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Abstract

Adiponectin and leptin are involved in appetite control and body weight regulation. We
aimed to evaluate the relationship between breast milk adipokine levels and short-term
growth of preterm and term infants. Thirty-one preterm (median=35.3 weeks) and 34
term (median=38.7 weeks) infants were enrolled. Enzyme-linked immunosorbent assay
was used to detect adipokines in mature milk. Infant growth was followed during the first
3 months. Although weight gain in the first month was insufficient, positive linear growth
was observed in the following months for preterm infants, while term infants had positive
steady linear growth. The median level of adipokines was found to be higher in preterm
infants (P> 0.05). Adiponectin showed significant negative correlations with some
anthropometric measurements of term infants. However, in preterm infants, adiponectin
was negatively correlated with length increment and positively correlated with body mass
index (BMI) increment in the second-third month. In addition, leptin was negatively
associated with the head circumference at birth in preterm infants and the triceps skinfold
thickness increment in the first—second month term infants (P < 0.05). In linear regression
models, while gestational age, adiponectin and leptin were not related, maternal age and
pre-pregnancy BMI had effects on body weight increment in 0—1 months (P < 0.05). In
conclusion, adiponectin may affect short-term growth, while leptin has no important effect.
It would be beneficial to carry out longitudinal studies to evaluate the effects of these
adipokines on the growth of infants.

Introduction

Nutrition during infancy plays a key role in the protection and development of health."?
Increase in negative outputs, such as cardiovascular diseases, type-2 diabetes and obesity, is
associated with low birth weight, low weight in the first year after birth, catch growth in
childhood and changing body composition at an advanced age.” Accordingly, experimental
studies have focused on adopting a ‘programming’ hypothesis in preterm and term infants.
For these reasons, nutrition researchers have focused on the biological characteristics of breast
milk, which is the main nutritional source of many newborns.*

The adiponectin and leptin contents of breast milk vary widely.” These adipokines in
breast milk decrease during the lactation period and do not change depending on the sex of
the infant.® Breast milk adiponectin has a negative relationship with growth (increased
body fat) in the first few months after birth but is positively associated with growth (increase
in length) in later periods.”'® Brunner et al’ examined the correlation between the
adiponectin content of breast milk and growth of infants and reported that the amount
of adiponectin in breast milk had a negative correlation with the anthropometric values of
infants in the first 4 months. Furthermore, there was a negative association between the
adiponectin level of breast milk and the growth rate of infants."' In one study, the leptin
content of breast milk in the first month showed a negative correlation with the body
mass index (BMI) Z-score of term infants.'”> Another study examined the effect of the leptin
content of breast milk on the weight gain control of newborns. It was determined that there
was a negative association between the leptin concentration of breast milk in the first month
and BML

Although studies show some relationship between adipokine concentrations in breast
milk and neonatal anthropometrics, the relationship between leptin and adiponectin
and short-term growth in infants is unclear. The aim of this study was to evaluate the
relationship between breast milk adipokine levels and short-term growth of the preterm and
term infants.
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Material and methods
Design

This research was conducted as a prospective, cohort and
observational study. Ethics committee approval, 23.02.2016, 15/
2016, was received from the Clinical Research Ethics Committee
of the Republic of Turkey Ministry of Health Zekai Tahir Burak
Women’s Health Training and Research Hospital (2011-KAEK-19).
All participants provided written informed consent.

Setting

The participants of the study were the mothers and infants who
consulted the Department of Pediatrics at the Faculty of Medi-
cine, Gazi University in Ankara. The mothers were interviewed
within 1 week after birth and were informed that breast milk
samples would be taken when their children were 15-30 days old.

