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The effect of menstrual cycle phase on multiple performance test parameters
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ABSTRACT

Objective: 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.

Material 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).

Conclusion: 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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6z

Amag: Kadinlarda erken folikller ve midluteal fazda esneklik, dinamik denge, ceviklik, dikey sicrama, aerobik kapasite, anaerobik kapasite ve kas kuv-
veti performanslarinda meydana gelen degisimleri saptamak amaglandi.

Gereg ve Yontem: Arastirmaya 18 yas Uzeri dmenoreik kadinlar alindi. Arastirmaya katilan bireylerde ovulasyon luteinize edici hormon idrar kiti ile sap-
tandi. Arastirmada fiziksel aktivite dUzeyleri ‘Uluslararasi Fiziksel Aktivite Anketi-Kisa Formu’ ile belirlendi. Katiimcilarin esneklikleri otur eris testi, dina-
mik dengeleri Y balans testi, ceviklikleri altigen koordinasyon testi, anaerobik gu¢ serbest dikey sigrama testi, aerobik kapasite 20 metre mekik kosu
testi, anaerobik kapasite Wingate testi, kas kuvveti ise izokinetik dinamometre ile degerlendirildi.

Bulgular: Arastirmaya 20 kadin katildi. Kadinlarin yas ortalamasi 22.4+0.9 yil, fiziksel aktivite dizeyi 1162.2+189.1 MET/hafta olarak saptandi. Menst-
rual siklus uzunluklart 30.3+0.5 guin idi. Midluteal fazda Wingate testinde ‘en dusik glc degeri’ folikller faza gore ylksek bulundu (p=0.048). Diger
performans testleri degerlendirildiginde iki faz arasinda anlamli farklilik saptanmadi (p>0.05).

Sonug: Menstrual siklusun fazlarina gére performans degisikliklerinin minimal diizeyde oldugu ve istatistiksel olarak anlamli fark olusturmadigi saptandi.
Bu performans degisikliklerine ‘klinik olarak anlamli degildir’ demek yerine her sporcunun kendi dzelinde degerlendirimeli ve menstrual siklus fazina
gore bireysel antrenman programlarinin diizenlenmesi énerilmelidir.

Anahtar Sozciikler: Kadin sporcu, menstrual siklus, sportif performans

INTRODUCTION

Women are increasingly participating in sports activities of
all kinds, both amateur and professional (1). For instance,
women made up 26% of all athletes who participated in the
1988 Seoul Olympics and 45% in the 2016 Rio Olympics.
This number is expected to increase to 49% in the 2021 Tok-
yo Olympics (2).

With increasing female participation in sports, gender diffe-
rences in exercise performances and development have be-
come of interest. Anatomical, physiological, endocrinologi-
cal, and psychological factors could explain the differences
between male and female athletes' physical performances,
and menstrual cycle is especially prominent (3).
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The menstrual cycle is divided into three phases: the early
follicular phase with low estrogen and progesterone, the
ovulatory phase with high estrogen and low progesterone,
and the midluteal phase with high estrogen and high pro-
gesterone (4). Serum luteinizing hormone (LH), follicle-sti-
mulating hormone (FSH), estradiol (E2), and progesterone
(Prog) concentrations fluctuate over the menstrual cycle,
and androstenedione and testosterone levels peak immedi-
ately before and during ovulation (5). These hormones pri-
marily regulate the reproductive cycle but also impact vari-
ous physiological functions, which may translate into alte-
red physical performance (6).

Estrogen has anabolic influence on skeletal muscles and is
argued to improve endurance by altering carbohydrate, fat
and protein metabolisms. Progesterone, on the other hand,
has anti-estrogenic effects. For type-1 muscle fibers, estro-
gen increases glucose uptake and availability during short-
term exercise, while the opposite is observed with progeste-
rone (6).

Studies concerning the effect of menstrual cycle on exercise
performance have yielded various and inconsistent results.
Clarifying the changes in performance according to the
phases of the menstrual cycle, and organizing athlete tra-
ining programs according to the effects, including them in
acute/chronic workload calculations may be effective in
protecting female athletes from injuries. For this purpose, it
was aimed to examine the effects of menstrual cycle phases
on physical fitness parameters. The hypothesis of the rese-
arch is that the effect of phase changes on physical fitness
components, flexibility, and time from peak effort to relaxa-
tion would be in the direction of pleasure.

