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Does Fetal Malnutrition Affect Ghrelin, Leptin,
Adiponectin and Insulin Levels in the Cord Blood
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ABSTRACT

Aim: Fetal malnutrition is a condition characterized clinically by the inability of subcutaneous adipose tissue and muscle mass to reach the
normal amount or by significant intrauterine loss. The major hormones regulating fetal growth, fetal energy metabolism and adipogenesis are
insulin, leptin, ghrelin and adiponectin. Cholesterol and triglycerides are very important in fetal growth in the last period of pregnancy. In this
study, it was aimed to compare the glucose, insulin, leptin, ghrelin, adiponectin, cholesterol and triglyceride levels in the cord blood of newborn
babies with and without fetal malnutrition.

Materials and Methods: Term babies born in our hospital were included in this study. Babies with a Clinical Assessment of Nutritional Status of
24 or below were considered as cases with fetal malnutrition, and those over 24 were considered as cases without fetal malnutrition. Glucose,
insulin, leptin, ghrelin, adiponectin, total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, very-low-
density lipoprotein cholesterol and triglyceride levels were studied from blood samples taken from the umbilical cord after delivery.

Results: A total of 80 term newborn babies (40 babies with fetal malnutrition and 40 babies without fetal malnutrition) were included in this
study. Birth weight, glucose and insulin values were found to be significantly lower in the group with fetal malnutrition (p<0.001; p<0.007;
p=0.047, respectively), and adiponectin levels were found to be significantly higher (p<0.001).

Conclusion: In our study, adiponectin levels in cord blood were found to be high in infants with fetal malnutrition. Considering the anti-
inflammatory role of adiponectin, high adiponectin levels in infants with fetal malnutrition may directly or indirectly reflect a protective
mechanism.

Keywords: Fetal malnutrition, ghrelin, leptin, adiponectin, insulin

Introduction Assessment of Nutritional Status (CANSCORE) has been

Fetal malnutrition (FM) is characterized by the inability developed as a simple and quick method to identify FM. It
to attain optimal amounts of subcutaneous adipose tissue can be used independently of current assessments based
and muscle mass in fetus or by a significant intrauterine on population norms in term newborn infants (2). FM can
loss of them. FM along with its typical clinical features was occur at any birth weight. FM is the most common cause of
first described by Scott and Usher (1) in 1964. The Clinical intrauterine growth restriction (IUGR) (3).
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Fetal growth is a complex process regulated by
genetics, maternal factors, the intrauterine environment,
and maternal and fetal hormones. Insulin is one of the
most important hormones involved in fetal growth. The
main axis in regulation of fetal growth is glucose-insulin-
insulin-like growth factor-1 (4). In many studies, the cord
insulin level of infants with fetal growth restriction was
significantly lower compared to those without fetal growth
restriction (5,6).

Other hormones, such as leptin, ghrelin, and adiponectin,
are the hormones involved in the growth and the regulation
of energy, homeostasis and appetite during the fetal and
early postnatal period. Plasma leptin concentrations reflect
the overall amount of adipose tissue and are positively
correlated with insulin resistance (7). Ghrelin increases body
weight, secretion of growth hormone, creates a positive
energy balance, diminishes energy expenditure and enhances
lipid accumulation (8). Adiponectin modulates insulin
action and has anti-atherogenic and anti-inflammatory
effects. Adiponectin levels are inversely proportional to
body fat content and negatively correlated with insulin
resistance (9,10).

Apart from these hormones responsible for the growth
of fetal adipose tissue, cholesterol and triglyceride with
an indirect effect are also very important in the fetal
growth. Although the pathogenesis of intrauterine growth
retardation has not been elucidated precisely, it is known
that metabolic changes in the mother contribute to this
process. Cholesterol and triglycerides are also crucial in the
growth of the fetus, especially during the third trimester of
pregnancy (11). In this study, it was aimed to compare the
glucose, insulin, leptin, ghrelin, adiponectin, cholesterol
and triglyceride levels in cord blood of newborn infants
with and without FM.

Materials and Methods

Patients

This study was approved by the Medical School Ethics
Review Board (26.12.2018-20.478.486) and funded by the
University Scientific Research Projects Office (Reference
number: 2019-008). Term newborn infants (gestational
age >38 weeks according to the last menstrual period)
who were born alive in our hospital between May 2019
and October 2019 were included in this study. Multiple
pregnancies, premature newborns (gestational age <38
weeks), stillbirths, mothers with pre-pregnancy diabetes,
gestational diabetes, hypertension and those infants of
mothers with premature rupture of membranes were
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excluded from this study. Informed consent was obtained
from all patients included in this study. Between May 2019
and October 2019, 370 newborn babies were born term in our
hospital. A total of 80 term newborn infants were included
in this study. The newborn infants were examined, and their
weight, height and head circumference measurements were
made following delivery.

