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ABSTRACT

Background. Current studies claim that peptides such as leptin, adiponectin, ghrelin, and nesfatin-1 found
in breast milk may be responsible for the growth of infants. Therefore, we aimed to determine the association
between breast milk total ghrelin and nesfatin-1 levels and anthropometric measurements of infants who were
small for gestational age (SGA).

Methods.20SGA and 20 appropriate for gestational age (AGA) infants were enrolled in the study. Anthropometric
measurements of infants were carried out at birth, 1st, and 4th months. In addition, total ghrelin and nesfatin-1
levels in the breast milk were concomitantly measured.

Results. Total ghrelin at the 4th month in breast milk waslower-level in the SGA group (p=0.015). In both
groups, nesfatin-1 levels at the 4th month were lower than the values at the 1st month. Additionally, nesfatin-1
levels of SGA infants at the 4th month were higher (p=0.035).

Conclusions. Breast milk total ghrelin and nesfatin-1 levels differed in both groups, and it is probably referred
to the growth discrepancy of these infants during the first months of life. Furthermore, we consider that higher
breast milk nesfatin-1 levels at the 4th month may be a preventive against obesity in SGA infants who have
potential risk for obesity in childhood and adulthood.
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The presence of many peptides such as leptin, contribute to faster growth of SGA infants.?
ghrelin, adiponectin, obestatin, resistin, and As far as we know, it is the first research in the
nesfatin-1 has been shown in breast milk.' current literature regarding the relationship
Ghrelin, leptin, and adiponectin molecules  betweenbreastmilk ghrelin and nesfatin-11levels
present in breast milk are effective in growing and SGA infants’ growth. Ghrelin is mainly
infantshave alsobeenreported.? Leptinhormone synthesized from the stomach and is a growth
released from adipocytes plays a pivotal role hormone releaser that affects the hypothalamus-
in energy expenditure via the hypothalamus.  pituitary axis.* It exerts a stimulatory effect
In a previous study, leptin levels in small for on food intake, and ghrelin cells have been
gestational age (SGA) infants were found to be  found in the gastrointestinal tract.® It is related

lower compared to appropriate for gestational o the neuro-regulation of appetite, energy
age (AGA) and large for gestational age infants,  palance, and nutrient uptake.”® Experimental
and it has been suggested that this might  gt;dies have shown that ghrelin was found in
the intestinal system, and it is associated with
weight gain and calorie intake.>® Ghrelin is also
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than formula-fed infants."! Cord blood ghrelin
levels of SGA infants were significantly higher
than AGA infants, and a negative correlation
existed between anthropometric measurements
and ghrelin levels in both groups.'> A study
has shown that serum ghrelin levels directly
correlated with infants’ age, weight, and height
after the feeding period."”

Nesfatin-1 is also a peptide hormone with
anorexigenic influences on the regulation of
nutritional homeostasis.”* In SGA infants,
serum nesfatin-1 levels were higher than AGA
infants, and a negative correlation had between
serum nesfatin-1 levels and oral caloric intake."
Furthermore, nesfatin-1 has been detected in the
breast milk of healthy and gestational diabetes
mellitus women.!® The role of nesfatin-1 levels
in infant metabolism is not well-known.

This study aimed to investigate the relationship
between breast milk total ghrelin (TGh)
and nesfatin-1 levels and anthropometric
measurements of SGA infants in the first four
months of life.

Material and Methods

Twenty SGA and 20 AGA infants were included
in the study. SGA and AGA were defined
as a birth weight below the 10th percentile
and birth weight between the 10th and 90th
percentile for gestational age and gender,
respectively.”” Anthropometric measurements
of all infants, including weight, supine length,
head circumference, chest circumference, mid-
arm circumference, triceps skinfold thickness,
were performed by the same researcher
at birth, 1st, and 4th months. Weight was
measured using an electronic scale (+5 g,
EBSC 20, NECK), and the supine length was
measured by a standard baby measuring
board (+ 0.1 cm). Body mass index (BMI; kg/
m?) was calculated by dividing the weight by
the square of height. Head circumference was
measured using a narrow non-stretch tape,
passing it around the head, placing it on the
most anterior protuberance of the forehead

240

Turk ] Pediatr 2022; 64(2): 239-245

and the most posterior protuberance of the
head’s back with the nearest 0.1 cm. Chest
circumference and mid-arm circumference
measurements were recorded to the nearest
0.1 cm, using a non-elastic, flexible measuring
tape. Chest circumference was measured at the
level of the nipple during expiration. Mid-arm
circumference was measured at the mid-point
between the tip of the acromion process and the
right upper arm’s olecranon process. Triceps
skinfold thickness was measured from the left
side of the body to the nearest 0.1 mm, at the
midpoint between the acromion and olecranon
protrusions on the arm’s posterior centerline
using a skinfold caliper.

