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ABSTRACT
Background: The recent research on "fetal programming hypothesis" has totally revived the mechanistic understanding of
triggering factors responsible for development of cardiovascular diseases (CVDs). As deranged lipid profile is associated
with increased predisposition to atherosclerotic CVDs, we planned to study effect of fetal maturity and birth weight on
umbilical cord blood lipid profile. Methods: A hospital based cross sectional study including 200 neonates satisfying
inclusion criteria was carried out. The umbilical cord blood samples of selected neonates were collected and analysed for
lipid profile (Total Cholesterol (TC), Triglycerides (TG), High Density Lipoprotein Cholesterol (HDL-C), Low Density
Lipoprotein Cholesterol (LDL-C) and Very Low Density Lipoprotein Cholesterol (VLDL-C)) in order to be compared among
groups of neonates based on maturity and birth weight. Results: The preterm neonates had statistically significant higher
levels of umbilical cord blood TC, TG, LDL-C and VLDL-C (with P values of 0.025, 0.001, 0.045, 0.007 and 0.045
respectively) while lower but statistically insignificant (p value of 0.131) levels of HDL-C in as compared to full term
neonates. The low birth weight neonates also had statistically significant higher levels of TC, TG, LDL-C and VLDL-C (P
values of 0.001, 0.032, 0.00001 and 0.032 respectively) but statistically significant (P value of 0.034) lower levels of HDL-C
in umbilical cord blood as compared to normal birth weight neonates. Conclusion: The results suggest that prematurity as
well as low birth weight have deleterious effect on umbilical cord blood lipid profile resulting in more atherogenic lipid levels.
This could be regarded a triggering factor responsible for development of CVDs in later life. This observation not only
conciliates with fetal programming hypothesis but also indicates that its effect is evident (in the form of altered lipid profile)
even at the birth in such programmed neonates.
Keywords: Umbilical cord blood lipid profile, Fetal programming, Neonatal dyslipidemia, Prematurity, Low birth weight.

INTRODUCTION
Nowadays, Cardiovascular disease (CVDs) is the
primary cause of adult mortality and morbidity
especially in developing countries like India.[1]
Obesity, insulin resistance and associated
dyslipidemia are the well known risk factors for
coronary artery disease.[2] However, the recent
research on the "fetal programming hypothesis" has
added a lot to our understanding of triggering factors
responsible for development of these diseases.[3]
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roots traceable to fetal life itself. The adverse
intrauterine environment during the critical phase of
fetal development programmes the fetus and/or
imprints the development of fetal tissues and
organs.[3-5] This phenomenon is more relevant to
developing countries, where women are chronically
malnourished especially in rural areas.[6]
Lipid profile is a marker of the cardiovascular
status.[7,8] Lipids and lipoproteins in the cord blood
are supposed to reflect the status of plasma lipids
and their metabolism during the fetal life and at the
birth as most fetal lipids are synthesized de novo and
only part of it is derived from the placental
circulation.[9] Several studies suggested that preterm
birth and low birth weight are linked with a higher
prevalence of atherosclerotic CVDs in later life.[3-5]
Therefore, this study was planned to explore the
effect of fetal maturity and birth weight on umbilical
cord blood lipid profile.
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MATERIALS AND METHODS
A hospital based cross sectional study was carried
out at Kasturba Hospital, Mahatma Gandhi Institute
of Medical Sciences, Sewagram, Wardha,
Maharashtra from 1st July 2012 to 31st July 2014
after obtaining permission from institutional research
committee. A total number of 200 neonates were
enrolled after obtaining informed consent from
parents.

The statistical analysis was done by SPSS 23.0 using
student unpaired t test for the difference between two
means and p<0.05 was considered as level of
significance.

RESULTS & DISCUSSION

Inclusion criteria
Neonates delivered with singleton pregnancy both
males and females
Exclusion criteria
Neonates with one minute APGAR score < 7 and/or
with congenital anomalies and/or maternal
conditions like addictions, medical or obstetric
diseases.[9,11]
Following definitions were used to classify neonates
according to maturity (into preterm, full term and
post term neonates) and birth weight [into low birth
weight, normal birth weight and high birth weight
neonates]:[12]
Preterm neonates: neonates delivered after 37
weeks of gestation
Full term neonates: neonates delivered between 37
to 40 weeks gestation
Post term neonates: neonates delivered after 40
weeks gestation
Low Birth Weight (LBW) neonates: neonates with
birth weight less than 2.5 KG
Normal birth weight neonates: neonates with birth
weight between 2.5 to 4 KG
High birth weight neonates: neonates with birth
weight more than 4 KG
Umbilical cord blood sample of neonates were
collected immediately after delivery and analysed for
lipid profile at our Clinical Biochemistry Laboratory.
Lipid profile estimation was done on ERBA EM360
Random Access fully automated analyzer using
compatible reagent kits and protocols by ERBA
Diagnostics Mannheim GmbH, Germany following
the standard operating procedure of our laboratory.

