* indicates p < 0.05; statically significant)

birth weight (3.08 £ 0.3 kg, p = 0.02) and glucose levels
(74 £ 17.4 mg/dL, p = 0.03) as compared to female
babies in whom birth weight and glucose levels were
2.87 £ 0.2 kg and 63.9 + 15.5 mg/dL respectively.

Scatter plot and Pearson’s correlation coefficient was
used to describe the linear relationship between birth
weight and insulin in term newborns (Fig. 1). There was a
statistically ~ significant correlation between them
(r =0.359 and p < 0.001) and also a significant linear
relation between placental weight and insulin (r = 0.407
and p < 0.001) (Fig. 2).

Distribution of insulin, glucose and HOMA 2IR at birth
(Table 3); the 90th percentile of distribution for insulin
levels was 16 pIU/mL, glucose 87.9 mg/dL and fourth
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Fig. 1 Correlation between birth weight and cord blood insulin levels

quartile of HOMA 2IR index was found 1.5. In the absence
of established reference cut-off points for insulin, glucose
and HOMA 2IR in cord blood of term newborns, the above
values have been considered as the cut-off points for this
study.
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Fig. 2 Correlation between placental weight and cord blood insulin
levels

Table 3 Distribution of VCB insulin, glucose and HOMA 2IR index
in term newborns

Categories Mean £+ SD  Percentile

5 25 50 75 90

10.1 £ 3.9 38 71 10 123 16
6783 £ 169 402 582 64 7777 879
.17+ 046 06 08 1.1 1.5 1.89

Insulin (uIU/mL)
Glucose (mg/dL)
HOMA 2IR

HOMA 2IR homeostasis model assessment-insulin resistance

Discussion

Cord blood is a substantial source of information of the
body status of the newborns. For reliable estimation and
interpretation of cord blood parameters, it is essential to
have an established reference range to support any clinical
diagnosis. The values given in the text books are with
reference to very old studies conducted elsewhere. There-
fore, current study evaluation of VCB estimate of insulin
and glucose levels in 60 consecutive healthy term new-
borns is an add-on to the information pool.

The normal range of cord blood insulin (3—-18 pIU/mL)
reported in our study results is in agreement with that
reported by Kirmi et al. (0.5-18 pIU/mL) and also matches
the value quoted in text books (3—20 pIU/mL). We have
calculated the reference levels of insulin by Mean £ 2SD
10.1 £ 7.8 pIU/mL and obtained the reference range of
2.31-17.9 which shows range of insulin is almost same i.e.
0.5-18 pIU/mL, but the mean is higher 6.01 £ 7.3 pIU/
mL than the other study. There are studies which claimed
that levels of VCB insulin levels can be different among
different races [13]. Mean & 2SD of glucose was

67 £ 33.8 mg/dL and reference range we calculated was
34-101.6 mg/dL, which differs from other studies.

This study also highlights the significant difference in
values of cord blood insulin, glucose, placental weight and
birth weight with respect to gender. Female newborns were
having significantly higher insulin levels and placental
weight than male newborns. The action of insulin as a
growth factor helps in the development of placenta owing
to the presence of higher amount of insulin receptors as
compared to other tissues. This shows female newborns are
more intrinsically prone to insulin resistance than the male
newborns owing to high insulin levels. They are also more
prone to risk of developing diabetes mellitus than males as
claimed by other studies [2, 3]. This can be further justified
by the current literature stating that average weight, length,
and the head circumference of girls are lower than that of
boys, but girls are having more adipose tissue because of
higher circulating insulin levels at term may be due to
some intrinsic genetic cause [14].

To the best of our knowledge, this is the first study of its
kind in India in term newborns conducted to correlate cord
blood insulin levels with birth and placental weight.
Moderate linear correlation was found between insulin
levels and birth weight (r = 0.359, p = 0.001) and pla-
cental weight (r = 0.407, p = 0.001). This implies that as
insulin level increases, birth and placental weight also
increases. This finding confirms the growth promoting
effect of insulin in early stage of life [13]. Mean birth
weight (2.9 £ 0.31 kg) in our study was lower than that
reported by Wolf et al. (3.3 & 0.5 kg) whereas mean
insulin levels (10.1 & 3.9 pIU/mL) were higher than the
levels reported by others studies (7.1 £ 4.3 pIU/mL). This
difference can be attributed to genetic predisposition of
insulin to certain races [15].

In this study we also calculated the distribution of
hyperinsulinemia and insulin resistance in term newborns
by using 90th percentile for insulin and fourth quartile for
HOMA 2IR index. Cutoff values of 16 pIU/mL for insulin
and 1.5 for HOMA2IR have been found in our study
population. So hyperinsulinemia in cord blood is defined
by serum insulin levels >16 pIU/mL and insulin resistance
by HOMA 2IR by >1.5. In our study cut off value for
insulin was higher than that reported by Simental-Mendia
et al. (13 plU/mL), however they stated higher IR values
i.e. 2.6 [4]. This may be attributed to racial variation, even
though none of the newborns were seen to cross these cut-
off values in our study population.

The reference range established from a smaller sample
size cannot be generalized to a larger population is the
limitation of this study. Hence, further studies in this regard
can be taken up in a larger population. Our study popula-
tion consisted of more number of females which might be a
bias in the study. Ideally Receiver Operating Curve should
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be plotted to establish the optimum cut-off for cord blood
insulin and HOMA 2IR. Larger prospective cohort studies
are needed in future to measure the levels of these
parameters in cord blood and compare the same levels in
blood.

Impact of current study is the reference values of cord
blood insulin and glucose established in term newborns of
Southern India residing in and around Mangalore consid-
ering normal distribution of data. This is a first study in
India to the best of our knowledge which reports the gender
difference of insulin, glucose, birth weight and placental
weight in term newborns. This study also indicates a linear
correlation between cord blood insulin and birth and pla-
cental weight. An additional implication of this study is the
evaluation of percentile distribution to estimate the cut off
levels for insulin and HOMA 2IR index in order to predict
insulin resistance in term newborns.

Conclusion

This study suggests the reference levels for cord blood
insulin and glucose in term newborns. Placental weight is
an important determinant of both birthweight and fetal
growth. It modifies the effect of determinants insulin and
glucose on both birthweight and fetal growth parameters.
The important finding of the present study was the presence
of lower birth weight in female newborns when compared
to males in spite of high cord blood insulin levels, low
glucose and smaller size. Thus, less fat content and high
insulin level at birth may influence the body composition of
Indian female newborns to develop intrinsic insulin resis-
tance in them since birth and their susceptibility to future
metabolic disorders.
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