Sample

The mothers (aged between 18 and 35 years) of 31 preterm
(median=353 weeks, range 31-36 weeks) and 34 term
(median = 38.7 weeks, range 37—42 weeks) infants were recruited
from the Department of Pediatrics in the Faculty of Medicine,
Gazi University in Ankara. The exclusion criteria included infants
that had any congenital infection/malformations, chronic disease,
intrauterine growth retardation and necrotizing enterocolitis;
were born with multiple births; or had started complementary
foods during the first month of lactation. Mothers who had
any chronic disease and used medication during the study period
were excluded. The inclusion criteria for infants were those
fed exclusively breast milk in the first month and those fed
predominantly breast milk in the following months.

Data collection

Currently, there is no single sampling protocol that is universally
applicable for every constituent of potential interest in human milk.
Standardizing milk collection to a particular time of day, preferably
in the morning, is preferred for milk collection protocols. The
composition of breast milk is affected by the gestational age of the
infant," breastfeeding hour'* and beginning v. end of breastfeed-
ing." Therefore, our milk collection protocol was as follows: breast
milk samples were taken once during the 1.5-2h of the hunger
period of the mothers and 1.5h after the latest breastfeeding
(foremilk) by manual expression from one breast into 5-ml tubes
containing ethylenediaminetetraacetic acid and proteinase inhibitor
(aprotinin) between the 15th and 30th days in accordance with the
infant’s calendar age (mature milk) between 8 am and 11 am.

Infant growth was followed by the researcher (B.K.) in the
first, second and third months with measurements of length, body
weight, head circumference, triceps and subscapular skinfold
thicknesses (SSF) according to the measurement techniques. The
length, body weight and head circumference of infants at birth
were taken from hospital records.

Measurement

For the analysis of adiponectin and leptin adipokines, the enzyme-
linked immunosorbent assay method was used with BioVendor—
Laboratorni medicina a.s. (Modrice, Czech Republic) kits. Breast
milk analyses were performed in accordance with the instructions
of the kit manufacturer and with reference to Bronsky et al.*'®
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The anthropometric measurements that are frequently used to
assess growth in newborns are body weight, length, growth
velocity, head circumference and skinfold thickness.'” The body
weight, length and head circumference of the infants were mea-
sured according to the standard techniques.'® Body weight in
grams was measured using a portable electronic baby scale (Seca
727, Seca) that was accurate to within 10 g. Infant length in cm
was measured using a portable infantometre (Seca 416, Seca) with
the infant in the supine position on a flat and stable surface, such
as a table. Head circumference in cm was measured with flexible
non-stretchable tape around the largest area of the infant’s head
or the distance around the back of the head with the tape measure
held above the eyebrows and ears.

The skinfold thicknesses in mm of infants were taken using
standard callipers (Holtain Ltd, Croswell, Crymych, UK) at the
triceps and subscapular regions according to published mea-
surement techniques.'® Triceps skinfold thickness (TSF) was
measured at the midpoint between the acromion and olecranon,
and SSF was measured at the inferior angle of the scapula in the
skinfold axis. Body mass index was calculated according to the
formula BMI (kg/mz) =body weight (kg)/length (m?).2°

For the evaluation of the growth of preterm infants,
researchers used the Fenton growth curve for head circumference
and length and body weight according to gestational age and a
calculation program that enables Fenton weight Z-score mea-
surements.”** The Lubchenco classification was used for the
classification according to weight-for-gestational age: below the
10th percentile ‘Small for Gestational Age — SGA’; 10th-90th
percentile ‘Appropriate for Gestational Age — AGA’; over the 90th
percentile ‘Large for Gestational Age — LGA’>

The World Health Organization (WHO) 2006 growth stan-
dards*** and WHO Anthro (version 3.2.2, January 2011) pro-
gram were used to calculate weight, length, head circumference,
TSF and SSF Z-scores according to the gestational age of term
infants. The measurements were classified according to the
Z-score junctions.*