MATERIALS and METHODS

After the study was approved by the local ethics committee
(date 29/11/2019 number 323), voluntary and healthy wo-
men who conformed to the inclusion criteria were recru-
ited. The study included healthy women with regular nor-
mal-length (21-35 days) menstrual cycles in the last six
months. The exclusion criteria were as follows: oligo-, poly-
or amenorrhea or metromenorrhagia, use of Depo-Provera,
Norplant or intrauterine medication in the last 12 months,
oral contraceptive use or hormone therapy in the last three
months, endometriosis, polycystic ovary syndrome, uterine

fibroids, body mass index <18 kg/m? or >35 kg/m?, smoking,
alcohol or illegal drug use, a calorie-restricted diet, preg-
nancy, musculoskeletal disease in the last six months, he-
art disease, inflammatory or autoimmune diseases, diabe-
tes, any endocrine disorder (e.g. hypo-/hyperthyroidism,
etc.), anemia, or using medication or nutritional
supplements.

Physical activity was evaluated using the "International
Physical Activity Questionnaire-Short Form" (IPAQ-SF) (7).
Participants' menstrual data (cycle length, date of the last
period, etc.) were recorded. Cross-randomization was per-
formed in multiple performance tests.

Determining the phase of menstrual cycle: The early folli-
cular phase was estimated to be cycle days 2-5, and the
midluteal phase was defined as days 4-8 after ovulation.
Ovulation was determined using home LH ovulation casset-
te tests (Laboquick, Izmir, Turkey) that can detect LH hor-
mone in urine just in minutes with a sensitivity of
3omIU/ml (8).Participants were provided with five dispo-
sable cassettes. Starting from two days before estimated
ovulation, LH levels were tested using urine samples retri-
eved after 10 AM for five days. The 24-hour period after a po-
sitive test was accepted as the day of ovulation (9).

Determining body composition: Height, body weight (SECA
700, Germany), waist circumference, and hip circumference
were measured (10). Four skinfold measurements (biceps,
triceps, subscapular, and suprailiac) were made using a ca-
liper (Baseline® Skinfold Caliper, 12-1110, United States).
Body fat ratio was calculated by averaging the results as
described by Yuhasz (11) and Siri (12).

Before the testing session started, the participants were al-
lowed a 5-min warm up at light intensity (less than 50 W).
Tests were performed in the order of Y-balance test, 20-m
shuttle run test, vertical jump, hexagon agility test, isokine-
tic muscle test, sit-and-reach test and Wingate anaerobic
capacity test. Between each test, the participants rested for
15 minutes, and for 30 minutes before the isokinetic- and
Wingate tests. Participants had access to water and car-
bohydrate compounds during their rest periods. They were
verbally motivated during the tests. All measurement proce-
dures were applied in the same way in both phases.

Sit-and-reach test: It was used to assess flexibility by doing
as described in the literature (13). The test was repeated twi-
ce and the average value was recorded.

Y balance test: It was used to assess dynamic balance by
doing as described in the literature (14). The test was repe-
ated three times in each direction, and the highest score
was recorded. Total score was calculated using the follo-
wing formula:

[(anterior + posteromedial + posterolateral) / (3x lower limb
length) x100J(14).

Hexagon agility test: It was used to assess agility by doing
as described in the literature (15). After 5-min rest, the test
was repeated and the average of the two results was
recorded.
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Vertical jump test: The test was repeated three times and
vertical jump distances were recorded and averaged. Ana-
erobic power was calculated using the formula described
by Lewis (16).

20-m shuttle run test: To determine endurance, participants
were asked to run a 20-m distance back and forth until ex-
haustion (17). The test was terminated when the partici-
pants were ‘beeped’ twice in a row, when they could not
catch the run, or stated that they were exhausted.

Wingate anaerobic capacity test: The participants were as-
ked to perform for 30 seconds against external resistance of
7.5% of their body weight on a cycle ergometer (Wingate
Test System 894E) (18).

Isokinetic muscle test: Before starting the test, the partici-
pants were allowed two tries at 60°/s and 180°/s for adapta-
tion. For the determination of muscle strength, the isokine-
tic test protocol (Isoforce, Germany) (19) was applied to
both knees five times at an angular velocity of 60°/s and 20
times at an angular velocity of 180°/s.

Statistical analysis

Data were analyzed using the SPSS v23 software package.
Data were evaluated using frequency and descriptive statis-
tical analysis. Upon determining normal distribution of
data with the Shapiro Wilk test, the Wilcoxon test was pre-
ferred. The differences between the measurements were in-
vestigated using the Wilcoxon Signed Rank test. Statistical
significance was considered at 0.05. The results were pre-
sented as median + standard error.