•
•
•
•

Estimation of lipid profile of umbilical cord blood
samples was done by following methods:
Total Cholesterol (TC) by CHOD-PAP method.[13]
Triglyceride (TG) by GPO-Trinder method.[14]
High Density Lipoprotein cholesterol (HDL-C) by
Modified PVS and PGME coupled method.[15]
Low Density Lipoprotein Cholesterol (LDL-C) and
Very Low Density Lipoprotein Cholesterol (VLDLC) levels were calculated using Friedwald
equation.[16]

Figure 1: Distribution of neonates according to their
maturity

Figure 2: Distribution of neonates according to their
birth weight

The Figure 1 & 2 shows neonatal distribution of
neonates according to their maturity and birth weight
respectively. As the number of post term and high
birth weight neonates were very few, these were
exempted in further analysis.
Table 1: Comparison of umbilical cord blood lipid
profile between full term and preterm neonates.
Lipid
Profile*

Full term
Neonates

Preterm
Neonates

tValue

pValue**

TC
TG
HDL-C
LDL-C
VLDL-C

80.51±13.52
72.42±13.12
29.05±5.60
36.97±12.04
14.48±2.62

85.69±12.56
76.83±11.08
27.69±3.37
42.63±11.65
15.36±2.21

-2.258
-2.016
1.516
-2.748
-2.016

0.025
0.045
0.131
0.007
0.045

* Values expressed as Mean±SD in mg/dL
** P value (p<0.05) was considered as level of significance

As per the Table 1, the preterm neonates in our study
had statistically significant higher (p value < 0.05)
levels of umbilical cord blood TC, TG, LDL-C and
VLDL-C while lower but statistically insignificant
(p value > 0.05) levels of HLDL-C as compared to
full term neonates. Several studies (Avinash et al,[17]
Pardo et al.[18] Tohmaz et al,[19] Jane et al,[17] Haridas
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et al.[18] and Mathur et al.[19]) have reported similar
findings. The reason for this observation could the
shorter intrauterine life associated with prematurity.
The preterm neonates are deprived of opportunity of
energy storage in late gestation and thus lack both
hepatic carbohydrate (glycogen) and subcutaneous
adipose tissue (triacylglycerol). Rise in cord blood
cholesterol levels may reflect the metabolic
adaptation to provide adequate energy.[20,21]
Table 2: Comparison of umbilical cord blood lipid
profile of normal birth weight and low birth weight
neonates.
Lipid
Profile*

Normal
birth
weight
neonates

Low birth
weight
neonates

t-value

pvalue**

TC
TG
HDL-C
LDL-C
VLDL-C

79.65±13.17
72.20±13.77
29.25±5.80
35.95±11.38
14.44±2.75

86.90±12.93
76.56±9.35
27.50±2.89
44.08±12.25
15.31±1.87

-3.491
-2.160
2.130
-4.411
-2.160

0.001
0.032
0.034
0.000017
0.032

* Values expressed as Mean±SD in mg/dL
** P value (p<0.05) was considered as level of significance

As per the Table 2, the LBW neonates were found to
have statistically significant higher (p value < 0.05)
levels of umbilical cord blood TC, TG, LDL-C and
VLDL-C but statistically significant lower (p value <
0.05) levels of HDL-C as compared to normal birth
weight neonates. Authors like Kelishadi et al,[22]
Hossain et al,[23] Jones et al,[24] Chandika et al,[25]
Nayak et al,[26] and Aletayab et al,[27] have reported
similar results. The proposed reason for this
alteration may be the lack of glucose as fuel in these
growth-restricted LBW neonates. As the glucose is
not available, these neonates have to use alternative
source as a fuel such as amino acid and lipids in
order to synthesize glucose (gluconeogenesis) by
activating lipid and other metabolism.[21] This results
in increased hepatic generation of lipids (particularly
VLDL-C and chylomicrons). The intrauterine
growth retardation is also known to be associated
with decreased lipoprotein lipase activity.[28] The
increased hepatic lipogenesis coupled with decreased
peripheral utilization of lipids (due to decreased
lipoprotein lipase activity) explain the mechanism of
higher concentration of plasma lipids in LBW
neonates.

CONCLUSION
From the results of this study we propose that
maturity and birth weight have great impact on
umbilical cord blood lipids. These fetal factors are
responsible for atherogenic umbilical cord blood
lipid levels (increased TC, TG, LDL-C and VLDL-C
while decreased HDL-C). These observations
suggest the role of fetal programming and resultant
dyslipidemia in predisposition to adulthood CVDs.
However these findings needs to be validated by

further studies specifically planned to analyze the
effect of prematurity and low birth weight on
umbilical cord blood lipid profile. Based on these
observations we assume that cord blood lipid
screening can be used to identify these high risk
neonates. Theoretically, early diagnosis followed by
prudent management of such high risk neonates
seems provide an opportunity for the long term
primary amelioration of risk factors and thus
prevention of CVDs in adult life. However further
studies are required to validate this assumption.
The findings of our study not only indicate that the
processes responsible for predisposition to CVDs in
the later life start early but also demonstrates that the
effect of these processes in terms of atherogenic
umbilical cord blood lipid profile can be evaluated
during fetal life itself. The study highlights that
dyslipidemia (a major risk factor for CVDs) could be
diagnosed at the very birth by a cost effective and
"theoretically non-invasive" investigation i.e.
umbilical cord blood lipid profile analysis.
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