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The effect of menstrual cycle phase on mult�ple performance test parameters
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ABSTRACT

Object�ve: To determine changes in flexibility, dynamic balance, agility, vertical jump, aerobic capacity, anaerobic capacity, and muscle strength perfor‐
mances in women in the early follicular and midluteal phases of the menstrual cycle.
Mater�al and Methods: The study included eumenorrheic women over 18 years of age. Ovulation was detected using LH urine kits. Physical activity
levels were determined using the "International Physical Activity Questionnaire-Short Form". Flexibility was evaluated with the sit-and-reach test, dyna‐
mic balance with the Y balance test, agility with the hexagon agility test, anaerobic power with the vertical jump test, aerobic capacity with the 20-me‐
ter shuttle run test, anaerobic capacity with the Wingate test, and muscle strength with an isokinetic dynamometer.
Results: Twenty women participated in the study. The average age was 22.4 ± 0.9 years, and the average level of physical activity was 1162.2 ±
189.1 MET-min/week. The average menstrual cycle was 30.3 ± 0.5 days. The ‘minimum power’ value in Wingate test was higher during the midluteal
phase compared with the follicular phase (p=0.048). The remaining parameters were not statistically different for the two menstrual phases (p>0.05).
Conclus�on: We conclude that different phases of the menstrual cycle affect performance parameters minimally and do not cause a statistically signifi‐
cant difference. Nevertheless, instead of establishing these changes as ‘clinically non-significant’, each athlete should be evaluated on an individual
basis to develop individual training programs by taking into account the phases of the menstrual cycle.
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ÖZ

Amaç: Kadınlarda erken foliküler ve midluteal fazda esneklik, dinamik denge, çeviklik, dikey sıçrama, aerobik kapasite, anaerobik kapasite ve kas kuv‐
veti performanslarında meydana gelen değişimleri saptamak amaçlandı.
Gereç ve Yöntem: Araştırmaya 18 yaş üzeri ömenoreik kadınlar alındı. Araştırmaya katılan bireylerde ovülasyon luteinize edici hormon idrar kiti ile sap‐
tandı. Araştırmada fiziksel aktivite düzeyleri ‘Uluslararası Fiziksel Aktivite Anketi-Kısa Formu’ ile belirlendi. Katılımcıların esneklikleri otur eriş testi, dina‐
mik dengeleri Y balans testi, çeviklikleri altıgen koordinasyon testi, anaerobik güç serbest dikey sıçrama testi, aerobik kapasite 20 metre mekik koşu
testi, anaerobik kapasite Wingate testi, kas kuvveti ise izokinetik dinamometre ile değerlendirildi.
Bulgular: Araştırmaya 20 kadın katıldı. Kadınların yaş ortalaması 22.4±0.9 yıl, fiziksel aktivite düzeyi 1162.2±189.1 MET/hafta olarak saptandı. Menst‐
rual siklus uzunlukları 30.3±0.5 gün idi. Midluteal fazda Wingate testinde ‘en düşük güç değeri’ foliküler faza göre yüksek bulundu (p=0.048). Diğer
performans testleri değerlendirildiğinde iki faz arasında anlamlı farklılık saptanmadı (p>0.05).
Sonuç: Menstrual siklusun fazlarına göre performans değişikliklerinin minimal düzeyde olduğu ve istatistiksel olarak anlamlı fark oluşturmadığı saptandı.
Bu performans değişikliklerine ‘klinik olarak anlamlı değildir’ demek yerine her sporcunun kendi özelinde değerlendirilmeli ve menstrual siklus fazına
göre bireysel antrenman programlarının düzenlenmesi önerilmelidir.

Anahtar Sözcükler: Kadın sporcu, menstrual siklus, sportif performans

INTRODUCTION

Women are �ncreas�ngly part�c�pat�ng �n sports act�v�t�es of
all k�nds, both amateur and profess�onal (1). For �nstance,
women made up 26% of all athletes who part�c�pated �n the
1988 Seoul Olymp�cs and 45% �n the 2016 R�o Olymp�cs.
Th�s number �s expected to �ncrease to 49% �n the 2021 Tok-
yo Olymp�cs (2).

