
INTRODUCTION

Hyperinsulinemia is an important cause of 
3

macrosomia in neonates,  a condition with 
4 

increased serum insulin. Metzger et al analyzed 
Pedersen hypothesis that linked hyperinsulinemia 

5with macrosomia (fetal overgrowth).  Guzmán-
Bárcenas et al showed that the growth of fetus is 
strongly correlated with concentration of insulin of 

6umbilical cord.  Maternal hyperglycemia results in 
fetal hyperglycemia causing hypertrophy of fetal 
islet tissue with insulin-hypersecretion. This 

proposal was based primarily on maternal and 
infant blood glucose concentrations, supported by 
the findings of pancreatic-islet hypertrophy and 

5beta-cell hyperplasia in the infants.

th
Macrosomia is defined as birth weight >90  
percentile corrected for gestational age, sex and 
parity. National Centre for Health Statistics defined 

th
that 90 -percentile birth weight at 40 weeks is 
4,060gm, most accepted definition is birth weight 

1 >4000 gm. In Pakistan, where the mean birth weight 
2is 3.0+0.5 kg , ≥ 4.0 were included in the study.

There is a positive relation between obesity and 
insulin resistance. The insulin resistance enhances 
the metabolic stress and hyperglycemia in obese 

4pregnant mothers.  Thus, adolescent obesity is 
related with adolescent type 2 diabetes and 

7 gestational Diabetes Mellitus (GDM). Glycemic 
control during pregnancy decreases the frequency 
of macrosomic fetuses but still pregnancy with 
diabetes has 3.5 times higher chances of delivering 
macrosomic fetus as compared to general 

8,9 
population despite proper glycemic control.  Our 
study was aimed to evaluate the occurrence of 
hyperinsulinemia in macrosomic neonates based on 
mother's glycemic status.

Results: Comparison of anthropometric indices 
showed statistically significant higher values of 
h e a d  c i r c u m f e r e n c e  ( p = 0 . 0 0 7 ) ,  c h e s t 
c i r c u m f e r e n c e  ( p = 0 . 0 1 5 ) ,  a b d o m i n a l 
circumference (p<0.010), mid-upper arm 
(p<0.010) and bi-parietal diameters (p=0.035) in 

macrosomic neonates of diabetic mothers as 
compared to macrosomic neonates of non-
diabetic mothers. Fetal serum insulin was 
increased in neonates of diabetic mothers as 
compared to that of non-diabetics.
Conclusion: Hyperinsulinemia was found in 
increased frequency in macrosomic infants of 
diabetic mothers as compared to the non- 
diabetics. Newborns of diabetic mothers showed 
significantly higher bi-parietal diameter, head, 
c h e s t ,  a b d o m i n a l  a n d  m i d  u p p e r  a r m 
circumference. Abdominal circumference and mid 
upper arm circumference were significantly high in 
the macrosomic infants with hyperinsulinemia. 
(Rawal Med J 202;45:593-597).

Methodology: This multi-center cross-sectional 
study was conducted in various hospitals in 
Karachi from November 2011 to February 2013 
and included 125 macrosomic neonates. Mothers 
were grouped as diabetic and non-diabetics. 
Anthropometric parameters of baby  were 
measured in addition to blood markers like cord 
blood insulin. 

Objective: To measure serum insulin levels and 
anthropometric indices of the macrosomic 
neonates and to associate them with maternal 
glycemic factors.
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Anthropometric parameters of baby like weight, 
crown heel length, head, chest, abdominal, mid 
upper arm, bi-parietal diameter and skin fold 
thickness were measured using standard protocols. 
Cord blood sample was collected at birth and blood 
samples from mothers, were drawn next morning. 
The samples were sent to Dow Diagnostic and 
Research Laboratory (DDRRL). The HbA1c and 
fetal blood sugar was determined (Hitachi 902 
analyzer) and cord blood insulin was determined 
(IMMULITE 1000 analyzer; Siemens Medical 
Solutions Diagnostics). Reference values used for 

 fasting cord blood plasma glucose is 45-96 mg/dl , 
  

for serum insulin is 3-20 µU/ml whereas reference 
values for HbA1c is <6%.
Statistical Analysis: Data were analyzed by SPSS 
version 21. Mean difference was calculated by 
Mann-Whitney U test for all anthropometric 
variables. Pearson correlation was applied to 
determine correlation between all anthropometric 
parameters and maternal insulin and HbA1c. p<0.05 
was considered statistically significant.

