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ABSTRACT

Object�ve: To explore menstrual irregularity rates in female professional basketball and volleyball players and investigate the relationship with Anti-
Müllerian Hormone (AMH), ghrelin, leptin levels and biochemical parameters.
Mater�al and Methods: Forty-one professional female athletes and forty-one non-athlete controls aged 18-35 years participated in the study. Questi‐
oning of menstrual function has been performed and whole blood counts, AMH, leptin, ghrelin and other endocrine and metabolic parameters were
evaluated.
Results: 41% of female athletes and in 24% of non-athlete controls revealed menstrual irregularities. AMH, ghrelin, leptin levels were similar in athletes
and control group (p>0.05). While athletes with menstrual irregularities tend to have lower ghrelin and leptin levels and higher AMH than athletes wit‐
hout irregularities, the difference was not statistically significant (p>0.05). No significant difference was found between the groups in terms of endocri‐
ne and other metabolic parameters (p>0.05). There was a significant negative correlation between ghrelin and menstrual irregularity (r=-0.240,
p=0.031) and a statistically significant positive correlation between AMH and testosterone levels (r=-0.247, p=0.025). There was no significant relati‐
onship between other parameters (p>0.05).
Conclus�ons: Although it was not significant, athletes were found to have more menstrual irregularities. The leading factors and preventive measures
should be investigated in detail.

Keywords: Anti-Mullerian Hormone (AMH), ghrelin, leptin, menstrual irregularity, sport

ÖZ

Amaç: Profesyonel basketbol ve voleybol sporcularında adet düzensizliği oranlarının, bunların Anti-Müllerian Hormon (AMH), ghrelin, leptin düzeyleri ve
biyokimyasal parametrelerle ilişkisini araştırmaktır.
Gereç ve Yöntemler: Çalışmaya 18-35 yaşları arasında 41 kadın sporcu ve 41 sporcu olmayan kadın kontrol katıldı. Katılımcıların menstruel işlev sorgu‐
laması yapıldı ve tam kan sayımları, AMH, ghrelin, leptin düzeyleri ile diğer endokrin ve metabolik parametreleri değerlendirildi.
Bulgular: Sporcuların %41’inde (n=17), sporcu olmayan kontrollerin %24’ünde (n=10) menstruasyon düzensizliği bulundu. AMH, ghrelin, leptin düzey‐
leri sporcularda ve kontrol grubunda benzerdi (p>0.05). Menstruasyon düzensizliği olan sporcularda düzensizliği olmayan sporculara göre ghrelin ve
leptin düzeyleri daha düşük, AMH düzeyi ise daha yüksek olmakla birlikte istatiksel olarak anlamlı fark yoktu (p>0.05). Ayrıca endokrin ve metabolik pa‐
rametreler olarak bilinen insülin, glukoz, TSH, T3, kortizol gibi diğer kan değerleri açısından da gruplar arasında anlamlı bir fark saptanmadı (p>0.05).
Adet düzensizliği ve ghrelin arasında anlamlı negatif korelasyon (r=-0.240, p=0.031) ve AMH ile testosteron düzeyleri arasında anlamlı pozitif korelas‐
yon (r=0.247, p=0.025) saptandı. Diğer parametreler arasında anlamlı ilişki saptanmadı (p> 0.05).
Sonuçlar: Sporcularda adet düzensizliği sıklığının anlamlı düzeyde olmasa da daha fazla olduğu görülmektedir. Bunun nedenlerinin araştırılması ve ön‐
lenmesi için izlenecek yollar detaylı biçimde araştırılmalıdır.

Anahtar Sözcükler: Anti-Müllerian Hormon (AMH), ghrelin, leptin, adet düzensizliği, spor

INTRODUCTION

Female athletes are at r�sk for develop�ng menstrual per�od
abnormal�t�es. Depend�ng on the �ncrease �n energy expen-
d�ture, exerc�se can cause chron�c metabol�c stress and

psychogen�c stress, and d�srupt the st�mulat�on of gonadot-
rop�n-releas�ng hormone (GnRH) and the endocr�ne balan-
ce (1). As a result of th�s, women w�th athlet�c amenorrhea
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have less release of foll�cle-st�mulat�ng hormone (FSH) and
lute�n�z�ng hormone (LH), lead�ng to �mpa�red ovulat�on
(2). The prevalence of secondary amenorrhea and ol�gome-
norrhea �n the general non-athlet�c populat�on �s between
2% and 5% (3). The �nc�dence of menstrual d�sorders var�es
�n female athletes and can be as h�gh as 44% (4).