W�th �ncreas�ng female part�c�pat�on �n sports, gender d��e-
rences �n exerc�se performances and development have be-
come of �nterest. Anatom�cal, phys�olog�cal, endocr�nolog�-
cal, and psycholog�cal factors could expla�n the d��erences
between male and female athletes' phys�cal performances,
and menstrual cycle �s espec�ally prom�nent (3).
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The menstrual cycle �s d�v�ded �nto three phases: the early
foll�cular phase w�th low estrogen and progesterone, the
ovulatory phase w�th h�gh estrogen and low progesterone,
and the m�dluteal phase w�th h�gh estrogen and h�gh pro-
gesterone (4). Serum lute�n�z�ng hormone (LH), foll�cle-st�-
mulat�ng hormone (FSH), estrad�ol (E2), and progesterone
(Prog) concentrat�ons �uctuate over the menstrual cycle,
and androstened�one and testosterone levels peak �mmed�-
ately before and dur�ng ovulat�on (5). These hormones pr�-
mar�ly regulate the reproduct�ve cycle but also �mpact var�-
ous phys�olog�cal funct�ons, wh�ch may translate �nto alte-
red phys�cal performance (6).

Estrogen has anabol�c �n�uence on skeletal muscles and �s
argued to �mprove endurance by alter�ng carbohydrate, fat
and prote�n metabol�sms. Progesterone, on the other hand,
has ant�-estrogen�c e�ects. For type-1 muscle f�bers, estro-
gen �ncreases glucose uptake and ava�lab�l�ty dur�ng short-
term exerc�se, wh�le the oppos�te �s observed w�th progeste-
rone (6).

Stud�es concern�ng the e�ect of menstrual cycle on exerc�se
performance have y�elded var�ous and �ncons�stent results.
Clar�fy�ng the changes �n performance accord�ng to the
phases of the menstrual cycle, and organ�z�ng athlete tra-
�n�ng programs accord�ng to the e�ects, �nclud�ng them �n
acute/chron�c workload calculat�ons may be e�ect�ve �n
protect�ng female athletes from �njur�es. For th�s purpose, �t
was a�med to exam�ne the e�ects of menstrual cycle phases
on phys�cal f�tness parameters. The hypothes�s of the rese-
arch �s that the e�ect of phase changes on phys�cal f�tness
components, �ex�b�l�ty, and t�me from peak e�ort to relaxa-
t�on would be �n the d�rect�on of pleasure.

MATERIALS and METHODS

A�er the study was approved by the local eth�cs comm�ttee
(date 29/11/2019 number 323), voluntary and healthy wo-
men who conformed to the �nclus�on cr�ter�a were recru-
�ted. The study �ncluded healthy women w�th regular nor-
mal-length (21-35 days) menstrual cycles �n the last s�x
months. The exclus�on cr�ter�a were as follows: ol�go-, poly-
or amenorrhea or metromenorrhag�a, use of Depo-Provera,
Norplant or �ntrauter�ne med�cat�on �n the last 12 months,
oral contracept�ve use or hormone therapy �n the last three
months, endometr�os�s, polycyst�c ovary syndrome, uter�ne
f�bro�ds, body mass �ndex <18 kg/m2 or >35 kg/m2, smok�ng,
alcohol or �llegal drug use, a calor�e-restr�cted d�et, preg-
nancy, musculoskeletal d�sease �n the last s�x months, he-
art d�sease, �n�ammatory or auto�mmune d�seases, d�abe-
tes, any endocr�ne d�sorder (e.g. hypo-/hyperthyro�d�sm,
etc.), anem�a, or us�ng med�cat�on or nutr�t�onal
supplements.

Phys�cal act�v�ty was evaluated us�ng the "Internat�onal
Phys�cal Act�v�ty Quest�onna�re-Short Form" (IPAQ-SF) (7).
Part�c�pants' menstrual data (cycle length, date of the last
per�od, etc.) were recorded. Cross-random�zat�on was per-
formed �n mult�ple performance tests.

Determ�n�ng the phase of menstrual cycle: The early foll�-
cular phase was est�mated to be cycle days 2-5, and the
m�dluteal phase was def�ned as days 4-8 a�er ovulat�on.
Ovulat�on was determ�ned us�ng home LH ovulat�on casset-
te tests (Laboqu�ck, Izm�r, Turkey) that can detect LH hor-
mone �n ur�ne just �n m�nutes w�th a sens�t�v�ty of
30mIU/ml (8).Part�c�pants were prov�ded w�th f�ve d�spo-
sable cassettes. Start�ng from two days before est�mated
ovulat�on, LH levels were tested us�ng ur�ne samples retr�-
eved a�er 10 AM for f�ve days. The 24-hour per�od a�er a po-
s�t�ve test was accepted as the day of ovulat�on (9).