Infants with  congenital malformations,
chromosomal abnormalities, intrauterine
infections, or fed with formula or mix were
excluded from the study. In addition, mothers
with preeclampsia, gestational diabetes mellitus,
medications, or multiple pregnancies and those
who did not sign the informed consent were
excluded. The mothers of the infants were non-
obese healthy postpartum women, and were
on no medication. Five milliliters of breast milk
were taken at the 1st and 4th months. Samples
were collected in glass tubes and stored at -80°C
until TGh and nesfatin-1 levels were assayed.

The local ethics committee of Tepecik Training
and Research Hospital for Interventional Clinical
Studies approved the study (Date:09.02.2017,
Number:21). Informed verbal and written
consent was obtained from the parents. The
study was conducted by the principles of the
Declaration of Helsinki.

Assays

Breast milk TGh and nesfatin-1 were
determined by enzyme-linked immunosorbent
assay (ELISA). Nesfatin-1 levels were measured
with Nesfatin-1 Phoenix kits ((1-82)/NUCB-2,
Phoenix Pharmaceuticals, Inc., USA), and TGh
levels were measured with Ghrelin Phoenix kits
(Phoenix Pharmaceuticals, Inc.,, USA). Seven
samples of standard materials with known
concentrations for nesfatin-1 and ghrelin
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molecules were studied with patient samples.
The color intensity of all pieces in the plates was
read as absorbance with the semi-automatic
ELISA plate reader (Biotek, EL800, USA).
Standard calibration curves were obtained by
absorbance given by the standards. TGh and
nesfatin-1 concentrations were calculated from
the absorbance values in breast milk samples
using standard calibration curves.

Statistical analysis

Statistical analysis was performed using
SPSS, version 25 (SPSS, Chicago, IL, USA).
Measured values were expressed as mean =+
SD (minimum-maximum). The Kolmogorov-
Smirnov test evaluated the normal distribution
of the data. The Chi-square test was used
to compare the nominal variables between
the groups. Mann Whitney-U and Wilcoxon
signed-rank tests were used for non-normally
distributed variables. Compatibility for normal
distribution of the numeric measurement by
independent groups was analyzed using the
independent sample t-test. Pearson correlation
test was applied to calculate the correlation

Breast Milk Nesfatin-1 and Ghrelin

between breast milk TGh and nesfatin-1 levels
and infants’ anthropometric measurements.
A p<0.05 value was considered statistically
significant.

Results

The SGA group’s anthropometric measurements
were lower than the AGA group at the birth and
1st month (p<0.05). In the 4th month, except for
weight and chest circumference, the differences
disappeared between the two groups (p>0.05)
(Table I).

The increases in anthropometric measurements
throughout four months were examined in all
infants. There was no difference in the delta
anthropometric measurements during the first
month between SGA and AGA groups (p>0.05).
However, in the fourth month, the increases in
BMI, head circumference, chest circumference,
mid-arm circumference, and triceps skinfold
thickness were significantly higher in the
SGA group (p=0.003, p=0.006, p<0.001, p=0.007,
p<0.001).

Table I. SGA and AGA infants” anthropometric measurements at birth, 1st month and 4th month.