RESULTS

A total of 128 women presented to the clinic between De-
cember 2019-2020. One hundred eight women were exclu-
ded due to reasons given in Figure 1. Twenty women aged
22.4+0.9 years were finally enrolled. The average level of
physical activity was 1162.2+189.1 MET-min/week. The ave-
rage menstrual cycle was 30.3+0.5 days.

Average body mass index was 20.7+0.3 kg/m?. Body fat rati-
os were calculated as (13.3+0.4) and (18.3+0.7) % according
to Yuhazs and Siri formulas, respectively. The mean body
fat ratio calculated by averaging these two results was
(15.0+0.5) %. Mean waist circumference was 70.2+1.3 cm
and mean hip circumference was 94.1+1.2cm.

Among the multiple performance tests of physical fitness
parameters, menstrual cycle phase was not found to be sta-
tistically (p>0.05) (Table 1-3). We found that only ‘minimum
power’ in the Wingate test was significantly higher in the
midluteal phase (p=0.048) (Table 2).

The effect of menstrual cycle phase on performance

Enrolled
n=128

Exited (n = 65)

|| Mo LH peak (n = 13), due to the
COVID-19 pandemic (n = 52)

Excluded (n = 43)

Polycystic ovary syndrome (n = 18),
use of oral contraceptives (n=6), ||
anemia (n = 7), hypothyroidism (n = 3),
smoking (n =35), knee injury in the last
6 months (n = 2), ankle sprain in the
past 1 month (n=2),

Included
n=20

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) 25.0+1.6 25.2+1.9 0.587
Y Balance total score (cm)
Right 101717 103.9%2.3 0.191
Left 102.3+1.8 103425 0.433
Hexagon agility test (s) 29.5%1.9 28.2+1.5 0.179
Vertical jump distance (cm) 20.5:0.8 20.5¢1.1 0.911

Results as mediantstandard error (Med+SE); n=20

Table 2. Aerobic capacity, anaerobic power and capacity findings

Follicular Luteal
Test/phase phase phase
VO,max (ml/min/kg) 23.7:0.3 23.8:0.3 0507
Anaerobic power(kgm/s) 89.4%14 89.1#1.8 0.911
Wingate anaerobic capacity test
(W/kg)
Peak power 8.3t0.5 7.9t0.3 0575
Average power 4.2+0.2 4.5t0.2 0.086
Minimum power 2.7+0.2 31:0.2 0.048"
Power drop 56+0.5 50+0.4 0287

Results as Med+SE; n=20; *: p<0.05.

Table 3. Isokinetic muscle strength findings at 60°/s (IPT and TW at
180°/5)

Follicular Luteal
Test/phase phase phase p
PT (Nm) 112.1+2.6 110.1:2.7 0586
PT/BW(NmM/kg) 1.90:0.01 1.90%+0.06 0.742
_5 Position of peak torque(’) 45615 458+1.2 0.856
a Time to peak torque (s) 0.70#0.02  0.70+0.02 0.426
% I;Ei;:g: (zgeak to 0.80+0.03  0.80+0.03 0.390
IPT (Nm) 67.8+1.9 68.3+17 0371
TW (J) 040.7t41.9 959.6+37.2 0.428
PT (Nm) 40.6%2.2 427+1.9 0125
PT/BW(NmM/kg) 0.70+0.05  0.80+0.04 0.112
c Position of peak torque(’) 34.5:2.3 34.1£2.0 0.748
-g Time to peak torque (s) 0.50+0.03  0.50+0.03 0.798
o ;r:l‘;i;trg: (Zfak e 0700.04 070:0.04 0920
IPT (Nm) 32.3t17 32.6+14 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 steroid hormone concentrations fluctuate during the
menstrual cycle. Consequently, researchers argued that wo-
men's physical performance parameters could also fluctu-
ate throughout the menstrual cycle (20,21). Despite the
long-lasting debate, existing literature does not provide a
consensus on the issue. This is presumably partly due to
the differences in methodologies across studies in terms of
determining the phases of menstrual cycle and measuring
performance (22).

Flexibility, dynamic balance, agility, vertical jump, aerobic
capacity, anaerobic power, and isokinetic muscle strength
in the early follicular and midluteal phases of the menstru-
al cycle were herein assessed. We found that the ‘minimum
power’ value in Wingate test was higher during the midlu-
teal phase. No other parameter was determined to be signi-
ficantly different among different menstrual cycle phases.

Melegario et al. (23) used blood tests to determine menstru-
al cycle phases, and, did not find any significant phase-re-
lated differences (p>0.05) for eight different flexibility mo-
vements in 20 women. Another study evaluated musculo-
tendinous stiffness and knee joint laxity with KT2000™
among 11 female netball players during early follicular,
mid-follicular, ovulatory, and midluteal phases. The study
did not reveal that estrogen fluctuations significantly influ-
enced knee joint laxity (p>0.05) (24).