Data analysis

The data obtained from this study were evaluated with SPSS 22.0
package software. Descriptive statistical variables [median, inter-
quartile range (IQR)] were used to evaluate the data. To examine
the differences between gestational weeks and preterm—term
breast milk, a f-test or Mann—Whitney U test was used,
depending on the normality of the distributions of the variables.
A paired-samples test, repeated analysis of variance or Wilcoxon
Saigned Rank test and Friedman test were used to evaluate the
anthropometric measurements of infants according to the nor-
mality distribution. Linear regression analyses were used to test
for an association among adiponectin, leptin, gender, maternal
age, mode of delivery, gestational age, post-partum BMI, pre-
pregnancy BMI, body weight at birth, head circumference at
birth and body weight increments at 0—1 months, 1-2 months
and 2-3 months. To identify correlations between parameters,
Spearman’s correlation analysis was used, and the results were
evaluated within a 95% confidence interval and at the P<0.01
and P < 0.05 significance levels.

Results

The mean preterm infant body weight was 2120.5+552.56 g at
birth, and the mean weight gain was 882.6 +216.67 g/month
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Table 1. The relationship between anthropometric measurements of infants at birth and during follow-up and breast milk adiponectin and leptin levels

Adiponectin (ng/ml) Leptin (ng/ml)
Preterm (n:31) Term (n:34) Preterm (n:31) Term (n:34)

Anthropometric measurements s P s P lis P 75 P
Body weight (g)

At birth 0.039 0.834 -0.290 0.096 -0.340 0.061 0.022 0.903

First month —-0.033 0.859 -0.383 0.025 -0.320 0.080 0.169 0.338

Second month —-0.067 0.730 -0.383 0.028" -0.263 0.168 0.189 0.291

Third month —-0.046 0.831 -0.449 0.013 -0.063 0.772 0.310 0.095
Length (cm)

At birth 0.098 0.599 -0.272 0.119 -0.347 0.056 -0.095 0.594

First month 0.006 0.973 -0.064 0.718 -0.311 0.089 0.002 0.990

Second month 0.164 0.396 -0.186 0.300 -0.269 0.158 0.243 0.174

Third month —-0.003 0.987 -0.187 0.322 -0.067 0.757 0.278 0.137
Pi (g/cm?)

At birth -0.161 0.387 -0.129 0.468 -0.112 0.549 0.193 0.274
BMI (kg/m?)

At birth —-0.089 0.634 -0.186 0.293 -0.246 0.182 0.141 0.427

First month -0.122 0.514 -0.492 0.003"™ -0.211 0.254 0.191 0.278

Second month —-0.340 0.071 -0.304 0.086 -0.024 0.904 0.040 0.827

Third month -0.121 0.584 -0.383 0.037 0.012 0.957 0.066 0.728
Head circumference (cm)

At birth -0.050 0.791 -0.399 0.019" -0.392 0.029" -0.181 0.306

First month —-0.009 0.961 -0.262 0.135 -0.341 0.061 0.076 0.671

Second month -0.116 0.547 -0.237 0.183 -0.215 0.263 0.184 0.306

Third month 0.143 0.505 -0.192 0.310 0.009 0.967 0.209 0.269
Triceps skinfold thickness (mm)

At birth -0.186 0.317 0.213 0.227 -0.148 0.426 0.173 0.329

First month -0.450 0.080 -0.449 0.061 0.244 0.362 -0.125 0.622

Second month —-0.187 0.541 —-0.300 0.298 0.188 0.539 0.068 0.819
Subscapular skinfold thickness (mm)

At birth -0.135 0.470 -0.231 0.188 -0.058 0.755 0.087 0.626

First month 0.446 0.083 -0.178 0.480 0.216 0.422 0.181 0.473

Second month —-0.415 0.158 -0.271 0.349 0.163 0.594 0.181 0.537
Anthropometric measurements (increments in ...)