Tri
Body Mass Head Chest Mid-arm riceps
. . . . . Skinfold
Weight (g) index  Circumference Circumference Circumference .
(ke/m?) (cm) (cm) (cm) Thickness
& (mm)
SGA
(n=20) 345.25+177.65 10.6x0.17 330.29 28.9+0.33 5.110.16 5.1+0.16
At birth AGA
tbirt (n=GZO) 3361.25£315.08 13.1x0.21  34.85+0.93 32.63+1.32 6.49+0.74 6.4+0.73
14 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
A
(flSZO) 3558+477.80 13.14+£1.59  35.70+1.23 33.88+2.22 8.3+0.36 8.3+1.64
Istmonth (ﬁfzg) 4607.50+4471.04 14.67+1.18  37.3+1.09  37.07+1.47 9.5+0.28 9.55+1.28
14 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
(f\SZI?)) 6255.50£679.80 16.34+2.12  40.43+0.96 40.35+1.66 11.61+1.87 11.6+1.23
4th month (iSZIE‘)’) 7057+521.04 16.95+1.51 41+1.03 41.45+1.41 11.55+1.58 11.5+1.58
4 <0.001 >0.05 >0.05 <0.001 >0.05 >0.05

SGA: Small for gestational age, AGA: Appropriate for gestational age. Values were expressed as mean + standard deviation.
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Table II. The concentrations of breast milk total ghrelin in SGA and AGA infants.

Total Ghrelin (pg/mL) SGA (n=20) AGA (n=20) p
1st month 624.05+53.7 536.90+27.2 >0.052
4th month 521.80+45.7 596.45+26.9 0.0152
p >0.05 >0.05

SGA: Small for gestational age, AGA: Appropriate for gestational age

Mann Whitney-U test, "Wilcoxon signed-rank test

Table III. The concentrations of breast milk nesfatin-1 in SGA and AGA infants.

Nesfatin-1 (pg/mL) SGA (n=20) AGA (n=20) p
1st month 447 .4+86.5 375+35.4 >(.05%
4th month 305.2+30.3 267+122.2 0.0342
14 0.006 <0.001°

SGA: Small for gestational age, AGA: Appropriate for gestational age

Mann Whitney-U test, "Wilcoxon signed-rank test

Table IV. Correlation between anthropometric measurements and breast milk nesfatin-1 level in the SGA group

(n=20).
Anthropometric measurements Nesfatin-1 Nesfatin-1
at 1st month at 4th month
r p r p

Weight(g) -0.436 >0.05 -0.330 >0.05
Body Mass index (kg/m?) -0.043 >0.05 0.115 >0.05
Head Circumference (cm) -0.568 0.009 -0.265 >0.05
Chest Circumference (cm) -0.428 >0.05 0.003 >0.05
Mid-arm Circumference (cm) -0.425 >0.05 -0.144 >0.05
Triceps Skinfold Thickness (mm) -0.210 >0.05 -0.263 >0.05

Table V. Correlation between anthropometric measurements and breast milk total ghrelin level in the SGA

group (n=20).

Anthropometric measurements Total ghrelin Total ghrelin

at 1st month at 4th month

r p r 4

Weight(g) -0.189 >0.05 0.146 >0.05
Body Mass index (kg/m?) -0.186 >0.05 0.222 >0.05
Head Circumference (cm) -0.159 >0.05 -0.014 >0.05
Chest Circumference (cm) -0.415 >0.05 0.069 >0.05
Mid-arm Circumference (cm) 0.291 >0.05 -0.04 >0.05
Triceps Skinfold Thickness (mm) -0.305 >0.05 -0.223 >0.05

Breast milk TGh and nesfatin-1 levels were
compared between SGA and AGA groups.
There was no significant difference between the
1st and 4th-month breast milk TGh levels in both
groups (p>0.05). While there was no difference
between SGA and AGA groups in terms of the
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TGh levels at the 1st month, breast milk TGh
levels at the 4th month were significantly higher
in the AGA group (p=0.015) (Table II).

Breast milk nesfatin-1 levels at the 1st month
were significantly higher than the 4th-month
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levels in both groups (p=0.006, p<0.001). Breast
milk nesfatin-1 levels at the 4th month were
lower in the AGA group (p=0.034). Nevertheless,
there were no differences in nesfatin-1 levels at
1st-month breast milk between groups (p>0.05)
(Table III).

The relationship between anthropometric
measurements of infants and breast milk TGh
and nesfatin-1 levels was evaluated by Pearson
correlation analysis. In the AGA group, there
was no correlation between the anthropometric
measurements of infants and breast milk TGh
and nesfatin-1 levels (at 1st and 4th months)
(p>0.05). While there was no correlation
between anthropometric measurements of SGA
infants and breast milk TGh levels, only head
circumferences of SGA infants were negatively
correlated with breast milk nesfatin-1 levels at
the 1st month (r=-0.568, p=0.009) (Table IV and
Table V).

