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Abstract 

The menstrual cycle (MC), a monthly series of changes the body goes through to prepare for 
a possible pregnancy, is crucial to females' reproductive lives. Despite its significance in female 
life, a substantial 80% of females encounter MC-related challenges at some point in their 
reproductive age. MC-related symptoms and disorders have the potential to impact women's 
overall health negatively. Concurrently, physical activity (PA) and exercise is recognized for its 
positive influence on well-being and health. While suggestions exist regarding the reciprocal 
relationship between PA and the MC, inadequate research exists on this interplay, particularly 
in recreationally active females. This dissertation addresses this gap by investigating the 
association between PA, exercise and MC-related symptoms and disorders in recreationally 
active females through a cross-sectional survey. Additionally, it explores the effects of MC-
adapted endurance training on performance, cardiovascular health, and premenstrual 
syndrome through two randomized-controlled trials. 

The cross-sectional study highlights elevated prevalences of premenstrual syndrome, 
oligomenorrhea, and secondary amenorrhea among recreationally active females, 
underscoring the critical need for menstrual health considerations in this population. Although 
marginal associations were observed between light/moderate PA, total training volume, and 
MC disorders, no significant relationship was found concerning PA and premenstrual 
syndrome.  

Furthermore, the training interventions of the randomized-controlled trials significantly 
improved aerobic capacity in naturally menstruating females, yet no additional benefits were 
observed for MC phase-adapted training in terms of performance, cardiovascular health, or 
premenstrual symptoms. The results suggest that periodized training adapted to the MC may 
not yield distinct advantages over traditional training in this population. However, the 
substantial individual variability in training responses in all intervention groups must be 
emphasized. 

The observed variability underscores the necessity for replications with extended intervention 
periods, larger sample sizes, and improved accuracy in MC determination, guiding the 
refinement of training strategies for females. Future research should explore diverse 
populations, considering those at risk for MC-related health issues or with comorbidities, and 
analyze various outcomes, including MC health, well-being, and enjoyment, to enhance our 
understanding and contribute to long-term PA adherence.
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1. Introduction  
The menstrual cycle (MC) is an enduring biological phenomenon accompanying females from 
the onset of puberty until menopause (Schmalenberger et al., 2021). With an average 
reproductive lifespan of approximately 36 years, females undergo around 350 MCs, influenced 
by factors such as the number of pregnancies, individual MC length, and regularity (Mihm et 
al., 2011). Despite its significance in female life, a substantial 80% of females encounter MC-
related challenges at some point in their reproductive age (Clayton, 2008; Hylan et al., 1999). 
These challenges may range from mild premenstrual symptoms (Direkvand-Moghadam et al., 
2014) to severe disorders (Bachmann & Kemmann, 1982), which, over time, can adversely 
affect fertility, increase the risk of cardiovascular diseases, reduce bone mass, induce 
osteoporosis, and contribute to mental health issues such as depression and anxiety disorders 
(De Souza & Williams, 2004; Mihm et al., 2011; O’Donnell et al., 2011; Shufelt et al., 2017).  

Many factors can impact the MC, such as physical activity (PA) (Ahrens et al., 2014). 
Regrettably, research investigating the interaction between the MC and PA in recreationally 
active females is scarce, leaving many questions unanswered (Ahrens et al., 2014). This 
knowledge gap places physically active females in a challenging position - from recognizing 
potential health risks to devising solutions for existing health issues. While it is known that 
many females in the general population suffer from MC-related symptoms, such as 
oligomenorrhea (~11%) or secondary amenorrhea (~3%) (Bachmann & Kemmann, 1982), 
these numbers appear to increase among physically active females, particularly athletes or 
those engaged in high levels of PA, up to 24% for oligomenorrhea, and 27% for secondary 
amenorrhea (Gibbs et al., 2013; Ravi et al., 2021). Athletes with high training volumes and 
those participating in "lean" sports, perpetually teetering on the edge of low-energy availability, 
are particularly vulnerable (Ryterska et al., 2021; Sundgot-Borgen & Torstveit, 2004; Torstveit 
& Sundgot-Borgen, 2005). However, the landscape for recreationally active females, who 
constitute the majority of active females, remains less explored. Recreationally active females 
might be particularly vulnerable, compared to high-performance athletes, due to the lack of 
support by the coaching staff or medical team. This raises crucial questions considering the 
interaction of MC and PA. Even though low-energy availability is considered one of the leading 
causes of MC disorders such as amenorrhea, it is still discussed controversially if PA only 
contributes to the risk of low-energy availability or whether it might be an independent stress 
factor negatively affecting the MC (Bullen et al., 1985; Fourman & Fazeli, 2015; Williams et al., 
2015). Moreover, the positive impact of PA on MC-related symptoms, such as premenstrual 
symptoms, has been acknowledged, suggesting potential benefits for the well-being of 
physically active females (Ahrens et al., 2014; Liu et al., 2004). However, the optimal dose of 
PA for recreationally active females, striking a balance between reaping the positive impacts 
of PA and mitigating the risk of MC disorders, remains a critical question. 

Additionally, overlooking the potential collaboration between the MC and PA might result in 
missed opportunities for designing PA interventions or training programs. As previously known, 
the hormonal fluctuations over the MC are not only relevant for reproduction, but the hormonal 
changes might also alter physiological responses to exercise (Ansdell et al., 2020) by 
impacting overall performance (Meignié et al., 2021), the metabolism (Hackney et al., 2022), 
and exercise behavior and exercise avoidance (Kolić et al., 2021; Prado et al., 2021b). 
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Although current research on resistance training suggests a positive impact of training adapted 
to the MC on training responses (Thompson et al., 2020), less is known about the effects of 
endurance training and the potential impact of MC-adapted training on overall well-being 
(Kissow et al., 2022). Adapting exercise to the MC, considering individual needs such as 
varying energy levels, subjective PA readiness, or MC-related symptoms, is suggested to 
enhance long-term PA participation by reducing barriers and positively impacting performance 
and overall well-being (Julian & Sargent, 2020; Prado et al., 2021a).  

Despite the continuous increase in the number of female participants in recreational and high-
performance sports (Fink, 2015) and growing awareness of the health-related significance of 
the MC (De Souza & Williams, 2004; Mihm et al., 2011; O’Donnell et al., 2011; Shufelt et al., 
2017), females in research are still considered “invisible” (Cowley et al., 2021) and MC-related 
research is in its infancy. It is imperative to eliminate the "invisibility" of women in research and 
further analyze the interaction between the MC and PA. By doing so, we could contribute to 
preventing long-term MC and PA-related health problems and empower physically active 
women to establish a positive and beneficial relationship between the MC and PA. To initiate 
further steps and contribute to understanding the interaction of MC and PA, this dissertation 
aims to analyze the interaction between the MC and PA in recreationally active females. Are 
PA and MC-related symptoms and disorders related in this population? Further, the second 
aim is to explore the effects of MC-adapted endurance training on performance and health-
related parameters, including cardiovascular parameters and PMS.  

2. Theoretical Background 
 

2.1. The Menstrual Cycle  
From the onset of menarche to menopause, females experience cyclic ovarian function. 
Ovarian activity allows reproduction, which increases during puberty and decreases during 
perimenopause, as transitional periods, reaching maximum in-between (Hackney, 2017). The 
fluctuating production and release of the reproductive hormones regulate the MC. Despite 
inter- and intra-individual variations, the average MC spans over 28 days, ranging from 21 to 
35 days (Hackney, 2017). The MC can be divided into two basic phases: the follicular and the 
luteal phase (de Jonge et al., 2019) (s. Fig. 1). Regular hormonal fluctuations in reproductive 
hormones occur in eumenorrheic females showing an ovulatory MC. The onset of menstruation 
marks the start of a new MC with the follicular phase. On average, the early follicular phase 
lasts 5 days (Elliott-Sale et al., 2021) and is characterized by low estrogens and progesterone 
concentrations. Within the first days, concentrations of the follicle-stimulating hormone (FSH) 
and luteinizing hormone (LH) begin to rise slowly, which leads to the growth of a new follicle 
and estrogen release from the ovaries  (Khonsary, 2017). As the follicular phase progresses, 
the dominant follicle is selected and begins to secrete estrogen, which marks the mid-follicular 
phase. Just before ovulation, the highest estrogens levels of the MC are observable, while a 
significant increase in LH level occurs (Elliott-Sale et al., 2021). The peak in estrogens levels 
indicates the late follicular phase. The simultaneous rise in LH  is essential, as it triggers 
ovulation (Khonsary, 2017). At ovulation, the mature egg is released from the follicle, and the 
corpus luteum is formed, which marks the beginning of the luteal phase (de Jonge et al., 2019), 
the early luteal phase. During the mid-luteal phase, progesterone and estrogens are secreted 
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in large quantities. Those rising hormonal concentrations of estrogens and progesterone inhibit 
the secretion of FSH and LH (de Jonge et al., 2019).  

If fertilization occurs, the embryo remains in the endometrium and develops into a fetus. If 

fertilization does not occur,  the corpus luteum begins to atrophy, and the secretion of the 
reproductive hormones decreases (Hackney, 2017). This is accompanied by a fall of estrogen 
and progesterone in the late luteal phase until the onset of menstruation, indicating a new MC 
(Fig. 1). However, several factors can affect hormonal profiles, and individual hormonal profiles 
may not be identical from one MC to another (Alliende, 2002).  

