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ABSTRACT 

 

Background and Objective:   The menstrual cycle (MC), a monthly event 
in females, involves hormonal fluctuations that may cause daytime 
drowsiness and muscular fatigue, impacting sports performance and injury 
risk. This study utilized the Epworth Sleepiness Scale and Sleep Diary to 
assess sleep efficacy, the Countermovement Jump (CMJ) to evaluate 
muscular fatigue, and the Wellness Questionnaire to measure perceived 
fatigue. The objective was to compare and explore the relationship between 
MC phases, daytime drowsiness, and muscular fatigue in female 
recreational badminton players.  
 
 
Methods:  This cross-sectional observational study recruited 31 
eumenorrheic female recreational badminton players via convenience 
sampling. Participants self-reported their menstruation dates and completed 
5 countermovement jump tests, along with questionnaires (Epworth 
Sleepiness Scale [ESS], Wellness Questionnaire, and Sleep Diary). Data 
were collected based on estimated menstrual cycle subphases using a 
calendar-based method: Early and late follicular, ovulation, mid and late 
luteal phases. Repeated ANOVA was used to analyze the comparison of 
collected data.  
 
 
Results:  Data from 31 participants showed that daytime drowsiness was 
highest during the EF phase, followed by LL, LF, ML, and OP phases. 
Muscular fatigue was unaffected by the menstrual cycle, and no association 
was found between daytime drowsiness and muscular fatigue. Perceived 



III 
 

 
 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

fatigue correlated with daytime drowsiness, particularly in the EF and LL 
phases, but was unrelated to muscular fatigue. 
 
Conclusion: Eumenorrheic female recreational badminton players are more 
likely to experience daytime drowsiness during the EF and LL phases. 
Muscular fatigue is unaffected by MC hormonal events and shows no 
correlation with daytime drowsiness. Perceived fatigue aligns with daytime 
drowsiness during EF and LL phases but not muscular fatigue. Coaches and 
athletes are advised to create personalized training programs to minimize 
injury risks and optimize performance during advantageous phases. 
 
Keywords: Early follicular phase, Late follicular phase, Ovulation, Mid 
luteal phase, Late luteal phase, Daytime drowsiness, Muscular fatigue, 
Countermovement jump, Female recreational badminton players 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Chapter Overview 

 This chapter is about the introduction of the research program with the tittle “EFFECTS 

OF DIFFERENT PHASES OF MENSTRUAL CYCLE ON DAYTIME DROWSINESS AND 

MUSCULAR FATIGUE AMONG FEMALE RECREATIONAL BADMINTON PLAYER”. It 

will be covering the background of the badminton in Malaysia, menstrual cycle as a risk of 

injuries, prevalence and risk factors of badminton, problem statement, study objective, 

hypothesis, operational definition, rational and scope of the study.  

 

1.2 Background 

1.2.1 Background of Badminton in Malaysia 

 Badminton is a fast-paced and power-intensive court-based racquet sport played either as 

singles or doubles. The game requires a racket, a shuttlecock, and a rectangular court. In Malaysia, 

the Badminton Association of Malaysia (BAM) is registered under the Sports Development Act 

1997 and is affiliated with the Badminton World Federation (BWF), Badminton Asia 

Confederation (BAC), and the Olympic Council of Malaysia. BAM’s vision is to elevate 

badminton as a popular and dynamic sport that fosters social progress and contributes to nation-

building. Their mission includes governing, supporting, and promoting badminton across the 
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country. Recreational badminton players play a crucial role in supporting BAM’s vision and goals 

(Adilah, 2015). 

 

1.2.2 Menstrual Cycle as a Risk of Injuries 

 Menstrual cycle, the fluctuation of the hormones event might influence sleepiness and may 

lead to muscular fatigue and decreased performance. These are unwanted signs and symptoms but 

unavoidable to occur among some of the female players. The two primary female endogenous 

hormones which are estrogen and progesterone that mainly cause the incident (Carmichael et.al., 

2021). Both are the main hormones that regulate anatomy structure, physiology function, mood 

and thermoregulation which are also closely related to sleepiness and muscular fatigue 

(Carmichael et al., 2021). Sleep quality is one of the crucial criteria to have an optimum sport 

performance as it is potentially leading to daytime drowsiness. With better management of daytime 

drowsiness, cognition and decision making can be enhanced in sports and reduce the risk of injuries 

that result from muscular fatigue (Morales et al, 2023). 

 

1.2.3 Prevalence and Risk Factors of Badminton 

 Badminton is considered as the fastest racket game with multidirectional maneuver and 

jump-landing movements. All of the movements require a high level of muscle strength, 

musculoskeletal proprioception and neuromuscular control. The risk of injuries that are found in 

recreational badminton players are related to upper and lower limbs (Loiseau-Taupin et.al, 2021). 

Badminton is an overhead exercise such as smashing technique (Loiseau-Taupin et.al, 2021). It 
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required large energy expenditure and shoulder biomechanical complex events and thus it tends to 

overuse injuries such as shoulder pain due to subacromial impingement, instability or dyskinesia 

of the scapulothoracic joint (Arora et.al, 2015). Moreover, most of the injuries are found in lower 

limbs in badminton games such as ACL injury, foot and ankle sprains (Alikhani et. al, 2019). Both 

poor knee proprioception and dynamic balance are the potential reasons to cause ACL injury in 

badminton (Alikhani et. al, 2019). 

 Other than biological anatomical structures, muscular fatigue also increases the risk of 

injury among badminton players (Loiseau-Taupin et.al, 2021). Muscular fatigue declines in 

physical performance accompanied by an increase in the perceived or actual difficulty of an 

activity by reducing the cognition between visual and motor control (Loiseau-Taupin et.al, 2021). 

During the early follicular phase and late luteal, the female players may face changes in training 

and competition performances due to fatigue (Loiseau-Taupin et.al, 2021). When the early 

follicular phase begins (menses), the muscle soreness onset will be further delayed and the 

performance will slightly reduce (Carmichael et al., 2021). This will further increase the risk of 

injury.  

 

1.3 Problem Statement 

 The impact of the menstrual cycle on physical and cognitive performance is an area of 

growing interest, yet research remains limited on the specific interplay between daytime 

drowsiness and muscular fatigue across different phases of the menstrual cycle (MC). Despite 

evidence suggesting that daytime drowsiness may exacerbate muscular fatigue—leading to 
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diminished muscle strength, reduced power, and an increased risk of injury—current findings are 

inconsistent and often contradictory, especially in the context of training programs for female 

athletes. This gap in understanding poses significant challenges for optimizing training strategies 

and maintaining the well-being of female players. Daytime drowsiness not only affects athletic 

performance but also influences overall quality of life, making it a critical concern for recreational 

badminton players aiming to compete. However, little is known about how variations in MC 

phases influence these parameters, nor how these influences translate into practical 

recommendations for training schedules. The absence of conclusive evidence limits the ability to 

design tailored training regimens that accommodate the physiological and psychological changes 

experienced by female athletes. This study aims to address this gap by investigating the 

relationship between daytime drowsiness and muscular fatigue on different phases of the MC 

among female recreational badminton players. Using validated tools such as the Epworth 

Sleepiness Scale, sleep diaries, wellness questionnaires, and objective measures of muscular 

fatigue (CMJ test), this research seeks to provide robust insights into these interactions. This 

knowledge will contribute to a more inclusive and scientifically grounded approach to athletic 

training for women, ensuring their physiological needs are adequately met. 

 

1.4 Research Question 

 What are the differences on daytime drowsiness on different phase MC (EF, LF, OP, ML 

and LL phases) among recreational female badminton players? 

 What are the differences on muscular fatigue on different phases of MC (EF, LF, OP, ML 

and LL phases) among recreational female badminton players? 
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 What are the relationships on the incidents of daytime drowsiness and muscular fatigue 

across the 5 phases of the MC? 

 

1.5 Study Objective 

1. To compare the daytime drowsiness on different phases of MC (EF, LF, OP, ML and LL 

phases) among recreational female badminton players. 

2. To compare the muscular fatigue on different phases of MC (EF, LF, OP, ML and LL 

phases) among recreational female badminton players. 

3. To explore the relationship on daytime drowsiness and muscular fatigue across the 5 phases 

of MC among recreational female badminton players. 

 

1.6 Hypothesis 

First null hypothesis (H0): 

 There are no significant differences on daytime drowsiness on different phases of MC (EF, 

LF, OP, ML and LL phases) among recreational female badminton players. 

 First alternate hypothesis (HA): 

 There are significant differences on differences on daytime drowsiness on different phases 

of MC (EF, LF, OP, ML and LL phases) among recreational female badminton players. 
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Second null hypothesis (H0): 

 There are no significant differences on muscular fatigue on different phases of MC (EF, 

LF, OP, ML and LL phases) among recreational female badminton players. 

Second alternate hypothesis (HA): 

 There are significant differences on muscular fatigue on different phases of MC (EF, LF, 

OP, ML and LL phases) among recreational female badminton players. 

 

Third null hypothesis (H0): 

 There are no significant relationship on daytime drowsiness and muscular fatigue across 

the 5 phases of MC on among recreational female badminton players 

Third alternate hypothesis (HA): 

 There are significant relationship on daytime drowsiness and muscular fatigue across the 

5 phases of MC on among recreational female badminton players 

 

1.7 Operational Definition 

(a)  Menstrual cycle 

Menstrual cycle is a physiological process that only occurs in adolescent females and 

before menopause which is regulated by hormones and prepares for possible pregnancy. It 
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begins on the first day of menses until the next menses. The average length is 28 days and 

the regular cycle is between 23 to 35 days (Schmalenberger et al., 2021). 

  

(b)  Follicular phase 

This phase begins on the first day of menses with raising the concentration of FSH in order 

to promote maturation of ovarian follicles which contain oocytes. The estrogen level rises 

gradually while progesterone level remains low. Early follicular phase takes the first 6 days 

of this phase while late follicular phase is around 7th to 13th days of this phase (Carmichael 

et al., 2021). This phase ends up with ovulation which takes around 12 to 14 days (Reed & 

Carr, 2018). 

  

(c)   Ovulation phase 

Ovulation phase is the release of mature ovum from the secondary oocyte. It occurs 

between follicular and luteal phases. LH surge stimulates ovulation and synthesis of 

progesterone. The secondary oocyte without ovum will degenerate and progress to corpus 

luteum (Reed & Carr, 2018). This phase is probably dropped on the 12th to 16th day of the 

menstrual cycle (Carmichael et al., 2021). 

  

(d)  Luteal phase 
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Early luteal phase starts on the day after ovulation. The follicular cell without oocyte will 

degenerate and turn into corpus luteum. Corpus luteum produces estrogen and progesterone 

and it gradually releases more of them. During the late luteal phase, the corpus luteum 

involutes if the oocyte is not fertilized, which sets off the menstrual cycle by rapidly 

withdrawing estrogen and progesterone (Reed & Carr, 2018). Mid luteal phase is dropped 

around 20th to 23rd days of menstrual cycle while late luteal is about 24th to 28th days of 

menstrual cycle (Carmichael et al., 2021). 