Another study on 37 women assessed muscle stiffness by
elastography and did not detect significant differences in
resting muscle stiffness between different phases. However,
this study reported significantly increased stiffness during
contraction in the early follicular phase comparing to the
ovulatory phase (25). In our study, we did not find that fle-
xibility, as determined via the sit-and-reach test, differed
significantly between different menstrual phases. Our re-
sults are consistent with the literature in that hormonal
fluctuations did not clinically influence flexibility. High est-
rogen levels are known to cause collagen levels to decrease
and fibroblast levels to be suppressed. Connective tissue
laxity that results from this situation increases the risk of
musculoskeletal injury 2-8 times compared men. Again,
fluctuations in 17b-estradiol levels have been associated
with injury risk, and this fluctuation may cause changes in
tendon and muscle stiffness, increasing susceptibility to in-
jury (25).

However, neither in this study nor in others where flexibi-
lity was evaluated, although small differences in flexibility
between cycles were observed, they were not significant. In
the literature examined, the number of subjects was always
limited. In a study where a change in muscle stiffness was

observed during contraction, muscle contractions were not
evaluated quantitatively. Quantitative measurements of
muscle stiffness are needed in broader studies, and during
sports-specific movements in order to clearly demonstrate
the relationship between the fluctuations in estrogen levels
and injury.

In our review of the literature, we did not come across any
study that examined the relationship between menstrual
cycle phases and balance. Our results did not reveal an as-
sociation between Y balance parameters and menstrual
phases. Considering that studies do not report significant
changes in muscle strength between phases (18,19), it may
be expected that balance would not be affected by hormo-
nal changes, either. Unchanging flexibility may be another
factor that is effective in unchanging balance performance.

Kheniser et al. (26) studied agility in early follicular and
midluteal phases among 10 women. They determined ovu-
lation using urine LH testing, and agility in the T-test and
reactive agility test. They reported that in the T-test, the
subjects were significantly faster during the early follicular
phase, but that the two phases were not significantly diffe-
rent in terms of the reactive agility test. The authors attribu-
ted this finding to the fact that the reactive agility test requ-
ires cognitive function, which is not affected by the menst-
rual cycle, and that the altered joint laxity resulted in chan-
ged T-test results.

A different study investigated agility and edema in the gast-
rocnemius muscle through MRI in the early follicular, folli-
cular, ovulatory, early luteal, and late luteal phases of 13 fe-
male athletes. They reported significantly increased T2 sig-
nals in the early follicular phase compared to other phases
(p<0.01). They also found that agility decreased in the early
follicular phase. These results were interpreted as indica-
ting that agility decreases with increased fluid retention
(27). In our study, we did not find a significant difference
between agility results in early follicular and midluteal
phases. We ascribe the inconsistency of our results with the
literature to having used different test methods to evaluate
agility and ovulation, and the small sample size. Further
studies with larger samples are needed to conclusively de-
monstrate a relationship between agility and different
menstrual phases.

In a study by Pisapia et al. (28), vertical jump performance
was evaluated in the luteal and follicular phases, yielding
no significant difference. In their study of 58 female athle-
tes, Vrublevskiy et al. (29) found that jump performance
was highest during the ovulatory phase and lowest during
the early follicular phase. The results of these two studies
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are consistent. In our study, we found that different estro-
gen levels did not influence vertical jump performance. We
predicted that there might be better vertical jumping perfor-
mance in the mid-luteal phase, given the positive effects of
high estrogen levels on the carbohydrate metabolism.

In another study, adolescent volleyball players were divi-
ded into two groups, and their vertical jumping performan-
ce was evaluated (30). Although estrogen levels were found
to be statistically significantly higher in one group, no
change was observed in vertical jumping performances.
Considering these studies, we can comment that there is no
significant relationship between estrogen level and vertical
jumping performance, unlike our estimate. In addition, it
should not to be forgotten that there are variations in hor-
monal changes between individuals, and seasonal ones, so
each individual should be evaluated individually.

Numerous studies have examined the relationship between
menstrual cycle and aerobic capacity, anaerobic power, and
muscle strength. Minimal (2%) decreases in aerobic capa-
city during the midluteal phase compared to the early folli-
cular one is reported (29). In contrast, it is argued that pro-
gesterone can increase aerobic capacity due to increasing
the respiratory rate during the midluteal phase (31). Studies
investigating changes in lactate and ventilatory thresholds
did not display changes in performance or threshold associ-
ations with menstrual cycle (32,33). One study showed an
increased ventilation threshold in the late follicular phase
(32), whereas another reported that the 4.0 mmol/l lactate
threshold occurred at a significantly higher exercise inten-
sity in the luteal phase (33).