The regular MC results from a highly coordinated hypothalamic-pituitary-ovarian (HPO) axis 
(s. Fig. 2), which regulates complex hormonal feedback loops. Those feedback loops lead to 
the formation of a dominant follicle, ovulation, and, in the absence of fertilization, shedding of 
the endometrial lining (Itriyeva, 2022). All three neuroendocrine glands, the hypothalamus, the 
pituitary, and the ovaries, must work together to ensure proper functioning (Sam & Frohman, 
2008). The signaling process for the MC starts within the hypothalamus. In the hypothalamus, 
a set of brain peptides, also known as kisspeptin, regulate the production of the gonadotropin-
releasing hormone (GnRH) (Skorupskaite et al., 2014) and serve, therefore, as a “gatekeeper” 
for the secretion of gonadotropins, the release of ovulation, and the metabolic regulation of 
fertility (Pinilla et al., 2012). The secreted GnRH is released from the hypothalamus into the 
bloodstream and travels to the pituitary glands. The pituitary glands respond to the increasing 
GnRH concentrations by releasing LH and FSH, which enter the bloodstream until FSH and 
LH reach the ovaries and bind to the ovarian receptors. The binding of FSH and LH to the 
ovarian receptors finally stimulates the production of estrogens and progesterone (Hackney, 

Figure 1. Key regulatory hormone changes over one menstrual cycle in a healthy eumenorrheic female, 
including the identified phases of the menstrual cyle. Adapted from Hackney et al. (2017, p.7) 
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2017). A negative feedback loop exists to downregulate the secretion of GnRH in the 
hypothalamus and LH in the pituitary. Estrogens combined with ovarian inhibin B mainly 
modulate the amplitude of pulsatile GnRH release in the hypothalamus (Meethal et al., 2009; 
Plant & Zeleznik, 2014). The inhibition of GnRH secretion results in diminished FSH and LH 
secretion within the pituitary (Stamatiades et al., 2019). In contrast to the effects of estrogen 
on GnRH, the indirect effect of progesterone on the GnRH pulse oscillator neurons appears to 
decrease GnRH pulse frequency, resulting in a decreased LH and FSH pulse frequency 
(Goodman et al., 2007; Hurd, 2017).   

Figure 2. Endocrine feedback loops between the hypothalamus, the anterior pituitary, and the ovaries. 
Adapted from Popat et al. (2008, p.44). 

The HPO axis is an entity that orchestrates the cyclic production of gonadotropic and steroid 
hormones (Mikhael et al., 2019). Various reasons can disturb the proper functioning of the 
HPO axis, such as hypothalamic-pituitary failure, most commonly caused by a congenital 
absence of GnRH (Mikhael et al., 2019). Further, endocrine disorders, such as polycystic ovary 
syndrome or endocrine disruptions caused by excessive weight or underweight, can also affect 
GnHR pulsatility (Mikhael et al., 2019). Additionally, sufficient functioning of the HPO-axis 
feedback loops depends on adequate energy and nutrient availability and is regulated by stress 
(Veldhuis et al., 1985). Stress, which affects the HPO-axis, can be either emotional and/or 
physical or caused by conditions such as low energy availability (Elliott-Sale et al., 2018; 
Hakimi & Cameron, 2017).  

2.1.1. Ovarian hormones  
The main ovarian hormones, whose release is regulated by the HPO-axis, are estrogens and 
progestogens (Hackney, 2017).  

The term estrogens represents a group of similarly structured steroid hormones, which are 
produced by the ovaries stimulated by FSH. Three estrogens are mainly present in the human 
female: estradiol-β-17, estrone, and estradiol  (Hackney, 2017). Given that Estradiol-β-17 
holds the highest relative estrogenic potency compared to other estrogens, which contribute 
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to the reproductive function (Wierman, 2007), this dissertation will primarily focus on it and 
refer to it as “estrogen” in the following chapters. Serum estrogen levels rise during the follicular 
phase of the MC, parallel to the growth of the follicle. A positive feedback loop exists in the 
estrogen-primed pituitary to augment LH release and trigger ovulation (Buffet et al., 1998;  
Fink, 2000). With the occurrence of ovulation, estrogen concentrations drop due to the negative 
feedback loop, and a second rise in the luteal phase can be identified (s. Fig. 1). Maximum 
estrogen concentrations are reached in the late follicular phase, reflecting the estrogen 
secretion from the follicle. Estrogen has a negative feedback effect on FSH-secretion (Hurd, 
2017). Next to its role in reproduction, estrogen also affects soft tissue, skeletal muscle, and 
the epidermis (Wierman, 2007). Due to the reduced oxidative stress under high estrogen 
concentrations, estrogen has a protective effect on cardiovascular diseases (Xiang et al., 
2021) and regulates immune response (Ma et al., 2021). Further, estrogen modulates insulin 
sensitivity and glucose metabolism by increasing insulin sensitivity and glucose uptake into 
type I muscle fibers (Oosthuyse & Bosch, 2010). Estrogen also impacts fat metabolism by 
increasing the availability and cellular oxidation capacity for fatty-free acids (Oosthuyse & 
Bosch, 2010). 

Progesterone, a major progestogen, is classified as a steroid hormone predominantly 
produced by the ovaries (Hackney, 2017). After ovulation, the corpus luteum begins to secrete 
progesterone, which leads to a differentiation in the epithelial cells of the endometrium into 
secretory cells (Buffet et al., 1998). Peak progesterone levels occur during the mid-luteal phase 
(s. Fig. 1). If no pregnancy occurs, the corpus luteum regresses, leading to a fall in 
progesterone secretion. If pregnancy occurs, progesterone maintains the uterus's gestational 
sac, modulating the maternal immune system (Czyzyk et al., 2017). Progesterone also causes 
a depletion of estrogen receptors to protect against endometrial hyperplasia (Hurd, 2017). 
Further, progesterone downregulates LH pulse frequency and prevents a second LH surge 
within the MC (Kokawa et al., 1996). Next to its role in reproduction, progesterone also affects 
the central nervous system and other target tissues (Mani et al., 1997), as well as the 
metabolism  (Redman et al., 2005), leading to a glycogen-sparing effect and increased protein 
catabolism (Oosthuyse & Bosch, 2010). Further, progesterone has immunomodulatory, anti-
inflammatory, and neuroprotective effects (Rafiee Zadeh et al., 2018).  

2.1.2. Menstrual Dysfunction and Disorders 
Even though a regular MC with optimal steroid hormone concentrations is a relevant vital sign 
of health in females in their reproductive age, not all MCs reflect the modeled MC as described 
in chapter 2.1. as women show a high variability in MC length and hormonal concentrations 
(Bull et al., 2019; Fehring et al., 2006; Itriyeva, 2022). Epidemiological studies indicate that 
approximately 80% of women have to deal with symptoms associated with their MC along their 
reproductive ages (Hylan et al., 1999). These symptoms can manifest in different dimensions, 
such as the premenstrual syndrome (PMS), oligomenorrhea, or secondary amenorrhea, all of 
which will be discussed in the following sections.    

Premenstrual Syndrome 

PMS describes a wide collection of psychological, physical, and behavioral symptoms that 
occur during the MC (Yonkers & Simoni, 2018). The severity of the symptoms can vary from 
normative, mild premenstrual to severe and disabling symptoms. Criteria for PMS are not 
stringent in the literature, but some relevant points of agreement exist. First, symptoms are 
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expressed mainly during the luteal phase of the MC with significant impairments, followed by 
a symptom-free period for at least one week when menstruation begins (Yonkers & Simoni, 
2018). Symptoms of PMS can include physical and/or emotional symptoms (Yonkers & Simoni, 
2018). The main affective symptoms are angry outbursts, anxiety, confusion, depression, 
irritability, and social withdrawal. Somatic symptoms include abdominal bloating, breast 
tenderness or swelling, headaches, joint or muscle pain, swelling of extremities, or weight gain 
(Beckmann et al., 2013). PMS prevalence rates range between 20-30% among the general 
population (Borenstein et al., 2007; Qiao et al., 2012). However, the prevalence rates vary 
greatly from study to study, as different methods are used for diagnosis. Women experiencing 
PMS often incur elevated indirect costs for employers, manifested through diminished work 
productivity, increased medical expenses, and a compromised health-related quality of life 
(Mishell Jr, 2005) 

To diagnose PMS, retrospective questionnaires such as the premenstrual symptoms 
screening tool (Steiner et al., 2003) or the premenstrual assessment form (Lee et al., 2002) 
can be utilized. These questionnaires are based on the criteria outlined in the Diagnostic and 
Statistic Manual of Mental Disorders (American Psychiatric Association & Association, 2013). 
However, retrospective assessments are remarkably prone to bias of false positive reports and 
the influence of individual beliefs about the PMS (Schmalenberger et al., 2021). Therefore, 
prospective diaries assessments are recommended (Gnanasambanthan & Datta, 2019). 
These assessments should include daily ratings of the criteria defined in the Diagnostic and 
Statistic Manual of Mental Disorders over two consecutive MCs. The underlying causes of 
PMS are still debated in the literature. However, the occurrence of PMS seems to be linked to 
the individual response to the normal fluctuations in reproductive hormone levels 
(Schmalenberger et al., 2021). Two theories are postulated for the aetiology of PMS: increased 
sensitivity to progesterone and reduced serotonin levels caused by estrogen and progesterone 
(Gnanasambanthan & Datta, 2019).   