*p-value <0.05 considered as significant  using Mann-
Whitney U test

Table 1. Comparison of anthropometric parameters 
between study groups on the basis of maternal glycemic 
status.

METHODOLOGY
This cross-sectional multicenter study was 
conducted at Civil Hospital, Mamji and Habib 
Medical Center from November 2011 to February 
2013. Approval from the Institutional review board 
(IRB) of DUHS (IRB-275/DUHS-11) was obtained. 
All macrosomic (in Pakistan, where the mean birth 

2
weight is 3.0+0.5 kg , ≥ 4.0 were included in the 
study) singleton neonates were consecutively 
enrolled from these hospitals. Preterm babies (<37 
weeks gestation) and multiple pregnancies were 
excluded. Sample size was calculated by using 
openepi.com sample size calculator according to the 
study by Kamana et al Sample size calculated for 
95% confidence interval with 5% error for 
prevalence of at 3% prevalence of macrosomia in 

10
our population is 78 but, we included 125 neonates.  
A total of 125 participants were enrolled which were 
divided into two groups on the basis of maternal 
glycemic status, i.e. diabetes and non-diabetes on 
the basis of HbA1c levels. The diabetic mothers 
includes both with gestational diabetes and 
established diabetes.

Of 125 newborns, 83 (66.4%) were males and 42 
(33.6%) females (Fig 1). The mean values of 
neonatal weight were 4.14±0.16 kg, crown heel 
length were 52.30±2.16cm, subscapular skin fold 
were 6.54±1.20 cm, triceps skin fold thickness were 
5.84±1.11 cm, head circumference were 35.76±0.90 
cm, mid upper arm circumference were 13.84±1.13 
cm, abdominal circumference were 35.71±1.74cm, 
chest circumference were 37.81±1.74cm, and bi-
parietal diameter were 18.55±2.17 cm.
The mean maternal glucose level (HbA1c) was 
5.64±0.72% while maternal insulin level 
was17.91±3.63 µIU/ml. Maternal diabetes was 
observed in 22 (18%) patients whereas 103 (82%) 
mothers had normal glycemic status (Table 1). The 
fetal insulin level was found to be 20.72 ±6.74 
µIU/ml. A significantly higher abdominal 
circumference (p-value 0.010) and mid-upper arm 
(p-value 0.010) was found among fetus with 
hyperinsulinemia as compared to normal fetal 
insulin level (Table 2).

RESULTS 
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Table 3. Correlation of anthropometric measurements 
with HbA1c and maternal serum insulin.

Magnus et al found that father's birth weight had 
more impact on that of fetus as compared to 

13mothers.  But, Grifith et al reported results in 
14

contrast.  Modified Pedersen hypothesis states that 
in addition to maternal glucose, fetal macrosomia 

15
could also be caused by other macronutrients.  In 
our study, most of the macrosomic infants were born 
to mothers with normal glycemic control. It has  
been reported that 8-14% fetuses born to 

16normoglycemic mothers were macrosomic.  In Fetal macrosomia is considered as one of the 

causative factor of obesity and type 2 diabetes in 
11adult hood.  When anthropometric indices were 

compared according to fetal insulin levels in 
diabetic and non-diabetic mothers, only abdominal 
and mid upper arm circumference showed 
significant differences. A previous study analyzing 
the differences in anthropometric parameters (birth 
weight, head circumference, crown-heel length and 
skin fold thicknesses) of normal and diabetic 
mothers concluded that birth weight, length, head 
circumference and skin fold thicknesses of 
macrosomic infants were more as compared to the 

12
babies with normal birth weight.

DISCUSSION

A significantly positive correlation of maternal 
insulin was observed with baby weight (r=0.90, 
p<0.01) and Bi-parietal diameter(r=0.58, p<=0.01) 
whereas maternal HbA1c showed significantly 
positive correlation with subscapular skin-fold (r= 
0.64, p<0.01) and chest circumference (r=0.78, 
p<0.01) (Table 3).
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