As a result of strenuous and repet�t�ve exerc�se, part�ally
negat�ve energy balance occurs. If energy expend�ture exce-
eds energy �ntake, homeostat�c neuroendocr�ne mecha-
n�sms such as lept�n and ghrel�n hormone responses are
act�vated to conserve energy. In add�t�on to appet�te regula-
t�on, lept�n and ghrel�n have an e�ect on the mechan�sms
wh�ch regulate the reproduct�ve funct�on. Lept�n concentra-
t�ons �n c�rculat�on are d�rectly proport�onal to body fat sto-
rages. Lept�n st�mulates GnRH release and gonadotrop�n
product�on. It has been shown that cr�t�cal lept�n level �s
requ�red for the cont�nuat�on of menstruat�on and there �s a
deter�orat�on �n menstrual funct�on �n women w�th low lep-
t�n levels (5). Lept�n levels �n c�rculat�on generally decrease
w�th exerc�se (6). It has been reported that serum lept�n le-
vels decrease �n athletes who are h�ghly tra�ned, and da�ly
lept�n release pattern d�sappears �n athletes w�th amenorr-
hea (7). Ghrel�n �n c�rculat�on �s �nversely proport�onal to
body we�ght (8). Ghrel�n decreases GnRH release and gona-
dotrop�n product�on by act�ng �n reverse of lept�n (9). It has
been shown that �ncreased ghrel�n levels cause d�srupt�on
�n menstrual funct�on. It has also been shown that ghrel�n
levels �ncrease �n people who exerc�se (10,11). Ghrel�n levels
were found to be h�gher �n people w�th amenorrhea who
are exerc�s�ng (12).

Ant�-Muller�an Hormone (AMH) �s a pept�de produced by
granulosa cells of grow�ng ovar�an pre-antral and small
antral foll�cles (13). Serum AMH level �s related to the total
number of antral foll�cles �n the ovar�es. Therefore, the �nc-
rease �n serum AMH level can be used as an ovar�an reserve
b�omarker for the d�agnos�s of ovulatory dysfunct�on and
polycyst�c ovary syndrome (PCOS) (13.14). The cont�nued
growth of the foll�cles leads to �ncreased AMH levels and
causes the menstrual cycle to be d�srupted. Therefore, AMH
levels are h�gh �n women who do not menstruate or have
�rregular menstruat�on (15). The purpose of th�s cross-sect�-
onal study �s to compare the frequency of menstrual dys-
funct�on �n women who do team sports, such as basketball
and volleyball, w�th non-athlete female control group, and
to �nvest�gate whether �t shows a correlat�on w�th lept�n,
ghrel�n and AMH hormones �f there �s a d�sorder.

MATERIAL and METHODS

Our study was conducted between August 2018 and January
2019 together w�th four sports clubs �n the Turk�sh Basket-

ball F�rst League and Turk�sh Volleyball F�rst League. Forty-
one female athletes between the ages of 18-35, who were
profess�onally engaged �n sports w�thout any prev�ous
pregnancy h�story, and forty-one women of s�m�lar ages
who d�d not exerc�se regularly w�th s�m�lar body mass �nde-
xes part�c�pated �n the study. A cross-sect�onal study �nvol-
v�ng one-t�me blood analys�s was performed.

"Personal Informat�on Form" was used to obta�n research
data. Relevant forms were d�str�buted to the part�c�pants of
the study and they were asked to read and answer by them-
selves. The Personal Informat�on Form cons�sted three
parts. In the f�rst part, there were quest�ons to determ�ne
the soc�o demograph�c �nformat�on (age, use of med�cat�on,
smok�ng, chron�c d�seases, and eat�ng d�sorders) of the par-
t�c�pants. In the second part, tra�n�ng schedules of the ath-
letes were quest�oned. The act�v�ty levels of the controls
were noted, as well. The second part of the form conta�ns
the query of da�ly d�et reg�mens. Th�rd part �ncludes quest�-
ons to determ�ne the menstrual character�st�cs of the part�-
c�pants (age of menarche, menstruat�on per�od, number of
pads used, ol�gomenorrhea, polymenorrhea, secondary
amenorrhea). Menstruat�on �ntervals longer than 30-35
days were accepted as ol�gomenorrhea (1,2), and shorter
than 21 days, as polymenorrhea (1,3). Secondary amenorr-
hea was cons�dered to be the absence of three or more con-
secut�ve menstrual bleed�ng a�er at least one normal per�-
od (3).