Oligomenorrhea 

Another common menstrual disorder affecting females in their reproductive age, alongside 
PMS, is oligomenorrhea. Oligomenorrhea is defined as an MC length of 35 days or more 
(Elliott-Sale et al., 2021). Studies from China and Iran indicate a prevalence rate of 
oligomenorrhea in 12-13% of females in the general population (He et al., 2020; Samani et al., 
2018). Oligomenorrhea increases the risk of infertility and metabolic syndrome (He et al., 2020; 
Polotsky et al., 2011). 

Questionnaires are used to retrospectively determine MC characteristics, including 
menstruation frequency and MC length in the past 12 months, to diagnose oligomenorrhea 
(He et al., 2020). 

Mechanisms causing oligomenorrhea can be multifaceted. The leading causes discussed in 
the literature are chronic anovulatory disorders such as premature ovarian failure and ovarian 
insufficiency, and hyperprolactinemia (Seshadri et al., 1994), or endocrine disorders, which are 
possibly caused by hypothalamic inhibition or hyperandrogenism (Koltun et al., 2020).  

Secondary Amenorrhea 

A more severe form of MC disorder is secondary amenorrhea, defined as the absence of more 
than three consecutive periods in non-pregnant premenopausal women with past menses 
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(Elliott-Sale et al., 2021). The World Health Organization estimates that secondary 
amenorrhea is the sixth largest major cause of female infertility, and it is suggested to affect 
around 3% of women from the general population in the reproductive age (Bachmann & 
Kemmann, 1982).  Furher, secondary amenorrhea increases the risk for cardiovascular 
diseases, osteopenia, depression, anxiety and leads to difficulties coping with daily stress 
(Shufelt et al., 2017).  

To evaluate the presence of amenorrhea, a comprehensive history of the MC characteristics 
needs to be collected (Brady & Ginsburg, 2016). Causes that are mainly discussed in the 
literature are end-organ or outflow tract abnormalities, endocrine disorders, chromosomal 
abnormalities, or disruptions in the HPO-axis  (Brady & Ginsburg, 2016; Dutta et al., 2013; 
Kriplani et al., 2017; Popat et al., 2008).  

2.1.3. Hormonal contraceptives  
Next to MC dysfunction and disorder, hormonal contraception needs to be briefly addressed 
in the context of the MC. The exogenous hormones contained in hormonal contraceptives have 
a detrimental effect on the natural MC (Read, 2010). Hormonal contraceptives are widely used 
by females in their reproductive age, mainly to prevent unintended pregnancy (Hall & Trussell, 
2012), and are used worldwide by more than 150 million women (Baeten & Heffron, 2015). 
According to a study from Norway, 40% of 16-49 –year-old females are using hormonal 
contraceptives (Furu et al., 2021). Hormonal contraceptives mimic a regular MC (Read, 2010), 
but the steroids used in hormonal contraceptives are synthetic, and therefore, their actions 
within the female body may differ from endogenous hormones (Sims & Heather, 2018). 
Depending on the type of hormonal contraceptives (combined contraceptives with ethinyl 
estradiol and progestins, progestogen-only contraceptives, or intrauterine devices), these 
contraceptives prevent fertilization or implantation through different or combined mechanisms. 
These mechanisms include the prevention of ovulation, inhabitation of follicular development, 
reduction in the pulse frequency of GnRH, and/or changes in the cervical mucus (Hackney, 
2017). The bleeding that occurs during the inactive days, or days without exogenous 
hormones, cannot be considered “menstrual bleeding”, but is rather referred to as “withdrawal 
bleeding” caused by the drop in exogenous hormone levels.  

As hormonal contraceptives alter the natural MC, participants with and without hormonal 
contraceptives should be analyzed separately. In studies considering the natural MC, 
participants should experience at least two natural MCs without hormonal contraception to limit 
the influence of exogenous hormones (Schmalenberger et al., 2021).     

2.1.4. Verification and definition of the menstrual cycle 
As the MC is highly individual, with a large intra-individual variability (Bull et al., 2019), accurate 
methods are necessary to verify and determine MC-phases (Schaumberg et al., 2017). To 
account for the high inter- and intra-individual variability, it is advisable to incorporate daily or 
multi-daily ratings of the outcome as the preferred data collection method. Additionally,  a 
specific determination of the participant characteristics is recommended (Schmalenberger et 
al., 2021).  
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2.1.4.1. Participants characteristics  

To account for the diversity among females in matters related to MC, it is crucial to distinctly 
assess and outline the characteristics of the participants (Elliott-Sale et al., 2021): 

- Time-point of the participants within their reproductive age: puberty, reproductive 
age/pre-menopause, menopausal transition/perimenopause or menopause 

- Individual MC-characteristics: eumenorrheic, regularly menstruating, or MC disorders 
such as amenorrhea, anovulation, luteal phase deficiency 

- Usage and type of hormonal contraceptives 

- Current pregnancy or postpartum and previous pregnancies 

2.1.4.2. Menstrual cycle phase verification  

Further, it is necessary to verify the MC phases comprehensively. Different methods exist to 
verify the MC and identify MC phases, which differ in scope, accuracy, and effort.  

Calendar-based counting 

The calendar-based counting method is an indirect method to determine the MC. A high 
feasibility characterizes this method, but it also has low accuracy (Johnson et al., 2018; 
Wideman et al., 2013). According to the counting method, a new MC starts with the onset of 
menstruation on day one, and the following days are counted until the next menstruation 
occurs. The MC phases are then determined retrospectively by counting backward from the 
last day of the MC (de Jonge et al., 2019). Usually, a fixed luteal phase length of 14 days is 
assumed to determine the time point of ovulation, follicular phase, and luteal phase length 
(Emmonds et al., 2019). The calendar-based counting method offers high practicability, but 
assuming a fixed luteal length can misidentify the time point of ovulation, as luteal phase length 
varies between individuals (Bull et al., 2019). Moreover, this method makes it impossible to 
distinguish between ovulatory and anovulatory MCs or identify a luteal phase deficiency, as 
these conditions often occur in females with regular bleeding (Schaumberg et al., 2017). 

Basal body temperature  

The basal body temperature measurement is another indirect method used to determine the 
MC, which is also characterized as feasible and inexpensive. However, its accuracy is limited 
(Barron & Fehring, 2005; Moghissi, 1976). The wakening basal body temperature is measured 
every morning with a sensitive thermometer to determine the MC based on the basal body 
temperature. Due to the thermogenic effects of progesterone, a biphasic temperature pattern 
over the MC is usually observed, with an increase in body temperature of approximately 0.3° 
Celsius after ovulation (de Jonge et al., 2019). The assessment of the basal body temperature 
helps determine the approximate day of ovulation and, therefore, distinguish between the two 
main MC phases. However, despite it being a widely used method, the measurement is prone 
to influences from other factors such as stress, illness, or alcohol consumption, all of which 
can also affect basal body temperature (Bauman, 1981). Furthermore, not all ovulatory MCs 
exhibit a rise in basal body temperature or a concurrent rise in temperature after ovulation 
(Barron & Fehring, 2005). Further, this method does not recognize participants with a luteal 
phase deficiency (Schaumberg et al., 2017). 
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Urinary LH measurements  

The measurement of LH concentration in the urine is a non-invasive method that directly 
indicates hormonal fluctuations. To determine LH concentrations, participants collect their 
urine at a regular time point from day 8 of an MC. The LH test strip is inserted into the urine 
and will display a negative or a positive test result for LH concentration. Measurements are 
repeated daily until a positive test result occurs (de Jonge et al., 2019). Usually, ovulation 
occurs 10-26 hours after a urinary LH peak (Miller & Soules, 1996; Park et al., 2002). Even 
though this method directly indicates the LH concentration and can enhance the likelihood of 
accurately determining ovulation, this method cannot detect MCs with a luteal phase deficiency 
(Schaumberg et al., 2017).  

Salivary hormone analysis  

To differentiate between normal and abnormal MCs, as well as to verify MC phases based on 
hormonal concentrations, salivary hormone measurements of estrogen and progesterone are 
recommended (de Jonge et al., 2019). However, hormonal concentrations in the saliva are 
much lower than in the blood serum and, due to their pulsatile pattern, exhibit greater variations 
over 24 hours compared to serum measurements (Chatterton et al., 2005; Delfs et al., 1994).  

Serum hormone analysis 

Determining serum estrogen and progesterone concentrations is recommended as gold-
standard for research purposes considering the MC (de Jonge et al., 2019). Based on venous 
blood samples, estrogen and progesterone concentrations are analyzed using kits or a 
pathology laboratory. This measurement enables the direct determination of MC-phases, 
verified by hormonal concentrations. Further, participants with specific MC patterns or 
disorders can be detected based on the serum hormone analysis, such as participants with a 
luteal phase deficiency (Schaumberg et al., 2017). However, determining the MC with serum 
hormone analysis is an invasive method and, compared to the other methods, the most 
expensive one.  