BW (0-1 month) —-0.108 0.564 -0.276 0.115 -0.196 0.291 0.148 0.405

BW (1-2 months) -0.218 0.256 -0.211 0.238 0.243 0.204 0.047 0.796

BW (2-3 months) -0.057 0.790 -0.148 0.435 0.178 0.406 0.257 0.170

Length (0-1 month) -0.121 0.518 0.173 0.327 -0.182 0.328 0.126 0.478
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Table 1. (Continued)
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Adiponectin (ng/ml)

Leptin (ng/ml)

Preterm (n:31) Term (n:34) Preterm (n:31) Term (n:34)

Anthropometric measurements s P s P lis P 75 P

Length (1-2 months) 0.199 0.301 -0.003 0.989 0.276 0.147 0.185 0.304
Length (2-3 months) -0.628 0.001"" 0.052 0.786 0.080 0.711 0.174 0.358
BMI (0-1 month) —-0.067 0.721 —-0.478 0.004" 0.080 0.667 0.050 0.780
BMI (1-2 months) 0.358 0.056 -0.031 0.862 0.201 0.297 -0.194 0.278
BMI (2-3 months) 0.553 0.006" -0.136 0.472 0.063 0.775 -0.133 0.485
HC (0-1 month) 0.118 0.528 0.013 0.944 0.158 0.396 0.012 0.948
HC (1-2 months) -0.284 0.135 0.146 0.417 0.300 0.113 0.135 0.453
HC (2-3 months) 0.062 0.773 0.092 0.630 0.096 0.654 0.053 0.780
TSF (1-2 months) -0.221 0.411 —-0.168 0.504 0.194 0.471 -0.531 0.023
TSF (2-3 months) 0.079 0.829 0.385 0.217 0.625 0.053 -0.064 0.843
SSF (1-2 months) -0.071 0.795 -0.036 0.887 0.016 0.954 0.076 0.765
SSF (2-3 months) —-0.042 0.907 0.042 0.897 0.444 0.199 0.184 0.568

Pl, Ponderal indeks; BW, body weight; BMI, body mass index; HC, head circumference; SSF, subscapular skinfold thicknesses; TSF, riceps skinfold thickness.

Spearman’s correlation *P <0.05, **P < 0.01.

during follow-up. Regarding the distribution of the body weight
categorization according to gestational age in the fetal growth
curve of preterm infants, 90.3% of preterm infants had an AGA at
birth; however, this rate became 67.8% in the third month. In the
third month, there was an increase in the SGA (16.1%) and LGA
(16.1%) categories.

The mean body weight of term infants was 3375.4 +405.93 g.
The mean weight gain of term infants was 993.8 +229.43 g/
month. The percentage of term infants whose weight-for-age was
normal (AGA) was 88.2%; their SGA was 11.8%. There were no
LGA infants at birth. In the following months, the percentage of
term infants with a normal weight was 76.6% and the percentage
of overweight-obese term infants was 5.8% and the percentage of
risk of underweight term infants was 17.6% in the third month.

The monthly increments in all anthropometric measurements
(except for length) were found to be significant in both groups
(P<0.05). Comparing preterm and term infants’ growth, all
anthropometric measurements were found to be significantly
higher in term infants during follow-up, whereas for increments
in anthropometric measurements, only head circumference
increment (cm/month) was significantly different (preterm:
2.4 +0.52 cm/month, term: 1.9 + 0.44 cm/month, P < 0.001).

The median (IQR) adipokine levels were higher in preterm
infants [adiponectin =24.6 (14.3) and 22.9 (9.7) ng/ml for pre-
term infants and term infants, respectively, and leptin =2.0 (2.5)
and 0.0 (2.3) ng/ml for preterm infants and term infants,
respectively]; however, the difference between the groups was not
statistically significant (P> 0.05).

