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Abstract Ghrelin and adiponectin have been found in

breast milk and are considered to take part in the regulation

of growth and energy metabolism of infants. Our aims were

to determine ghrelin and adiponectin levels in breast milk

and serum samples of mothers and their infants, and to

investigate the relationship between their levels and

anthropometry of newborn infants during early postnatal

life. Total and active ghrelin and adiponectin levels were

studied in breast milk, and the serum samples of 25 healthy

lactating women and their healthy fullterm infants were

taken at the 1st and 4th months of life. Anthropometric

measurements of infants were also performed during the

study period. Breast milk and infant serum active ghrelin

levels were found to be significantly increased at the 4th

month of life compared with 1st month levels (p \ 0.05).

Maternal serum total ghrelin and infant serum adiponectin

levels were found to be significantly reduced at the 4th

month of life (p \ 0.05). Breast milk active ghrelin levels

were higher than the infant and maternal serum active

ghrelin at the 1st and 4th months (p \ 0.05). There was a

negative significant correlation between the level of infant

serum active ghrelin levels and BMI of infants at the 1st

month. A positive significant correlation was found

between the level of 1st month infant serum adiponectin

levels and weight gain of infants during the study period.

Fourth month infant serum adiponectin were also posi-

tively correlated with weight and BMI of infants at the 4th

month and the weight gain during study period. There was

a positive significant correlation between the level of 4th

month breast milk active ghrelin and weight gain of infants

during the study period. Ghrelin and adiponectin are

involved in postnatal growth of infants. Ghrelin in breast

milk also seems to be related to the growth of infants

during early postnatal life. The sources of these peptides in

breast milk are probably both maternal serum and breast

tissue itself.
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Introduction

Ghrelin, which is a novel 28 amino acid peptide hormone

produced mainly by fundus of the human stomach and

epsilon cells of the pancreas, stimulates secretion of growth

hormone as the ligand for the growth hormone secreta-

gogue receptor, and increases hunger though its action on

hypothalamic feeding centers [1]. It has been suggested

that ghrelin has a significant role in the growth and

development of infants [2–6].

Adiponectin is a 244 amino acid protein, mainly pro-

duced by adipose tissue, which modulates a number of

metabolic processes, including glucose regulation and fatty

acid catabolism [7]. Adiponectin level is inversely
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correlated with body fat percentage in adults, while the

association in infants and young children is less clear [8, 9].

Weight reduction significantly increases circulating levels

[10]. The role of adiponectin on the growth of infants

during early postnatal life growth is not clear.

Breast milk also contains a variety of bioactive sub-

stances such as hormones and growth factors in addition to

macro- and micronutrients [11]. It has been suggested that

these factors in breast milk may have long-term effects on

growth, development, and overall health into adulthood

[12]. Recently, ghrelin and adiponectin have also been

discovered in breast milk, probably have a significant role

in the regulation of appetite, carbohydrate/lipid metabo-

lism, and energy balance of infants [13–15]. However,

there are only a few studies investigating the relationship

between the growth of infants and both ghrelin and

adiponectin in breast milk, while the effects of these pep-

tides on growth and their source in breast milk is still a

controversial issue.

In this study; ghrelin and adiponectin levels have been

studied in breast milk, and infant and maternal serum to

investigate whether there is any relationship between their

levels and postnatal growth of the infants, and to determine

the source of these peptides in breast milk.

Subjects and methods

The study protocol was approved by the local Ethical

Committee. Informed consent has been obtained from all

parents of infants before the study.

Subjects

Twenty-five healthy lactating non-obese women, with a

mean age of 24 ± 0.95 years, who had full-term natural

deliveries, and their infants were included in the study.

However, during the study period, 6 mothers and their

infants were excluded from analysis because of an

unwillingness to attend the research, and for this reason, 19

mothers and their infants were evaluated at the 4th month.

No mother had a history of abdominal surgery or gas-

trointestinal disease or took any medication prior to the

period of sample collection. All infants were delivered at

term (between 37 and 40 weeks) and born after an

uneventful pregnancy by normal delivery. Infants who had

neonatal disease, fever, chronic illness or current pathology

compromising growth, or were partially breastfeeding were

excluded from the study.