2.1.4.3. Menstrual cycle phase definition 

Several methods exist to define MC phases based on the method of MC verification. Following 
the recommendations from Schmalenberger et al. (2021), MC phases can be defined 
according to the verification method: calender-based counting, basal body temperature, LH-
measurements, and salivary or serum hormone analysis, as displayed in Table 1.   
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Table 1. Menstrual cycle phasing. Adapted from Schmalenberger et al. (2021, p.6) 

MC verification 
method 

Recommended Phasing Procedure 

MC phase Perimenstrual Mid-follicular Periovulatory Mid-luteal 

Counting method Day -3 before menstrual 
onset to Day +2 after 
menstrual onset  

Day +4 until +7 after 
menstrual onset 

Day -15 to -12 before 
menstrual onset 

Day -9 until -5 before 
menstrual onset 

Basal body 
temperature 

N/A Day -7 until -3 prior nadir Day -2 prior nadir to Day 
+1 following nadir 

Day +6 to +10 following 
nadir 

LH-Test N/A Day -7 until -3 prior 
positive test 

Day -2 prior a positive 
test to Day +1 following a 
positive test 

Day +6 to +10 following 
a positive test 

Hormonal status Falling Estrogen/ 

Progesterone, low 
Estrogen/Progesterone 

Slight rise in estrogen, 
very low progesterone 

Strong rise and fall of 
estrogen, slight increase 
of progesterone 

High and stable 
Estrogen/Progesterone 

 

2.1.5. Summary 
In summary, the MC, characterized by its recurrent hormonal fluctuations, holds a crucial role 
in the female life (Mihm et al., 2011). Beyond its primary relevance for reproduction, the key 
reproductive hormones, estrogen and progesterone, exert influences on various functions 
within the female body, such as the central nervous system (Mani et al., 1997), metabolism 
(Oosthuyse & Bosch, 2010; Redman, 2006) or the immune system (Rafiee Zadeh et al., 2018). 
Unfortunately, MC-related symptoms and disorders, such as PMS or amenorrhea, are 
pervasive in the general population (Bachmann & Kemmann, 1982; Gnanasambanthan & 
Datta, 2019). Due to the intricate interplay of reproductive hormones within the body, these 
conditions can lead to significant health-related complications, including diminished health-
related quality of life, infertility, reduced bone mineral density, and heightened risks of 
cardiovascular diseases, depression or anxiety (He et al., 2020; Mishell Jr, 2005; Shufelt et al., 
2017). As a comprehensive indicator of overall health, the MC exhibits significant inter- and 
intra-individual variability (Bull et al., 2019) and requires specific considerations in the design 
of studies focusing on the MC, particularly regarding precise phase verification and definition 
(de Jonge et al., 2019; Elliott-Sale et al., 2021; Schaumberg et al., 2017; Schmalenberger et 
al., 2021; Sims & Heather, 2018). The intra-individual MC is influenced by various lifestyle and 
environmental factors, such as PA (Liu et al., 2004). However, a bidirectional link exists 
between PA and MC. Therefore, PA and the interaction between PA and MC will be explored 
in the following chapters.  

2.2. Physical activity and exercise training  
2.2.1. Definition of Physical activity, exercise, and physical fitness   

According to Caspersen et al. (1985) PA is "any bodily movement produced by skeletal 
muscles that results in energy expenditure over the basal level". This definition has become 
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widely accepted, as it acknowledges PA as a behavior conceptualized on a continuum from 
minimal to maximal movement (Smith & Biddle, 2008). However, due to the dose-response 
relationship between total energy expenditure and all-cause mortality, a broader definition is 
proposed, including that bodily movement causes a substantial increase in energy expenditure 
(Lee & Skerrett, 2001; Smith & Biddle, 2008).   

As PA is a broad concept and includes a great variety of activities, it is important to classify 
and quantify PA with the essential factors of frequency, intensity, duration, type, and domain 
of PA (Norton et al., 2010; Smith & Biddle, 2008):  

Frequency: the frequency describes the number of times the PA is performed within a specific 
time period, for example during a week or month.   

Intensity: the intensity refers to the magnitude of the physiological response to PA. Different 
methods exist for describing or estimating intensity, such as the percentage of oxygen uptake 
reserve, heart rate reserve, volume of oxygen consumed per minute, heart rate, or metabolic 
equivalents (Liguori & Medicine, 2020). Due to the difficulties in measuring metabolic work 
directly, intensity often captures physiological surrogates, such as the heart rate, or perceptual 
categories, such as the rate of perceived exertion (RPE) (Liguori & Medicine, 2020). PA 
intensity can be clustered into five categories, which reflect similar relative physiological stress 
within each category on the exercising individual (Norton et al., 2010). The categories are 
sedentary, light, moderate, vigorous, and high intensity (s. Table 2). These categories are 
established according to the energy demands and represent the gradient in metabolic and 
neuro-humoral responses during the PA. 

Table 2. Physical activity intensity categories. Adapted from Norton et al (2009, p. 497) 

PA category Sedentary Light Moderate Vigorous High intensity 

METs < 1.6 METs  1.6 - 2.9 METs 3 - 5.9 METs 6 - 8.9 METs ≥ 9 METs 

% VO2max < 20% VO2max 20 - 39% VO2max 40 - 59% VO2max 60 - 84% VO2max ≥ 85% VO2max 

% of HRmax < 40% HRmax 40 - 54% HRmax 55 - 69% HRmax 70 - 89% HRmax ≥ 90% HRmax 

% of HRR < 20% HRR 20 - 39% HRR 40 - 59% HRR 60 - 84% HRR ≥ 85% HRR 

RPE < 8 8-10 11-13 14-16 ≥17 

Description Activities that 
usually involve 
sitting or lying, 
with little 
additional 
movement 

Aerobic activity 
that does not 
cause a 
noticeable change 
in breathing rate; 
can be sustained 
for at least 60min 

Aerobic activity 
that is able while 
maintaining a 
conversation 
uninterrupted; 
intensity may last 
between 30-60 
min 

Aerobic activity in 
which a 
conversation 
generally cannot 
be maintained 
uninterrupted; 
intensity may last 
up to 30 min 

Intensity that 
generally cannot 
be sustained for 
more than 10 min 

Note. METS = Metabolic Equivalents, VO2max = maximal oxygen consumption, HRmax = maximum heart rate, HRR 
= heart rate reserve, RPE = rate of perceived exertion. 

Duration: the duration includes the length of time in which the PA is performed. 

Type: the type of PA can be summarized by physiologically determined categories such as 
aerobic or anaerobic or the features of the behavior itself (Smith & Biddle, 2008). More 
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descriptive classifications may reference the major bio-motor abilities, including endurance, 
strength, speed, flexibility, and coordination activities (Bompa & Buzzichelli, 2019). 

Domain: The domain refers to the context or setting in which the PA is performed, such as 
leisure time, occupational, transport, or school (Smith & Biddle, 2008).  

Many measurement techniques are used to assess PA, which depends on the specific 
outcome of interest and may vary across the subdisciplines of PA sciences (Smith & Biddle, 
2008). As criterion measures, indirect calorimetry, double-labeled water techniques, and direct 
observations are rated (Smith & Biddle, 2008). Further, PA can be measured objectively by 
device-based pedometers, accelerometers, heart rate monitors, and multichannel activity 
monitors (Burchartz et al., 2020, Smith & Biddle, 2008) and by subjective measures, including 
self-report questionnaires, interviews, and diaries (Nigg et al., 2020).  

However, the terms exercise and sports need to be distinguished from PA. PA includes all 
bodily movements and PA in daily life (Caspersen et al., 1985), as noted previously, and can 
be classified into different categories, such as leisure-time PA, active transport, occupation 
(Smith & Biddle, 2008). Even though PA and exercise are often used as synonyms in everyday 
language, exercise describes a subset of PA. Exercise is a planned, structured, and repetitive 
bodily movement with a final or intermediate objective, such as improving or maintaining one 
or more components of physical fitness (Caspersen et al., 1985; Montoye, 1996). Different 
definitions exist for physical fitness, but physical fitness commonly describes a set of attributes 
or characteristics of individuals that relate to their ability to perform PA and daily life activities. 
Usually, physical fitness characteristics are separated into health and skill-related components 
(Caspersen et al., 1985; Corbin, 1977). Health-related components of physical fitness include 
cardiorespiratory endurance, body composition, muscular strength, muscular endurance, and 
flexibility. The skill-related components of physical fitness incorporate agility, coordination, 
balance, power, reaction time, and speed (Caspersen et al., 1985; Corbin, 1977). 

2.2.2. Physical Activity recommendations and health benefits 
The vital role of PA as a health-protective behavior has become even more explicit in recent 
years (Bull et al., 2020; Katzmarzyk & Mason, 2009). Individuals who are unable to attain 
sufficient levels of PA display an increased risk for several chronic degenerative diseases, 
such as hypertension, obesity, or some forms of cancers, as well as premature all-cause 
mortality (Knight, 2012; Lee et al., 2012). Further, evidence supports the positive effects of PA 
in the treatment of chronic diseases such as cardiovascular, metabolic, and psychiatric 
diseases (Pedersen & Saltin, 2015).  

For adults, according to the World Health Organization, at least  150-300 minutes of moderate 
aerobic PA per week, or at least 75-150 minutes for vigorous aerobic PA or an equivalent 
combination, is recommended to achieve substantial health benefits and mitigate health risks 
(Haskell et al., 2009; World Health Organization, 2020). However, an inverse dose-response 
relationship exists between the volume of PA and all-cause mortality rates (Lee & Skerrett, 
2001). 

Even though the beneficial effects of PA are wide-known, women are overall less active than 
men in all regions of the world, apart from east and southeast Asia (Guthold et al., 2018). 
According to Guthold et al. (2018), the world-wide differences in levels of insufficient activity 
between women and men can be up to 10 percentage points or more. However, a trend of 
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equal PA levels between women and men can be observed in Europe (Marques et al., 2015). 
In Switzerland, females are as active as their male counterparts, and 74% are considered 
sufficiently active (Lamprecht & Stamm, 2000). 

