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ABS TRACT
Objective: Kisspeptin levels have been reported in children with premature 
thelarche, precocious puberty and adolescent gynecomastia, but there are 
no reports on kisspeptin levels in the neonatal period. This study aimed to 
investigate plasma kisspeptin hormone levels in newborns with and without 
breast enlargement.
Methods: Plasma kisspeptin levels and other related biochemical variables 
were investigated in this prospective study conducted on 40 (20 girls and 20 
boys) newborn infants with breast enlargement and on 40 healthy control 
infants (20 girls and 20 boys). Two-milliliter venous blood samples were taken 
in hemogram tubes with K2EDTA. Kisspeptin assays were performed using 
the enzyme-immunoassay method. 
Results: Mean plasma kisspeptin levels were 0.6±0.2 ng/mL in the 
study group and 0.5±0.2 ng/mL in the control group. Plasma kisspeptin 
concentrations were significantly higher in the study group (p=0.039) and 
also showed a correlation with serum prolactin levels (p=0.006). Significant 
correlations were also determined between plasma kisspeptin and luteinizing 
hormone concentrations (p=0.05, r=0.312). 
Conclusion: The findings of this study suggest that plasma kisspeptin and 
serum prolactin levels may be involved in the physiopathology of breast 
enlargement in newborns.
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Introduction

Kisspeptin is a powerful neuropeptide that stimulates the 
release of follicle-stimulating hormone (FSH) and luteinizing 
hormone (LH) from the pituitary. It exhibits this effect 
through the gonadotropin-releasing hormone. Kisspeptin is 
synthesized in the anteroventral periventricular nucleus and 
the arcuate nucleus of the hypothalamus (1). A significant 
rise in FSH, LH and testosterone levels when kisspeptin 
is administered intravenously demonstrates its role in 
the hypothalamo-pituitary-gonadal axis (2). Kisspeptin is 
one of the peptides regulating the neuroendocrine events 
initiating puberty in humans and animals (3,4,5). Kisspeptin 
levels have previously been studied in premature thelarche, 
precocious puberty and in gynecomastia in adolescence, 
but to our knowledge, there are no reported studies on 
kisspeptin in breast enlargement in the neonate (6,7,8). 

The aim of this study was to determine and compare 
kisspeptin levels in 14-28-day-old infants with and without 
breast enlargement. 

Methods

This prospective study was performed on infants with and 
without breast enlargement who presented to the Pediatric 
Endocrinology Outpatient Clinic of the Atatürk University 
Faculty of Medicine Research Hospital in Erzurum, Turkey, 
between September 2013 and March 2014. The purpose 
and design of the study was explained to all the families and 
the requisite written consent was obtained. 

Forty term infants (20 boys and 20 girls) aged 14-28 
days with breast enlargement and 40 (20 boys and 20 
girls) control infants without breast enlargement and of 
the same age group were included in the study. Criteria for 
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exclusion consisted of presence of congenital abnormality 
in the infant and/or chronic disease in the mother. Breast 
enlargement was evaluated on the basis of the breast 
diameter. Infants who showed breast enlargement of more 
than 1 cm in diameter were included in the study. Infants 
without breast enlargement constituted the control group.

Following receipt of informed consent, prenatal and 
postnatal histories including week of gestation at birth, 
age, type of delivery (cesarean section delivery or vaginal 
delivery) and type of feeding (mother’s milk and/or formula) 
were taken from the mothers and physical examination 
was conducted on the infant. The infant’s age, length, 
body weight, breast stage and testis volume (using a 
Prader orchidometer) were recorded. Apart from breast 
enlargement, physical examination was normal in all 
infants. Blood samples were collected from all babies for 
measurement of FSH, LH, estradiol, testosterone, prolactin, 
free thyroxine (fT4) and thyroid-stimulating hormone (TSH). 
Kisspeptin levels were determined on blood samples which 
were collected from the infants with breast enlargement 
and controls in K EDTA hemogram tubes and centrifuged 
at +4 0C to separate blood cells and plasma. These 
were placed in Eppendorf tubes and stored at -80 0C 
until the acquisition of kisspeptin kits (KiSS-1 (112-121) 
Amide/Kisspeptin-10/Metastin (45-54) Amide (Human) 
EIA KIT, Phoenix Pharmaceuticals Inc., USA, Catalog No: 
EK-048-56, Lot No: 604601). Plasma kisspeptin levels were 
measured, following the manufacturer’s instructions, using 
the enzyme-immune assay (EIA) technique at the Atatürk 
University Hospital Department of Biochemistry. Kisspeptin 
levels were expressed as nanograms/milliliter.