Determ�n�ng body compos�t�on: He�ght, body we�ght (SECA
700, Germany), wa�st c�rcumference, and h�p c�rcumference
were measured (10). Four sk�nfold measurements (b�ceps,
tr�ceps, subscapular, and supra�l�ac) were made us�ng a ca-
l�per (Basel�ne® Sk�nfold Cal�per, 12-1110, Un�ted States).
Body fat rat�o was calculated by averag�ng the results as
descr�bed by Yuhasz (11) and S�r� (12).

Before the test�ng sess�on started, the part�c�pants were al-
lowed a 5-m�n warm up at l�ght �ntens�ty (less than 50 W).
Tests were performed �n the order of Y-balance test, 20-m
shuttle run test, vert�cal jump, hexagon ag�l�ty test, �sok�ne-
t�c muscle test, s�t-and-reach test and W�ngate anaerob�c
capac�ty test. Between each test, the part�c�pants rested for
15 m�nutes, and for 30 m�nutes before the �sok�net�c- and
W�ngate tests. Part�c�pants had access to water and car-
bohydrate compounds dur�ng the�r rest per�ods. They were
verbally mot�vated dur�ng the tests. All measurement proce-
dures were appl�ed �n the same way �n both phases.

S�t-and-reach test: It was used to assess �ex�b�l�ty by do�ng
as descr�bed �n the l�terature (13). The test was repeated tw�-
ce and the average value was recorded.

Y balance test: It was used to assess dynam�c balance by
do�ng as descr�bed �n the l�terature (14). The test was repe-
ated three t�mes �n each d�rect�on, and the h�ghest score
was recorded. Total score was calculated us�ng the follo-
w�ng formula:

[(anter�or + posteromed�al + posterolateral) / (3× lower l�mb
length) ×100](14).

Hexagon ag�l�ty test: It was used to assess ag�l�ty by do�ng
as descr�bed �n the l�terature (15). A�er 5-m�n rest, the test
was repeated and the average of the two results was
recorded.
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Vert�cal jump test: The test was repeated three t�mes and
vert�cal jump d�stances were recorded and averaged. Ana-
erob�c power was calculated us�ng the formula descr�bed
by Lew�s (16).

20-m shuttle run test: To determ�ne endurance, part�c�pants
were asked to run a 20-m d�stance back and forth unt�l ex-
haust�on (17). The test was term�nated when the part�c�-
pants were ‘beeped’ tw�ce �n a row, when they could not
catch the run, or stated that they were exhausted.

W�ngate anaerob�c capac�ty test: The part�c�pants were as-
ked to perform for 30 seconds aga�nst external res�stance of
7.5% of the�r body we�ght on a cycle ergometer (W�ngate
Test System 894E) (18).

Isok�net�c muscle test: Before start�ng the test, the part�c�-
pants were allowed two tr�es at 60°/s and 180°/s for adapta-
t�on. For the determ�nat�on of muscle strength, the �sok�ne-
t�c test protocol (Isoforce, Germany) (19) was appl�ed to
both knees f�ve t�mes at an angular veloc�ty of 60°/s and 20
t�mes at an angular veloc�ty of 180°/s.

Statistical analysis

Data were analyzed us�ng the SPSS v23 so�ware package.
Data were evaluated us�ng frequency and descr�pt�ve stat�s-
t�cal analys�s. Upon determ�n�ng normal d�str�but�on of
data w�th the Shap�ro W�lk test, the W�lcoxon test was pre-
ferred. The d��erences between the measurements were �n-
vest�gated us�ng the W�lcoxon S�gned Rank test. Stat�st�cal
s�gn�f�cance was cons�dered at 0.05. The results were pre-
sented as med�an ± standard error.

RESULTS

A total of 128 women presented to the cl�n�c between De-
cember 2019-2020. One hundred e�ght women were exclu-
ded due to reasons g�ven �n F�gure 1. Twenty women aged
22.4±0.9 years were f�nally enrolled. The average level of
phys�cal act�v�ty was 1162.2±189.1 MET-m�n/week. The ave-
rage menstrual cycle was 30.3±0.5 days.

