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Abstract

The objective of this study is to examine the effect of menstrual cycle phases on aerobic-anaerobic capacity and muscle
strength. 10 female kickboxing athletes with an average age of 21.40%2.01 years; average height of 169.6046.14 cm;
average weight of 63.9035.76 kg and average training age of 7.41+2.10 participated in the study. On the first day,
maximal strength (1RM), strength endurance, wingate anaerobic power and capacity test (WANT) were conducted and
aerobic measurements were taken the next day. The measurements were conducted in follicular phase on the days 2-3"
of menstrual bleeding, in mid-follicular phase on 8-9" days and in luteal phase on 22-23" days. The data were analyzed
with Friedman repeated measurements variance analysis. According to the results of the study, it was found that
kickboxing athletes’ aerobic-anaerobic capacity, 1RM, strength endurance and heart rate (HR) were not affected by
follicular phase, mid-follicular phase and luteal phase (p>0.005). As a conclusion, it can be said that menstrual cycle
does not influence performance parameters such as muscle strength, muscle endurance and aerobic-anaerobic capacity.
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1. Introduction

Menstrual cycle is some of the regular changes in the whole organism of women, especially in reproductive organs,
which continue from menarche to menopause so that the function of reproduction can continue as normal (Turan &
Ceylan, 2007). The interaction of hypothalamus, hypophis, uterus, prostaglandin and neuroendocrin factors with each
other is within this structure (Rosenfeld, 2009). Menstrual cycle is a physiological phenomenon which repeats every
2843 days and which covers 30-35 years of a woman’s life (Arnéz & Ege, 2013). In general, this cycle can be grouped
as three phases as follicular (from day 1 to day 14), ovulation (the middle of menstruation) and luteal phase (days 15 to
28) (Janse, 2003; Kabalak & Trln, 2004; Nattiv et al., 2007; Saladin, 2016). It is thought that fluctuations in women’s
hormone levels during their lives which continue from adolescence to menopause cause physiological, biological,
metabolic and psychological changes. Female sex hormones influence great number physiological and physical
parameters that can influence athletic performance (Reneta & Constance, 2000). Various studies have shown that due to
hormonal fluctuations in the organism during menstrual cycle, there may occur changes in aerobic, anaerobic and
muscle strength. In addition, various authors have researched and are still continuing to research whether different
phases of menstrual cycle have an influence on risk of injury (Beynonn et al., 2006), anaerobic power (Tsampoukos et
al., 2010), sport performance (Oosthuyse et al., 2010), muscle strength (Loureiro et al., 2011), flexibility (Bell et al.,
2009) and cardiovascular mechanisms (Bai et al., 2009; Fu et al., 2010; Karabag et al., 2011). Indeed, while some
studies have shown that menstrual cycle phases influence sportive performance (Jaffre et al., 2006; Gordon et al., 2013),
other studies show that these phases do not have an influence on performance (Giacomoni et al., 2000; Smekal et al.,
2007). In the light of this information, the purpose of this study is to find out the influence of menstrual cycle phases of
women who study in the faculty of sport sciences and who do kickboxing, on aerobic-anaerobic capacity, maximal
strength and strength endurance.

2. Method
2.1 Participant

10 women doing kickboxing sport and studying in the faculty of sport sciences participated in the study voluntarily.
While average age of the participants was 21.4042.01 years, their average height was 169.6046.14 cm, average weight
was 63.9035.76 kg and average training age was 7.4142.10. Approval was taken from Sirnak University ethical board
to conduct the study.
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2.2 Measurements

Firstly, the participants’ heights were measured with Harpenden stadiometer (Holtain, U.K.) and their weights were
found with Plus Avis 333 (Jawon Medical, South Korea) make bioelectric impedance analyzer. Later, in the three
different phases of menstrual cycle, maximal strength and strength endurance tests, WANT test after a 30-minute rest
and aerobic capacity test on the next day were conducted, respectively. Before the tests, participants’ rested heart rates
were recorded. Each of the three phase measurements were conducted randomly between 10.00- 12.00 and at least 2
hours after breakfast. None of the subjects got any medical support during menstrual cycle which took place during the
tests and did not use any medication. Participants who had an irregular menstrual cycle, those who had a chronic illness
and those who were having hormone therapy were not included in the study. Menstrual cycle during the test period was
followed with the number of days and the tests were conducted in the follicular phase between the 2-3" days of the first
bleeding, on the 8 and 9" days of mid-follicular phase and on the 22 and 23" days of luteal phase (pre-menstrual phase).
The subjects were asked not to have intense training and not to consume alcohol a day before they took the tests.