Numerical data were expressed as minimum, maximum, 
mean and standard deviation. Other data were expressed 
as percentages. SSPE 20 for Windows was used for data 
analysis. The one-sample Kolmogorov-Smirnov test was 
used to determine whether numerical data in the thelarche 
and control groups were normally distributed. 

The infants’ body weight, length, postnatal ages, body 
mass index, LH, testosterone, prolactin, fT4, TSH and 
kisspeptin levels were normally distributed according to the 
one-sample Kolmogorov-Smirnov test. The independent-
sample t-test was used to analyze these data. FSH, estradiol 
levels and FSH/LH ratio were non-normally distributed 
according to the one-sample Kolmogorov-Smirnov test. The 
nonparametric two-independent-samples Mann-Whitney 
U test was used to analyze these data. Type of delivery, 
feeding status and testis size were determined using 
the Pearson’s chi-square test. Statistical significance was 
considered at p<0.05.

The study was approved by the local ethics committee 
(Atatürk University Faculty of Medicine Ethics Committee 
on September 2, 2013, Session 6, Item 62). 

Results

Mean age of the cases in the breast enlargement group 
was 20.6±4.1 days (14-27 days). Mean body weight was 
4.1±0.6 kg (3.3-5.8 kg) and length 52±1.7 cm (49-57 cm). 
Twenty-nine (72.5%) patients were delivered vaginally and 
11 (27.5%) by cesarean section. Thirty-five (87.5%) patients 
were receiving mother’s milk and 5 (12.5%) mother’s milk 
supplemented by formula. No subject was on formula alone. 
Testis volume was measured as 1 mL in 6 male patients 
(30%), 2 mL in 12 (60%) and 3 mL in 2 (10%). Laboratory 
values of the breast enlargement cases are shown in Table 
1. Normal ranges accepted for the biochemical parameters 
were: FSH male: 0.2-4.1 mIU/mL, female: 0.2-14.2 mIU/mL, 
LH: 0.0-7.0 mIU/mL, estradiol male: 0.1-32 pg/mL, female: 
0.1-50 pg/mL, testosterone total, male: 0.075-4 ng/mL, 
female: 0.0-0.64 ng/mL, prolactin 30-495 ng/dL, fT4: 0.6-1.4 
ng/dL, thyroid TSH: 0.6-7 µIU/mL.

Mean age in the control group was 21.6±4.2 days (14-
28 days), body weight 3.9±0.6 kg (3-5.5 kg) and length was 
51.5±2.0 cm (46-55 cm). Twenty-three (57.5%) of the cases 
in the control group were delivered vaginally and 17 (42.5%) 
by cesarean section. Thirty-three (82.5%) were receiving 
mother’s milk and 7 (17.5%) were on mother’s milk and 
formula. No babies were on formula alone. Testis volume in 
male subjects was 1 mL in 10 (50%) and 2 mL in 10 (50%). 
Laboratory values for the control group cases are shown in 
Table 1.

Minimum, maximum, mean and standard deviation 
kisspeptin values as well as p-values by sex and breast 
enlargement are shown in Table 2.

There was a significant difference in kisspeptin levels 
between the study and control groups (p=0.039). These 
groups also differed significantly in terms of prolactin 
concentrations (p=0.006). No significant correlation was 
determined of breast enlargement with body weight 
(p=0.319), length (p=0.228), body mass index (p=0.683), 
postnatal age (p=0.283), LH (p=0.309), testosterone 
(p=0.619), fT4 (p=0.968), TSH (p=0.419), FSH (p=0.453), 
estradiol (p=0.817) and FSH/LH ratio; breast enlargement 
was not associated with type of delivery (p=0.16) or type of 
nutrition (p=0.531) as well.