Funct�onal hypogonad�sm �s a revers�ble d�sorder characte-
r�zed by GnRH def�c�ency w�thout an anatom�cal cause.
S�nce th�s d�sorder �s assoc�ated w�th var�able patterns of
abnormal LH pulsat�l�ty and low lept�n levels, these blood
parameters were �nvest�gated to evaluate funct�onal hypo-
gonad�sm �n part�c�pants.

Exclus�on cr�ter�a were; hav�ng d�agnos�s of Polycyst�c
Ovary Syndrome (PCOS), show�ng cl�n�cal s�gns of PCOS
detected by an obstetr�c�an, hav�ng premature ovar�an fa-
�lure, be�ng pregnant, us�ng oral contracept�ve drugs or
smok�ng. On the day of blood sampl�ng, body we�ght, he-
�ght, body mass �ndex (BMI), and body fat levels of part�c�-
pants were measured. He�ght (cm) and we�ght (kg) measu-
rements were taken us�ng a wall-mounted he�ght meter and
d�g�tal scale. BMI were calculated by us�ng the formula:
We�ght/He�ght2 (kg/m2). Body fat levels were measured
us�ng Tan�ta model TBF-300 A.

Wr�tten �nformed consent was obta�ned from all part�c�-
pants and the study was approved by the Ege Un�vers�ty Fa-
culty of Med�c�ne Cl�n�cal Research Eth�cs Comm�ttee, (No:
17-9 / 7, 29/09/2017).
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Collection and Preparation of Serum Samples

Blood samples were taken from the antecub�tal ve�n betwe-
en 08.00 - 09.00 �n the morn�ng a�er one day of rest and 12
hours of fast�ng. Whole blood counts, l�p�d prof�les, gluco-
se, hemoglob�n A1c (HbA1c), �nsul�n, FSH, LH, estrad�ol,
thyro�d-st�mulat�ng hormone (TSH), free thyrox�ne (fT4),
free tr�-�odothyron�ne (fT3), prolact�n, progesterone, testos-
terone, dehydroep�androsterone sulfate (DHEAS), cort�sol,
lept�n, ghrel�n, AMH, v�tam�n B12, folate, �ron, ferr�t�n, as-
partate am�notransferase (AST), alan�n am�notransferase
(ALT), creat�ne k�nase (CK), alkal�ne phosphatase (ALP)
and lactate dehydrogenase (LDH) levels were obta�ned. Se-
parate samples were taken �nto gel vacuum tubes w�thout
ant�coagulants for AMH, lept�n and ghrel�n measurement.
Samples taken were allowed to clot for 30 m�nutes at room
temperature and were centr�fuged at 2000xg for 10 m�nutes.
They were stored �n capped storage tubes at -20˚C w�th the
cond�t�on of keep�ng for a max�mum of 6 months. Each
sample was frozen and thawed only once.

Test Procedures

Rout�ne b�ochem�stry tests, hormone tests and whole blood
counts were stud�ed on the day wh�ch samples were taken.

Rout�ne b�ochem�stry tests such as glucose, AST, ALT, total
cholesterol, tr�glycer�de and HDL cholesterol tests were stu-
d�ed on Beckman Coulter AU 5800 (Beckman Coulter Inc.,
CA, USA) autoanalyzer by spectrophotometr�c method.

Hormone tests such as FSH, LH, estrad�ol, TSH, prolact�n,
progesterone, total testosterone and DHEAS tests were stu-
d�ed w�th chem�lum�nescence method on Beckman Coulter
DXI 800 analyzer (Beckman Coulter Inc., CA, USA).

Complete blood counts were stud�ed on the Coulter LH 750
hematology analyzer (Beckman Coulter Inc., M�am�, FL,
USA) w�th �mpedance method.

A�er all frozen serum samples were thawed on another day,
the AMH test was run us�ng the Human Muller�an Inh�b�-
t�ng Substance / Ant�-Muller�an Hormone ELISA k�t (B�oas-
say Technology Laboratory, Ch�na) us�ng the chem�lum�-
nescence method on the Beckman Coulter DXI 800 dev�ce.

Ghrel�n and lept�n levels were also tested on a separate day
by ELISA method accord�ng to appropr�ate protocols us�ng
the Human Ghrel�n (GHRL) ELISA K�t and the Human Lep-
t�n (Lep) ELISA K�t (B�oassay Technology Laboratory, Ch�-
na) a�er be�ng thawed. Standard graph�cs were created.

Statistical Analysis

IBM SPSS Stat�st�cs for W�ndows, Vers�on 25.0 (Released
2017, Armonk, NY: IBM Corp.) so�ware was used for stat�st�-
cal analys�s. Data were evaluated as mean and standard de-
v�at�on and p <0.05 was accepted as stat�st�cally s�gn�f�cant.