Average body mass �ndex was 20.7±0.3 kg/m2. Body fat rat�-
os were calculated as (13.3±0.4) and (18.3±0.7) % accord�ng
to Yuhazs and S�r� formulas, respect�vely. The mean body
fat rat�o calculated by averag�ng these two results was
(15.0±0.5) %. Mean wa�st c�rcumference was 70.2±1.3 cm
and mean h�p c�rcumference was 94.1±1.2cm.

Among the mult�ple performance tests of phys�cal f�tness
parameters, menstrual cycle phase was not found to be sta-
t�st�cally (p>0.05) (Table 1-3). We found that only ‘m�n�mum
power’ �n the W�ngate test was s�gn�f�cantly h�gher �n the
m�dluteal phase (p=0.048) (Table 2).

Figure 1.  Study flow chart

Table 1. Flexibility, dynamic balance, agility, and vertical jump
findings

Test/phase Follicular phase Luteal phase p
Sit-and-reach test(cm) 25.9±1.6 25.2±1.9 0.587
Y Balance total score (cm)
 Right 101.7±1.7 103.9±2.3 0.191
 Left 102.3±1.8 103.4±2.5 0.433
Hexagon agility test (s) 29.5±1.9 28.2±1.5 0.179
Vertical jump distance (cm) 29.5±0.8 29.5±1.1 0.911
Results as median±standard error (Med±SE); n=20

Table 2. Aerobic capacity, anaerobic power and capacity findings

Test/phase Follicular
phase

Luteal
phase p

VO2max (ml/min/kg) 23.7±0.3 23.8±0.3 0.507
Anaerobic power(kgm/s) 89.4±1.4 89.1±1.8 0.911
Wingate anaerobic capacity test
(W/kg)
 Peak power 8.3±0.5 7.9±0.3 0.575
 Average power 4.2±0.2 4.5±0.2 0.086
 Minimum power 2.7±0.2 3.1±0.2 0.048*
 Power drop 5.6±0.5 5.0±0.4 0.287
Results as Med±SE; n=20; *: p<0.05.

Table 3. Isokinetic muscle strength findings at 60°/s (IPT and TW at
180°/s)

Test/phase Follicular
phase

Luteal
phase p

PT (Nm) 112.1±2.6 110.1±2.7 0.586
PT/BW(Nm/kg) 1.90±0.01 1.90±0.06 0.742
Position of peak torque(°) 45.6±1.5 45.8±1.2 0.856
Time to peak torque (s) 0.70±0.02 0.70±0.02 0.426
Time from peak to
relaxation (s) 0.80±0.03 0.80±0.03 0.390

IPT (Nm) 67.8±1.9 68.3±1.7 0.371
TW (J) 940.7±41.9 959.6±37.2 0.428
PT (Nm) 40.6±2.2 42.7±1.9 0.125
PT/BW(Nm/kg) 0.70±0.05 0.80±0.04 0.112
Position of peak torque(°) 34.5±2.3 34.1±2.0 0.748
Time to peak torque (s) 0.50±0.03 0.50±0.03 0.798
Time from peak to
relaxation (s) 0.70±0.04 0.70±0.04 0.920

IPT (Nm) 32.3±1.7 32.6±1.4 0.725
TW (J) 263.8±33.9 266.8±26.6 0.451

Results as Med±SE; n=40; PT: peak torque, BW: body weight, IPT: initial peak to-
rque, TW: total work
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DISCUSSION

Sex stero�d hormone concentrat�ons �uctuate dur�ng the
menstrual cycle. Consequently, researchers argued that wo-
men's phys�cal performance parameters could also �uctu-
ate throughout the menstrual cycle (20,21). Desp�te the
long-last�ng debate, ex�st�ng l�terature does not prov�de a
consensus on the �ssue. Th�s �s presumably partly due to
the d��erences �n methodolog�es across stud�es �n terms of
determ�n�ng the phases of menstrual cycle and measur�ng
performance (22).

Flex�b�l�ty, dynam�c balance, ag�l�ty, vert�cal jump, aerob�c
capac�ty, anaerob�c power, and �sok�net�c muscle strength
�n the early foll�cular and m�dluteal phases of the menstru-
al cycle were here�n assessed. We found that the ‘m�n�mum
power’ value �n W�ngate test was h�gher dur�ng the m�dlu-
teal phase. No other parameter was determ�ned to be s�gn�-
f�cantly d��erent among d��erent menstrual cycle phases.