A significant correlation was determined between 
kisspeptin levels and LH (p=0.05, r=-0.312). Correlation 
analysis data in the breast enlargement and control groups 
are shown in Table 3.

Discussion

Minipuberty occurs in all infants in the newborn period. 
The release of kisspeptin in the neonatal period may 
possibly be related to the activation of the hypothalamic-
pituitary-gonadal axis in this period of life. Various studies 
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have examined kisspeptin levels in children and adults, but 
our scan of the literature revealed no studies investigating 
plasma kisspeptin levels in infants with breast enlargement in 
the newborn period. 

Studies have reported that kisspeptin levels in the 
circulation are sexually dimorphic in humans, with kisspeptin 
levels in females being significantly higher than in males 

(9,10,11,12,13,14). In our study also, mean kisspeptin levels in 
infants without breast enlargement were slightly higher in the 
girls. Mean kisspeptin levels in the female infants with breast 
enlargement were also significantly higher as compared to the 
boys. 

Plasma kisspeptin levels in different studies have been 
reported at 3.0±1.2 ng/dL in children aged 3-8 years (8), 
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Table 2. Kisspeptin levels according to sex and breast enlargement

Groups n Minimum Maximum Mean Standard Deviation p-value

Female infants without breast enlargement 20 0.2 0.7 0.5 0.2 NS

Female infants with breast enlargement 20 0.3 1.0 0.6 0.2

All female infants 40 0.2 1.0 0.6 0.2

Male infants without breast enlargement 20 0.3 0.9 0.5 0.2

Male infants with breast enlargement 20 0.3 0.7 0.5 0.1

All male infants 40 0.3 0.9 0.5 0.1

All infants without breast enlargement 
enlargement (girls and boys)

40 0.2 0.9 0.5 0.2

0.039All infants with breast enlargement  
(girls and boys)

40 0.3 1.0 0.6 0.2

All cases 80 0.2 1.0 0.5 0.2

NS: not significant

Table 1. Laboratory values in infants with breast enlargement and in the control group

Parameters n Minimum Maximum Mean Standard Deviation

Group with breast enlargement 

FSH 40 0.4 17.2 4.0 3.9

LH 40 0.01 10.7 2.4 2.8

FSH/LH ratio 40 0.2 697.0 46.1 137.9

Estradiol 40 1.00 41.0 12.3 9.4

Testosterone 40 0.01 1.8 0.7 0.5

Prolactin 40 34.1 190.8 87.9 36.4

fT4 40 0.81 1.4 1.2 0.2

TSH 40 0.8 7.0 3.0 1.7

Kisspeptin 40 0.3 1.0 0.6 0.2

Control group

FSH 40 0.8 16.2 4.6 4.4

LH 40 0.01 16.0 3.2 3.6

FSH/LH ratio 40 0.1 247.0 31.8 66.0

Estradiol 40 1.0 44.0 12.1 9.6

Testosterone 40 0.1 1.5 0.6 0.4

Prolactin 40 27.6 164.1 67.2 29.2

fT4 40 0.8 1.4 1.2 0.2

TSH 40 1.0 6.8 3.2 1.4

Kisspeptin 40 0.2 0.9 0.5 0.2

FSH: follicle-stimulating hormone, LH: luteinizing hormone, fT4: free thyroxine, TSH: thyroid-stimulating hormone
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40.9±3.3 pmol/L in children aged 2-18 (14) and 6.2±2.0 ng/mL 
in adults aged 18-40 (15). All these levels are higher than the 
levels in our study. This difference may be attributed to our 
patients being in the newborn period. 

Girls and boys with breast enlargement weighed more 
than girls and boys in the control group and also had relatively 
higher kisspeptin levels. While the findings suggest that mean 
plasma kisspeptin levels rise with mean body weight, no 
significant correlation was determined between body weight/
body mass index and plasma kisspeptin levels. One previous 
study, however, reported significantly higher kisspeptin levels 
in prepubertal obese girls compared to healthy prepubertal 
girls (12).