At the 1st and 4th months of life, anthropometric mea-

surements including weight and length were performed, and

breast milk and infant and maternal serum ghrelin and

adiponectin concentrations were determined. The primary

outcome measure of our study was to evaluate the rela-

tionship between serum, breast milk ghrelin, adiponectin

concentrations, and anthropometric parameters of the

infants. We evaluated the correlation between ghrelin,

adiponectin concentrations, and infant age, weight, and

length, and finally investigated the difference in ghrelin and

adiponectin concentrations between males and females.

Anthropometric measurements

At the 1st and 4th months of life, weight was measured on

a Seca Medical 334 baby scale. Crown-to-heel length was

measured to the nearest millimeter on a recumbent infant

board by two trained people using a Harpenden Infant

Measuring Table. Body mass index (BMI) was calculated

as body weight (kg)/square of length (m2). Weight gains

during the study period were also calculated.

Breast milk and blood samples

Breast milk samples by hand expression just before

breastfeeding, and fasting venous blood samples of infants

and mothers, were collected between 0800 and 1000 hours

at the 1st and 4th months of life. All milk and blood

samples were immediately placed on ice. Blood samples

were centrifuged within 30 min at 2,000g for 10 min at

4�C. Breast milk and serum samples were stored at -80�C

until they were analyzed for ghrelin and adiponectin. One

set of serum and milk samples was acidified, by adding 1 N

HCl (10% of volume; pH *3–4) to stabilize the labile side

chain of active ghrelin and to prevent a rapid deacylation of

ghrelin, as recommended. Milk samples were thawed for

2 h in the refrigerator and vortexed continuously to ensure

sample uniformity. Skim milk was prepared by centrifu-

gation of whole milk at 3,000g for 10 min at 4�C to sep-

arate milk fat from the liquid phase. The fat layer was

removed, and the aqueous phase was assayed.

Assays

Ghrelin assay

The serum and milk active ghrelin (AGHR) concentrations

were determined by radioimmunoassay [Ghrelin (Active)

RIA, GHRA-88HK; Linco Research, MO, USA], the serum

and milk total ghrelin (TGHR) concentrations were deter-

mined by radioimmunoassay [Ghrelin (Total) RIA, GHRT-

89HK; Linco Research;] using a polyclonal antibody that

recognizes octanoylated and nonoctanoylated ghrelin and I

125 ghrelin as a tracer molecule. The detection limits of the

kits were 93 pg/mL for TGHR and 7.8 pg/mL for AGHR

when a 100 lL sample size used. The results were evalu-

ated according to pg/mL.
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Adiponectin assay

Serum and milk adiponectin concentrations were determined

by an enzyme-linked immunosorbent assay (Human

Adiponectin ELISA, EZHADP-61 K; Linco Research).

Sensitivity limit for this assay is 0.78 ng/ml for Human

Adiponectin (20 ll sample size). The appropriate range of

the assay is 1.56 to 100 ng/ml Human Adiponectin (20 ll

sample size). The results were evaluated according to ng/mL.

Statistical analysis

The analysis was conducted with SPSS software (v.15.0

for Windows; SPSS, Chicago, IL, USA). All quantitative

data were presented as the mean ± standard deviations.

Statistical comparisons were made using non-parametric

Kruskal–Wallis ANOVA and Mann–Whitney U tests.

Simple correlations were assessed by Spearmen’s correla-

tion coefficients. The test values of p \ 0.05 were

considered as significant.

Results

The mean TGHR, AGHR, and adiponectin concentrations

in the 1st and 4th months are presented in Tables 1 and 2.

Breast milk and infant serum AGHR levels were found to

be significantly increased at the 4th month of life compared

with the 1st month (p \ 0.05). On the other hand, maternal

serum TGHR and infant serum adiponectin levels were

found to be significantly reduced at the 4th month of life

(p \ 0.05). TGHR and adiponectin levels of breast milk

and maternal serum were not significantly different at the

1st and 4th months of life (p [ 0.05). However, breast milk

AGHR levels were higher than the infant and maternal

serum AGHR at the 1st and 4th months (p \ 0.05). No

significant correlations could be found among breast milk,

infant and maternal serum TGHR, AGHR, and adiponectin

levels (p [ 0.05).