2.3 Research Design

Maximal strength (LRM) and strength endurance test: 1 repetition maximum (1RM) and strength endurance test were
conducted according to NSCA guide (Miller et al., 2012). Following these, the participants did Bench Press in three
different phases of menstrual phase with 1RM and until they exhausted with 65% of 1RM.

Anaerobic power test: WANT test was used to find out anaerobic power and capacity. Test was conducted with Monark
894-E model device (Monark, Sweden). Before starting the test, the participants warmed up for five minutes with 60-70
rpm speed with no weight in the basket. In the second and fourth minutes of the warm up, they cycled maximally for
five seconds with no weight in the basket, again. After three minutes of passive rest on the bicycle, the test started.
Weights of 7.5% of the participants’ body weights were placed in the basket. The test was conducted with maximal
effort of the participant for 30 seconds.

Aerabic capacity test: On the next day, participants’ running distance and heart rates were measured by using Bruce
protocol. Bruce protocol starts with 2.7 km/speed and 10% slope and the slope and speed increase every three minutes.
The test continues until the athlete is exhausted or reaches the specified criteria (Heyward & Gibson, 2014).

2.4 Statistical Analysis

SPSS- 23 program was used for data analysis. “Shapiro Wilks” test was used to find out whether the data were normally
distributed. In case of normally distributed data, one way variance analysis “Repeated Measures” method was used.
When the data were not normally distributed, “Variance Analysis in Friedman Repeated Measurements” was used.
Confidence interval of p<0.05 was used for all statistical procedures.

3. Results

Participants’ WANT, 1RM, strength endurance, running times and HR values are shown in Table 1, Table 2 and Table 3
respectively. When the results were examined, it was found that none of the values obtained in 3 different phases of
menstrual cycle were statistically significant (p>0.005).

Table 1. Participants” HR and WANT values from the three different phases of menstrual cycle
Follicular Phase  Mid-Follicular Phase  Luteal Phase

n=10 (2-3" day) (8-9™ day) (22-23" day) b
Mean3SD Mean3SD Mean3SD
rest HR (bpm) 72.1446.78 70.9848.16 71.1637.55 0.657
PP (w) 554.56+109.00 556.064+146.18 555.50H07.29 0.303
AP (w) 379.43469.23 366.84476.41 377.75466.86 0.250
MP (w) 206.75494.08 198.78445.93 193.80456.45 0.450
DP (%) 59.2545.12 62.9949.04 64.4749.89 0.417
reakHR (bpm) 185.00+48.18 183.0046.24 184.0045.56  0.761

restHR (bpm/min): Rest heart rate; PP: Peak power; AP: Average power; MP: Minimum power; DP: Drop power; pecHR
(bpm): Peak heart rate; bpm: Per minute beat; Min: minute; Sd: Standard deviation

Table 2. Participants’ maximal strength (1RM) and strength endurance (65%) repetition numbers obtained through
Bench Press in three different phases of menstrual cycle

Follicular Phase  Mid-Follicular Phase Luteal Phase

n=10 (2-3" day) (8-9" day) (22-23" day) b
Mean3SD Mean3SD Mean3SD
Bench Press (IRM) 41.2046.54 41.7046.40 41654672  0.324
Bench Press (65%) 20.8846.45 20.55+4.41 21.1546.08  0.549
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1RM: Repetition maximum; Sd: Standard deviation
Table 3. Participants’ aerobic test and maximal heart rate values in three different phases of the menstrual cycle

Follicular Phase  Mid-Follicular Phase Luteal Phase

n=10 (2-3" day) (8-9" day) (22-23" day) b
Mean2SD Mean3SD Mean+SD
Running time (min) 17.01+2.45 16.5142.12 16.85+1.68 0.857
peak HR (bpm/min) 187.7544.78 187.5044.04 190.50#4.54  0.148

reak HR (bpm/min): Peak heart rate; bpm: Per minute beat; min: minute; Sd:Standard deviation
4. Discussion

The purpose of this study is to examine the changes in aerobic-anaerobic capacity, maximal strength, strength
endurance and heart rate during menstrual phases of women doing kickboxing. As a result of the study, it was found that
hormonal changes in menstrual cycles did not affect performance. When studies conducted were examined, it was stated
by various authors that menstrual period did not increase or decrease performance (Jaffre et al., 2006; Ugdag, 2011;
Aras et al., 2016). In their study, Wiecek at al. (2016) reported that hormonal changes in the middle of follicular phase
and luteal phase during menstrual cycle did not affect women in terms of anaerobic performance, while in another study
it was reported that menstrual cycle did not influence peak power, average power and lactate intensity (Tsampoukos et
al., 2010). Results obtained from contemporary studies are similar to results found in literature. Another significant
result of the study is the fact that rested heart rate responses of women in different phases of their menstrual cycles were
not different. Similar results were found in similar studies (Teixeira et al., 2012; Aras et al., 2016).