The Ch�-Square Test was used to compare categor�cal var�-
ables between the athlete group and the control group. To
exam�ne whether numer�cal var�ables show normal d�str�-
but�on or not, Shap�ro - W�lk Test was appl�ed and paramet-
r�c methods were preferred �n compar�sons s�nce there was
f�t (p>0.05). In order to exam�ne whether there �s a d��eren-
ce between the values of the athlete group and the control
group, Student’s t test was performed.

Both athlete and non-athlete control groups were separated
�n �tself accord�ng to the�r menstrual cond�t�ons (regular/�r-
regular). Inter-group d��erences were accessed by nonpara-
metr�c Mann-Wh�tney U test, s�nce the number of part�c�-
pants of each group was below 30.

Spearman correlat�on test was appl�ed to exam�ne the rela-
t�ons between blood parameters w�th each other and w�th
menstrual �rregular�ty.

Power Analysis

Power analys�s were performed cons�der�ng the Mann-
Wh�tney U Test for two �ndependent groups, w�th a type 1
error rate of 0.05 and stat�st�cal power of p(1-β) = 0.90. Un-
der these cond�t�ons �t was determ�ned that at least 36 par-
t�c�pants should be recru�ted to each group, to f�nd a d��e-
rence �n LARGE-CLASS (d = 0.8) e�ects s�ze between the
two groups. For each group f�ve extra part�c�pants were also
recru�ted to prevent m�ss�ng values.

RESULTS

All of the part�c�pants were �n a normal regular d�et and
had no h�story or presence of eat�ng d�sorder. None of the
athletes were do�ng �nd�v�dual tra�n�ng add�t�onal to the�r
team tra�n�ng program, the part�c�pants of control group
were not do�ng any regular phys�cal act�v�t�es.

Compared to the control group, athletes had more menstru-
al �rregular�t�es. However, the d��erence was not stat�st�-
cally s�gn�f�cant (p=0.10). Wh�le 24 of the female athletes
who part�c�pated �n the study had no menstrual �rregular�t�-
es, 17 had �rregular�t�es (41%; 10 ol�gomenorrhea, 7 ame-
norrhea). In the control group, wh�le 31 of the women had
no �rregular�t�es, 10 had (24%; 8 ol�gomenorrhea, 2
amenorrhea).

In terms of anthropometr�c features, female athletes were
younger, taller and heav�er than the non-athlete control
group, and the�r body fat levels were lower. These d��eren-
ces were stat�st�cally s�gn�f�cant (p <0.05) (Table 1). Body
structure features were s�m�lar �n women w�th and w�thout
menstrual �rregular�t�es (p>0.05).
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Table 1. Comparison of athlete and non-athlete women according to their general characteristics (**=p<0.01)

Athletes 
(n=41) 

(mean ± SD)

Non-athletes 
(n=41) 

(mean ± SD)
Student’s t test

Age (year) 23.66 ± 5.55 28.83 ± 4.41 p<0.001**

Height (cm) 175.95 ± 8.25 164.37 ± 5.89 p<0.001**

Weight (kg) 67.76 ± 9.01 59.77 ± 8.18 p<0.001**

Body mass index (kg/m²) 21.82 ± 2.00 22.12 ± 2.48 p=0.553
Body Fat Percentage (%) 20.91 ± 4.42 24.67 ± 6.99 p=0.005**

Table 2. Comparison of groups in terms of blood test results (**=p<0.01)

Reference Ranges
Athletes 

(n=41) 
(mean ± SD)

Non-athletes 
(n=41) 

(mean ± SD)
Student’s t test

Ghrelin (ng/mL) a* 2.82 ± 1.57 3.52 ± 1.61 p=0.050
Leptin (ng/mL) a* 15.26 ± 7.28 18.40 ± 7.84 p=0.066

Antimüllerian Hormone (AMH) (ng/mL)
18-25 years: 0.96-13.34 
26-30 years : 0.17-7.37  
31-35 years: 0.07-7.35

3.83 ± 2.67 3.52 ± 1.98 p=0.547

Leukocyte (10³/µL) 3.53-9.57 6.30 ± 1.43 22.27 ± 98.25 p=0.301
Erythrocyte (106/µL) 3.96-5.50 4.34 ± 0.49 4.53 ± 0.37 p=0.056
Hemoglobin (g/dL) 12.14-16.27 12.60 ± 1.17 12.73 ± 1.26 p=0.843
Hematocrit (%) 35.39-47.19 38.63 ± 3.20 38.53 ± 3.66 p=0.896
Glukoz (mg/dL) 70-105 84.24 ± 9.37 85.46 ± 12.35 p=0.616
Aspartate Aminotransferase (AST) (U/L) 13-38 25.85 ± 10.51 18.63 ± 4.89 p=0.0001**