According to the Lubchenco classification, there was not a
significant difference among SGA, AGA and LGA preterm infants
in terms of the median (IQR) adiponectin [23.8 (36.9), 24.9 (10.7)
and 22.1 (0.0) ng/ml, respectively] and leptin [2.0 (2.3), 2.0 (2.5)
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and 2.0 (0.0) ng/ml, respectively] levels in the first month of life.
However, according to the WHO Z-score classification for term
infants in the first month of life, the median (IQR) adiponectin
[33.1 (12.5) and 21.9 (7.5), respectively, P=0.003] levels were
higher in underweight compared to normal weight infants, but
there were no differences in leptin levels [0.0 (1.5) and 0.0 (2.4),
respectively, P=0.222] (there were no overweight-obese infants).

The breast milk adiponectin levels were negatively correlated
with length increment and positively correlated with BMI incre-
ment in second—third month for preterm infants (r,= —0.628
P=0.001; ry=0.553 P=0.006, respectively). However, the breast
milk adiponectin levels were negatively associated in the first,
second and third months with body weight, head circumference
at birth, BMI in the first—third month and BMI increment at
birth—first month in term infants (P <0.05). In addition, leptin
was negatively associated with head circumference at birth
(rs= —0.392, P=0.029) in preterm infants and the TSF incre-
ment in first-second month term infants (r,= —0.531, P=10.023)
(Table 1).

There was a negative correlation between the weight-for-
length Z-score and adiponectin in term infants only in the first
month (r= —0.375, P=0.029). However, there was not any sig-
nificant correlation between the Z-score and adipokines for
3 months in preterm infants.

When factors that could affect body weight increments (in 0—
1 months, 1-2 months and 2-3 months, separately) were eval-
uated with linear regression analyses, only the 0—1 months model
was found important (R*=0.314, P=0.016; R>=0.237,
P=0.137; R*=0.192, P=0.441; respectively). While gestational
age, adiponectin and leptin were not related, maternal age and
pre-pregnancy BMI had an effect on the body weight increment
in 0—1 months (P <0.05) (Table 2).
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Table 2. Linear regression analysis for body weight increment prediction

Body weight increment in the first month

Beta t P
Adiponectin -0.233 -1.924 0.060
Leptin 0.055 0.432 0.667
Gender 0.072 0.593 0.556
Maternal age -0.270 -2.133 0.037
Mode of delivery 0.018 0.143 0.887
Gestational age 0.141 0.568 0.572
Post-partum BMI -0.421 -1.744 0.087
Pre-pregnancy BMI 0.529 2.253 0.028
Body weight at birth -0.133 -0.504 0.616
Head circumference at birth 0.302 1.054 0.297

R?=0.314; P=0.016

BMI, body mass index.

Discussion

The weight gain of preterm infants in the first month was insuffi-
cient; however, positive linear growth was observed in the following
months according to the 3-month follow-up recommendations for
preterm infants proposed by the High Risk Infant Observation
Guide of the Republic of Turkey Ministry of Health (2014).>° Breast
milk volume can decrease with a preterm birth, disease of the mother
or infant, separation of the mother from the infant, anxiety, fatigue
and emotional stress.””*® An insufficient weight gain of preterm
infants in the first month can be due to the above-stated reasons.

The anthropometric measurements of term infants during
follow-up in our study were found to be the same as found in the
literature.””**** According to the WHO Child Growth Standards,
infants’ growth was found to be within the normal Z-score range.”"

Preterm infants have a similar growth rate as foetuses and are
expected to have a growth rate similar to healthy term infants
after 40 weeks;*> however, our study showed that only the head
circumference values of preterm and term infants differed among
the other growth rate criteria in the first 3 months. Furthermore,
in our study, there were no statistically significant differences in
breast milk adipokines between the groups. In the literature,
breast milk is stated to display a wide range of leptin (0.16—
105 ng/ml) and adiponectin (1.25-90 ng/ml) content.” It has been
stated that the breast milk of the mothers of term infants contains
more leptin than that of preterm infant mothers,*®”* while the
breast milk of the mothers of preterm infants contains more
adiponectin,” but show variability due to ethnicity.” Our results
may have been due to the fact that there was not a substantial
difference between the median values of preterm and term infants
at the gestational birth week. Also, compared to other similar
studies, ethnicity may a reason for differences in the results.