Kisspeptin has also been shown to be a powerful LH 
secretion stimulator and to lead to an increase in LH levels 
in males and females (2,16,17,18). Similarly, in girls, a 
positive correlation has been determined between serum 
kisspeptin levels and development of puberty and also 
between kisspeptin levels and bone age, LH and LH/FSH 
ratio (6). Another study reported that kisspeptin increased 
FSH release seven times more compared with LH (17). 
According to another study, in order to establish a significant 
increase in serum FSH, a dose 100 times higher than that 
required to increase LH needed to be given (19). In our 
study, a significant correlation was found between plasma 
kisspeptin and LH levels (p=0.050).

Prolactin is one of the major hormones in breast growth 
(20). Similar to our findings, kisspeptin levels were reported 
to show a significant correlation with prolactin levels in 
cases of premature thelarche (8). Studies have also shown that 
intraventricular injection of kisspeptin-10 increases prolactin 
levels (21,22). In our study, prolactin levels were higher in 
infants with breast enlargement than in those without breast 
enlargement and they were highly significantly correlated 
(p=0.006). 

Akinci et al (8) investigated kisspeptin levels in cases of 
premature thelarche in 20 female patients aged 3-8 and in 
20 healthy controls. Mean kisspeptin level in the premature 
thelarche group was 3.0±1.2 ng/dL compared to 1.2±0.4 ng/
dL in the control group. These levels were also found to be 
correlated with prolactin levels. The authors suggested that 
these changes in cases with premature thelarche could be 
related to a temporary central stimulation. Other studies have 
also emphasized the importance of kisspeptin in development 
of central precocious puberty. De Vries et al (7) reported a mean 
plasma kisspeptin level of 14.6±10.2 pmol/L in 31 girls with 
central precocious puberty compared to 8.4±1.0 pmol/L in 14 
prepubertal girls. One study from Korea compared 30 female 
patients with central precocious puberty and 30 healthy female 
controls and found a significant difference (6). Mean kisspeptin 
level was 4.6±1.8 pmol/L in the girls with central precocious 
puberty and 2.2±1.5 pmol/L in the control group. The authors 
emphasized the role of kisspeptin in the onset of puberty 
and suggested that kisspeptin could be used as a marker of 
central precocious puberty. Demirbilek et al (23) investigated 
the role of kisspeptin in central precocious puberty in Turkey. 
Twenty-eight girls with central precocious puberty were given 
pubertal suppression therapy for 6 months. At the end of that 
period, kisspeptin levels in the patient group were compared 
with those of the 13-year-old control group. In the patient group, 
initial kisspeptin levels were 10.2±2.6 pg/mL and after 6-month 
suppression therapy, final kisspeptin levels were 7.3±1.3 pg/
mL. Control group kisspeptin levels were 8.6±1.5 pg/mL. 
These results indicated that the pubertal suppression therapy 
was effective. These authors proposed that central precocious 
puberty could be monitored using kisspeptin levels (23). In 
our study, a significant difference was found in mean plasma 
kisspeptin levels between the infants with breast enlargement 
and the control group (p=0.039). Considering the minipuberty 
occurring in the newborn period, the release of kisspeptin in 
these infants may be regarded also to be the result of central 
activation. The higher kisspeptin levels in newborn infants 
with breast enlargement as compared to the control group is 
an important finding showing that the hypothalamic-pituitary-
gonadal axis is more active in these infants. 

In conclusion, the results of this study suggest that plasma 
kisspeptin and serum prolactin levels may be involved in the 
physiopathology of breast enlargement in newborns.
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Table 3. Correlation analysis of kisspeptin and other parameters in the 
group with breast enlargement group and in the controls