Alanine Aminotransferase (ALT) (U/L) 7-52 19.70 ± 10.33 15.90 ± 10.38 p=0.100
Cholesterol (mg/dL) 136-190 185.80 ± 30.23 179.70 ± 32.09 p=0.379
Triglycerides (mg/dL) <150 66.07 ± 20.45 92.68 ± 42.33 p=0.001**

HDL-Cholesterol (mg/dL) 30-85 63.46 ± 12.91 59.34 ± 11.15 p=0.126

FSH (mIU/mL)
Mid follicular phase: 3.85-8.78 

Mid luteal phase: 1.79-5.12 
Ovulatory peak: 4.54-22.51

6.68 ± 10.12 5.90 ± 2.87 p=0.634

LH (mIU/mL)
Mid follicular phase: 2.12-10.89 

Mid luteal phase: 1.20-12.86 
Ovulatory peak: 19.18-103.03

6.70 ± 4.66 6.97 ± 5.40 p=0.805

Estradiol (E2) (pg/mL)
Mid follicular phase: 27-122 

Mid luteal phase: 49-291 
Pre-ovulatory phase: 95-433

124.61 ± 96.21 112.20 ± 79.91 p=0.530

TSH (mIU/mL) 0.38-5.33 2.08 ± 1.06 1.74 ± 0.97 p=0.133
Prolactin (mIU/mL) 3.34-26.72 12.16 ± 4.68 11.67 ± 6.59 p=0.700

Progesterone (ng/mL)
Mid follicular phase: 0.31-1.52 
Mid luteal phase: 5.16-18.56

3.98 ± 4.11 2.47 ± 3.78 p=0.087

Testosterone (ng/dL) 10-75 52.14 ± 26.42 53.98 ± 15.85 p=0.703
DHEAS (µg/dL) 18-391 236.49 ± 104.74 254.73 ± 92.42 p=0.406
LDH (U/L) 140-271 189.46 ± 33.33 156.31 ± 22.72 p=0.0001**

ALP (IU/L) 34-104 61.53 ± 17.61 56.97 ± 14.62 p=0.206
Iron (µg/dL) 50-212 88.24 ± 45.23 76.80 ± 36.20 p=0.210
Ferritin (µg/L) 10-158 29.78 ± 25.71 33.23 ± 82.23 p=0.798
CK (U/L) 30-223 253.68 ± 277.74 91.85 ± 60.56 p=0.001**

Cortisol (µg/dL) 6.7-22.6 10.14 ± 3.88 9.05 ± 3.59 p=0.192
Folate (ng/mL) 3.1-19.9 9.04 ± 4.23 8.16 ± 3.39 p=0.298
FT4 (ng/dL) 0.61-1.12 0.85 ± 0.14 0.80 ± 0.10 p=0.095
FT3 (pg/mL) 2.5-3.9 3.05 ± 0.40 3.02 ± 0.42 p=0.704
Insulin (µIU/mL) 1.9-23 8.61 ± 7.15 11.41 ± 8.85 p=0.119
Vitamin B12 (pg/mL) 127-525 268.75 ± 104.81 245.80 ± 104.59 p=0.324
HbA1c (%) 4-6 5.08 ± 0.38 4.78 ± 0.23 p=0.0001**

a* : Reference range is not available.

When both groups were compared �n terms of blood tests,
AST, LDH, CK and HbA1c values were s�gn�f�cantly h�gher,
wh�le tr�glycer�de levels were lower �n athletes (p <0.05). Ot-

her blood tests revealed no stat�st�cally s�gn�f�cant d��eren-
ce (p> 0.05) (Table 2).

Ghrel�n and lept�n levels were lower and AMH values were
h�gher �n athletes w�th menstrual �rregular�t�es. However,
these d��erences were not stat�st�cally s�gn�f�cant (p>0.05).
CK levels were h�gher �n athletes w�th menstrual �rregular�-

t�es (p=0.019). There were no stat�st�cally s�gn�f�cant d��e-
rences between athletes w�th and w�thout menstrual �rregu-
lar�t�es �n terms of other blood parameters (p>0.05) (Table
3).
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Table 3. Comparison of athletes with and without menstrual irregularities in terms of blood tests (*= p<0.05).