Melegar�o et al. (23) used blood tests to determ�ne menstru-
al cycle phases, and, d�d not f�nd any s�gn�f�cant phase-re-
lated d��erences (p>0.05) for e�ght d��erent �ex�b�l�ty mo-
vements �n 20 women. Another study evaluated musculo-
tend�nous st��ness and knee jo�nt lax�ty w�th KT2000™
among 11 female netball players dur�ng early foll�cular,
m�d-foll�cular, ovulatory, and m�dluteal phases. The study
d�d not reveal that estrogen �uctuat�ons s�gn�f�cantly �n�u-
enced knee jo�nt lax�ty (p>0.05) (24).

Another study on 37 women assessed muscle st��ness by
elastography and d�d not detect s�gn�f�cant d��erences �n
rest�ng muscle st��ness between d��erent phases. However,
th�s study reported s�gn�f�cantly �ncreased st��ness dur�ng
contract�on �n the early foll�cular phase compar�ng to the
ovulatory phase (25). In our study, we d�d not f�nd that �e-
x�b�l�ty, as determ�ned v�a the s�t-and-reach test, d��ered
s�gn�f�cantly between d��erent menstrual phases. Our re-
sults are cons�stent w�th the l�terature �n that hormonal
�uctuat�ons d�d not cl�n�cally �n�uence �ex�b�l�ty. H�gh est-
rogen levels are known to cause collagen levels to decrease
and f�broblast levels to be suppressed. Connect�ve t�ssue
lax�ty that results from th�s s�tuat�on �ncreases the r�sk of
musculoskeletal �njury 2-8 t�mes compared men. Aga�n,
�uctuat�ons �n 17b-estrad�ol levels have been assoc�ated
w�th �njury r�sk, and th�s �uctuat�on may cause changes �n
tendon and muscle st��ness, �ncreas�ng suscept�b�l�ty to �n-
jury (25).

However, ne�ther �n th�s study nor �n others where �ex�b�-
l�ty was evaluated, although small d��erences �n �ex�b�l�ty
between cycles were observed, they were not s�gn�f�cant. In
the l�terature exam�ned, the number of subjects was always
l�m�ted. In a study where a change �n muscle st��ness was

observed dur�ng contract�on, muscle contract�ons were not
evaluated quant�tat�vely. Quant�tat�ve measurements of
muscle st��ness are needed �n broader stud�es, and dur�ng
sports-spec�f�c movements �n order to clearly demonstrate
the relat�onsh�p between the �uctuat�ons �n estrogen levels
and �njury.

In our rev�ew of the l�terature, we d�d not come across any
study that exam�ned the relat�onsh�p between menstrual
cycle phases and balance. Our results d�d not reveal an as-
soc�at�on between Y balance parameters and menstrual
phases. Cons�der�ng that stud�es do not report s�gn�f�cant
changes �n muscle strength between phases (18,19), �t may
be expected that balance would not be a�ected by hormo-
nal changes, e�ther. Unchang�ng �ex�b�l�ty may be another
factor that �s e�ect�ve �n unchang�ng balance performance.

Khen�ser et al. (26) stud�ed ag�l�ty �n early foll�cular and
m�dluteal phases among 10 women. They determ�ned ovu-
lat�on us�ng ur�ne LH test�ng, and ag�l�ty �n the T-test and
react�ve ag�l�ty test. They reported that �n the T-test, the
subjects were s�gn�f�cantly faster dur�ng the early foll�cular
phase, but that the two phases were not s�gn�f�cantly d��e-
rent �n terms of the react�ve ag�l�ty test. The authors attr�bu-
ted th�s f�nd�ng to the fact that the react�ve ag�l�ty test requ-
�res cogn�t�ve funct�on, wh�ch �s not a�ected by the menst-
rual cycle, and that the altered jo�nt lax�ty resulted �n chan-
ged T-test results.