  

(e)   Day drowsiness 

Drowsiness refers to feeling abnormally sleepy or tired than normal during the day. People 

with drowsiness may fall undesired asleep (Elaine, 2019). It can be caused by 

environmental or physiological effects that lead to poor sleep quality (Elaine, 2019). 

  

(f)   Muscular fatigue 

Muscular fatigue refers to decrease of muscle force and power in performing physical 

activities in response to muscle thin and think fibers contractility as known as stretch-

shortening cycle (SSC) (Wan et al., 2017). It can be induced by repetitive, prolonged and 

intense exercise with or without intermittent rest for each set of exercise dosage (Twist & 

Eston, 2005). 

 



9 
 

(g)  Recreational Players 

Recreational players who engage in physical activity but do not train with the same 

intensity and concentration as a competitive player (Chona et al., 2020). Subjects who join 

a badminton game or training at least once in a week. 

 

1.8 Rationale of Study 

 The purpose of this study is to improve the awareness of the effect of the menstrual cycle 

toward daytime drowsiness and muscular fatigue. The study is to improve the awareness & 

knowledge of acknowledgement among female players and society about the physiological change 

during menstrual cycle by hormones which is possible to impact sleepiness and further lead to 

muscular fatigue. It is also suggested and allows us to explore further on the assessing impact of 

sleep in planning the proper training days and maybe in the future come up with more specific 

strategies to improve quality of sleep. That eventually will reduce incidence and chances of 

daytime drowsiness and muscular fatigue and minimize the risk of injuries. 

  

1.9 Scope of Study 

 The highlighted topic of this research is the effect of the menstrual cycle on daytime 

drowsiness and muscular fatigue. Some of the previous study proved the menstrual cycle is 

possible to affect the sleep quality and muscular fatigue among the female players but some not. 
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However, this shows the contradictory findings and limited detailed research on the relationship 

between menstrual cycle and sleep quality and muscular fatigue of female players.    
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SECTION 2 

REVIEW OF LITERATURE 

 

2.1 Chapter Overview 

 A literature review is an in-depth summary and appraisal of the theories, studies, and 

supporting data that have been developed on a specific subject or research question. It identifies 

trends, gaps, and important ideas in the field by synthesizing prior research and academic sources. 

Understanding the existing level of knowledge about a subject, developing a theoretical framework, 

and setting the stage for future research are the objectives.  

 

2.2 Menstrual cycle and hormones changes during different phases 

2.2.1 Menstrual cycle 

 Menstrual cycle refers to the first day of menses to the next menses of the next menstrual 

cycle. Average duration of each cycle is 28 days while most cycle lengths occur between 25 to 30 

days (McLaughlin, 2022 & Reed & Carr, 2018). Menstrual cycle can be divided into 3 main phases 

which are follicular, ovulation and luteal phases that are all regulated by hormones (Reed & Carr, 

2018). To further narrowed the spectrum, the menstrual cycle phases are further divided into 5 

phases which are EF, LF, OP, ML and LL phases (Reed & Carr, 2018) & (Bischof, 2024). 

Menstruation is the process of shedding of the endometrium wall which is included under the 

hormone mediation which takes place at the end of the luteal phase and onset of the follicular 
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phase (McLaughlin, 2022). The chain of the events is regulated by the hypothalamic-pituitary-

ovarian. The mean volume of menstruation is around 30 to 80 mL, it considers abnormal whichever 

out of this range (Reed & Carr, 2018). Other than the volume of menstruation, menstrual cycle 

days are also a parameter to determine the abnormal menstrual cycles. Polymenorrhagia means the 

menstrual cycle interval less than 21 days while oligomenorrhea means the menstrual cycle 

interval greater than 35 days (Schmalenberger et al., 2021) 

 

2.2.2 Phase and Hormones Change of Menstruation Cycle 

 The first phase is the follicular phase, that takes place from the first day of menstruation 

until the next phase which is ovulation (McLaughlin, 2022). Follicular stimulating hormone (FSH) 

rises in the beginning of this phase and the levels of estrogen and progesterone are low at the early 

follicular phase in order to shed the thickened endometrium wall. In the late follicular phase, it 

stimulates the development of follicles in which the follicle is able to produce estrogen, thus 

estrogen level increases steadily (Reed & Carr, 2018). The increase of the estrogen level is due to 

the increase of the estradiol and inhibin A (Ali & Rehman, 2021). Luteinizing hormone (LH) level 

increased as an effect of both hormones as well (Ali & Rehman, 2021).  

 During the ovulation phase, the dramatic rise of the estradiol produced by the preovulatory 

follicle causes positive feedback on luteinizing hormone (Holesh et al., 2023). The surge of LH 

which stimulates the ovulation and synthesis of progesterone (Holesh et al., 2023). It usually 

happens 10 to 12 hours after the surge begins (McLaughlin, 2022). LH peak causes estradiol level 

drop dramatically due to direct inhibition of its synthesis by progesterone (Reed & Carr, 2018). 

Raising of FSH levels at the mid cycle leads to freeing the oocyte from follicular attachments and 
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increase in LH receptor. However, the increase of progesterone leads to inhibition of LH release 

(Reed & Carr, 2018).  

 Moreover, the luteal phase is the phase that starts after ovulation and ends by follicular 

phase (McLaughlin, 2022). After ovulation there is a pigment called corpus luteum which mainly 

secretes progesterone and estrogen to prepare the endometrium for implantation of fertilized ovum 

(Reed & Carr, 2018). Before ovulation, LH level reaches peak before 34 to 36 hours of ovulation 

and drops after (Hedayat, 2020). After ovulation, the progesterone increases gradually and its level 

is higher than estrogen while estrogen plummets and rises right after ovulation (Reed & Carr, 

2018). The progesterone level becomes plateauing with the low level of LH and FSH during ML 

phase (Bischof, 2024). ML phase is followed by LL phase which the progesterone level reduced 

to prepare the shedding of endometrium wall as known as EF phase (Bischof, 2024).  

 The intricate balance between both estrogen and progesterone hormones and their 

respective signaling processes are structured to continue a normal menstrual cycle and to maintain 

the pregnancy. (Haryanti & Legiran, 2023) 
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Figure 2.1: Profile of Menstrual Cycle with the Description of Hormone Concentration, 

Ovarian and Endometrial Histology and Body Temperature Changes 

 

2.3 Relationship between Hormone and Substrate on Sleep Quality and Muscular fatigue 

 The relationship between estrogen with iron is indirectly proportional while serotonin is 

directly proportional (Yang et al., 2012 & Carmichael et.al., 2021). A blood test result shows that 

there is high in estrogen and low in iron (Yang et al., 2012). This is due to increased iron stores in 

bone marrow (Yang et al., 2012). The stored iron is functioning as the menstrual blood volume 

reducer to prevent period fatigue which is highly associated to daytime drowsiness due to heavy 

flow of menstruation which also reflects the excessive iron loss (Yang et al., 2012 & Panayi, 2019). 
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Besides, it is also vital in facilitating energy production by taking part in delivering oxygen around 

the organs in the body (Latorre, Pengelly & Minehan, 2023). 

 Moreover, serotonin will also affect the perception of tension-anxiety and fatigue of an 

players (Carmichael et.al., 2021). Serotonin hormone is accountable for raising the mood, as well 

as a host of other respective functions (Watson, 2023). Besides, it is also a source of mood 

elevation that makes a person feel good, grounded and relaxed. It is also highly associated with 

the production of sleep hormones such as dopamine and melatonin (Cleveland Clinic, 2022). With 

the moderate level of dopamine and melatonin, it could provide a better sleep quality in-term of 

sleep duration and number of times of waking in a sleep circadian (Cleveland Clinic, 2022). 

Serotonin level is relatively low in early follicular and late luteal phases (Cleveland Clinic, 2022).  

 In a study of assessing the effect of Vipassana meditation on serum melatonin and serotonin 

levels (Thambyrajah et al., 2023) observed raised serotonin and melatonin levels in the long-term 

meditators with possible positive impact in reducing stress and improving relaxation in individuals. 

A compensatory mechanism is found between estrogen, iron and serotonin levels to accommodate 

fatigue. During early follicular and late luteal phases, the estrogen level is relatively low, and it 

causes drop of serotonin level as well and thus lead to possible fatigue which is shown in poorer 

sleep efficiency and muscular fatigue. According to Sung et al. (2014), estrogen is the hormone 

that responsible to repair post-damage muscles after strength training through the activation and 

proliferation of the satellite cells. It refers that muscular fatigue and female athletes may have 

varies sports’ performance across the whole menstrual cycle. However, the study done by Haufe 

& Leeners (2023) stated that there is no apparent correlation between estrogen and changes in 

sleep patterns related to the menstrual cycle. 
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2.4 Day Drowsiness during Different Phases of Menstrual Cycle 

 However, female players during menses (EF phases) increase their bed rest time and have 

more time in deep sleep compared to luteal phase (Carmichael et.al., 2021). Similarly, based on 

the research done by Driver & Baker (1998) also stated that 16 – 25% of females reported lethargy 

during late luteal phase while 25 – 32% of females during menses due to reduced sleep quality. 

Moreover, during the first EF phase they experience lesser total deep sleep time, sleep efficiency 

and prolonged sleep latency compared to late follicular phase (Carmichael et.al., 2021). One of the 

reasons is due to heavy menstrual bleeding which is highly likely to lead to day drowsiness. 

 Besides, Baker & Lee (2018) concluded the poorer sleep quality is only detected among 

the female population who has premenstrual syndrome (PMS) or intense lower abdominal pain 

(period pain) during menstruation. Sleepiness may be increased progressively from follicular 

phase to luteal phase as the increased of the progesterone level. Progesterone is the hormone that 

promote sleeping effects. Nevertheless, Ratini (2024) claim that the female with PMS is more 

prone to have sleep disturbance from less fresh after getting up from sleep to insomnia. Other than 

that, PMS will also cause unstable emotion which is known as mood swing. In contrast, Shechter 

& Boivin (2010), found out that the high concentration of estrogen could improve alertness while 

reduced daytime drowsiness.  

 During the ovulation phase, there is marked fluctuation of the hormones before (Estrogen, 

LH and FSH) and after (Progesterone) the phase (Reed & Carr, 2018). A phenomenon known as 

ovulation fatigue might be found among female (Gleanton, 2024). Estrogen and progesterone 

which are highly associated with sleep hormones and the spike of LH and FSH potentially lead to 

poor sleep quality and show drowsiness or even mental fog (Gleanton, 2024). However, a 
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contradict study from Haslett (2024) stated there is no change of daytime alertness during OP 

phase due to short period of time (approximately 3 days). 