Reference Ranges

Athletes 
(n=41) 

(mean ±
SD)

Athletes with menstrual
irregularities (n=17) 

 
(mean ± SD)

Athletes without menstrual
irregularities (n=24) 

 
(mean ± SD)

Mann-Whitney
U test

Ghrelin (ng/ml) a* 2.82 ± 1.57 2.31 ± 1.21 3.19 ± 1.72 p=0.092

Leptin (ng/ml) a* 15.26 ±
7.28 13.65 ± 6.26 16.45 ± 7.87 p=0.203

Antimüllerian Hormone
(AMH) (ng/ml)

18-25 years: 0.96-
13.34 

26-30 years : 0.17-
7.37 

31-35 years: 0.07-7.35

3.83 ± 2.67 4.12 ± 3.15 3.63 ± 2.32 p=0.781

Leukocyte (10³/µl) 3.53-9.57 6.30 ± 1.43 6.65 ± 1.51 6.04 ± 1.35 p=0.204
Erythrocyte (106/µl) 3.96-5.50 4.34 ± 0.49 4.35 ± 0.23 4.34 ± 0.62 p=0.284

Hemoglobin (g/dl) 12.14-16.27 12.60 ±
1.17 12.50 ± 0.74 12.80 ± 1.40 p=0.109

Hematocrit (%) 35.39-47.19 38.63 ±
3.20 37.95 ± 1.83 39.12 ± 3.87 p=0.072

Glukoz (mg/dl) 70-105 84.24 ±
9.37 85.88 ± 9.07 83.08 ± 9.60 p=0.347

Aspartate Aminotransferase
(AST) (U/L) 13-38 25.85 ±

10.51 25.29 ± 6.28 26.25 ± 12.82 p=0.449

Alanine Aminotransferase
(ALT) (U/L) 7-52 19.70 ±

10.33 19.00 ± 6.43 20.20 ± 12.50 p=0.577

Cholesterol (mg/dl) 136-190 185.80 ±
30.23 194.00 ± 30.98 180.00 ± 28.93 p=0.173

Triglycerides (mg/dl) <150 66.07 ±
20.45 64.70 ± 19.35 67.04 ± 21.56 p=0.682

HDL-Cholesterol (mg/dl) 30-85 63.46 ±
12.91 66.58 ± 14.43 61.25 ± 11.52 p=0.278

FSH (mIU/ml)

Mid follicular phase:
3.85-8.78 

Mid luteal phase:
1.79-5.12 

Ovulatory peak: 4.54-
22.51

6.68 ±
10.12 8.50 ± 15.57 5.40 ± 2.31 p=0.682

LH (mIU/ml)

Mid follicular phase:
2.12-10.89 

Mid luteal phase:
1.20-12.86 

Ovulatory peak:
19.18-103.03

6.70 ± 4.66 7.03 ± 5.25 6.46 ± 4.29 p=1.00

Estradiol (E2) (pg/ml)

Mid follicular phase:
27-122 

Mid luteal phase: 49-
291 

Pre-ovulatory phase:
95-433

124.61 ±
96.21 137.76 ± 128.09 115.29 ± 66.84 p=0.814

TSH (mIU/ml) 0.38-5.33 2.08 ± 1.06 1.85 ± 1.06 2.25 ± 1.06 p=0.234

Prolactin (mIU/ml) 3.34-26.72 12.16 ±
4.68 13.12 ± 4.93 11.48 ± 4.48 p=0.296

Progesterone (ng/ml)

Mid follicular phase:
0.31-1.52 

Mid luteal phase:
5.16-18.56

3.98 ± 4.11 3.11 ± 3.36 4.60 ± 4.53 p=0.435

Testosterone (ng/ml) 10-75 52.14 ±
26.42 48.12 ± 25.92 54.98 ± 26.95 p=0.296

DHEAS (µg/dl) 18-391 236.49 ±
104.74 221.77 ± 90.90 246.92 ± 114.27 p=0.443

LDH (U/L) 140-271 189.46 ±
33.33 195.41 ± 27.88 185.25 ± 36.69 p=0.106

ALP (IU/L) 34-104 61.53 ±
17.61 66.70 ± 21.33 57.87 ± 13.75 p=0.208

Iron (µg/dl) 50-212 88.24 ±
45.23 91.82 ± 53.83 85.70 ± 39.08 p=0.874

Ferritin (µg/L) 10-158 29.78 ±
25.71 36.82 ± 33.35 24.79 ± 17.70 p=0.361

CK (U/L) 30-223 253.68 ±
277.74 279.70 ± 161.13 235.25 ± 339.46 p=0.019*

Cortisol (µg/dl) 6.7-22.6 10.14 ±
3.88 10.75 ± 3.96 9.70 ± 3.85 p=0.451

Folate (ng/ml) 3.1-19.9 9.04 ± 4.23 9.83 ± 4.32 8.49 ± 4.17 p=0.153
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Table 3. Comparison of athletes with and without menstrual irregularities in terms of blood tests (*= p<0.05).