The correlations between breast milk and infant serum

AGHR, TGHR, and adiponectin levels and anthropometric

parameters of infants are shown in Tables 3 and 4. There

was a negative significant correlation between the level of

infant serum AGHR levels and BMI of infants at the 1st

month of life. (r = -0.41, p = 0.048). A positive signifi-

cant correlation was found between the level of 1st month

infant serum adiponectin levels and weight gain of infants

during the study period. (r = 0.53; p = 0.020). Fourth

month infant serum adiponectin were also positively cor-

related with weight and BMI of infants at the 4th month

and weight gain during the study period (r = 0.61,

p = 0.006; r = 0.71, p = 0.001; r = 0.81, p = 0.001,

respectively).

There was a positive significant correlation between the

level of 4th month breast milk AGHR and weight gain of

the infants during the study period (r = 0.51, p = 0.025).

Discussion

It is well known that ghrelin is involved in the regulation of

body weight, and the role of ghrelin on infant growth has

Table 1 Mean AGHR, TGHR concentrations in first and fourth months

Mean ± standard deviation p values

First month (n = 25) Fourth month (n = 19)

Infant serum TGHR (pg/mL) 4,847.15 ± 687.06 5,188.00 ± 951.00 [0.05

Infant serum AGHR (pg/mL) 65.24 ± 43.84 130.57 ± 137.41 \0.05*

Mother serum TGHR (pg/mL) 3,579.75 ± 1060.24 2,315.36 ± 1392.83 \0.05*

Mother serum AGHR (pg/mL) 23.60 ± 11.77 347.27 ± 206.79 \0.05*

Breast milk TGHR (pg/mL) 3,095.18 ± 1507.25 2,876.75 ± 1626.35 [0.05

Breast milk AGHR (pg/mL) 1,042.97 ± 147.74 1,659.59 ± 155.61 \0.05*

*Significant at p \ 0.05

Table 2 Mean adiponectin

concentrations in first and fourth

months

* Significant at p \ 0.05

Mean ± standard deviation p values

First month (n = 25) Fourth month (n = 19)

Infant serum adiponectin (ng/mL) 15.09 ± 7.81 6.60 ± 7.46 \0.05*

Mother serum adiponectin (ng/mL) 8.36 ± 6.46 7.75 ± 3.67 [0.05

Breast milk adiponectin (ng/mL) 23.61 ± 32.95 6.66 ± 9.48 [0.05
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been well-documented in a few studies [2–5]. Savino et al.

[4] observed a negative correlation between serum ghrelin

concentrations and infant weight gain. In another study, a

positive correlation between serum ghrelin concentrations

and infant weight, height circumferences, and length in the

1st month of life has been reported [2]. Yis et al. [6]

suggested that higher serum ghrelin in breast-fed infants

might have played a role in their faster growth during the

first 3 months of age. We also determined a negative sig-

nificant correlation between the level of infant serum

AGHR levels and BMI of infants at the 1st month of life in

the present study.

There are only a few studies investigating the relation-

ship between infant growth and serum adiponectin levels in

the literature. It has been reported that cord blood adipo-

nectin inversely associated with weight gain in the 1st

month of life [8]. Serum adiponectin levels have also been

found to be positively correlated with birth weight and

length [16]. In this study, a positive significant correlation

has been found between 1st month infant serum adipo-

nectin levels and weight gain of infants during the study

period. Fourth month infant serum adiponectin levels were

also positively correlated with weight and BMI of infants at

the 4th month and weight gain during the study period.

These results show that the serum adiponectin may also

have an important role in infant growth during early

postnatal life.

The possible role of breast milk leptin on early infant

growth has been investigated in a few studies, and it has

been suggested for short-term control of food intake and

long-term control of energy balance and body weight

regulation [17–20]. Detection of leptin receptors in intes-

tine epithelial cells suggests that leptin could pass from

milk to infant blood, supporting these findings [21].

Despite the detection of ghrelin and adiponectin in breast

milk and their receptors in gastric epithelial cells of human,

there is no sufficient study investigating the relationship

between breast milk ghrelin and adiponectin and infant

growth of breast-fed infants during early postnatal life [22,

23]. Aydin et al. [15] found that increases in ghrelin levels

in colostrum, transitional and mature milk paralleled infant

growth. In our recent study, we showed that the colostrum

TGHR was negatively correlated with BMI and weight of

the infants at birth, while there was no significant corre-

lation with colostrum adiponectin [24]. In this study, a

positive significant correlation has also been detected

between the level of 4th month breast milk AGHR con-

centrations and weight gain of infant during the study

period. We think that these findings might be evidence of

the effect of ghrelin in breast milk on infant growth. It can

be speculated that the amount of ghrelin in breast milk

might be physiologically provided (synthesized by mam-

mary epithelial cells or passed to breast milk from the

serum of mother) in relation to the need and the state of the

infant beginning from birth as suggested for leptin.