2.2.3. Determinants of physical activity 
As briefly summarized in the last section, PA is a major public concern due to its association 
with overall health (Warburton et al., 2006; Warburton & Bredin, 2017). Many females are 
physically inactive despite the well-known beneficial effects (Guthold et al., 2018). However, 
human behavior is determined by multiple factors (Hagger et al., 2020). To explain and 
conceptualize the multiple factors that determine behavior, different frameworks exist, such as 
the self-determination theory (Ryan & Deci, 2000), the theory of planned behavior (Ajzen, 
1991), the self-efficacy theory (Bandura, 1977), the transtheoretical model of behavior change 
(Prochaska & DiClemente, 1982) or the social-ecological models (Sallis & Owen, 1998). To 
provide guidance for designing effective PA programs, models in behavioral science must be 
predictive of behavior and indicate procedures that promote long-term behavior change 
(Baranowski et al., 1998). Even though various frameworks exist, traditional theory-based PA 
promotion interventions demonstrate limited success in long-term maintenance (Dishman & 
Buckworth, 1996; Marcus & Forsyth, 1999). According to correlational research, current 
theories and models focusing on individual dispositions in PA behavior explain, at best, 20–
40% of the overall PA variance (Baranowski et al., 1998; Spence et al., 2000). 

Therefore, broader, multilevel, and ecological approaches are requested for effective PA 
interventions (Spence & Lee, 2003), which also integrate biological processes (Bouchard et 
al., 1994). Especially in females, the MC and phases in the reproductive life, such as puberty 
or menopause, might expand sociological or cultural explanations for PA behavior (Garcia et 
al., 1995). Therefore, biological processes should be integrated into the PA behavior models 
(Spence & Lee, 2003). Spence & Lee (2003) propose a model that portrays PA as being 

Figure 3. The ecological model of physical activity. Adapted from Spence & Lee (2003, p.15). 
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influenced by a complex interplay of environmental settings and biological and psychological 
factors (s. Fig. 3).  

2.2.4. Exercise training and endurance training  
Next to long-term maintenance of PA, specific stimuli are necessary to achieve health-related 
benefits of PA and prevent injuries or overload (Kraemer et al., 2002). Therefore, exercise 
training, as a planned and targeted stress-strain process to improve bio-psycho-social ability 
(Güllich & Krüger, 2023), must follow specific principles and strategies to promote good health 
(Ketelhut & Ketelhut, 2020). As endurance training is of particular importance in this 
dissertation, it is the only bio-motor ability examined in the following sections, and other abilities 
such as strength, speed, flexibility, and coordination (Bompa & Buzzichelli, 2019) are 
deliberately neglected.  

Endurance exercise training is a broad term, however, it has been suggested to include all 
sports events or PA that rely predominantly on the oxidative metabolism for energy supply 
(Jones & Poole, 2008). The physiological basis of aerobic endurance is not fully understood 
yet (François Péronnet & Thibault, 1989). Nonetheless, a highly developed aerobic endurance, 
such as the capacity to sustain a very high fraction of maximal oxygen uptake (VO2max) for a 
given time, can be associated with a combination of several factors (Bosquet et al., 2002). 
Those additional factors include a high percentage of type I muscle fibers, the large storage 
capacity of muscle and/or liver glycogen, spare carbohydrate use by increased use of fatty 
acids as main energy substrates, and efficient heat management (Foster et al., 1978; Péronnet 
et al., 1987). VO2max is generally considered a key physiological factor for aerobic endurance 
(Bassett & Howley, 2000). Further, aerobic endurance training facilitates in general numerous 
chronic positive changes, such as myocardial (Blomqvist & Saltin, 1983; Ekblom et al., 1968; 
Ekblom & Hermansen, 1968; Levy et al., 1993; Pluim et al., 2000; Scharhag et al., 2002), 
circulatory adaptations (Convertino, 1991; Gillen et al., 1991) or adaptations in the pulmonary 
and skeletal muscular system (Davies et al., 1981; Davis et al., 1979; Holloszy & Coyle, 1984). 
Those adaptations contribute significantly to improvements in aerobic fitness (DiMenna & 
Jones, 2016). 

To improve aerobic endurance, different variables and training methods should be considered. 
The main training variables are training type, intensity, duration, and volume (Liguori & 
Medicine, 2020). A broad variety of training methods combining different training variables can 
be applied to improve aerobic capacity. Common training methods are high-volume with low 
to moderate-intensity training, tempo training, extensive and intensive interval training, and 
high-intensity interval training (Buchheit & Laursen, 2013; Faude et al., 2009; Ketelhut & 
Ketelhut, 2020; Reuter & Dawes, 2016). Another widely used training method to improve 
aerobic capacity is polarized training, a combination of high-volume, low-intensity training, 
tempo training, and high-intensity interval training (Stöggl & Sperlich, 2014). In polarized 
training, elevated percentages of time or distances are spent in both high-intensity and low-
intensity exercise, and only a minor proportion of training is spent in tempo training (Treff et 
al., 2019). The effectiveness of the different training methods is discussed extensively in the 
literature (Meyer et al., 2007; Stöggl & Sperlich, 2014; Wahl et al., 2010). However, polarized 
training seems to have an overall positive impact on aerobic endurance in a broad range of 
participants (Filipas et al., 2022; Hydren & Cohen, 2015; Muñoz et al., 2014; Stöggl & Sperlich, 
2014; Zapata-Lamana et al., 2018). 
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2.2.5. Summary  
PA can generally positively affect health (Bull et al., 2020). Sufficient amounts of PA reduce 
the risk for several chronic degenerative diseases, such as hypertension, obesity, or some 
forms of cancers, as well as premature all-cause mortality (Knight, 2012; Lee et al., 2012) and 
positively impact chronic diseases such as cardiovascular, metabolic, and psychiatric diseases 
(Pedersen & Saltin, 2015). The term exercise must be differentiated from PA and is defined as 
a specific category of PA (Güllich & Krüger, 2023), which is a planned, structured, and 
repetitive bodily movement with a final or intermediate objective (Caspersen et al., 1985). The 
term exercise also includes aerobic endurance exercise (Corbin, 1977), which can result in 
positive adaptations, mainly in the cardiovascular system (DiMenna & Jones, 2016). However, 
when aerobic endurance is targeted in the training, training variables need to be considered to 
achieve improvements in the aerobic capacity. To increase aerobic capacity, different training 
methods are applicable (Ketelhut & Ketelhut, 2020; Meyer et al., 2007; Stöggl & Sperlich, 2014; 
Wahl et al., 2010), such as polarized training, which combines high-intensity, low-intensity, and 
tempo training (Treff et al., 2019).  

2.3. Physical activity and the menstrual cycle – a bidirectional 
interaction 

PA and the MC are mutually influential, displaying a bidirectional interaction. This bidirectional 
relationship is based on various mechanisms and will be discussed in the upcoming chapters. 
According to the evolutionary framework by Caldwell & Hooper (2023), stress, such as 
exceeding amounts of PA, impacts reproductive function and can limit reproduction. The 
limitation occurs because reproduction, from pregnancy until lactation, is highly energy-
demanding (Williams et al., 2001), and energy-saving measures are implemented for safety 
under high-stress conditions (Caldwell & Hooper, 2023). Otherwise, if the reproductive function 
is maintained, the reproductive hormones can also affect other tissues within the female body 
as well as the metabolism (Hackney, 2017; Janse De Jonge, 2003). Therefore, the hormonal 
fluctuations over the MC might also impact PA and exercise (Hackney, 2017). As many 
females of reproductive age are physically active (Lamprecht & Stamm, 2000), it is crucial to 
understand the bidirectional relationship between PA and the MC (Ahrens et al., 2014). 

2.3.1. Effects of physical activity on the menstrual cycle 
Depending on the females' characteristics and the type of PA, PA can have a divergent effect 
on the MC, leading to positive or negative effects on the MC characteristics or disorders. 

In overweight or obese females or females with reduced insulin sensitivity, PA increases insulin 
sensitivity (Moran et al., 2003), promotes non-insulin-dependent glucose uptake, and 
substantially improves peripheral insulin resistance (Ryder et al., 2001). Insulin resistance 
appears to be linked to menstrual irregularities and disorders (Ezeh et al., 2021; Fernandes et 
al., 2005). Additionally,  improvements in insulin resistance positively impact MC 
characteristics, such as the prevalence of ovulation (Redman, 2006). However, the specific 
neuroendocrine mechanism mediating the influence of PA on the reproductive axis has yet to 
be identified (Redman, 2006). Currently discussed mechanisms are alterations affecting 
adiponectin, such as leptin, and hyperandrogenism due to insulin resistance or reduced 
sensitivity (Tsilchorozidou et al., 2004). Thus it seems that PA can support the functional 
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capacity of the MC due to a positive influence on hormonal regulation processes (Redman, 
2006). 

In females who experience PMS, PA and exercise can reduce PMS symptoms (Pearce et al., 
2020). The interaction between PA and PMS seems multifaceted, and different mechanisms 
are discussed in the literature. For example, exercise might modify PMS symptoms by causing 
a general increase in endorphin levels (Steinberg & Sykes, 1985). Further, PA has been shown 
to influence the regulation of estrogen and progesterone synthesis (Cano Sokoloff et al., 2016), 
potentially resulting in a positive impact on females with an increased sensitivity leading to 
PMS (Gnanasambanthan & Datta, 2019). Additionally, PA contributes to the production of anti-
inflammatory chemicals (Flynn et al., 2007) and a reduction in feelings of depression (Dunn et 
al., 2001). These effects may potentially have a beneficial impact on PMS and thus improve 
MC regulation.  