A d��erent study �nvest�gated ag�l�ty and edema �n the gast-
rocnem�us muscle through MRI �n the early foll�cular, foll�-
cular, ovulatory, early luteal, and late luteal phases of 13 fe-
male athletes. They reported s�gn�f�cantly �ncreased T2 s�g-
nals �n the early foll�cular phase compared to other phases
(p<0.01). They also found that ag�l�ty decreased �n the early
foll�cular phase. These results were �nterpreted as �nd�ca-
t�ng that ag�l�ty decreases w�th �ncreased �u�d retent�on
(27). In our study, we d�d not f�nd a s�gn�f�cant d��erence
between ag�l�ty results �n early foll�cular and m�dluteal
phases. We ascr�be the �ncons�stency of our results w�th the
l�terature to hav�ng used d��erent test methods to evaluate
ag�l�ty and ovulat�on, and the small sample s�ze. Further
stud�es w�th larger samples are needed to conclus�vely de-
monstrate a relat�onsh�p between ag�l�ty and d��erent
menstrual phases.

In a study by P�sap�a et al. (28), vert�cal jump performance
was evaluated �n the luteal and foll�cular phases, y�eld�ng
no s�gn�f�cant d��erence. In the�r study of 58 female athle-
tes, Vrublevsk�y et al. (29) found that jump performance
was h�ghest dur�ng the ovulatory phase and lowest dur�ng
the early foll�cular phase. The results of these two stud�es
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are cons�stent. In our study, we found that d��erent estro-
gen levels d�d not �n�uence vert�cal jump performance. We
pred�cted that there m�ght be better vert�cal jump�ng perfor-
mance �n the m�d-luteal phase, g�ven the pos�t�ve e�ects of
h�gh estrogen levels on the carbohydrate metabol�sm.

In another study, adolescent volleyball players were d�v�-
ded �nto two groups, and the�r vert�cal jump�ng performan-
ce was evaluated (30). Although estrogen levels were found
to be stat�st�cally s�gn�f�cantly h�gher �n one group, no
change was observed �n vert�cal jump�ng performances.
Cons�der�ng these stud�es, we can comment that there �s no
s�gn�f�cant relat�onsh�p between estrogen level and vert�cal
jump�ng performance, unl�ke our est�mate. In add�t�on, �t
should not to be forgotten that there are var�at�ons �n hor-
monal changes between �nd�v�duals, and seasonal ones, so
each �nd�v�dual should be evaluated �nd�v�dually.

Numerous stud�es have exam�ned the relat�onsh�p between
menstrual cycle and aerob�c capac�ty, anaerob�c power, and
muscle strength. M�n�mal (2%) decreases �n aerob�c capa-
c�ty dur�ng the m�dluteal phase compared to the early foll�-
cular one �s reported (29). In contrast, �t �s argued that pro-
gesterone can �ncrease aerob�c capac�ty due to �ncreas�ng
the resp�ratory rate dur�ng the m�dluteal phase (31). Stud�es
�nvest�gat�ng changes �n lactate and vent�latory thresholds
d�d not d�splay changes �n performance or threshold assoc�-
at�ons w�th menstrual cycle (32,33). One study showed an
�ncreased vent�lat�on threshold �n the late foll�cular phase
(32), whereas another reported that the 4.0 mmol/l lactate
threshold occurred at a s�gn�f�cantly h�gher exerc�se �nten-
s�ty �n the luteal phase (33).

A rev�ew of 51 stud�es by McNuty et al. (4) concluded that
aerob�c capac�ty decreased m�n�mally �n the early foll�cular
phase compared w�th other phases. They argued that conc-
lus�ve ev�dence does not ex�st about exerc�se performance
dur�ng the menstrual cycle due to the w�de var�at�on betwe-
en stud�es. Our rev�ew of l�terature revealed mult�ple stud�-
es that concluded that aerob�c capac�ty d�d not s�gn�f�cantly
change �n d��erent menstrual phases (34,35). We d�d not
f�nd a s�gn�f�cant change �n aerob�c capac�ty between the
early foll�cular and m�dluteal phases.

In a study where the amount of glycogen �n vastus lateral�s
b�opsy mater�al was evaluated, �t was shown that the amo-
unt of �ntramuscular glycogen �ncreased �n the luteal pha-
se, w�thout contr�but�ng to aerob�c performance (34). Aga-
�n, �t was shown �n hamsters that the amount of uter�ne gly-
cogen �ncreased �n the luteal phase that was not re�ected �n
the muscle (34). When assess�ng stud�es �n general, �t �s
seen that even �f the �ncreased estrogen level �ncreases the
amount of �ntramuscular glycogen, th�s �ncrease does not
contr�bute to aerob�c performance. Increased glycogen alo-

ne does not seem to make sense �ndependent of enzyme
and cofactor levels requ�red �n substrate use. Thus, the rela-
t�onsh�p between menstrual cycle phases and anaerob�c
performance rema�ns controvers�al (34).