 Female players may suffer from a diminished sleep quality and increase in fatigue during 

the luteal phase especially late luteal phase (Carmichael et.al., 2021 & Driver & Baker, 1998). In 

this phase, the progesterone level is increased progressively, and it increases the body temperature 

which may cause reduction of sleep quality (Carmichael et.al., 2021 & Driver & Baker, 1998). 

Besides, Driver & Baker (1998) also found out that the young healthy women takes longer time in 

sleep latency during late luteal phase.  Mental fatigue is one of the factors causing day drowsiness 

as well (Perry, 2021). Apart from that, progesterone also takes the role in inhibiting the cortical 

excitability and force production (Carmichael et.al., 2021).  

 With regard to “the absent of relationship between hormonal changes and daytime 

drowsiness” data are scarce. Database searches were carried out on PubMed, Ovid and CINAHL 

using combinations of the following keywords: “MC”, “menstruation”, “female”, “female 

badminton player”, “sleep”, “daytime drowsiness”, “daytime sleepiness”, “sleepiness”, the 

searches yielded no results. This implies that the is a gap of knowledge in this regard. 

 

2.5 Muscular fatigue during Different Phases of Menstrual Cycle 

 The strength and power of the female players increased (lower muscular fatigue level) due 

to the high concentration of estrogen while poorer cognitive performance has been found out in 

this phase due to reduced sleep quality (Carmichael et.al., 2021) & (Vidafarl et al, 2018). With a 

more detailed study illustrated that female during LF phase will have the best strength performance 
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among the entire menstrual cycle due to the peak of estrogen level (Sung et al., 2014). The 

muscular fatigue is also highly possible to be induced due to the ovulation (Gleanton, 2024). Thus, 

the female players will have lower strength and power in the luteal phase (higher muscular fatigue 

level). Other than that, the individual with eumenorrhea will experience mental fatigue but 

unchanged on physical fatigue during the mid-luteal phase (Carmichael et.al., 2021). The 

statement of higher possibility of muscular fatigue is also supported by the research done by Sung 

et al. (2014). 

 In addition, the body repairs and regrows tissues, muscle and bones during the deepest 

sleep stage (Villalobos, 2024). Therefore, muscular fatigue may be more vulnerable to be induced 

if body not fully recovered from energy exerted after a long day of training and activities with poor 

sleep quality (Villalobos, 2024). 

 There is limited data available on the lack of “no relationship between hormonal changes 

and muscular fatigue”. A database search was conducted on PubMed, Ovid, and CINAHL using 

keyword combinations such as “MC,” “menstruation,” “female,” “female badminton player,” 

“muscular fatigue,” “muscle strength,” “muscle power,” and “physical performance.” However, 

these searches returned no relevant results, highlighting a significant gap in knowledge on this 

topic.  

 

2.6 Influence of Menstrual Cycle on Performance  

 The player’s performance is mainly regulated by both estrogen and progesterone 

(Carmichael et al., 2021). During the late follicular phase, the female players have shown up with 
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better muscle strength and power (Carmichael et al., 2021) which is reflecting better performance. 

It is due to the increasing level of estrogen compared to early follicular phase and late luteal phase 

(Niering et al., 2024). This is because estrogen is also functioning as a neuroexcitatory and strength 

enhancing effect (Niering et al., 2024).  

  However, based on the narrative review from Carmichael et al. (2021) listed that multiple 

jump tasks such as countermovement jump (Smirniotou et al., 2004), vertical (Kishali et al., 2010) 

and squat jump test (Smirniotou et al., 2004) outcomes did not differ by menstrual cycle phases 

with the theory of no change of tissue stiffness over menstrual cycle phases. But according to the 

study of Tasmektepligil et al. (2010) stated a significant reduction in vertical jump height in the 

late luteal phase. 

 Repeated stretch-shortening cycle (SSC) and force production can be used to assess 

muscular fatigue, Shahraki et al. (2020), found out that ovulation phase has better performance in 

general as well as muscle strength. There is a contradictory finding by Romero-Moraleda et al. 

(2019) showing there is no significant change of muscle strength and power performance among 

all menstrual cycle phases. Nevertheless, muscular fatigue can also be detected by assessing 

muscle strength (Rodrigues et al., 2019). The study done by Rodrigues et al. (2019) got the result 

with better muscle strength in the follicular phase compared to other menstrual cycle phases. With 

a more detailed systematic review done by Carmichael et al. (2021) found an article stated muscle 

strength is lower in early follicular phase compared to mid and late luteal phases (Gordon et al., 

2013); increased in late luteal phases (Andrade et al., 2017); remarkable (Shahraki et al., 2020) 

and non-remarkable increased in the ovulatory phases (Otaka et al., 2018).  
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 Therefore, this research is to rule out whether different phases of the menstrual cycle will 

or will not affect recreational female badminton players’ performance with the presence of 

muscular fatigue caused by MC hormonal events. 

 

2.6.1 Influence of Menstrual Cycle on CMJ Height 

 Above literature review of the tittle of ‘2.5 Influence of Menstrual Cycle on Performance’ 

illustrate that MC has the potential to affect female player performance (Carmichael et al., 2021), 

(Shahraki et al., 2020) & (Rodrigues et al., 2019). The performance can be affected by the 

fluctuations of the reproductive hormones particularly estrogen and progesterone which are 

strongly associated with the strength and power production (Carmichael et al., 2021). However, 

the findings from different studies remain contradictory. Some individuals’ performance is not 

affected by MC (Carmichael et al., 2021), (Smirniotou et al., 2004), (Kishali et al., 2010) & 

(Smirniotou et al., 2004). This variation reflects that hormonal effects differ from person to person 

(Michelekaki et al., 2023).  

 The findings from Ogul et al. (2021), García-Pinillos et al. (2021), Morenas-Aguilar et al. 

(2023) & Pisapia et al. (2019) have proved that the CMJ height is not affected by hormonal effects. 

According to Ogul et al. (2021) the average vertical jump distance on FP is 29.5cm with the differ 

value of 0.8cm (SD) while average vertical jump distance on LP is 29.5cm with the differ value of 

1.1cm (SD). Moreover, García-Pinillos et al. (2021) had done the research on menses phase, FP 

and LP. The researchers found out that the average CMJ height on each mentioned phase are 

23.46cm with 5.1cm of SD; 24.50 cm with 5.6 cm of SD; 23.74cm with 5.57cm of SD. Besides, 
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there are the records of the mean and SD of CMJ height on EF phase are 23.7 ± 5.4 and 24.0 ± 5.0; 

LF phase are 24.9 ± 5.9 and 23.6 ± 5.0 and Mid LP are 24.7 ± 5.4 and 23.4 ± 4.5 (Morenas-Aguilar 

et al., 2023). Nevertheless, the mean of the CMJ height from Pisapia et al. (2019) is 30cm on EF 

phase and 30.56cm during LP phase with the SD of 3.87cm and 2.96cm. Ogul et al. (2021) 

suggested that the prediction of the ML phase contributes to better vertical jump performance due 

to high concentration of estrogen level. However, their findings revealed a negative association.  

 However, the studies done by Julian et al. (2017) and Davies et al. (1991) have found out 

the vertical jump height is influenced by menstrual cycle phases. Both of the studies proved that 

the EF phase has higher vertical jump height than LP. There is the mean height with 20.0cm ± 3.9 

cm of SD while during ML phase the mean CMJ height is 29.6cm ± 3.0 cm of SD with the p-value 

0.33 (Julian et al., 2017). 

 Thus, this study is to reveal does menstrual cycle lead to muscular fatigue and thus reduce 

the CMJ height among female recreational badminton player. The CMJ height will be further 

analyzed with the daytime drowsiness across different phases of MC with the purpose to study the 

relationship between both variables.  

 

2.7 Common Sport and Risk of Injuries During Different Phases of Menstrual Cycle  

 Menstrual cycle may induce the change of anatomical structure and physiological system 

of a female player. An estimated ratio risk of anterior cruciate ligament (ACL) injury is 5 in female 

and 1 in male players (Martínez-Fortuny et.al, 2023). 
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 Study from Ana et al. (2020) with a total of 322 injuries recorded from 150 recreational 

players claimed that the probability of knee injuries is 22.44%, leg is 18.3% while shoulder is 11.8% 

which is the most common injury site in upper limbs. Knee is the most common affected location 

in both male and female with 23.1% and 20.8%, respectively, but the shoulder was affected more 

frequently among females than male (17.8%). Besides, the incidence of musculoskeletal injuries 

in recreational badminton players was high in muscles (39.1%) followed by ligament injuries, 

sprains, and damage to the tendons (30.9%). 

 The epidemiological studies done by Yung et al. (2007) showed that most commonly 

affected by injury are the ankle (23.5%), knee (14.0%), foot (12.5%), arm (8.5%), and leg 

(5.4%). A statement “OP phases is the highest risk of getting injury compared to follicular and 

luteal phases” was proved by Martínez-Fortuny et.al, (2023), Khowailed et al. (2015), Shahraki et 

al. (2020) & Hohmann et al. (2015). Moreover, two of the studies claimed that there is higher risk 

of getting injury during follicular phase (Stijak et al., 2015) & (Lago-Fuentes et al., 2021). Lastly, 

there is only one study demonstrating higher risk in luteal phase due to the significant poor 

proprioception (Shahraki et al., 2020). 

 The peak of estradiol concentration level in blood leads to increased joint laxity and muscle 

strength while it decreases the muscle relaxation time and thus increases the muscle fatigability 

(Martínez-Fortuny et.al, 2023). The neuromuscular control is less well in follicular and ovulatory 

phases due to the estradiol. Besides, the hormone, relaxin that is detected in follicular and luteal 

phases also reduces the patellar tendon stiffness. The combination of increased quadricep strength 

and patellar tendon stiffness is resulting in ACL injury by slipping the patella from proper 

biomechanical location. Lastly, estrogen or progesterone may have an adverse effect on 

neuromuscular recruitment by influencing the central nervous system (Martínez-Fortuny et.al, 
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2023). Even thought, above literature reviews stated that female players had better performance 

during the late follicular phase but the findings from the studies were contradictory. Niering et al., 

(2024) attributed a finding that reduced musculotendinous stiffness or increased joint laxity is 

associated with elevated estrogen and dropped progesterone concentrations. 
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SECTION 3 

METHODOLOGY 

 

3.1 Chapter Overview 

 This chapter outlines the research design, research setting, sampling size, sample 

population, sampling method, instrumentation, procedure, statistical analysis and ethical 

approval. The participation selection will be based on the inclusion and exclusion criteria set to 

ensure the consistency and validity for the data collection and result. The selected questionnaires 

and instrument are used to test the research hypothesis to reach the research objectives and 

questions by bridging between data collection, subsequent analysis and interpretation of the 

results. 

 

3.2 Research Design 

 The type of research designs to be used are descriptive research design by cross-sectional 

and observational study.  