CANSCORE scoring method

The CANSCORE was calculated using the CANSCORE
method (2) by the same pediatrician within the first 12-24
hours after delivery. Nine signs and symptoms are evaluated
in the CANSCORE method (2). Scoring is performed by
examining the infant’s hair, cheek fullness, chin fat folds,
subcutaneous fat tissue in the arms and legs, whether
the skin is loose and easily grasped and pulled away, the
appearance of the ribs and intercostal space, the skin and
adipose tissue on the back, subcutaneous fat tissue in the
abdomen, and the number and depth of skin folds in the
gluteal region. In the CANSCORE method, a minimum
of 1 (poor, severe FM) and a maximum of 4 (good, no
malnutrition) points are given for each parameter. At the
end of the evaluation, a minimum of 9 and a maximum
of 36 points can be obtained. The cut-off value of the
CANSCORE is 24.

Newborns with a CANSCORE of 24 or below are
considered as cases with FM. Those with a CANSCORE
greater than 24 are considered as those without FM. With
regard to the weight percentile of the newborn infants,
those with a birth weight below the 10™ percentile were
considered as SGA babies, those with a birth weight between
the 10™ and 90™ percentiles as AGA babies, and those with
a birth weight above the 90 percentile were considered as
LCA babies. Ponderal index values were calculated by using
the weight and height measurements of the newborns with
SGA. Those with a Ponderal index of 2.25 or below were
considered as asymmetrical SCA.

Blood samples

After the umbilical cord was clamped following delivery,
blood samples were taken from the umbilical cord. Glucose,
insulin, total cholesterol, low-density lipoprotein (LDL)
cholesterol, high-density lipoprotein (HLD) cholesterol,
very-low-density lipoprotein (VLDL) cholesterol, and
triglyceride values were measured immediately. HOMA was
calculated according to the formula: insulin (microU/L) x
glucose (nmol/L)/22.5.

Another blood sample was centrifuged at 5,000 rpm
for 10 minutes and the separated serum sample was stored



Tanriverdi et al.
Does Fetal Malnutrition Affect Ghrelin, Leptin, Adiponectin and Insulin Levels

at -80 °C until leptin, adiponectin, and ghrelin levels were
measured. After collecting all the blood samples, the
ghrelin, leptin and adiponectin levels of the separated
serum samples were measured using ELISA kits.

Statistical Analysis

Statistical analysis was performed using the “SPSS
(Statistical Package for Social Sciences) 16.0 for Windows"
program. T-test, chi-square test, One-Way ANOVA and
Cohen'’s kappa coefficient methods were used to evaluate
the data. A p-value less than 0.05 was considered as
statistical significance.

Results

Eighty newborn infants, 40 with FM and 40 without
FM, were included in this study. When the demographic
characteristics of the infants were analyzed, the mean
gestational age was 38.20+0.97 (38-41) weeks. Thirty-five
(43.7%) of the infants were female and 45 (56.3%) were
male. Mean birth weight was 3,316.18+445.75 gr (2,230-
4,530), mean birth height was 47.66+1.65 cm (43-52), and
mean head circumference was 34.70+1.67 cm (31-38.5).
When the demographic characteristics of the 40 infants

with and the 40 infants without FM were examined,
statistically significant differences were found between
their birth weight, birth head circumference, Ponderal index
value, CANSCORE and birth weight according to gestational
week (Table I).

With regard to the antenatal history of the FM and
non-FM groups, it was noted that maternal age was similar
in both groups. There were no statistically significant
differences between the mothers’ pre-pregnancy weight,
post-pregnancy weight, height or body mass index. No
significant differences were found between the education
levels of the mothers, the age of the father, or the income
levels of the family (Table II).

When the FM group and the non-FM group were
compared, the glucose level in the cord blood of newborn
infants was significantly lower in the FM group (p<0.001),
and the insulin value was significantly lower in the FM group
(p=0.047). There was no significant difference between
the groups with regard to leptin and ghrelin levels. The
adiponectin level was significantly lower (p<0.001) in
the FM group. When the lipid profile of the cord blood
of the newborns in the FM and non-FM groups was

Table I. Demographic characteristics of the groups with and without fetal malnutrition