A review of 51 studies by McNuty et al. (4) concluded that
aerobic capacity decreased minimally in the early follicular
phase compared with other phases. They argued that conc-
lusive evidence does not exist about exercise performance
during the menstrual cycle due to the wide variation betwe-
en studies. Our review of literature revealed multiple studi-
es that concluded that aerobic capacity did not significantly
change in different menstrual phases (34,35). We did not
find a significant change in aerobic capacity between the
early follicular and midluteal phases.

In a study where the amount of glycogen in vastus lateralis
biopsy material was evaluated, it was shown that the amo-
unt of intramuscular glycogen increased in the luteal pha-
se, without contributing to aerobic performance (34). Aga-
in, it was shown in hamsters that the amount of uterine gly-
cogen increased in the luteal phase that was not reflected in
the muscle (34). When assessing studies in general, it is
seen that even if the increased estrogen level increases the
amount of intramuscular glycogen, this increase does not
contribute to aerobic performance. Increased glycogen alo-

The effect of menstrual cycle phase on performance

ne does not seem to make sense independent of enzyme
and cofactor levels required in substrate use. Thus, the rela-
tionship between menstrual cycle phases and anaerobic
performance remains controversial (34).

A study by Arazi et al. (36) on 20 women aged 20-30 years
did not reveal significant differences between Wingate test
parameters in early follicular, ovulatory, and midluteal
phases. Similarly, a study on 16 women did not display sig-
nificant differences between anaerobic power results, as
measured by a cycle ergometer, in the follicular and luteal
menstrual phases (37). We found that ‘minimum power’ in
the Wingate test was significantly higher during the midlu-
teal phase. A review by McNuty et al. (3) stated that exercise
performance minimally decreased during the early follicu-
lar phase. Estrogen is known to increase glucose uptake
and maintain glycogen reserves. It can also act as an anti-
oxidant and membrane stabilizer to attenuate inflamma-
tory response (38). Moreover, estrogen may have neuro-sti-
mulating effects that increase volitional activation. High
estrogen levels in the midluteal phase may positively affect
muscle performance and anaerobic power (3). Similarly,
increased phosphocreatine and adenosine triphosphate re-
serves may be associated with better anaerobic performan-
ce in the luteal phase (34). These findings suggest that ana-
erobic power may change between the phases of the menst-
rual cycle.

Literature on the relationship between menstrual cycle
phases and muscle strength is constantly growing. Janse de
Jonge et al. (39) evaluated isokinetic knee flexion and ex-
tension muscle strengths in early follicular, late follicular,
and luteal phases, and found no significant changes. Anot-
her study evaluated isokinetic knee flexor and extensor
muscle strength ratios of 26 female athletes in the luteal
and follicular phases. The hamstring-to-quadriceps muscle
strength ratio was not different among phases in the domi-
nant limb, but was significantly reduced during the follicu-
lar phase in the non-dominant limb (p=0.011) (40). A study
by Fridén et al. (21) evaluated isokinetic knee extension and
flexion muscle strength in early follicular, ovulatory, and
midluteal phases in two consecutive menstrual cycles, and
did not reveal significant changes in muscle strength bet-
ween phases. In this study, we did not find a significant
difference in isokinetic muscle strength parameters betwe-
en the early follicular and midluteal phases. The variance
of results in literature is partly ascribed to differences in
isokinetic measurement methods, assessment parameters,
and differences in evaluated menstrual cycle phases. Studi-
es with comparable methodologies are required for more
conclusive results.
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The heterogeneity of methodologies becomes obvious when
reviewing the literature. Discrepancies concerning the in-
vestigated parameters and menstrual phases, sample sizes,
and assessment methods can influence results, making it
difficult to make comparative analysis. Regardless, the
common finding is that different menstrual cycle phases do
not significantly affect physical performance. However, it
should not be forgotten that these small changes may ca-
usesignificant results in professional sports. The limitations
of our study are not having included professional female
athletes, and the small number of participants, which did
not allow parametric testing in statistical analysis.

To conclude, physical performance is minimally affected by
the different phases of menstrual cycle in the defined gro-
up. But, as tenths of a second can be critical in competitive
sports, each female athlete still should be evaluated indivi-
dually, and a personalized training program should be pre-
pared, taking into account the menstrual cycle.
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