 

In this study, the population is focusing on recreational female badminton player with 

eumenorrheic within the age range of 18 to 24 years old. By collecting their profiling of sleep 

quality data through sleep diary, it describes the effect of different phases of MC on day 

drowsiness with the aid of Epworth Sleepiness Scale (ESS). Moreover, the CMJ jump test was 

applied to assess muscular fatigue after completing the muscle induce fatigue protocol which is 
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40 squat jumps. Both of the data were used to further discuss their relationship and to modify a 

better training programme for recreational female badminton player. 

 

3.3 Research Setting 

 The research was conducted at KA 200A Physiotherapy Center 2 in Universities Tunku 

Abdul Rahman (UTAR Sungai Long Campus). Besides the temperature of the 

environment is fixed at 20°C. 

 

The purpose to fix the environment temperature is to avoid the influence of physical 

performance due to impaired thermoregulation (Siegel & Laursen, 2012). 

 

3.4 Sampling Size 

 The sampling size was calculated by G-power version 3.1.9.4. The selected test family is 

“F tests” with the statistical test is “ANOVA: Repeated measures, within factors”. The type of 

power analysis is “A priori: Compute required sample size - given α, power and effect size”. The 

input parameters of effect size f are 0.25, α err prob is 0.05, power (1- β err prob) is 0.80, 1 

number of groups, 5 number of measurements, corr among rep measures is 0.5, nonsphericity 

correlation ε is 1. When determining the effect size for the ANOVA test, Cohen defined "small," 

"medium," and "large" effect sizes as 0.1, 0.25, and 0.4, respectively. Additionally, G*Power 

offers standard effect size values, which can be viewed by hovering the cursor over the "effect 

size" option in the "input parameters" field. For this study, the sample size was calculated using a 

medium effect size of 0.25 Kang (2021). Moreover, the noncentrality parameter λ is 10.5, critical 
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F is 3.168, numerator df is 2.0, denominator df is 54.0, total sample size is 28 and actual power is 

0.8124546. However, the total sample size will be added 5 more subjects into the final sample 

size which is 33 to take into consideration for participants who withdraw during the study. The 

guideline of sample size calculation is according to Kang (2021). 

 

Figure 3.1: Sample Size Calculation using GPower 3.1.9.4 Software 

  

3.5 Sample Population 

 The sample population for this research is recreational female badminton players in 

UTAR with the age range of 18 to 24 years old. 

 

3.6 Sampling Method 

 The sampling method of this study is a convenience sampling method. 
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Convenience sampling in qualitative research enable a research paper to be straight forward 

approaching selected participants who meet the inclusion criteria. It is more time-efficient 

and cost-effectively because the sample population is accessible to the researcher. Apart 

from that, this method is able to maintain the consistency of subjects to be selected for 

getting more accurate result of research. 

 

3.7 Inclusion Criteria  

1. Recreational female badminton players with regular menstrual cycle in each of the past 3 

months (eumenorrheic). 

2. Female players between the age range of 18 to 24 years old.  

3. Female players with at least once playing badminton in a week. 

 

The inclusion criteria set are to serve to consistently, uniformly, reliably, and objectively identify 

the study population (Garg, 2016). The female players participating in the study must have at least 

3 months of normal and regular menstrual cycle. Besides, monitoring the menstrual cycle over the 

past three months to determine whether any irregularities or the lack of menses for three 

consecutive months may be linked to menstrual abnormalities (Cleveland Clinic, 2023). Moreover, 

the female players should play badminton at least 1 time a week. This study is mainly focusing on 

university students thus the age range of the population is dropped within 18 to 24 years old.  
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3.8 Exclusion Criteria 

1. Recreational female badminton players who take part in area, state, national or 

international level of competition. 

2. Female players who uses contraceptive pills, injections, IUDs, or vaginal rings as an 

alternative form of birth control. 

3. Pregnant woman 

4. Presence of current musculoskeletal injuries 

 

The traits or factors listed in the exclusion criteria render the recruited cohort ineligible for the 

study (Garg, 2016). The female badminton players who participates in the mentioned competition 

has a regular and intensive training programme, thus, the outcome measurement will have a gap 

between recreational players and professional athletes. Besides, participants must be free from 

contraceptive pills. Female sex hormones may strongly correlate with the techniques of birth 

control (Sitru-Ware & Nath, 2013). Therefore, it must be excluded to ensure the result is valid and 

reliable. Furthermore, the participants with the presence of current musculoskeletal injuries should 

be excluded to avoid causing further injuries.  
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3.9 Instrumentation 

1.  Menstrual Cycle calendar  

Menstrual bleeding/cycle/phases will be recorded using a self-reporting calendar. This recorder 

is conducted by self-reporting menstrual bleeding days by the participant in. The female player 

will record down the days of menstrual bleeding in the calendar. The calendar will then be 

further divided into 5 subphases which are early and late follicular(1st to 3rd and 10th - 12th 

day of menstrual cycle), ovulation (14th day of menstrual cycle), mid and late-luteal phases 

(20th to 23rd and 24th to 28th of menstrual cycle) (Carmichael et.al., 2021). The average of 

the menstrual cycle is set as 28 days for the above calculation (HrozANOVA et.al, 2021). Each 

subphase will be calculated based on a person-to-person basis.  

 

2.  Epworth Sleepiness Scale (ESS)  

Epworth sleepiness scale is a reliable subjective measurement of a person’s sleepiness which 

was developed by Murray Johns in 1991 (Omobomi & Quan, 2018). In the test, it involves 8 

situations with the rating of tendency to become sleepy on a scale of 0 (no chance of dozing), 

to 3 (high chance of dozing). The total score will be summed up and estimates whether the 

recreational female players are experiencing excessive sleepiness across a menstrual cycle that 

possibly lead to muscular fatigue and thus deteriorate in performance (John, 1991). The 

validity and reliability of the questionnaire has been proved by the research from Scharf (2022). 

The ICC value of the questionnaire is falls within 0.81 to 0.93 (Scharf, 2022). 
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3.  Wellness questionnaire  

The Wellness questionnaire is an assessment tool to monitor the sleep quality, perceived 

fatigue, muscle soreness and stress level of the recreational female badminton players. The 

screening purpose is to capture the effect of hormonal change by the menstrual cycle on 

perceived fatigue. The data can be used to develop a holistic training programme and thus 

reduce the risk of injuries which may be caused by daytime drowsiness and muscular fatigue. 

The questionnaire has to be completed after their training (Carmichael et.al., 2021). This 

questionnaire is adapted from McLean et al. (2010) and has been applied by Carmichael et.al. 

(2021). 

 

4.  Sleep diary  

This is a tool used for sleep tracking by involving the questions such as sleep duration, nap 

time, how long to fall asleep, etc (Epstein, 2021). It may reveal sleep efficiency and perceived 

fatigue and thus be related to day drowsiness. Lastly, it must fill up in every attempt based on 

one day before the test. The sensitivity and specificity of it is 92.3% and 95.6% (Rogers et al. 

1993). The high percentage shown its high reliability and validity to assess the sleep efficacy 

of a person.  
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5.  Countermovement jump  

Muscular fatigue will be assessed by Countermovement jump which is a measurement of lower 

limb extremity strength and power by taking the maximum height jumped by the participants 

which is also known as reach method after completed the muscular fatigue protocol of the 

continuous 40 times of the squat jumps (Leard et al., 2007).  The ICC value of 

countermovement jump is 0.75 which reach the moderate strong reliability (Dasa et al., 2021). 

The protocol is to induce muscular fatigue with stretching-shortening cycle theory about 4 sets 

of 10 continuous squat jumps with 90 degree of knee flexion (Knihs et al., 2022). The subject 

will be instructed to bend her knee approximately 90 degree of knee flexion during landing to 

produce muscle damage which will further lead to muscle fatigue (Twist & Eston, 2005). After 

a minute of rest, the subject was instructed to perform CMJ jump for data collection (Twist & 

Eston, 2005).   

The participants have to jump as high as they can to hit the vanes with an overhead arm swing 

at the peak of the CMJ jump for 3 times. The average of the 3 times jump will be calculated 

and take as data collection (The formula is:  Average jump height = [jump 1 + jump 2 + jump 

3] / 3). The Vertec device consists of plastic swivel vanes arranged in 1 cm increments which 

are attached to a metal pole that can be adjusted to the players’s reach height. 

The muscular fatigue protocol is based on previous established article by Twist & Eston (2005) 

on effects of exercise-induced muscle damage and which has been applied by Knihs et al. 

(2022) in the study of effects of different levels of fatigue on vertical jump performance. 
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3.10 Procedures  

         This study is a cross-sectional and observational study. The study setting is set in UTAR. 

33 recreational female badminton players will be recruited for this study. The subject should fill 

up the demographic data and screening form (Refer to APPENDIX C) is prepared for the 

participants who meet the inclusion criteria before conducting the data collection. The 

questionnaires were distributed to recreational female badminton players via Whatsapp, email, 

Microsoft Team or phone message in the form of “Google Form”. A brief objective of the study 

of the description will be listed in the beginning of the form and the participant is allowed to raise 

out or discharge from the study if there is any discomfort throughout the study. They should also 

need to sign the consent form as well as the Personal Data Protection notice (Refer to APPENDIX 

B) after going through the study objectives and procedures. 

 Pre-jump height of the participants with hand raised was recorded during the first meet up. 

Each participant has to fill up the Epworth Sleepiness Scale (Refer to APPENDIX D), Wellness 

questionnaire (refer to APPENDIX F), Sleep Diary (Refer to APPENDIX E) and perform the 

countermovement jump for 5 times in a month duration based on their estimated subphases of 

menstrual cycle (Example: early and late follicular→  1st to 3rd and 10th - 12th day of menstrual 

cycle, ovulation 14th day of menstrual cycle→ and mid and late luteal phases → 20th to 23rd and 

24th to 28th of menstrual cycle) based on the calendar-based counting method. The subject was 

allowed to practice the jump as a familiarization session and then proceed to the fatigue protocol 

which is 4 sets with 10 repetitions of continuous squat jumps. After a minute of rest, 3 jumps were 

performed by the subject and the average score was recorded to assess the muscular fatigue of the 

specific phase of MC. Collected data were analyzed and further study were done after completing 

data collection.  
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Figure 3.2: Flowchart of Procedure 

 



34 
 

 

 

Figure 3.3: Flowchart of Performing CMJ Test 
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3.11 Statistic analysis 

         All of the data collection of this study is through distributing questionnaires to the 

participants and performed CMJ test. The type of analysis of the study was descriptive analysis by 

collecting the age, weight, height and dates of 3 months of menstrual cycles. of the participants. 