A study by Araz� et al. (36) on 20 women aged 20-30 years
d�d not reveal s�gn�f�cant d��erences between W�ngate test
parameters �n early foll�cular, ovulatory, and m�dluteal
phases. S�m�larly, a study on 16 women d�d not d�splay s�g-
n�f�cant d��erences between anaerob�c power results, as
measured by a cycle ergometer, �n the foll�cular and luteal
menstrual phases (37). We found that ‘m�n�mum power’ �n
the W�ngate test was s�gn�f�cantly h�gher dur�ng the m�dlu-
teal phase. A rev�ew by McNuty et al. (3) stated that exerc�se
performance m�n�mally decreased dur�ng the early foll�cu-
lar phase. Estrogen �s known to �ncrease glucose uptake
and ma�nta�n glycogen reserves. It can also act as an ant�-
ox�dant and membrane stab�l�zer to attenuate �n�amma-
tory response (38). Moreover, estrogen may have neuro-st�-
mulat�ng e�ects that �ncrease vol�t�onal act�vat�on. H�gh
estrogen levels �n the m�dluteal phase may pos�t�vely a�ect
muscle performance and anaerob�c power (3). S�m�larly,
�ncreased phosphocreat�ne and adenos�ne tr�phosphate re-
serves may be assoc�ated w�th better anaerob�c performan-
ce �n the luteal phase (34). These f�nd�ngs suggest that ana-
erob�c power may change between the phases of the menst-
rual cycle.

L�terature on the relat�onsh�p between menstrual cycle
phases and muscle strength �s constantly grow�ng. Janse de
Jonge et al. (39) evaluated �sok�net�c knee �ex�on and ex-
tens�on muscle strengths �n early foll�cular, late foll�cular,
and luteal phases, and found no s�gn�f�cant changes. Anot-
her study evaluated �sok�net�c knee �exor and extensor
muscle strength rat�os of 26 female athletes �n the luteal
and foll�cular phases. The hamstr�ng-to-quadr�ceps muscle
strength rat�o was not d��erent among phases �n the dom�-
nant l�mb, but was s�gn�f�cantly reduced dur�ng the foll�cu-
lar phase �n the non-dom�nant l�mb (p=0.011) (40). A study
by Fr�dén et al. (21) evaluated �sok�net�c knee extens�on and
�ex�on muscle strength �n early foll�cular, ovulatory, and
m�dluteal phases �n two consecut�ve menstrual cycles, and
d�d not reveal s�gn�f�cant changes �n muscle strength bet-
ween phases. In th�s study, we d�d not f�nd a s�gn�f�cant
d��erence �n �sok�net�c muscle strength parameters betwe-
en the early foll�cular and m�dluteal phases. The var�ance
of results �n l�terature �s partly ascr�bed to d��erences �n
�sok�net�c measurement methods, assessment parameters,
and d��erences �n evaluated menstrual cycle phases. Stud�-
es w�th comparable methodolog�es are requ�red for more
conclus�ve results.
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The heterogene�ty of methodolog�es becomes obv�ous when
rev�ew�ng the l�terature. D�screpanc�es concern�ng the �n-
vest�gated parameters and menstrual phases, sample s�zes,
and assessment methods can �n�uence results, mak�ng �t
d���cult to make comparat�ve analys�s. Regardless, the
common f�nd�ng �s that d��erent menstrual cycle phases do
not s�gn�f�cantly a�ect phys�cal performance. However, �t
should not be forgotten that these small changes may ca-
uses�gn�f�cant results �n profess�onal sports. The l�m�tat�ons
of our study are not hav�ng �ncluded profess�onal female
athletes, and the small number of part�c�pants, wh�ch d�d
not allow parametr�c test�ng �n stat�st�cal analys�s.

To conclude, phys�cal performance �s m�n�mally a�ected by
the d��erent phases of menstrual cycle �n the def�ned gro-
up. But, as tenths of a second can be cr�t�cal �n compet�t�ve
sports, each female athlete st�ll should be evaluated �nd�v�-
dually, and a personal�zed tra�n�ng program should be pre-
pared, tak�ng �nto account the menstrual cycle.
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