In the present study, it was found that menstrual cycle did not affect running performance, that is, aerobic performance
and maximal heart rate. In studies in which participants continued with treadmill until they were exhausted, it was
reported that follicular phase and luteal phase did not increase exhaustion time (McCracken et al., 1994; Bemben et al.,
1995); similarly, other studies conducted with cycling ergometer reported that menstrual phases did not increase
exhaustion time and physiological parameters (Wei et al., 1999; Smekal et al., 2007). In another study conducted, it was
shown that luteal and follicular phases did not influence maximal oxygen consumption and peak heart rate in 2000
meters rowing test (Forsyth & Reilly, 2008). In their study, Ug¢dag (2011) reported that aerobic endurance (maksVO2) Was
not influenced by luteal and follicular phases. Unlike these studies, some studies reported that in elite athletes running
distance decreased in aerobic running test (Yo-Yo IET) during luteal phase while jumping and running performance
were not influenced (Julian et al., 2017). A mild decrease was also reported in VO2maks during luteal phase (Bemben et
al., 1995), and oxygen consumption was reported to increase as 5.2% with a metabolic speed increase of 5.6% and a
decrease of 5.3% in net efficiency (Hessemer & Bruck, 1985).

In their study they conducted on sedentary women, Bandyopadhyay & Dalui (2012) grouped menstrual cycle phases
similar to our study and reported that maximal oxygen consumption, running time, and peakHR on the third day after
menstrual bleeding started were lower than follicular and luteal phase while no difference was found between rate and
systolic- diastolic blood pressure. Although the menstrual phases of our study conducted with trained kickboxing
women were similar to the phases of Bandyopadhyay & Dalui (2012)’s study, different results were found. It is thought
that the differences in these two studies may be due to different physical capacities and training levels of women. In
these studies conducted, no consensus was reached due to differences in the effects of menstrual cycle on aerobic
performance. Beidleman et al. (1999) suggested that the reason for these differences was due to heat regulation,
substrate presence and differences in metabolism.

In the present study, it was concluded that muscle strength and muscle endurance were also not influenced by menstrual
cycle. In their study Fridén, Hirschberg & Saartok (2003) reported that menstrual cycle phases did not influence muscle
strength and muscle endurance. In other studies conducted, it was reported that leg muscle strength, gripping strength
and muscle functions were not influenced by menstrual cycle (Jonge et al., 2001; Elliott et al., 2003; Bambaeichi et al.,
2004; Dias et al., 2005). Unlike these studies, Simao et al. (2008) found significant decreases in strength of women in
follicular phase. In their study, Gordon et al. (2013) found that sex hormones related with menstrual periods caused
fluctuations in peak power values in isokinetic strength measurement and thus strength trainings in women should be
planned according to this cycle.

While some studies in literature report that female physiology is not influenced by hormonal changes in menstrual cycle
(Janse, 2003; Redman & Weatherby, 2004; Nattiv et al., 2007), it is still being discussed whether endocrine oscillations
influence performance (Loureiro et al., 2011). While some studies show that the changes in oestrogen-progesterone
serum concentrations are not enough to influence physical performance (Leitao et al., 2000; Friden et al., 2003), other
studies report that the changes in some phases of the menstrual cycle cause better performance (Simao et al., 2008;
Petrofsky et al., 2007).
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5. Conclusion

Kickboxing is a complex sport since it requires anaerobic capacity because of the need of sudden explosiveness and very
high intensities of energy metabolism; aerobic capacity because of the need to recover faster during intervals of rounds
and competitions and to get tired later during competition; and strength endurance to maintain aerobic capacity and
strength. Women athletes are generally exposed to menstrual cycle once a month during their sport life. Thus, it is a
common view among women athletes that hormonal levels change in the organism during menstrual cycle and they can be
exposed to loss of blood and intense pain meanwhile. However, in this study, neither increase nor decrease was found in
the aerobic-anaerobic or strength parameters of the participants of this study. Although there is no consensus in literature
about the influence of menstrual cycle on performance, a great number of contemporary studies report that hormonal
changes in menstrual phases do not influence performance.
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