Reference
Ranges

Athletes 
(n=41) 

(mean ± SD)

Athletes with menstrual
irregularities (n=17) 

 
(mean ± SD)

Athletes without menstrual
irregularities (n=24) 

 
(mean ± SD)

Mann-Whitney U
test

FT4 (ng/dl) 0.61-1.12 0.85 ± 0.14 0.85 ± 0.13 0.85 ± 0.15 p=0.731
FT3 (pg/ml) 2.5-3.9 3.05 ± 0.40 3.14 ± 0.44 2.99 ± 0.36 p=0.283
Insulin (IU/ml) 1.9-23 8.61 ± 7.15 9.87 ± 8.22 7.72 ± 6.32 p=0.427
Vitamin B12
(pg/ml) 127-525 268.75 ±

104.81 256.88 ± 101.13 277.16 ± 108.69 p=0.375

HbA1c (%) 4-6 5.08 ± 0.38 5.11 ± 0.44 5.07 ± 0.34 p=0.622

S�m�lar to the athlete group, the blood values were not sta-
t�st�cally s�gn�f�cantly d��erent between women w�th and
w�thout menstrual �rregular�t�es �n the control group (p>
0.05).

There was only a stat�st�cally s�gn�f�cant negat�ve correlat�-
on between ghrel�n and menstrual �rregular�ty (r=-0.240,
p=0.031). Add�t�onally, a stat�st�cally s�gn�f�cant pos�t�ve
correlat�on was found between AMH and testosterone le-
vels (r=0.247, p=0.025). There was no s�gn�f�cant relat�ons-
h�p between other parameters (p> 0.05).

DISCUSSION

Menstrual dysfunct�ons were h�gher �n athletes compared
to the non-athlete controls (41%, 24%, respect�vely). Body
fat levels were lower �n athletes. In both groups, lept�n, gh-
rel�n and AMH levels were found to be s�m�lar �n women
w�th menstrual dysfunct�on.

Athletes had s�m�lar body compos�t�on and age character�s-
t�cs who had menstrual dysfunct�ons and regular per�ods.
Th�s shows that the features such as body fat level and age
have no e�ect on menstrual funct�ons. Athletes who were
try�ng to �mprove the�r phys�cal performance through str�ct
d�etary restr�ct�ons or strenuous exerc�ses that cause we�ght
loss have been found to have h�gher levels of amenorrhea
or ol�gomenorrhea (16,17). It was reported that menstrual
dysfunct�on �n runners and ballet dancers occurred betwe-
en 65 to 69% (18,19), and approx�mately 45% �n female ath-
letes play�ng volleyball and basketball (20). In th�s study,
the rate of menstrual dysfunct�on has been dep�cted as
41%. Unl�ke long d�stance runn�ng, basketball and volley-
ball are �nterm�ttent sports, and athletes have enough t�me
to rest between per�ods of �ntense act�v�t�es. In add�t�on,
basketball and volleyball players are more muscular and
heav�er than long d�stance runners and ballet dancers (21).
Unl�ke runners and ballet dancers, team sports athletes do
not have str�ct nutr�t�onal restr�ct�ons, so usually there �s no
s�gn�f�cant negat�ve energy balance. Th�s may expla�n the
lower frequency of menstrual dysfunct�on �n basketball and
volleyball players. In these athletes, menstrual d�sorders
may result from very �ntense, strenuous tra�n�ng programs
and long-term psycholog�cal stress.

Intense phys�cal stress and energy �mbalance cause act�va-
t�on of the hypothalam�c - p�tu�tary - adrenal ax�s and h�gh
cort�sol levels. It �s suggested that cort�sol causes amenorr-
hea by d�srupt�ng GnRH release and LH's normal pulsat�le
release (22). Although low FSH and LH levels are seen �n ca-
ses of hypogonadothrop�c hypogonad�sm, no stat�st�cally
s�gn�f�cant d��erence was found between the groups �n
terms of FSH, LH and estrogen levels �n our study. In �nsuf-
f�c�ent energy �ntake, metabol�c and endocr�ne adaptat�ons
occur to conserve energy. These adaptat�ons �nclude lower
T3 (23, �nsul�n (24), IGF-1 (25) and lept�n (7) levels, �ncre-
ased cort�sol (2) and ghrel�n levels (12). In our study, the le-
vels of metabol�c and endocr�ne parameters such as �nsu-
l�n, glucose, lept�n, ghrel�n, T3 and cort�sol were s�m�lar
among athletes w�th and w�thout menstrual dysfunct�on.
Also cons�der�ng that none of the part�c�pants were �n a ca-
lor�e restr�ct�on d�et, these f�nd�ngs �nd�cated that the
energy balance was not �mpa�red �n basketball and volley-
ball players �n th�s study. If tra�n�ng does not cause a deter�-
orat�on �n energy balance, �t may not have harmful e�ects
on female reproduct�ve funct�ons by �tself.