Sleep duration, hygiene and difficulty are the data to be collected from pre-test (1st – 3rd day of 

menstrual cycle), first post-test (10th – 12th), second (14th), third (20th – 23th) and fourth post-

test (24th - 28th days with the average 28 days) followed by 3 to 5 assumptions of Repeated 

Measure ANOVA will be used to compare daytime drowsiness and muscular fatigue between 

different phases of the menstrual cycle. All of the collected data in this study were reported in the 

form of mean, standard deviation and significant value (p-value). The F value indicate the ratio of 

explained ratio to unexplained ratio while the p-value giving the observed data to either support 

null hypothesis or alternative hypothesis. Next, the Paired Sample T-test was used to analyze the 

comparison of different phases of MC on daytime drowsiness by using the data collected from 

ESS. Besides, Pearson Correlation Analysis is used to explore the linear correlation between ESS 

and CMJ height. Lastly, there is the additional analysis which use to support the collected data of 

daytime drowsiness is or not in line with perceived fatigue. Spearman Rank Correlation Analysis 

is used to study the relationship of (i) ESS and perceived fatigue and (ii) CMJ height and perceived 

fatigue on different phases of MC. The data analyzed by correlation analysis tests were reported 

in correlation coefficient (r-value) and significant value (p-value). The data will be further 

analyzed by the 29th version of the Statistical Analysis Software (SPSS). The significance level 

will be set at p < 0.05 with the confident interval of 95%. 

 



36 
 

3.12 Ethical Approval 

         This study was subjected to ethical approval by the Scientific and Ethical Review 

Committee (SERC) of University Tunku Abdul Rahman (UTAR) (Refer to APPENDIX A). 

Informed consent will be obtained from all participants upon recruitment. Purpose of the study, 

length of participation, procedure, benefits and data confidentiality will be well-informed to the 

participants upon receiving the consent form.  
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Chapter 4 

Results 

 

4.1 Chapter overview 

 This chapter involves the result of collected data including demographic data (age, height, 

weight and BMI categories) which will be presenting in charts and descriptions. Data collected 

from ESS ( refers to daytime drowsiness), CMJ height (refer to muscular fatigue), Sleep diary and 

Wellness questionnaire (refer to perceived fatigue) were analyzed by every each specific and 

suitable inferential tests to rules out the correlations and thus for hypothesis testing.  

 

4.2 Demographic Characteristic of Participants 

 The researcher had successfully recruited 36 participants who voluntary agreed to 

participate in this research. However, only 31 participants fulfill the inclusion criteria as stated in 

Chapter 3. There were 5 participants in total who being excluded from this study. 2 participants 

who have been noted with irregular menstrual cycle in September; 1 participant who unable to 

manage time to take part in performing the test physically; the rest of the 2 participants to who got 

musculoskeletal injuries were not fully recovered with a proper clinical diagnosis. Thus, the data 

collected from the finalized 31 participants will be analyzed by using Microsoft Excel and IBM 

SPSS 26.0 version software. This section presents the demographic characteristic of the participant 

such as age, weight, height and BMI value which summarized by graphs, descriptions and table. 
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Characteristics N (%) Mean ± SD 

Age (years) 

19 

20 

21 

22 

24 

 

1 (3.2%) 

5 (16.1%) 

16 (51.6%) 

7 (22.6%) 

2 (6.5%) 

21.19 ± 1.05 

Weight (kg) - 54.00 ± 6.34 

Height (meter) - 1.59 ± 0.05 

BMI (kg/m2) - 21.23 ± 2.54 

BMI Categories 

Underweight 

Normal 

Overweight 

 

5 (16%) 

25 (81%) 

1 (3%) 

- 

*N = Frequency; SD = Standard Deviation; BMI = Body Mass Index 

Table 4.1: Descriptive Statistics of Demographic Characteristics of Participants (N=31) at 

baseline  
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4.2.1 Age 

 

Figure 4.1: Bar Chart of Age Distribution of Participants  

 

 Figure 4.1 shows the bar chart distribution of the age range of the participants are within 

19 to 24 except from aged 23. According to table 4.1 outlined that the mean age of participants is 

21.19 with SD of 1.05. The majority of the participants are aged 21 covered with 51.6% in total 

recruited participants while there is only a participant who aged 19 which contribute to 3.2%. 

Moreover, there are 5 participants who are aged 20 (16.1%); 7 of the participants who are aged 22 

(22.6%) and 2 of the participants who are aged 24 (6.5%).  
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4.2.2 Weight 

 

Figure 4.2: Bar Chart of Weight Distribution of Participants 

 

 Figure 4.2 outline the bar chart of the weight distribution of participants in kilograms. The 

average weight of the recruited participants is 54 kg with 6.34 SD within the spectrum from 40 kg 

to 69 kg. The most prevalent weights among the participants are 60kg which having 7 out of 31 

that accounting for 22.6%. In contrast, the least prevalent weights among the participants are 40 

kg, 44 kg, 46 kg, 49 kg, 57 kg, 59 kg, 62 kg and 69 kg, each represented by 3.2% or 1 of the 

participant. Besides, the weights categories lie on 45 kg, 48 kg, 52 kg, 53 kg and 56 kg, each 

accounting for 6.5% or 2 of the participants. Moreover, the weight categories fall at 47 kg and 55 

kg each accounting for 9.5% or 3 of the participants. The bar chart has summarized that the mode 

of the weight distribution is 60 kg.  
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4.2.3 Height 

 

Figure 4.3: Bar Chart of Height Distribution of Participants 

 

 Figure 4.3 bar chart represents the height distribution of participants in meter (m). It 

illustrates the height range is within 1.51m to 1.68m with the mean of 1.59m (SD = 0.05). The 

most widespread height is 1.62m with 12.9% or 4 pf the participants while the least widespread 

heights was 1.53m, 1.57m and 1.61m with 3.2% or 1 of the participants. Apart from that, there are 

4 categories of the height which fall on 1.51m, 1.55m, 1.58m and 1.68m each carries 9.7% or 3 of 

the participants. Furthermore, there were participants of different weights, each of whom made up 

6.5% of the total or 2 of the participants, suggesting that the research sample size was further 

diverse in terms of weight. The various height comprised of 1.52m, 1.56m, 1.59m, 1.60m, 1.63m 

and 1.64m. This implied that there was no dominant height category in the sample and that there 

was an equal distribution over a range of heights. 
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4.2.3 BMI Categories of Participants 

 

Figure 4.4: Pie Chart Distribution for BMI Categories of the Participants  

 

 The pie chart above shows that the BMI categories of the study participants. The 

distribution of the BMI provided the mean with 21.23 kg/m2 and SD with 2.54. The majority of 

the participants made up by 25 over 31 of the total participants which hold for 81% are 

categorized by “Normal weight”. Moreover, there is only 1 of the participants who represented 

3% from the sample size with “Underweight”. Lastly, the third segment which constitute 5 or 

16% of the participants have been classified as “Overweight”.  
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4.3 Interferential Analysis Test 

 The interferential analysis test involved Repeated ANOVA Analysis, Paired Sample T-test, 

Pearson Correlation Analysis and Spearman Rank Correlation Analysis. Repeated ANOVA 

Analysis was used to analyze the (i) ESS of each phases of MC and (ii) CMJ height of each phases 

of MC. Next, Paired Sample T-test is applied to analyze the comparison of different phases of MC 

on daytime drowsiness by using the data collected from ESS. Moreover, the Pearson Correlation 

Analysis is used to explore the linear correlation between ESS and CMJ height. Lastly, the 

Spearman Rank Correlation Analysis is used to study the relationship of different phases of MC 

on (i) ESS and perceived fatigue and (ii) CMJ height and perceived fatigue.  

 

4.3.1 Repeated ANOVA Analysis for ESS 

MC Phases ESS 

(Mean ± SD) 

Sig.  

(p-value) 

EF Phase 9.06 ± 4.37 0.04 (<0.05) 

LF Phase 7.29 ± 4.73  

OP Phase 6.94 ± 4.11  

ML Phase 7.23 ± 4.43  

LL Phase 8.42 ± 3.72  

 

Table 4.2: Comparison of Daytime Drowsiness on different phases MC 
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4.3.2 Paired Sample T-test for ESS on Different Phases of MC 

 
Mean SD Std. Error 

Mean 
95% Confidence Interval 

of the Difference 

 

t df Sig. (2-tailed) 

(p-value) 

 
      Lower Upper       

EF vs LF 1.774 4.287 .770 .202 3.347 2.304 30 0.028 

EF vs OF 2.129 3.547 .637 .828 3.430 3.342 30 0.002 

EF vs ML 1.839 3.900 .700 .408 3.269 2.625 30 0.013 

EF vs LL .645 2.470 .444 -.261 1.551 1.454 30 0.156 

LF vs OF .355 2.927 .526 -.719 1.429 .675 30 0.505 

LF vs ML .065 4.449 .799 -1.567 1.697 .081 30 0.936 

LF vs LL -1.129 4.105 .737 -2.635 .377 -1.531 30 0.136 

OF vs ML -.290 3.917 .704 -1.727 1.147 -.413 30 0.683 

OF vs LL -1.484 3.275 .588 -2.685 -.283 -2.523 30 0.017 

ML vs LL -1.194 3.859 .693 -2.609 .222 -1.722 30 0.095 

 

 Table 4.3: Pairwise comparison of Daytime Drowsiness between MC phases 
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 The mean and SD values of ESS (refer to daytime drowsiness) on different phases of MC 

are stated in table 4.2. There is a difference in daytime drowsiness between different phases of 

menstrual cycle [F(1,30) = 2.92, p = 0.04]. The higher the ESS scoring, indicates the higher level 

of daytime drowsiness. In the table 4.2 presents that there is the mark increased of level of daytime 

drowsiness during EF followed by LL compare to the rest of the 3 MC phases. Additionally, the 

daytime drowsiness level was similar within LF, OP and ML phases. This indicates that level of 

daytime drowsiness was affected by different phases of MC. 

 When analyzed between MC phases (table 4.3), EF phase was significantly different from 

LF, OP, and ML phases (p < 0.05), while LL phase was only significantly different from OP phase 

(p < 0.05). However, EF and LL phases were comparable (p > 0.05). There was no significant 

different between other phases. These findings indicated that EF and LL have the highest daytime 

drowsiness. 

 In the nutshell, first null hypothesis of this study is rejected. Therefore, there are significant 

differences on daytime drowsiness on different phases of MC (EF, LF, OP, ML and LL phases) 

and the most affected MC phases is EF followed by LL phase among recreational female 

badminton players. 
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4.3.3 Repeated ANOVA Analysis for CMJ Height 

MC Phases CMJ Height (cm) 

(Mean ± SD) 

Sig.  