Breast enlargement 
group

Control group

Parameters p-value r-value p-value r-value

Weight (kg) p=0.381 r=-0.142 p=0.407 r=-0.135

Length (cm) p=0.233 r=-0.193 p=0.443 r=-0.125

Body mass index p=0.340 r=-0.155 p=0.716 r=-0.059

Age (days) p=0.713 r=0.060 p=0.928 r=-0.015

FSH p=0.341 r=0.155 p=0.728 r=0.057

LH p=0.05* r=-0.312 p=0.739 r=0.054

FSH/LH ratio p=0.948 r=-0.011 p=0.732 r=0.056

Estradiol p=0.154 r=-0.230 p=0.969 r=0.006

Testosterone p=0.103 r=-0.262 p=0.782 r=0.045

Prolactin p=0.788 r=0.044 p=0.688 r=-0.066

fT4 p=0.856 r=0.030 p=0.558 r=-0.095

TSH p=0.195 r=-0.209 p=0.739 r=0.054

FSH: follicle-stimulating hormone, LH: luteinizing hormone, fT4: free thyroxine,  

TSH: thyroid-stimulating hormone



196

References

1. Bembo SA, Carlson HE. Gynecomastia: its features and 
when and how to treat it. Cleve Clin J Med 2004;71:511-517.

2. Dhillo WS, Chaudhri OB, Patterson M, Thompson EL, 
Murphy KG, Badman MK, McGowan BM, Amber V, Patel 
S, Ghatei MA, Bloom SR. Kisspeptin-54 stimulates the 
hypothalamic-pituitary gonadal axis in human males. J Clin 
Endocrinol Metab 2005;90:6609-6615. Epub 2005 Sep 20

3. Dungan HM, Clifton DK, Steiner RA. Minireview: kisspeptin 
neurons as central processors in the regulation of 
gonadotropin-releasing hormone secretion. Endocrinology 
2006;147:1154-1158. Epub 2005 Dec 22

4. Topaloglu AK, Tello JA, Kotan LD, Ozbek MN, Yilmaz MB, 
Erdogan S, Gurbuz F, Temiz F, Millar RP, Yuksel B. Inactivating 
KISS1 mutation and hypogonadotropic hypogonadism. N 
Engl J Med 2012;366:629-635.

5. Tena-Sempere M. GPR54 and kisspeptin in reproduction. 
Hum Reprod Update 2006;12:631-639. Epub 2006 May 26

6. Rhie YJ, Lee KH, Eun SH, Choi BM, Chae HW, Kwon AR, 
Lee WJ, Kim JH, Kim HS. Serum kisspeptin levels in Korean 
girls with central precocious puberty. J Korean Med Sci 
2011;26:927-931. Epub 2011 Jun 20

7. de Vries L, Shtaif B, Phillip M, Gat-Yablonski G. Kisspeptin 
serum levels in girls with central precocious puberty. Clin 
Endocrinol (Oxf) 2009;71:524-528. Epub 2009 Mar 10

8. Akinci A, Cetin D, Ilhan N. Plasma kisspeptin levels in 
girls with premature thelarche. J Clin Pediatr Endocrinol 
2012;4:61-65.

9. Kauffman AS, Navarro VM, Kim J, Clifton DK, Steiner RA. Sex 
differences in the regulation of Kiss1/NKB neurons in juvenile 
mice: implications for the timing of puberty. Am J Physiol 
Endocrinol Metab 2009;297:1212-1221. Epub 2009 Sep 15

10. Hrabovszky E, Ciofi P, Vida B, Horvath MC, Keller E, Caraty 
A, Bloom SR, Ghatei MA, Dhillo WS, Liposits Z, Kallo 
I. The kisspeptin system of the human hypothalamus: 
sexual dimorphism and relationship with gonadotropin-
releasing hormone and neurokinin B neurons. Eur J Neurosci 
2010;31:1984-1998. Epub 2010 Jun 1

11. Wray S, Gainer H. Effect of neonatal gonadectomy on the 
postnatal development of LHRH cell subtypes in male and 
female rats. Neuroendocrinology 1987;45:413-419.