Fetal malnutrition (+) | Fetal malnutrition (-) —value
(n=40) (n=40) P
Sex (n, %)
- Female 15 (37.5) 20 (50) 0.184
- Male 25 (62.5) 20 (50)
Birth weight (mean + SD) (gr) 3.127.62+368.14 3.504.75+440.48 <0.001
Birth height (mean + SD) (cm) 47.45+1.84 47.87+1.41 0.252
Head circumference (mean + SD) (cm) 34.26+1.64 35.13+1.60 0.018
Ponderal index (mean + SD) [(g/cm?) x 100] 2.92+0.30 3.18+0.37 0.001
Birth method (n, %)
-SVD 2(5) 1(2.5) 0.500
-C/S 38 (95) 39 (97.5)
Gestational age (mean + SD) (week) 38.01+1.12 38.42+0.74 0.058
Gestational age according to ultrasound (mean + SD) (week) 37.72+1.32 38.17+1.03 0.094
Intrauterine growth restriction (n, %) 4 (10) 3(7.5%) 0.500
CANSCORE (mean * SD) 21.20+5.52 29.70+3.79 <0.001
APGAR score (median, min.-max.)
- " minute 8 (6-9) 8 (7-9) 0.728
- 5% minute 9 (8-10) 9 (8-10) 1.000
Birth weight according to gestational week (n, %)
- SGA 1(2.5) 0(0)
- AGA 39 (97.5) 33 (82.5) 0.014
-LGA 0 (0) 7 (17.5)

SD: Standard deviation, min.: Minimum, max.: Maximum, CANSCORE: The Clinical Assessment of Nutritional Status, SVD: Spontaneous vaginal delivery, C/S: Caesarean
section, SGA: Small for gestational age, ACA: Appropriate for gestational age, LCA: Large for gestational age
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compared, no significant differences were found in terms
of total cholesterol, LDL cholesterol, HDL cholesterol, VLDL
cholesterol, or triglyceride levels (Table IIl).

Discussion

Even though it is generally accepted that fetal growth
restriction poses an increased risk for perinatal morbidity
and mortality, the definition of fetal growth restriction
is still problematic. In order to identify FM, a simple
and quick method has been developed which can be

used independently of the current assessments made
according to population norms in term newborns. This
method is called CANSCORE. FM can occur at any birth
weight.

The weight, height and head circumference of a newborn
with FM may or may not be within normal limits (2).
The cut-off value for the CANSCORE is 24. Infants with a
CANSCORE of 24 or below are considered as cases with
FM. In a study conducted by Metcoff (2), the prevalence of
FM via the CANSCORE method was found to be 10.9%. In

Table Il. Antenatal characteristics of the groups with and without fetal malnutrition

Fetal malnutrition (+) Fetal malnutrition (-) —value
(n=40) (n=40) P
Mother’s age (mean + SD) 30.75+5.15 30.00+4.51 0.491
Mother’s pre-pregnancy weight (mean + SD) (kg) 72.43+16.42 72.25+16.77 0.960
Mother’s weight at the end of pregnancy (mean + SD) (kg) 84.71£15.39 82.65+16.43 0.564
Mother’s weight gain during pregnancy (mean + SD) (kg) 12.27+4.85 10.42+5.30 0.108
Mother’s height (mean + SD) (cm) 162.65+5.82 160.42+6.21 0.102
Mother’s body mass index (mean + SD) (kg/cm?) 27.35+6.13 28.07+6.81 0.621
Body mass index (n, %)
- Below normal 1(2.5) 0(0)
- Normal 18 (45) 15 (37.5) 0.493
- Overweight 9(22.5) 14 (35)
- Obese 12 (30) 11(27.5)
Mother’s illiteracy (n, %) 5(12.5) 3(7.5) 0.506
Paternal age (mean + SD) 33.65+5.27 33.87+4.71 0.841
Family income rate (mean + SD) (Turkish Liras) 2.877.50+1.777.27 2.458.00+1.133.18 0.212

SD: Standard deviation

fetal malnutrition

Table Ill. Mean glucose, insulin, HOMA, leptin, ghrelin, adiponectin and lipid profile values in cord blood of infants with and without

Fetal malnutrition (+) Fetal malnutrition (-)

(n=40) (Mean & SD) (n=40) (Mean & SD) p-value
Glucose (mg/dL) 51.20+13.02 66.70£19.58 <0.001
Insulin (mIU/mL) 5.44+3.80 10.28+14.65 0.047
HOMA 0.70+0.52 2.21£4.78 0.051
Leptin (ng/mL) 5.05+4.46 6.79+7.23 0.201
Ghrelin (ng/mL) 0.42+0.78 0.37+0.1 0.723
Adiponectin (ng/mL) 3.74+0.48 3.32+0.49 <0.001
Cholesterol (mg/dL) 66.60+22.23 64.92+21.28 0.732
LDL cholesterol (mg/dL) 29.30+16.73 28.77+18.09 0.893
HDL cholesterol (mg/dL) 3110+8.86 30.30+7.52 0.665
VLDL cholesterol (mg/dL) 6.20+6.28 5.85+4.06 0.768
Triglyceride (mg/dL) 31.22+31.04 29.35+20.14 0.750