In this study, negative correlations were found between the
adiponectin concentration of breast milk and some anthropo-
metric measurements of preterm—term infants. On the other
hand, in preterm infants, the adiponectin concentration had a
positive correlation with BMI increment in the second-third
months. Currently, there is strong evidence that adiponectin has
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an effect on the growth of newborns.'>** Likewise, Brunner et al.’
reported that breast milk adiponectin has a negative correlation
with the anthropometric values of infants in the first 4 months. At
the same time, we found that breast milk adiponectin was sig-
nificantly higher in term infants who were in the underweight
group in the first month. Similarly, in a study evaluating the
correlation between breast milk adiponectin and weight-for-age,
weight-for-length and length-for-age Z-scores of the newborns
3 months, the breast milk adiponectin concentration was nega-
tively associated with weight-for-age and weight-for-length Z-
scores.'’ In our study, although similar results were shown in
term infants, the results were contradictory in preterm infants.

In our study, there was no significant association between the
anthropometric measurements and breast milk leptin levels
during the first 3 months in preterm infants. On the other hand,
there was a negative correlation between leptin and the TSF
increment in the first-second months in term infants. The breast
milk leptin concentration is positively correlated with the plasma
leptin levels of newborns, which is related to the growth of
infants.’® In addition, leptin has a negative effect on the body
weight of the infant because it decreases energy intake and
increases energy consumption.’®*” However, our results suggest
that leptin may not have significant effects on short-term growth.

The effects of milk adiponectin and leptin are not limited to
the period in which the infant was fed with breast milk. Impacts
of these adipokines may prevail in the following months."” For
example, being fed breast milk containing high levels of adipo-
nectin may prevent overweight/obesity risk during childhood
because weight gain in the first 6 months of life is likely attributed
to an increase in lean body mass.” In a study examining the effect
of the leptin content of breast milk on the weight gain of new-
borns, there was a negative association between the leptin con-
centration of breast milk in the first month and BMI at the 18th
and 24th months.®® Another study examined the correlation
between the growth of infants until 2 years of age and the leptin
concentration of a breast milk sample taken from the mothers of
infants fed with breast milk partly or completely in the sixth week
after birth. It was found that the breast milk leptin content was
not associated with anthropometric measurements until 2 years of
age.” Therefore, the breast milk adiponectin-leptin effects on
growth may be different in the long term.

In a regression model, maternal age and pre-pregnancy BMI
were related to body weight in the first month. Our results are
consistent with other studies that suggest that maternal age*® and
maternal pre-pregnancy BMI have a direct relationship on infant
growth.*’

Limitations

The limitations of this study are the fact adiponectin and leptin
are only two bioactives in the milk that influence growth, that the
body composition was not measured to evaluate growth, that the
breast milk intake (by test weighing) for infants was not mea-
sured, that the doses of adiponectin and leptin (e.g., calculating
infant breast milk intake and a specific adipokine ‘dose’ for each
infant) were not measured and that only the milk adipokine
concentration was evaluated. Infants may have consumed insuf-
ficient amounts of milk, thus affecting growth. Additional lim-
itations include that infants were fed exclusively breast milk in the
first month and that due to the small sample size, the regression
model of growth may not explain the covariate effects fully. These
factors should be taken into consideration in future research.
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Conclusions

In conclusion, our results suggest that adiponectin, but not leptin,
is significantly related to short-term infant growth. Our results
may differ had extremely preterm infants (<28 weeks gestation)
been included. We also confirm the previous reports that
maternal age and pre- pregnancy BMI are related to infants
growth. In future studies, it would be beneficial to carry out
longer term longitudinal studies to evaluate the growth impacts of
these adipokines on breastfed infants.
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