The regulators of homeostat�c mechan�sm for energy �nta-
ke; lept�n and ghrel�n can a�ect the mechan�sms regulat�ng
the reproduct�ve funct�on. Low levels of lept�n have been
shown to cause �mpa�rment of menstrual funct�on (5). Lep-
t�n levels �n c�rculat�on generally decrease w�th exerc�se.
The response of these hormones appears to be �n�uenced
by exerc�se �ntens�ty, type, and durat�on. Therefore, d��e-
rent results were reported �n var�ous stud�es (6,26). These
results support the �mportance of the l�nk between energy
consumpt�on and menstrual d�sorders. Athletes w�th
menstrual dysfunct�ons showed no stat�st�cally s�gn�f�cant
d��erence compared to athletes w�th regular menstruat�-
ons, although the�r lept�n levels were lower. Th�s result sho-
wed that although these athletes were tra�n�ng �ntensely,
the energy balance has not been adversely a�ected.

In most stud�es �nvest�gat�ng the e�ect of exerc�se on ghre-
l�n level, �t has been found that ghrel�n level �ncreases �n
response to we�ght loss (27). H�gh ghrel�n levels have been
shown to suppress hypothalam�c GnRH release and pulsat�-
le LH release and cause amenorrhea �n young athletes (28).
De Souza et al. reported that ghrel�n levels �ncrease �n pe-
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ghrel�n levels may help to expla�n that the �mpact of sports
on menstrual funct�on was less than expected �n th�s study.

Serum Ant�muller�an hormone (AMH) �s one of the most
sens�t�ve markers used to evaluate ovar�an reserve. AMH
levels are h�gh �n women who have menstrual dysfunct�on.
The �ncrease �n serum AMH level can be used as an ovar�an
reserve marker of menstrual dysfunct�on (13,30). , Abbara A
et al. found that serum AMH level was h�gher �n women
w�th menstrual d�sorder and the r�sk of menstrual d�sorder
�ncreased w�th �ncrement �n AMH level. They also showed
that AMH level was more e�ect�ve �n d�st�ngu�sh�ng women
w�th menstrual d�sorder than the number of antral
foll�cles(30). In our study, the level of AMH �n athletes w�th
menstrual �rregular�t�es was h�gher, although not stat�st�-
cally s�gn�f�cant compared to athletes w�th normal menst-
rual funct�ons. Cons�der�ng the f�nd�ngs from our study and
prev�ous stud�es, we can say that serum AMH level may
prov�de valuable �nformat�on �n the d�agnos�s and follow-
up of menstrual dysfunct�ons that may occur �n athletes.

There are l�m�tat�ons for th�s study. F�rst, the number of
part�c�pants �s relat�vely small compared to prev�ous stud�-
es exam�n�ng the relat�onsh�p between AMH and l�festyle
and menstrual cycle character�st�cs.

Second l�m�tat�on �s the lack of calculat�on of the da�ly
energy expend�ture. Athletes w�th BMI lower than
18.5kg/m2 are shown to have h�gher r�sk for menstrual dys-
funct�on (31). All of the part�c�pants of th�s study had BMI’s
h�gher than 18.5kg/m2 and none were �n a calor�e restr�ct�on
d�et. Therefore, we assumed that none of the part�c�pants
had negat�ve energy balance.

Th�rd l�m�tat�on �s that phys�cal character�st�cs were not s�-
m�lar between the groups. In our study, the athlete group
cons�sted of volleyball and basketball players. These �nd�v�-
duals are known to be taller and heav�er than the normal
populat�on. On the other hand, the non-athlete control gro-
up was represent�ng the normal populat�on.

CONCLUSION

Although there was no stat�st�cally s�gn�f�cant d��erence,
frequency of menstrual �rregular�t�es were h�gher �n athle-
tes play�ng basketball and volleyball than non-athlete gro-
up. AMH levels were h�gher �n athletes w�th menstrual �rre-
gular�t�es. However, �t �s necessary to conduct extens�ve
stud�es �n order to �nvest�gate whether AMH level can be
used as a marker �n determ�n�ng athlet�c amenorrhea.
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