Discussion

SGA infants grow faster and show a different
growth pattern than AGA infants in the
postnatal period."®" Similarly, in our study,
SGA infants overgrew and showed catch-up
growth in many anthropometric measurements
at the 4th month.

Studies related to ghrelin’s effect on infants’
growth have conflicting results. In SGA infants,
serum ghrelin levels were significantly higher
than AGA infants.”” In another study performed
on term and preterm infants, plasma ghrelin
was inversely correlated with birth weight and
body length in the term infants.! On the other
hand, increases in ghrelin levels in colostrum,
transition, and mature milk suggest that ghrelin
levels in breast milk might also be parallel
to infant growth.” Cesur et al.> showed that
4th month-breast milk active ghrelin levels
positively correlated with term infants” weight
gain. In our study, 4th month-breast milk TGh
levels were lower in the SGA groups. Because
the anthropometric parameters of the SGA
infants at four months caught up, this decrease
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might be explained with a protective step from
rapid growth by reducing appetite and calorie
intake. However, no correlation between
infants’” anthropometric measurements and
breast milk TGh levels in both groups was
determined. Additionally, breast milk TGh
levels in the 4th month were lower than in the
1st month, although not statistically significant.
This decrease might be related to an increase in
active ghrelin levels, like previously reported.*
However, active ghrelin levels could not be
evaluated in our study. Active ghrelin in breast
milk may have a more pronounced effect than
TGh on the catch-up period.

Serum nesfatin-1 level was not different
among preterm and term infants, but it was
higher in SGA infants than in AGA infants.”
Also, in the same study, it was reported that
serum nesfatin-1 levels were high at birth but
decreased in the first seven days and increased
after seven days over again.” In the current
study, we found that breast milk nesfatin-1
level significantly reduced during the first four
months of life, both in AGA and SGA infants.
However, the breast milk nesfatin-1 level at
the 4th month was higher in the SGA group
than in the AGA group. One of the important
health benefits of breast milk is its protective
effect against obesity.”> As we know, early rapid
weight gain in SGA infants is associated with
increased obesity risk in later life.** We suggest
that higher breast milk nesfatin-1 levels in SGA
infants at four months might help prevent early
rapid weight gain in SGA infants that grow fast
but have an increased risk of obesity in later
life.” Only head circumference measurements
at 1st month were negatively correlated with
breast milk nesfatin-1 levels at 1st month.
However, this correlation did not exist in the
4th month, and it might be explained by the
small number of cases. These results supported
that nesfatin-1 may also play an essential role in
the catch-up period.

The effects of breast milk peptides on the growth
of infants may occur directly or indirectly.
Peptides are broken down in the intestinal
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system. It has been shown that some peptides
in breast milk resist proteolytic degradation in
the gastrointestinal tract during the infantile
period due to low gastric proteolytic activity
and high permeability of intestine mucosa.?* A
long isoform of the leptin receptor was found
in the human small intestines’ enterocytes.”
Experimental results have revealed that the
expression of ghrelin mRNA in lambs’ stomach
increased rapidly in the early period and
slowed down in the later period, and there
was a significant linear correlation between
this change and stomach weight in lambs.’
The effects of ghrelin on the intestinal tract
have not been resolved clearly; however, the
results suggest that it is closely related to
appetite, weight gain, and energy metabolism.
However, there is no evidence that breast milk
nesfatin-1 can pass into the systemic circulation
or preserve biological function or has a receptor
in the intestinal system.

There were some limitations to our study. The
follow-up period was limited to four months
which was relatively short for evaluating catch-
up growth. We could not measure breast milk
active ghrelin levels or serum levels of TGh and
nesfatin-1. Another limitation was the small
number of cases in the AGA and SGA groups.
We also aimed to record the duration and
frequency of feeding infants with breast milk
included in the study, but data could not be
collected due to incomplete records.

In conclusion, breast milk ghrelin and nesfatin-1
may play an important role in SGA infants’
growth, and their effects on infant metabolism
remain an undiscovered and controversial issue.
Therefore, we believe that nesfatin-1 and ghrelin
levels in both serum and breast milk should be
investigated with a larger study population to
reach a final judgment. Also, long-term follow-
up studies are needed to better understand the
effects of breast milk ghrelin and nesfatin-1 on
growth, especially in SGA infants.
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