(p-value) 

EF Phase 27.03 ± 5.80 0.08 (>0.05) 

LF Phase 27.29 ± 5.82  

OP Phase 27.13 ± 5.74  

ML Phase 28.16 ± 5.44  

LL Phase 27.16 ± 5.65  

 

Table 4.4: Comparison of Muscular Fatigue on different phases MC 

 

 The CMJ height refers to the induced muscular fatigue of the participants. The mean and 

SD values of CMJ height on different phases of MC were stated in table 4.4. There is no effects 

observed significant different of the jumping height in different phases of MC [F(1,30) = 2.34, p 

= 0.08]. This implies that MC does not influence muscular fatigue. The mean and SD scores of 

each MC phases were EF = 27.03 ± 5.80, LF = 27.29 ± 5.82, OP = 27.13 ± 5.74, ML = 28.16 ± 

5.44 and LL = 27.16 ± 5.65.  

 In the nutshell, second null hypothesis of this study is failed to be rejected. There are no 

significant differences on muscular fatigue on different phases of MC (EF, LF, OP, ML and LL 

phases) among recreational female badminton players. 
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4.4.4 Pearson Correlation Analysis for ESS and CMJ Height 

Relationship of Different 
MC Phases on ESS and 

CMJ Height 

Correlation Coefficient (r) Sig. (p-value) 

EF Phase 0.081 0.665 

LF Phase 0.086 0.644 

OP Phase 0.245 0.185 

ML Phase 0.044 0.814 

LL Phase 0.122 0.514 

 

Table 4.5: Relationship of Daytime Drowsiness and Muscular Fatigue on Different Phases 

MC 

 

 The table 4.5 shows the relationship on daytime drowsiness and muscular fatigue on 

different phases MC. Both of the variables are not statistically significant (p > 0.05) (EP Phase = 

0.665, LF Phase = 0.644, OP Phase = 0.185, ML Phase = 0.814 & LL Phase = 0.514) Besides, the 

correlation of both variables are existing positively but poor  (r < 0.3) (EP Phase = 0.081, LF Phase 

= 0.086, OP Phase = 0.245, ML Phase = 0.044 & LL Phase = 0.122). This reveals that different 

phases of MC on daytime drowsiness and muscular fatigue were not statistically significant. 
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 In the nutshell, third null hypothesis of this study is failed to be rejected. There are no 

significant relationship on daytime drowsiness and muscular fatigue across the 5 phases of MC on 

among recreational female badminton players 

 

4.4.5 Spearman's Rank Correlation Coefficient for ESS and Perceived Fatigue 

Relationship of Different 
MC Phases on ESS and 

Perceived Fatigue 

Correlation Coefficient (r) Sig. (p-value) 

EF Phase -0.454 0.010 

LF Phase -0.246 0.183 

OP Phase -0.155 0.407 

ML Phase -0.121 0.517 

LL Phase -0.451 0.011 

 

Table 4.6. Relationship on Daytime Drowsiness and Perceived Fatigue on Different Phases 

MC  

 

 The table 4.6 presents the existence relationship of daytime drowsiness and perceived 

fatigue on different phases of MC. During EF and LL phases, the p-values were 0.010 and 0.011 

(p < 0.05). Thus, the results of these 2 phases are statistically significant. Besides, the r-value of 
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EF phase was -0.454 and LL phase was -0.451. These indicate fair and negatively relationship 

between daytime drowsiness and perceived fatigue of the mentioned phases. However, there is not 

statistically significant of both variables on LF, OP and ML phases. Each phase yielded p-value of 

0.183, 0.407 and 0.517 and r-value of -0.246, -0.155 and -0.121 respectively (p > 0.05). The 

strength of association of the LF, OP and ML phases are negative and poor. To sum up, there is 

association between daytime drowsiness and perceived fatigue during EF and LL phases. 

 

4.4.6 Spearman's Rank Correlation Coefficient for Relationship of CMJ Height on 

Perceived Fatigue  

Relationship of Different 
MC Phases on CMJ Height 

and Perceived Fatigue 

Correlation Coefficient (r) Sig. (p-value) 

EF Phase 0.084 0.653 

LF Phase -0.073 0.697 

OP Phase 0.036 0.849 

ML Phase 0.089 0.734 

LL Phase -0.138 0.549 

 

Table 4.7: Relationship on Muscular Fatigue and Perceived Fatigue on Different Phases MC 
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 The table 4.7 presents the relationship of CMJ Height (refers to muscular fatigue) and 

perceived fatigue on different phases MC. The p-value of each MC phases were scored higher than 

0.05 which also refers to there is not statistically significant between different phases MC on 

muscular fatigue and perceived fatigue. The p-value of EF phases was 0.653; LF phase was 0.697; 

OP phase was 0.849; ML phase was 0.734 and LL phase was 0.549. Moreover, each MC phases’ 

r-values of EF = 0.084, LF = -0.073, OP = 0.036, ML = 0.089 and LL = -0.138 respectively. The 

correlation coefficient shows positive poor association on EF, OP and LL phases on muscular 

fatigue and perceived fatigue during different phases of MC while the result of LF and LL phases 

were negatively poor associated. To sum up, there is no association between muscular fatigue and 

perceived fatigue on different phases of MC. 

 

4.4 Hypothesis Testing 

First null hypothesis (H0): 

 There are no significant differences on daytime drowsiness on different phases of MC (EF, 

LF, OP, ML and LL phases) among recreational female badminton players. 

 First alternate hypothesis (HA): 

 There are significant differences on daytime drowsiness on different phases of MC (EF, 

LF, OP, ML and LL phases) among recreational female badminton players. 
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Second null hypothesis (H0): 

 There are no significant differences on muscular fatigue on different phases of MC (EF, 

LF, OP, ML and LL phases) among recreational female badminton players. 

Second alternate hypothesis (HA): 

 There are significant differences on muscular fatigue on different phases of MC (EF, LF, 

OP, ML and LL phases) among recreational female badminton players. 

 

Third null hypothesis (H0): 

 There are no significant relationship on daytime drowsiness and muscular fatigue across 

the 5 phases of MC on among recreational female badminton players 

Third alternate hypothesis (HA): 

 There are significant relationship on daytime drowsiness and muscular fatigue across the 

5 phases of MC on among recreational female badminton players 
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Chapter 5 

Discussion 

 

5.1 Chapter Overview 

 This chapter will discuss the key findings of the results in the previous chapter with the 

current evident based support with reasoning. Additionally, this chapter also illustrates the 

limitation of the study, recommendation for future research and conclude the study findings. 

 

5.2 Discussion 

 This study aims to explore the effects and relationship of the 5 phases of the menstrual 

cycle (EF, LF, OP, ML and LL phases) on daytime drowsiness and muscular fatigue among 

recreational female badminton players.  

 

 With the collected data in this study found that that EF followed by LL have the highest 

daytime drowsiness. Next, the hormonal events of MC do not influence the muscular fatigue. 

Moreover, there is not statistically significant association on daytime drowsiness and muscular 

fatigue between different phases of MC. Additionally, the perceived fatigue is correlated to 

daytime drowsiness but not been found in muscular fatigue. According to the analyzed data, the 

researched observed that the daytime drowsiness during EF and LL phases are statistically 

significant with perceived fatigue while not in the rest of the MC phases.   
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 The finding from the researcher noted that the EF and LL have the highest daytime 

drowsiness.  

 There were multiple researches have done the study of the effect of MC on daytime 

drowsiness. Their studies have found out some factors that lead to higher daytime drowsiness 

during specific phases of MC. Female players tend to feel more daytime drowsiness during EF 

phase are due to the hormonal effect and reduced sleep quality compared to LL phase (Carmichael 

et al., 2021) & (Driver & Baker, 1998). The result was supported by Driver & Baker (1998) who 

stated that 16 – 25% of females reported lethargy during late luteal phase while 25 – 32% of 

females during mesense due to reduced sleep quality. Additionally, EF phase refers to bleeding 

phase, thus the alertness which caused by drowsiness of the subjects could affect by heavy bleeding 

the first few days of EF phase. During this phase, female more prone to reduce in total deep sleep 

time, sleep efficiency and prolonged sleep latency compared to late follicular phase (Carmichael 

et.al., 2021).  

 Reduced sleep quality during EF and or LL phase are more prone to happen among female 

who having menstrual symptoms which known as PMS (Ames, 2020). The menstruation 

symptoms which occurred during EF and LL phases included physical, emotional and behavioral 

sign and symptoms (Ames, 2020). The physical sign and symptoms are intense lower abdominal 

pain (period pain), low back pain, headache, joint or muscle pain and etc. Moreover, the emotional 

and behavioral sign and symptoms are poor concentration, mood swings and bad sleep quality. 

These are the fluctuation hormonal effects that occur around and or during menstruation (Ames, 

2020). A study found out that the female with PMS is 2 time greater to have poor sleep quality 

then those who did not have PMS. 69 females with PMS and 52 females without PMS have been 

assessed with ESS (Conzatti, 2021). The statistically significant value has scored by females with 
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PMS during follicular phase are 0.006 with odd ratio of 3.057 and the 95% of confident interval 

from 1.44-6.45 (Conzatti, 2021). During luteal phase, females with no PMS scored p = 0.014 while 

females with PMS score p = 0.22 (Conzatti, 2021). Both of the results reviewed that females with 

PMS facing more daytime drowsiness during EF & LL phases.  

 Furthermore, in the EPISONO study cohort, 96 females had taken one-night 

polysomnography. The results gave female having better sleep efficiency during mid or late 

follicular phase with the mean and SD scores or 89.9% ± 9.6 compared to menses phase 83.0% ± 

10.8 and luteal 83.7% ± 12.7 (Ishikura et al., 2024). Besides, during the mid or late follicular 

females’ average time taken for sleep latency is shorter (7.1 ± 7.1 min) compared to the menstrual 

(22.3 ± 32.4 min) and luteal groups (15.9 ± 14.7 min) (Ishikura et al., 2024). This implies that mid 

or late follicular phases has better sleep quality and thus result in less daytime drowsiness. 

Nevertheless, the researcher of this study had found that there no or less daytime drowsiness during 

ML phases compared with other phases of MC. The finding has been supported by Kar & 

Agrawala (2018) which conveys the female undergoes deeper sleep stage (stage 2) and reduced in 

rapid eye movement (REM) during ML phases compared to mid follicular phase (Kar & Agrawala, 

2018). 

 The main endogenous hormones progesterone takes role of promoting sleepiness while 

estrogen improves alertness (Shechter & Boivin, 2010). Higher chance of drowsiness during EF 

phase due to both of the hormones are low similar to LL phase which experiencing the dropping 

of both hormones from ML phase (Carmichael et.al., 2021). Moreover, the progesterone is also 

functionally positive associated with body temperature and promoting sleeping effect 

(Charkoudian & Stachenfeld, 2016) & (Driver & Baker, 1998). Females will experience lower 

body temperature during the early follicular stage while higher core body temperature in the late 
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luteal phase (increased 0.5°C to 1°C, the body temperature reach 36.5°C to 37°C) (Charkoudian 

& Stachenfeld, 2016) & (Driver & Baker, 1998). With the higher of the thermoregulation of the 

dissipation of body temperature and higher sleeping effect were result in reduced sleep quality and 

thus lead to daytime drowsiness during luteal phase especially beginning of the LL phases 

(Charkoudian & Stachenfeld, 2016).  