12. Pita J, Barrios V, Gavela-Perez T, Martos-Moreno GA, Munoz-
Calvo MT, Pozo J, Rovira A, Argente J, Soriano-Guillen L. 
Circulating kisspeptin levels exhibit sexual dimorphism in 
adults, are increased in obese prepubertal girls and do not 
suffer modifications in girls with idiopathic central precocious 
puberty. Peptides 2011;32:1781-1786. Epub 2011 Jul 30

13. Kauffman AS, Gottsch ML, Roa J, Byquist AC, Crown A, 
Clifton DK, Hoffman GE, Steiner RA, Tena-Sempere M. 
Sexual differentiation of Kiss1 gene expression in the brain of 
the rat. Endocrinology 2007;148:1774-1783. Epub 2007 Jan 4

14. Jayasena CN, Nijher GM, Narayanaswamy S, De Silva A, 
Abbara A, Ghatei MA, Bloom SR, Bridges N, Dhillo WS. 
Age-dependent elevations in plasma kisspeptin are observed 
in boys and girls when compared with adults. Ann Clin 
Biochem 2014;51:89-96. Epub 2013 Jul 18

15. Kavvasoglu S, Ozkan ZS, Kumbak B, Simsek M, Ilhan N. 
Association of kisspeptin-10 levels with abortus imminens: 
a preliminary study. Arch Gynecol Obstet 2012;285:649-653. 
Epub 2011 Aug 17

16. Navarro VM, Castellano JM, Fernandez-Fernandez R, Barreiro 
ML, Roa J, Sanchez-Criado JE, Aguilar E, Dieguez C, Pinilla L, 
Tena-Sempere M. Developmental and hormonally regulated 
messenger ribonucleic acid expression of KiSS-1 and its 
putative receptor, GPR54, in rat hypothalamus and potent 
luteinizing hormone-releasing activity of KiSS-1 peptide. 
Endocrinology 2004;145:4565-4574. Epub 2004 Jul 8

17. Dhillo WS, Chaudhri OB, Thompson EL, Murphy KG, 
Patterson M, Ramachandran R, Nijher GK, Amber V, Kokkinos 
A, Donaldson M, Ghatei MA, Bloom SR. Kisspeptin-54 
stimulates gonadotropin release most potently during the 
preovulatory phase of the menstrual cycle in women. J Clin 
Endocrinol Metab 2007;92:3958-3966. Epub 2007 Jul 17

18. Caraty A, Smith JT, Lomet D, Ben Said S, Morrissey A, 
Cognie J, Doughton B, Baril G, Briant C, Clarke IJ. Kisspeptin 
synchronizes preovulatory surges in cyclical ewes and 
causes ovulation in seasonally acyclic ewes. Endocrinology 
2007;148:5258-5267. Epub 2007 Aug 16

19. Navarro VM, Castellano JM, Fernandez-Fernandez R, Tovar 
S, Roa J, Mayen A, Barreiro ML, Casanueva FF, Aguilar E, 
Dieguez C, Pinilla L, Tena-Sempere M. Effects of KiSS-1 
peptide, the natural ligand of GPR54, on follicle-stimulating 
hormone secretion in the rat. Endocrinology 2005;146:1689-
1697. Epub 2005 Jan 6

20. Kleinberg DL, Barcellos-Hoff MH. The pivotal role of insulin-
like growth factor I in normal mammary development. 
Endocrinol Metab Clin North Am 2011;40:461-471. vii

21. Kadokawa H, Suzuki S, Hashizume T. Kisspeptin-10 stimulates 
the secretion of growth hormone and prolactin directly from 
cultured bovine anterior pituitary cells. Anim Reprod Sci 
2008;105:404-408. Epub 2007 Nov 19

22. Szawka RE, Ribeiro AB, Leite CM, Helena CV, Franci 
CR, Anderson GM, Hoffman GE, Anselmo-Franci JA. 
Kisspeptin regulates prolactin release through hypothalamic 
dopaminergic neurons. Endocrinology 2010;151:3247-3257. 
Epub 2010 Apr 21

23. Demirbilek H, Gonc EN, Ozon A, Alikasifoglu A, Kandemir N. 
Evaluation of serum kisspeptin levels in girls in the diagnosis of 
central precocious puberty and in the assessment of pubertal 
suppression. J Pediatr Endocrinol Metab 2012;25:313-316.

Kaya A et al. 
Plasma Kisspeptin Levels of Newborns