We could not determine any relationship between

adiponectin levels in breast milk and growth parameters of

the infants. Further longitudinal investigations are needed,

especially during the early lactation period, to clarify the

effects of breast milk adiponectin on growth, appetite, and

regulation of nutrition of infancy and childhood obesity.

In our study, mother serum and breast milk TGHR

levels were found to be reduced during 1–4 postpartum

lactation months. In contrast, mother serum and breast milk

AGHR levels were found to be increased during 1–4

postpartum lactation months. Both AGHR and TGHR are

present in various tissues, milk, and blood, where they have

important physiological roles. One of the main differences

between these two forms is that only TGHR can pass the

blood–brain barrier. In terms of milk ghrelin, however, the

‘‘active’’ form is physiologically more important for infant

development [25]. TGHR is not totally inactive, has an

influence on cell proliferation and adipogenesis, and

counteracts the metabolic action of AGHR. Therefore, it

was important to determine whether concentrations of both

Table 3 Spearman’s correlation coefficients (r) among infant serum

AGHR, TGHR, adiponectin and anthropometric measurements

Infant Serum AGHR TGHR Adiponectin

First month

Weight (g) -0.228 0.205 -0.212

Weight gain (g/day) -0.116 0.078 0.529*

BMI (kg/m2) -0.408* 0.194 -0.337

Fourth month

Weight (g) -0.163 0.413 0.606*

Weight gain (g/day) 0.193 0.576 0.815**

BMI (kg/m2) -0.037 0.960 0.706*

BMI body mass index

* p \ 0.01

** p \ 0.001

Table 4 Spearman’s correlation coefficients (r) among breast milk

AGHR, TGHR, adiponectin and anthropometric measurements

Breast milk AGHR TGHR Adiponectin

First month

Weight (g) -0.020 -0.011 -0.325

Weight gain (g/day) 0.386 -0.256 0.185

BMI (kg/m2) 0.028 -0.006 -0.243

Fourth month

Weight (g) 0.259 0.182 0.036

Weight gain (g/day) 0.512* 0.157 -0.123

BMI (kg/m2) 0.226 0.218 -0.038

* p \ 0.01
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AGHR and TGHR in breast milk vary at different stages of

lactation during the entire period of the first 6 months of

lactation [26].

The source of peptides in breast milk is still a contro-

versial issue. Kierson et al. [14] reported that ghrelin levels

in breast milk were higher than the maternal plasma, and

suggested that mammary epithelial cells were able to

produce ghrelin mRNA. However, Aydin et al. reported

that ghrelin was present in colostrum, and transitional and

mature milk in increasing amounts, and that the maternal

plasma AGHR levels were significantly higher than that of

breast milk after delivery, suggesting ghrelin in breast milk

might come from plasma [5]. Martin et al. [13] reported

that the concentration of adiponectin in breast milk is much

lower than the serum levels. In this study, TGHR and

adiponectin levels of breast milk and maternal serum were

not found to be significantly different, and no significant

correlations could be found between breast milk, infant and

maternal serum TGHR, AGHR, and adiponectin levels. If

these findings are taken into consideration, it can be sug-

gested that breast tissue is able to synthesis some peptides

such as ghrelin and adiponectin. However, we also found

that AGHR levels in breast milk were higher than the

maternal serum levels at the 1st and 4th months of life, and

significantly increases in both breast milk and maternal

serum AGHR levels have been detected during the study

period, which indicates that at least part of the ghrelin in

human milk originates from the mother’s plasma. We think

that the differences in results between present and previous

studies may be related to the kit used to measure AGHR in

the breast milk. There is no commercial milk ghrelin assay

kit. Thus, Groschl et al. [27] showed different levels for the

breast milk ghrelin using different kits.

In conclusion; we think that ghrelin and adiponectin

may play an important role in the postnatal growth of

infants. Ghrelin in breast milk also seems to be related to

the growth of infants during early postnatal life. The

sources of these peptides in breast milk are probably both

maternal serum and breast tissue itself. However, more

studies are required to clarify the role of ghrelin and

adiponectin in breast milk in early human development.

Also, more longitudinal studies are needed to better

understand the possible long-term consequences of these

peptides in further life.
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