 Referring to the ovulation fatigue, the finding of this study has demolished the theory from 

Gleanton (2024) who claimed that the spike of the estrogen and progesterone could lead to poor 

sleep quality and increase the daytime drowsiness or mental fog. The theory from Haslett (2024) 

mentioned that the period of hormones fluctuation is short (OP phase takes approximately 3 days) 

while according to McLaughlin (2022) stated that ovulation usually take 16 to 32 hours thus, the 

subject will not feel sleepiness with the short period of hormonal changes. According to the proved 

of endogenous hormonal event during different phases of MC from McNulty et al. (2020) and 

Farage et al. (2012) show that the estrogen decreased steadily while progesterone increases 

smoothly during OP phase. Thus, the sleep quality is not affected by hormones during OP phase. 

In short, daytime drowsiness is influenced by MC phases due to the endogenous hormonal events.  

 

 In this study, there is no detected muscular fatigue influenced by the different phases of 

MC.  

 The CMJ height is used to measure the muscular fatigue among female recreational 

badminton player by applying fatigue protocol (40 squat jumps). The finding of this study has 

aligned with the researches done by Ogul et al. (2021), García-Pinillos et al. (2021), Morenas-

Aguilar et al. (2023) & Pisapia et al. (2019) which proved that the CMJ height is not affected by 
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different phases of MC which also implies that the muscular fatigue is not affected by hormonal 

events. A narrative review from Carmichael et al. (2021) listed that multiple jump tasks such as 

countermovement jump (Smirniotou et al., 2004), vertical (Kishali et al., 2010) and squat jump 

test (Smirniotou et al., 2004) outcomes did not differ by menstrual cycle phases with the theory of 

no change of tissue stiffness over menstrual cycle phases. Conversely, vertical jump height is 

influenced by menstrual cycle phases have been proved by Julian et al. (2017) and Davies et al. 

(1991).  

 Besides, in this study there is no report previous experience in strength training from the 

subjects of this study which become a confounding factor on determining the type of efforts 

(García-Pinillos et al., 2021). Jumping is a movement that highly recruiting stretch-shortening 

cycle (SSC), muscle strength to generate adequate force and power. Referring to Niering et al. 

(2024), female player will have better performance during LF phase due to the higher level of 

estrogen compared to other phases of MC. It is because estrogen responsible to neuroexcitatory 

and strength enhancing effect (Niering et al., 2024). The main endogenous hormones estrogen and 

progesterone take role in force production. The estrogen functions as a component for force 

production and to repair post-damage muscles after strength training through the activation and 

proliferation of the satellite cells (Sung et al., 2014). Moreover, the peak estrogen level creates 

better strength performance due to better neuroexcitatory effect during LF phase (Sung et al., 2014), 

(Carmichael et.al., 2021) (Vidafarl et al, 2018) & (Niering et al., 2024).  Despite this, people have 

different responses to hormonal events, resulting in contradictory findings regarding the effect of 

different MC phases on vertical jump height (Michelekaki et al., 2023). 

 Additionally, the player’s performance is possible to be influenced by body composition 

(García-Pinillos et al., 2021). Typically, the anabolic effect of estrogen improves the muscle mass 
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and strength and fat oxidation of a body and found in different ability across different phases of 

MC (García-Pinillos et al., 2021). However, the trained females have shown that they have 

different body composition throughout the MC phases and result in no changes on jumping ability 

(Rael et al., 2021). In this study, relationship of estrogen level and vertical jump performance is 

negatively associated.  

 Nevertheless, the sample populations of the recent studies were varying with this current 

study. The selected participants in the study of Ogul et al. (2021) are eumenorrheic physical active 

female population with 1162.2 ± 189.1 MET-min/week (Ogul et al., 2021). Besides, the sample 

population of García-Pinillos et al. (2021) was elite futsal female players. Moreover, Morenas-

Aguilar et al. (2023) had selected handball female players for their research. Lastly, Pisapia et al. 

(2019) was targeted on female athletes. Endocrine function especially reproductive sex hormone 

is sensitive to lifestyle factors such as physical activity level and type including intensity, volume, 

rest intervals, repetition speed, frequency, as well as the selection and order of exercise involved 

(Copeland et al., 2004) & (Mennitti et al., 2024). Anabolic hormones are associated with muscle 

mass through their influence on protein carriers and receptors, resulting in varying hormonal 

responses that impact physical performance (Copeland et al., 2004). There is the increase level of 

estrogen and cortical hormones found among those females who performed acute exercise 

(Mennitti et al., 2024). Besides, another literature also found out that an acute bout of exercise is 

potential to increase the estradiol concentration level (Jennifer et al., 2002).  

 

 Moreover, the motivation for sports participation varies significantly between recreational 

players and competitive athletes. Recreational players are primarily driven by enjoyment, health 
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benefits, social interaction, and stress relief (Kilpatrick et al., 2005). Their focus is on personal 

well-being and leisure rather than competition, with goals that are typically self-directed and aimed 

at improving fitness or acquiring new skills in a less structured environment (Ryan & Deci, 2000). 

In contrast, athletes are motivated by a desire to achieve excellence, gain recognition, and 

outperform their competitors (Deci & Ryan, 1985). Their focus is highly goal-oriented, involving 

disciplined and rigorous training to reach peak performance. Unlike recreational players, athletes’ 

performance goals are often tied to external rewards or intrinsic desires for mastery (Vallerand, 

2004). These differences underscore the varied approaches and purposes that individuals bring to 

sports participation. Lastly, it might be the factor that shown in unchanged of CMJ height on 

different phases of MC.  

 

 Last but not least, the type of diet intake could affect the reproductive sex hormone 

production. Estradiol is a steroid hormone derived primarily from dietary fats, is the primary form 

of estrogen (Bennett & Ingram, 1990). It enhances muscle strength performance by increasing the 

intrinsic contraction rate of muscle fibers (Lowe et al., 2010). Female who changed to vegetarian 

diet from usual meat-eating diet or at least 3 times fish consumed per week have shown 

significantly reduce in estradiol hormonal level (Bennett & Ingram, 1990). In premenopausal 

women, a low-fat diet providing 20% of total energy intake reduced non-protein-bound estradiol 

levels from 1.48% to 1.27% (Ingram et al., 1987). The meta-analysis revealed that postmenopausal 

women receiving hormone therapy which estrogen was included in the therapy exhibited 

approximately 5% greater strength than those without HT (effect size = 0.23) (Greising et al., 

2009). In studies measuring specific force, hormone therapy showed a trend for approximately 10% 
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strength increase (Greising et al., 2009). These findings reveal that estrogen only affects muscle 

strength differently in premenopausal and postmenopausal females. 

 

 Moreover, the result of this study shown that no correlation on daytime drowsiness and 

muscular fatigue across different phases of MC. 

 ESS is used to access the daytime drowsiness while CMJ is used to detect muscular fatigue 

by recording jump’s height across different phases of MC. The findings illustrated that both of the 

variables are negatively associated with the p-values > 0.05.  

 This is due to the different mechanisms behind the mentioned variables. Daytime 

drowsiness among female population may be due to endogenous hormonal effect and poor sleep 

quality, emotion, sleep apnea, narcolepsy and restless legs syndrome in general gender or maybe 

due to some severe medical condition (Stuart, 2023). Daytime drowsiness could reduce cognitive 

alertness but not physical ability (Stuart, 2023). Apart from that, muscular fatigue is due to the 

physiological change of the muscle properties due to high loading of physical activity, insufficient 

recovery period and lack of neuromuscular control (Enoka & Duchateau, 2008). 

 ESS is a subjective retrospective tool to tract the daytime sleepiness while CMJ is a 

physical examination to detect the present of muscular fatigue (Omobomi & Quan, 2018) & (Alba-

Jiménez et al., 2022). The ESS scoring is affected by the daily activities, nap length, food 

consumption, emotional and behavioral of a person (Omobomi & Quan, 2018). In some case, the 

subject is being noted sleepiness by people who surrounding them instead of him or herself 

(Omobomi & Quan, 2018). Therefore, there could be a bias in the result. Muscular fatigue in this 
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study is induced by repeated jumping movement which was a set of continuous 40 squat jumps 

(Leard et al., 2007). The purpose of setting no rest interval during the intervention was to create 

muscle damage and thus result in muscular fatigue in order to theoretically reduced jumping ability 

(Twist & Eston, 2005).  

 In a study, the subjects who took 30 minutes nap were reduced in daytime drowsiness but 

jumping ability were remained the same (Daaloul et al., 2019). The finding is in line with the 

research conducted if the sleep inertia is present (Suppiah et al., 2019). In a study conducted by 

Morita et al. (2016) among sixteen female college students eight (experimental group) took a 2-

hour nap after putting into practice the juggling, while remaining eight didn’t take the nap (control 

group). Juggling performance was testes in the morning and in then was re-tested in the evening. 

Juggling performance improved after the period of 2-hour nap, on the other hand the subjects 

among the control group did not displayed improvement (Morita et al., 2016). To sum up, both 

variables have no direct correlation thus, there is no existing association.  

 

 Additionally, the daytime drowsiness which correlate to perceived fatigue has stronger 

feeling of fatigue during EF and LL phases.  

 In the table 4.6 pointes that there is statistically significant on daytime drowsiness and 

perceived fatigue during the EF and LL phases. The phenomena can be explained by the production 

and level of serotonin hormone (Carmichael et al., 2021). Nevertheless, the perceived fatigue is 

also increasing the drowsiness and deteriorating the concentration in performing a task (Takeda et 

al., 2015). As mentioned above, the main endogenous hormone of female is estrogen and 

progesterone which are highly associated with sleep hormones (Gleanton, 2024).   
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 Estrogen is the hormone that functionally regulate the serotonin and iron level (Yang et al., 

2012 & Carmichael et.al., 2021). The correlation of estrogen concentration with serotonin 

concentration is positive while its correlation with iron concentration is negative. Apart from that, 

serotonin causes perceived fatigue by producing sleep hormones such as dopamine and melatonin 

(Cleveland Clinic, 2022). Both of the hormones promote better sleep quality in-term of deep sleep 

time and reduced number of times of awake from sleep (Cleveland Clinic, 2022). 13 eumenorrhea 

females reported they experience stronger perceived fatigue and tension-anxiety during EF and LL 

phases with the low level of estrogen level as well as serotonin level (Kikuchi et al., 2010).  

 Iron is responsible for energy production by delivering the oxygen to cell for metabolic 

and energy production purposes (Latorre, Pengelly & Minehan, 2023). Besides, the iron is also 

takes role as a menstrual blood volume reducer but due to the excessive flow of bleeding, thus the 

perceived fatigue is high in EF phase (Yang et al., 2012 & Panayi, 2019). During LL phase, the 

low estrogen level is low, and it also result in high perceived fatigue as well (Cleveland Clinic, 

2022).   