On the other hand, PA and exercise can also harm MC characteristics (Dawson & Reilly, 2009), 
especially among females with high levels of PA or females at risk for low-energy availability 
(Redman & Loucks, 2005; Witkoś & Wróbel, 2019). Negative consequences caused by PA 
include an increased risk for delayed menarche, secondary amenorrhea or oligomenorrhea, or 
reduced ovulating ability, which have been associated with more hours of intense PA (Gordon 
et al., 2017).  

Previous studies have found that high-intensity activity is associated with amenorrhea, 
oligomenorrhea, luteal phase deficiency, and anovulation, likely through disturbances of the 
hypothalamic-pituitary-adrenal axis (Ahrens et al., 2014). Like the positive effects, the adverse 
effects are based on various impact mechanisms. As a study by Warren & Perlroth (2001) 
emphasizes, leptin may be a critical factor in the interaction between low energy availability 
and the reproductive axis. In the hypothalamic neurons, leptin receptors are present, which 
are able to modulate and control the GnRH pulse generator. High amounts of PA seem to alter 
leptin concentrations (Ahrens et al., 2014; Welt et al., 2005). Further, PA impacts the 
hypothalamic–pituitary–adrenal axis, resulting in increased levels of androgens, which could 
impair follicular development (Warren & Perlroth, 2001; Welt et al., 2005).  

Additional, stressors, such as psychosocial, social, or PA-related stressors (Berga et al., 1997; 
Coyle, 2000), can mediate the central suppression of the reproductive axis by inhibiting GnRH 
release (Berga et al., 1997). The occurrence of stress alters cortisol concentrations, and 
increased cortisol concentrations reflect the activation of the hypothalamic-pituitary-adrenal 
axis (Widmer et al., 2005). However, increased cortisol concentrations stimulate corticotrophin-
releasing hormone secretion, inhibiting GnRH release (Keizer & Rogol, 1990).  Also, the 
hypothalamic-pituitary-thyroidal axis may independently impair gonadal function due to specific 
thyroid hormone receptors at the ovarian level (Berga et al., 1997; Doufas & Mastorakos, 
2000). Overall, excessive amounts of PA or high-intensity activity, particularly when coupled 
with low-energy availability, may have detrimental effects on the MC, increasing the risk of MC 
disorders. 

2.3.2. Effects of the menstrual cycle on physical activity 
Current research suggests that many hormonal and mechanical changes within the female 
body are related to the hormonal fluctuations over the MC. The MC could theoretically affect 
exercise performance by inducing thermoregulatory, respiratory, and renal changes (Janse De 
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Jonge, 2003). However, these hypothetical links are not necessarily backed up by research, 
and current evidence on the relationship between MCs and exercise performance is still 
contradictory (Oosthuyse & Bosch, 2010), which could reflect high heterogeneity in study 
design and quality (McNulty et al., 2020). The current state of research focusing on the main 
trends are briefly summarized in the next sections.  

2.3.2.1. The effects of the menstrual cycle on the female physiology 

Substrate metabolism  

Substrate metabolism is a large contributor to aerobic endurance performance, and the ability 
to optimize fat metabolism is deemed preferable during moderate- and high-intensity exercise 
(Hicks et al., 2023). In the energy metabolism, both estrogen and progesterone might impact 
glycogen uptake and storage (Hackney, 1990). During phases with high estrogen 
concentration, an increased glycogen repletion rate can be monitored after intensive exercise 
(Nicklas et al., 1989). Further, an increased reliance on fat metabolism was observed during 
phases of high progesterone concentrations (Jurkowski et al., 1981; McCracken et al., 1994; 
Nicklas et al., 1989), with a greater shift from follicular to luteal phase in females with a smaller 
increase in progesterone/estrogen ratio (Hackney et al., 2022). However, the impact of 
progesterone on fat metabolism is still controversially discussed in the literature, as it might be 
dependent on exercise intensity, previous carbohydrate loading, and the ratio between 
estrogen and progesterone concentrations (Bailey et al., 2000; De Souza et al., 1990; dos 
Santos et al., 2021; Hackney et al., 2022; Hessemer & Bruck, 1985; Kanaley et al., 1992; 
McLay et al., 2007; Smekal et al., 2007).  

Respiration 

Research on the effect of estrogen and progesterone on respiration during rest and exercise 
remains inconclusive, and effects might be strongly dependent on exercise intensity, resulting 
in high ambiguity and limited comparability of the previous studies (Hicks et al., 2023). Overall, 
the ventilatory rate has been demonstrated to be greater at rest in the luteal phase (MacNutt 
et al., 2012). Furthermore, progesterone might modify respiratory patterns, potentially resulting 
in an increased minute ventilation and respiratory drive (Dombovy et al., 1987; Dutton et al., 
1989; Slatkovska et al., 2006; Smekal et al., 2007). This, in turn, could positively influence the 
muscle strength of the thoracic pump during the luteal phase (Da Silva et al., 2006).  

Cardiovascular function  

In addition to respiration, estrogen and progesterone might also affect cardiovascular function. 
Progesterone is expected to influence overall plasma volume, as increased plasma volume 
has been detected from ovulation until the mid-luteal phase (Fortney et al., 1988). Further, 
peripheral hemodynamics and renal function are altered by the MC (Van Beek et al., 1996), 
with lower skin flow in the luteal phase, which might be related to the higher core temperature 
of 0.3–0.5°C. Also, decreased estrogen levels increase peripheral resistance and decrease 
exercising muscle blood flow (Collins, 1996, 2001). 

Thermoregulation  

The higher initial core body temperature due to high progesterone concentrations may 
increase the risk for heat accumulation (Pivarnik et al., 1992) and heat stress (Hessemer & 
Bruck, 1985; Hessemer & Bruck, 1985). However, those effects highly depend on individual 
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heat acclimation, training status, and duration length of performance (Kuwahara et al., 2005; 
Walters et al., 2000). 

Central nervous system  

Estrogen and progesterone are classified as neuro-steroids with contrasting effects. According 
to Smith et al. (1999), estrogen increases, and progesterone enhances cortical excitability 
(Smith et al., 1999). The cortical excitability is linked to voluntary activation, with a peak 
maximal voluntary contraction around ovulation and a decrease in the luteal phase (Ansdell et 
al., 2019). Further, estrogen and progesterone seem to modulate motor unit firing rates, which 
might impact maximal strength (Tenan et al., 2013, 2016). 

Muscle physiology  

The influence of estrogen on contractile proteins during active muscle contractions is 
suggested to promote a stronger binding of the myosin head to actin, thus enhancing force 
production (Lowe et al., 2010). However, potential effects might be fiber-type dependent 
(Qaisar et al., 2013). 

In general, the hormones estrogen and progesterone exert influences on a range of functions 
in the female body, spanning the nervous and cardiovascular systems to muscle metabolism 
and physiology (Ansdell et al., 2019; Collins, 1996, 2001; Hackney et al., 2022; Qaisar et al., 
2013). These alterations are hypothesized to impact various aspects of PA and exercise, 
including readiness, exercise effectiveness, adaptation responses, and recovery. 
Consequently, considering these hormonal alterations in the exercise planning process could 
prove advantageous (Kissow et al., 2022). 

2.3.2.2. The effects of the menstrual cycle on peak performance 

Peak performance is highly relevant, especially for competitive athletes. However, current 
research indicates that the fluctuating hormonal concentrations of estrogen and progesterone 
have, at most, a minor to non-existent significant impact on maximum performance.  

Overall, no alterations were identified for anaerobic maximum performance, lasting 15 seconds 
up to 3 minutes (Julian et al., 2017; Lara et al., 2020; Sunderland & Nevill, 2003; Tsampoukos 
et al., 2010), or maximal sprinting or repeated jump tasks (Julian et al., 2017; Sunderland & 
Nevill, 2003; Tsampoukos et al., 2010). Also, even though maximal voluntary contraction, 
isokinetic peak torque, and force production show a higher ambiguity among current studies, 
with some studies indicating altered strength levels over the MC phases (Rodrigues et al., 
2019), others do not report any changes (Romero-Moraleda et al., 2019). According to a 
current review by Blagrove et al. (2020), strength-related variables, such as maximum 
voluntary contraction, isokinetic peak torque, explosive strength, or rate of force development,  
are only minimally affected by changes in the reproductive hormones, and the effects seem 
negligible.    

Regarding peak aerobic performance, peak oxygen uptake seems to be unaltered by the MC 
(Carmichael et al., 2021; Schumpf et al., 2023; Vaiksaar et al., 2011) as well as prolonged 
continuous aerobic performance (Greenhall et al., 2021). However, intermittent aerobic 
exercise might be affected, favoring the follicular phase (Graja et al., 2022; Julian et al., 2017) 
compared to the luteal phase. 
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A somewhat clearer picture emerges from studies addressing the subjective perception of 
performance. According to Paludo et al. (2020), some perceptual responses are affected by 
the MC, with a “favorable” subjective response in athletes during higher concentrations of 
estrogen and progesterone, compared to the low hormone phases (Paludo et al., 2022). 
However, females' perceptual responses seem to be highly individual (Findlay et al., 2020). 