SD: Standard deviation, LDL: Low-density lipoprotein, HDL: High-density lipoprotein, VLDL: Very-low-density lipoprotein
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a study conducted in our hospital in 2011, the frequency of
FM in term newborns via the CANSCORE method was found
to be 9.9% (12). In our study, the mean CANSCORE of the
newborns with FM was 21.20+2.52 (16-24), and the mean
CANSCORE of the newborns without FM was 29.70£3.79
(25-36). The CANSCORE was significantly higher in the group
without FM (p<0.001). There was a statistically significant
difference in birth weights according to the gestational
age of the newborns in the groups with and without FM
(p=0.014). Birth weight and birth head circumference were
significantly lower in the group with FM than in the group
without FM (p<0.001, p=0.018). There was no significant
difference between average lengths at birth (p=0.252). The
Ponderal index was significantly higher in the group without
FM (p=0.0071).

Fetal adipose tissue maturation in intrauterine life begins
in the second trimester of pregnancy and further enhances
during the third trimester. Fetal adipose tissue is necessary
for lipid and more importantly, glucose metabolisms, as
deficiency of adipose tissue leads to malnutrition and its
excess results in obesity (13).

Adipokines are peptides produced mainly by adipose
tissue. They play a critical role in energy homeostasis
and metabolic regulation, and play a role in intrauterine
growth (14). Fetal growth restriction hinders the proper
formation of fat tissue in the fetus and can impair
metabolic functions and endocrine secretions related
to adipose tissue. In a rat model of FM, postnatal leptin
administration reduced metabolic abnormalities in
newborn rats (15). It has been reported that leptin levels
in the cord blood are low in newborns with I[UGR. These
infants gain weight rapidly after birth and are prone
to metabolic syndrome in adulthood (16,17). A positive
correlation was found between fetal birth weight and
fetal serum leptin levels. Leptin levels are lower in SGA
infants (18).

Regardless of gestational age, birth weight is
positively correlated with leptin levels (19). A positive
correlation was found between serum leptin and glucose
in term infants. It has been shown that there is a positive
correlation between leptin and insulin by anthropometric
measurements (20). In our study, blood glucose and
insulin levels were significantly lower in the FM group,
and leptin levels were reduced, although not significantly
(p<0.001, p=0.047, p=0.201). In our study, insulin and
leptin levels in the cord blood of newborns with FM were
lower compared to those without FM and this finding is
consistent with the literature.

Another peptide hormone which is crucialin fetal growth
and reduces body weight and food intake due to its action as
a leptin antagonist is ghrelin. Ghrelin increases body weight,
enhances the secretion of growth hormones, produces a
positive energy balance, reduces energy expenditure and
promotes lipid accumulation (8). Regardless of gestational
age, birth weight and total ghrelin exhibit a negative
correlation (19). In our study, ghrelin levels were found to
be high, although this was not significant in the FM group
(p=0.723).

Another adipocytokine involved in intrauterine
growth is adiponectin. Adiponectin is an indicator of
insulin sensitivity and fatty acid oxidation (21). Therefore,
decreased adiponectin levels may accompany increased
insulin levels in infants with IUCR. It is thought that fetal
maturation, hence the increase in fetal weight, affects cord
blood adiponectin levels (22,23). SGA infants have reduced
adiponectin levels. In one study, adiponectin levels in the
cord blood of infants with IUGR were significantly lower
than in the control group (24). In our study, unlike the
findings reported in the literature, the level of adiponectin
in the cord blood was significantly higher in those infants
with FM compared to those without FM. Considering
the anti-inflammatory role of adiponectin and pro-
inflammatory role of leptin, we thought that low leptin
levels and high adiponectin levels may directly or indirectly
reflect a protective mechanism against chronic stress
caused by FM.

Fetal adipose tissue is also essential for lipid metabolism
because its deficiency leads to malnutrition (13). As Dios
GarciaDiazetal.(25) stated, thecorrelation of thelipoprotein
profile in cord blood with fetal development parameters
reveal conflicting results. While the relationship between
lipid concentrations in cord blood and anthropometric
measurements were found to be significant in certain
studies, it was not reported to be significant in other
studies (25,26). There were no significant differences in total
cholesterol, LDL, HDL, VLDL cholesterol and triglyceride
levels in cord blood, especially in normal birth weight
infants with IUGR compared to healthy infants (27,28). In
our study, there was no significant difference in lipid levels
between the groups with and without FM. This may be due
to the fact that the birth weights of the majority of infants
in the with FM and without FM groups were compatible
with their week of birth.

Study Limitations

The low number of cases and lack of long-term outcomes
for patients are the limitations of this study.
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Conclusion

The evaluation of fetal growth by birth weight alone
can be misleading. Adipokines, particularly leptin and
adiponectin, play a regulatory role in fetal growth. Given
the anti-inflammatory role of adiponectin, high adiponectin
levels in infants with FM may directly or indirectly reflect a
protective mechanism.
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