 Apart from that, the progesterone level gives positive response on the perceived fatigue. 

During luteal phase, there is high progesterone level with more stronger feeling of subjective 

fatigue (Freeman et al., 2008). In a study highlighted that the subjects took longer response time 

in mental rotation task during luteal phase which is the timepoint that progesterone level is high 

(Noreika et al, 2014). Besides, task performance effectiveness is also delayed during EF (low 

estrogen) and ML (high progesterone) phases. In contrast, perceived fatigue is not been found with 

high level of progesterone (Courvoisier et al., 2013) & (Kass et al., 1998). More studies should be 

conducted to study the progesterone effect of perceived fatigue which the topic remain elusive 
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compared to the study of estrogen effect on perceived fatigue (Noreika et al, 2014). In the nutshell, 

low level of estrogen and high level of progesterone could lead to high perceived fatigue. 

 

 Lastly, the researcher also found that the muscular fatigue is not statistically significant 

with perceived fatigue on different phases of MC.  

 Countermovement jump is an objective measurement tool to assess the physical 

performance (Alba-Jiménez et al., 2022). It can be used to evaluate numerous types of fatigues 

which in this study is mainly focus on the muscular fatigue. Muscular fatigue can be induced by 

high load of repetition training and reduced muscle fiber contraction ability thus reduced in 

generation of strength and power within muscle fiber. However, the finding of this study, the 

countermovement jump performance is not induced by fatigue protocol and it is no affected by 

different MC phases. This study’s finding is also supported by Ogul et al. (2021), García-Pinillos 

et al. (2021), Morenas-Aguilar et al. (2023) & Pisapia et al. (2019). However, Julian et al. (2017) 

and Davies et al. (1991) stated that the CMJ height is affected by hormonal events due to the 

estrogen and progesterone which will affect the physical performance in-term of muscle strength 

and power production. The research’s finding is sameness with the finding from Martínez-Martí 

at al. (2021). Besides, the muscular fatigue is related to metabolic factors and fatigue substance 

during the process of contraction (Wan et al., 2017). The fatigue substance involved hydrogen (H+) 

ions, lactate, inorganic phosphate (Pi), reactive oxygen species (ROS), heat shock protein (HSP) 

and orosomucoid (ORM) (Wan et al., 2017). The muscular fatigue was induced by high-volume 

of fatigue protocol with the dosage of 14 sets of 10 continuous jumps with 1 minute of the resting 
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interval between sets but not low-volume protocol (7 sets of 10 continuous jumps with 1 minute 

of the resting interval between sets) (Knihs et al., 2022). 

 Perceived fatigue is a subjective sense of lethargy which employed by multifactorial 

approach such as physical, mental and physiological (Gorman, 2015). The symptom assessment 

tool to measure perceived fatigue is subjective. In this research, the component of fatigue in 

wellness questionnaire were used to explore the perceived fatigue during different phases of 

menstrual cycle. The finding of this study proved that the perceived fatigue of the subjects was 

affected by menstrual cycle hormonal events (Michelekaki et al., 2023) & (Carmichael et al. 2021). 

According to Michelekaki et al. (2023) & Carmichael et al. (2021), the researches stated that the 

perceived fatigue is affected by endogenous hormone. PMS during EF and LL phases and poor 

sleep quality may lead to perceived fatigue (Michelekaki et al., 2023). This is due to the low 

estrogen level during EF and LL phases which declined the fatigue tolerance and high level of 

progesterone during LL phase which reduced the sleep quality (Michelekaki et al., 2023). However, 

44.6% of college athletes have the thought that perceived fatigue impaired the sport’s performance 

due to the low estrogen hormones (Takeda et al., 2015). Similarly, one of the studies stated that 

perceived fatigue will only be found within female with severe PMS (Baker & Colrain, 2009). 

This is due to the personal hormonal sensitivity is difference from person-to-person (Michelekaki 

et al., 2023). A narrative review study declared that at least one physical performance measure was 

affected by MC hormonal events in a total of 15 studies; however, no evidence of impaired 

physical performance due to MC phases was found in 20 other studies (Carmichael et al., 2021). 

In the nutshell, the CMJ height and perceived fatigue have no correlation to each other due to 

different of physiology & type of assessment (objective and subjective).  
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 The researcher had concluded that the daytime drowsiness is influenced by MC while no 

effect on muscular fatigue. Furthermore, the daytime drowsiness and muscular fatigue have no 

relationship between each other variables. The additional collected data to support the research 

findings had proved that the daytime drowsiness is correlated to perceived fatigue but no 

correlation on muscular fatigue and perceived fatigue.  

 

5.3 Limitation of study 

 The researcher had noticed there are some limitations of this study which could bring bias 

to the study’s findings. Firstly, the method to determine the menstrual cycle phases was self-

reported by the participants instead of utilizing the endogenous hormone measurement tool due to 

financial constraint and ethical concerns. Serum biomarkers which included estradiol, luteinizing 

hormone and progesterone are the parameter to acknowledge the menstrual cycle phases (Anckaert 

et al., 2021). However, the menstrual cycle length is vary from person-to-person thus miss tracking 

of the MC phases might be happed (McLaughlin, 2022). 

 

 The instrument to measure the CMJ height in this study is vertec jump device. This decide 

gives ICC value of 0.75 which consider moderate reliable (Dasa et al., 2021) & (Koo & Li, 2016). 

However, there is a better instrument to assess CMJ height by recording the action-time audio and 

visual biofeedback which known as KForce Plates system (Plakoutsis et al., 2023). Its ICC value 

reach up to 1 which indicate excellent reliability (Koo & Li, 2016). Both instruments are reliable 
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and valid but due to the cost consideration, the researcher decided to use the vertect jump device 

which is cost efficient and more portable.  

 

 Besides, the fatigue protocol dosage should be reviewed. Due to the concerning of physical 

performance ability of the recreational badminton player, the researcher decided to reduce the 

fatigue protocol dosage from 7 sets of 10 continuous jumps to 4 sets of continuous squat jumps 

(Knihs et al., 2022). This could be a confounding reason that the muscular fatigue is not being 

induced and further not detected in the CMJ height.   

 

 The ESS is only collecting the data of the level of daytime drowsiness based on the 

specified situation (Omobomi & Quan, 2018). However, daytime drowsiness may be caused by 

numerous reasons. One of the possible reasons is postprandial somnolence as known as reduce 

energy level due to calorie or carb-rich meals (Fisher, 2024). Therefore, the time to fill up the 

daytime drowsiness and sleep related questionnaires should be fixed. 

 

 The subject of this research is only limited to recreational female badminton player, thus 

the finding is not relevant to those out from this sample groups. A player or an athlete’s 

performance could be determined by a person training load. Over training might cause amenorrhea 

that could lead to reduce in sport’s performance due to increased musculoskeletal injury and poor 

health condition. Apart from that, the eumenorrhea player or athlete is able to support sport’s 

performance and development (Ihalainen et al., 2024). Besides, the target sample population is 
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only limited on UTAR female recreational badminton player with the sample size of 31 in this 

study. The sample size considered medium compared to the population of Selangor area. Thus, the 

finding emphasized to this sample size which could has bias from the finding in larger sample size.  

 

5.4 Recommendation for future research 

 In order to enhance the research finding, the researcher suggests that apply self-reported 

MC and serum hormone measurement tool to tract the MC phases by the specific value of 

hormones concentration level. This practice is able to provide more accurate finding of effect of 

daytime drowsiness and muscular fatigue on different phases of MC. 

 

 Next. future studies should consider using advanced tools like the KForce Plates system to 

measure CMJ height, offering superior reliability (ICC = 1) and detailed biofeedback (Plakoutsis 

et al., 2023). While the Vertec jump device used in this study was cost-efficient and portable, its 

moderate reliability (ICC = 0.75) (Dasa et al., 2021) may limit precision. Utilizing the KForce 

system could enhance data accuracy and provide deeper insights into CMJ performance. 

 

 Besides, the dosage of fatigue protocol should be increased to study the muscular fatigue. 

Knihs et al. (2022) had successfully produce muscle fatigue by instructing the subjects to perform 

10 sets of maximal vertical jumps with 1-minute resting interval between each set (Twist & Eston, 

2005). Apart from that, low volume protocol with 7 sets of maximal vertical jumps with 1-minute 
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resting interval has failed to induced muscular fatigue (Knihs et al., 2022). This implies that, the 

higher dosage of fatigue protocol may contribute better muscular fatigue foundation and provide 

more comprehensive understanding on the influence of MC phases on muscular fatigue. 

 

 Moreover, the time to conducting the CMJ test and answering the questionnaire is 

suggested to done before getting a meal. This is because the heavy, high carbohydrates or oily 

meal may cause postprandial somnolence. The participants were not able to clarify whether the 

cause of daytime drowsiness was postprandial somnolence, or a hormonal event related to the MC. 

This could reduce the sensitivity of the self-reported daytime drowsiness data.  

 

 Lastly, the sample size of the study should be increased to reduce the study bias. A larger 

sample size could provide a stronger statistical power in-term of validity, reliability, sensitivity 

and generalizability of the research findings. This provides more comprehensive insights into the 

scope of study.  

 

 

5.5 Conclusion 

 In conclusion, this research was established to explore the effects and relationship of the 5 

phases of the menstrual cycle (EF, LF, OP, ML and LL phases) on daytime drowsiness and 

muscular fatigue among recreational female badminton players. The researcher observed a 
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significant increase in daytime drowsiness during the EF and LL phase as compared to LF, OP, 

ML phases. Besides, the analyzed data claimed that the muscular fatigue is not influenced by MC 

phases. Additionally, the perceived fatigue correlated to daytime drowsiness during EF and LL 

phases but not LF, OP, ML phases while it is not correlated to muscular fatigue. The findings of 

this research also contribute more detailed insights to the existing knowledge in sport injuries 

prevention but also provide comprehensive knowledge for the training plan to optimize the 

performance of female badminton players and athletes. Recognizing the influence of hormonal 

fluctuations during the MC on daytime drowsiness and muscular fatigue can help coaches, female 

athletes, and players optimize their training plans. This approach may reduce injury risks and 

improve performance during favorable phases of the cycle. For example, adjustments such as 

lowering training intensity, shortening session durations, or increasing rest intervals during 

specific MC phases have been recommended. While these findings offer a valuable starting point, 

further research is necessary to uncover the mechanisms and clarify the connections between the 

menstrual cycle, daytime drowsiness, muscular fatigue, and injury risk.  
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APPENDIX E – SLEEP DIARY 
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APPENDIX F – WELLNESS QUESTIONNAIRE 
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APPENDIX G – COUNTERMOVEMENT JUMP 
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APPENDIX H – INSTRUMENT 

 

Vertec jump measuring device, Vertec Vertical Jump Trainer 
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