Concluding, when overall performance levels are compared, there might be only a trivial 
performance reduction during the early follicular phase of the MC compared to all other MC 
phases (McNulty et al., 2020). Alterations of peak performance might be highly individual due 
to the inter-individual differences in the MC and related absolute hormonal concentrations and 
hormonal shifts over the MC (Hackney et al., 2022). Further, as peak performance does not 
only rely on physiological but also psychological processes, differences in perceptual 
responses over the MC might explain the different performance perception of female athletes, 
which is not reflected in the physiological results (Carmichael et al., 2021; McNulty et al., 2020; 
Paludo et al., 2022)  

2.3.2.3. The effects of menstrual cycle adapted training 

Even though peak performance seems mainly unaltered by the MC (Carmichael et al., 2021), 
there is evidence that the reproductive hormones estrogen and progesterone alter specific 
processes within the body, which might modulate the readiness, the effectiveness of and 
response to exercise (Ansdell et al., 2019; Collins, 1996, 2001; Hackney et al., 2022; Qaisar 
et al., 2013). Therefore, the efficiency of MC-adapted training, or phased-based training in 
resistance and endurance training, is discussed in the literature.  

Resistance training  

A review by Thompson et al. (2020) identified four studies that analyzed the effects of phase-
based resistance training (Reis et al., 1995; Sakamaki-Sunaga et al., 2016; Sung et al., 2014; 
Wikström-Frisén et al., 2017). The studies mainly compared follicular phase-based training 
with a higher training volume load in the follicular phase and luteal phase-based training with 
a higher training volume in the luteal phase. Three of the four studies suggest that performing 
a higher volume of training in the follicular phase is superior to regular training or luteal phase-
based training (Reis et al., 1995; Sung et al., 2014; Wikström-Frisén et al., 2017), whereas one 
study was not able to identify an effect of phase-based training on muscular strength 
(Sakamaki-Sunaga et al., 2016). However, Thompson et al. (2020) noted a lack of MC 
verification in some of the studies, as well as the combination of participants with a natural MC 
and hormonal contraceptive use, which limits the generalizability of the results. Since the 
review in 2020, only one more study was published by Vargas-Molina et al. (2022), partly 
favoring phase-based training with greater increases in maximum benchpress strength and 
improvements in countermovement performance compared to regular load-matched 
resistance training. However, the authors highlight the limitation due to a small sample size 
(Vargas-Molina et al., 2022). Overall, to date, only a few studies have investigated the effect 
of phase-based resistance training, but they indicate that follicular phase-based resistance 
training enhances leg muscle strength gains compared to luteal phase-based training or 
regular training (Kissow et al., 2022; O’Loughlin et al., 2023). 

Endurance training  
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Research on the effect of MC phase-adapted endurance training is sparse. To our knowledge, 
only Han (2012) investigated the effect of follicular vs. luteal phase-based endurance training 
in his dissertation. In this study, thirteen untrained females underwent one-leg endurance 
training on a cycle ergometer for three MCs. The training involved focusing on one leg during 
the first half of the MC (follicular phase training) and the other leg during the second half (luteal 
phase training). While both groups exhibited an increase in VO2peak, no discernible difference 
existed between the follicular and luteal phase training. Notably, the maximum workload during 
pre and post incremental tests significantly increased in both legs, with a more pronounced 
increase after follicular phase training than luteal phase training. However, these significant 
increases in maximum workload from follicular to luteal phase training were only evident after 
the third MC training phase (weeks 8-12). In summary, follicular phase-based training led to a 
significantly higher increase of maximum power output on a bicycle ergometer without any 
different effect of VO2peak or muscle diameter (Han, 2012).  

According to Kissow et al. (2022), the impact of phase-based aerobic training is mainly 
unknown. However, given the possible alterations of the aerobic energy systems and metabolic 
perturbations due to hormonal changes, it might be speculated that a greater training response 
may occur with follicular phase-based endurance training, but more research is necessary 
(Kissow et al., 2022).  

2.3.3. Summary 
To summarize, a bidirectional connection between MC and PA exists (s. Fig. 4). PA can 
positively impact hormone production, reducing PMS symptoms or the risk for MC-related 
disorders (Moran et al., 2003; Pearce et al., 2020). Controversially, PA can also harm the MC, 
depending on participants' and specific PA characteristics, such as volume and intensity, 
increasing the risk for MC-related disorders (Dawson & Reilly, 2009; Gordon et al., 2017). This 
shows the relevance of optimizing the dosage of PA in order to benefit from its positive aspects 
while avoiding possible negative consequences for the MC.  

 

Figure 4. Possible bi-directional interaction between physical acitivity and the menstrual cycle. Based on the the 
Chapter 2.3. 
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On the other hand, emphasizing the bidirectional connection between MC and PA, the MC can 
also impact PA by altering readiness and response to PA due to changes in the 
thermoregulatory, respiratory, and renal systems related to the estrogen and progesterone 
concentrations (Janse De Jonge, 2003). Therefore, it is speculated that MC phase-adapted 
training, which takes into account the phase-specific physiological changes, lead to gratear 
training responses (Kissow et al., 2022). Previous research on MC phase-adapted training in 
resistance training indicates a positive effect (Kissow et al., 2022), but less is known about the 
effectiveness of MC phase-adapted endurance training (Han, 2012; Kissow et al., 2022). 
Exploring the effects of MC phase-adapted endurance training would be relevant, as many 
females are engaged in endurance sports (Pauline, 2014). Further, endurance activities are 
often promoted due to their health-enhancing effects (DiMenna & Jones, 2016), but optimal 
load control is also relevant for MC health, to benefit from the positive aspects but avoid 
negative consequences (Redman, 2006). Overall exercise load control is regulated through 
intensity and volume, but an optimal load-recovery distribution also contributes to overall load, 
which can be influenced by proper exercise periodization (Gabbett, 2023). Therefore, MC 
phase-adapted exercise might also impact the load-recovery distribution.   

3. Research questions  
Current research highlights the interaction of the MC and PA in females' reproductive lives. 
Firstly, the PA can affect the MC, both negatively as well as positively, depending on 
participants and PA characteristics. While there is a considerable body of research concerning 
the relationship between PA and MC in athletes, there is a scarcity of studies focusing on 
recreationally active females (Ahrens et al., 2014). Not only do the recreationally active females 
represent the larger proportion of the population compared to athletes, but they might also 
show a high level of vulnerability due to less support in the sports context, e.g., from coaches 
or the medical team.  

Secondly, according to the literature, MC phase-adapted resistance training might improve 
performance and well-being, but less is known about MC phase-adapted endurance training 
(Kissow et al., 2022). Endurance training is a common activity among recreationally active 
females (Pauline, 2014), which is usually linked to health benefits (DiMenna & Jones, 2016). 
However, if endurance training is not adequately load-controlled, it might serve as a risk factor 
for MC-related disorders. Therefore, it is necessary to shed light on MC-phase adapted 
endurance training.  

Study I:  

Current research indicates that in addition to the positive effects of PA on the MC, PA might 
lead to MC alterations or disorders with increased PA volume and intensity. However, many 
studies focus on athletes, and less is known about the recreationally active females, who 
represent a large part of society. Therefore, the research question for the first manuscript is:  

(1) Are MC-related symptoms and disorders related to PA intensity and training volume in 
recreationally active females in Switzerland?  

Manuscripts II + III: 

Reproductive hormones alter functions within the female body (Janse De Jonge, 2003), and 
resistance training indicates increased effectiveness of MC phase-adapted training 
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(Thompson, 2014). However, less is known about MC phase-adapted endurance training. 
Therefore, the second and third manuscripts are focusing on:  

(2) The effectiveness of an MC phase-adapted endurance training compared to traditional 
block-periodized  endurance training on performance, cardiovascular parameters and 
well-being 

(3) The effectiveness of an MC phase-adapted endurance training compared to a contrary-
adapted MC phase-based endurance training on performance and cardiovascular 
parameters.  

4. Summary  
The manuscripts I-III, intending to answer the research questions, are summarised below. The 
complete manuscripts can be found in Appendix I. 

4.1. Manuscript I  
Title: Self-reported physical activity intensity and training volume are related to menstrual 
health among recreationally active Swiss females. 

Summary: The impact of MC disorders on health is substantial, contributing to heightened risks 
for cardiovascular diseases, reduced bone mass, osteoporosis, depression, anxiety disorders, 
and infertility (Shufelt et al., 2017). Even though the MC plays a vital role for health  (Popat et 
al., 2008), MC-related symptoms and disorders are widespread among females in the general 
population (Bachmann & Kemmann, 1982; Direkvand-Moghadam et al., 2014). This 
prevalence further increases among athletes with high levels of PA and exercise. The 
prevalence of MC-related symptoms and disorders increases in athletes engaging in high 
levels of PA and exercise (Gimunová et al., 2022; Ravi et al., 2021). However, information 
about MC-related issues in recreationally active females is limited, prompting the exploration 
of prevalence rates and potential links with PA. This study investigates the association between 
PA intensity, overall training volume, and menstrual health patterns in Swiss recreationally 
active females of reproductive age.  

Between May and June 2023, a cross-sectional online survey was conducted among females 
(≥18 years) within their reproductive age who were neither currently pregnant nor using 
hormonal contraceptives. The survey gathered data on demographics, engagement in PA, PA 
intensity distribution and exercise, and menstrual health, including menstrual history, 
symptoms and disorders, and contraception. The analysis focused on the association between 
PA intensity, overall training volume, and MC health, considering PMS, oligomenorrhea, and 
secondary amenorrhea. Binary logistic regressions, adjusted for BMI and age, were employed 
for analysis. 

In total, 2376 participants initiated the survey, with 54.5% (1294 participants) completing it. Of 
the completed responses, 860 were included in the analysis (mean age=29.5±8.3 years, 
BMI=22.5±3.1, 361±295 min/week of moderate to vigorous PA, mean training volume=4.8±4.1 
h/week, and average MC length=29.2±8.4 days).  

The results revealed a 17% prevalence of PMS, 18% oligomenorrhea, and 2.9% secondary 
amenorrhea. No relationship was found between PMS and PA intensity or overall training 
volume. Higher levels of light PA were linked to a higher prevalence of oligomenorrhea (Odds-
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Ratio = 1.019, 95% Confidence Interval; 1.000-1.039). Higher levels of moderate PA (Odds-
Ratio = 1.048, 95% Confidence Interval, 1.009–1.088) and increased overall training volume 
(Odds-Ratio = 1.028, 95% Confidence Interval, 1.024–1.143) were associated with a higher 
prevalence of secondary amenorrhea. These relationships persisted after adjustments for 
Body-Mass Index and age (p < 0.05).  

In conclusion, this study emphasizes the prevalence of MC disturbances and disorders among 
recreationally active females in Switzerland. Given the potential long-term health implications, 
it underscores the critical need to address menstrual health in this population. While marginal 
associations were observed between light and moderate PA, total training volume, and MC 
disorders, no significant relationship was found regarding premenstrual symptoms. Further 
exploration through prospective studies is warranted to comprehend possible causal links and 
derive meaningful interventions for reducing potential health risks in recreationally active 
females. 

4.2. Manuscript II 
Title: Effects of a training intervention tailored to the menstrual cycle on endurance 
performance and hemodynamics. 

Summary: The recognition of MC phases as influential factors in developing endurance 
performance, training response, and recovery in women with regular menstruation is gaining 
prominence. It is suggested that adapting training programs to the MC could mitigate risk 
factors associated with MC-related symptoms and diseases and improve performance 
(McNulty et al., 2020; Oosthuye & Bosch, 2010; Ihalainen et al., 2021). This conceptual 
framework is grounded in the fluctuations of steroid hormone concentrations, primarily 
estrogen and progesterone, and their intricate interactions during the MC (Pitchers & Elliott-
Sale, 2019). Current findings in research on resistance training support the assumption that 
responses to follicular phase-based training are superior to luteal phase-based or traditional 
approaches (Thompson et al., 2020), such as polarized training (Kenneally et al., 2018). 
Aligning a training program to the individual MC phases holds promise in influencing training 
response, adaptation, and recovery in females (Ihalainen et al., 2021). Despite this, a notable 
gap exists in the literature, as no study, besides the dissertation project from Han (2012), has 
delved into the impact of MC phase-adapted polarized training intervention on performance. 
Therefore, we aimed to assess the effect of MC phase-adapted endurance training on 
performance, cardiovascular parameters, and well-being.  

Fourteen naturally menstruating, moderately active women (age: 24 ± 3 years; BMI: 22.3 ± 
2.7) were randomized into an intervention (INT) and a control (CON) group. Throughout an 8-
week intervention period, both groups participated in a polarized running training program. In 
the INT, the training sessions were MC phase-adapted with higher training loads within the 
mid and late follicular phase (Fig. 4). Prior to and after the intervention, maximal oxygen 
consumption (VO2max), velocity and heart rate at ventilatory thresholds one and two, systolic 
and diastolic blood pressure , heartrate variability indices (root mean square of successive RR 
interval differences (RMSSD), standard deviation of NN intervals (SDNN)) and pulse wave 
velocity were assessed. To determine recovery, well-being, and PMS, the premenstrual 
assessment form and the Short Recovery and Stress Questionnaire with the two subscales 
short recovery scale and short stress scale were also assessed at three time points: before 
the intervention, after four weeks, and at the end of the intervention. 
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Figure 5. Exemplary four-week training plan for the intervention group (INT, menstrual cycle phase-adapted 
training) and control group (CON, block-periodized training). 

Seven females were assigned to the INT (age: 22.4±1.2; Body-Mass Index: 22.7±2.9 kg/cm2; 
VO2max: 41.1±4.4 ml/min/kg;) and to the CON (age: 24.1±3.0; BMI: 21.8±2.1 kg/cm2; VO2max: 
43.6±6.1 ml/min/kg). No significant group differences were discovered in the baseline 
assessment for anthropometrics, physiological and psychological parameters (p<.05).  

A significant time effect was found for VO2max (F(1,6) = 17.93  p=.005 partial η² = .75), but not 
for the other physiological or psychological parameters (p<.05). Also, no group effect was 
found for any of the parameters (p<.05).  No significant time × group interaction effects were 
found in all physiological (VO2max: p = .890; vVT1: p = 1.000; heartrate at ventilatory threshold 
1: p = .464; velocity at ventilatory threshold 2: p = .356; heart rate at ventilatory threshold 2: p 
= .762; systolic blood pressure: p = .948; diastolic blood pressure: p = .203; RMSSD: p=.257; 
SDNN: p=.241; pulse wave velocity: p = .818), and psychological parameters (Premenstrual 
Assessment Form: p = .745, Short Recovery Scale = .637, Short Stress Scale = 1.000). 

An 8-week polarized running training, block-periodized or MC phase-adapted, improves 
VO2max in naturally menstruating females. These results align with previous positive findings 
on the effects of endurance training on VO2max (Muñoz et al., 2014; Stöggl et al., 2014). MC 
phase-adapted running training seems to impact performance to the same extent as traditional 
block-periodized training in an 8-week training intervention. The results do not indicate any 
additional benefit of an MC phase-adapted training on recovery and premenstrual symptoms 
in recreationally active females. However, a post-hoc analysis brought to light that in 57% of 
participants in the CON group, the recovery phases in the traditional block-periodized training 
protocol coincidentally aligned with current training recommendations for MC phase-adapted 
training (Pitchers & Elliott-Sale, 2019). Consequently, the structure of the training protocols 
might have exhibited a too low variance between the INT and CON groups. Moreover, the less 
dependable calendar-based determination of the MC (Thompson & Han, 2019) hinders the 
generalization of the results and comparability of the INT and CON.  

4.3. Manuscript III 
Title: Polarized running training adapted to versus contrary to the menstrual cycle phases has 
similar effects on endurance performance and cardiovascular parameters. 

Summary: Previous investigations into the efficacy of MC phase-adapted resistance training 
have demonstrated enhanced performance outcomes (Thompson et al., 2020). The influence 
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of reproductive hormones on metabolic changes raises the possibility that endurance 
performance is also subject to variations across the MC  (Willett et al., 2021). Recognizing this, 
MC phase-adapted endurance training has been proposed as a potentially advantageous 
approach  (Kissow et al., 2022). However, the singular existing study in this realm failed to 
identify significant differences in performance, cardiovascular parameters, and well-being 
between MC phase-adapted endurance training and traditional block-periodized training 
(Kubica et al., 2023). Nonetheless, the limited small sample size and only minor differences in 
the training interventions impede the clarity of the results. Therefore, the present study seeks 
to address these gaps by comparing the effects of polarized running training adapted to the 
MC phases versus polarized training adapted in opposition to the MC in a larger sample size. 

Thirty-three naturally menstruating, moderately trained females (age: 26 ± 4 years; Body-Mass 
Index: 22.3 ± 3.2 kg/m2; VO2max: 40.35 ± 4.61 ml/min/kg) were randomly assigned to a control 
(CON) and an intervention (INT) group. Both groups engaged in a load-matched 8-week 
running training intervention consisting of three weekly training sessions. In the INT, the 
training sessions were adapted to the MC with high-intensity sessions during the mid and late 
follicular phase, low-intensity sessions during the early and mid-luteal phase, and recovery 
during the late luteal and early follicular phase. In the CON, training sessions were adapted 
contrary to the MC (Fig. 5).  

Endurance performance and cardiovascular parameters were assessed at baseline and after 
the intervention. To explore interactions between time and group for the outcomes, repeated 
measures analysis of variance (ANOVA) was employed. Post-hoc analyses with Bonferroni's 
correction were conducted where necessary. To determine the reliability of the variables, 
intraclass correlation coefficients and their 95% confidence intervals were calculated based on 
a mean rating, consistent, two-way mixed effects model (Koo & Li, 2016; Weir, 2005). 
Furthermore, standard error of measurement and minimum difference to be considered real 
were calculated (Weir, 2005) 

 

Figure 6. Exemplary four-week training plan for the intervention group, following a menstrual cycle phase-
adapted training, and control group, following a contrary to the menstrual cycle phase-adapted training. 

A total of twenty-six females completed the intervention. Utilizing repeated measures ANOVA, 
no significant time × group interaction effect was observed for any parameter. A significant 
time effect was found for VO2max (F(1,12) = 18.753, p = .005, ηp² = .630), the velocity at the 
ventilatory threshold one (F(1,12) = 10.704, p = .007, ηp² = .493) and two (F(1,12) = 7.746,  p 
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= .018, ηp² = .413). However, the proportion of participants with changes in VO2max exceeding 
the minimal difference to be considered real was larger in the INT compared to the CON.   

Both intervention groups exhibited improved endurance performance, suggesting the efficacy 
of the training interventions. Notably, there was no discernible additional benefit from 
employing the MC phase-adapted polarized training approach. Results based on the minimal 
differences required to be considered real indicate substantial individual variability in the 
training response within the MC phase-adapted training group. The observed high variability 
in individual training responses emphasizes the need for replications with extended 
intervention periods, larger sample sizes, and enhanced accuracy in MC determination, 
guiding the refinement of training strategies for female populations. 

5. Discussion 
The three studies integrated into this cumulative dissertation aimed to address two primary 
objectives. The first objective was to investigate the relation between MC symptoms and 
disorders among recreationally active females with PA intensity and exercise volume. The 
second objective was to assess the effects of MC phase-adapted endurance training on 
various parameters, including endurance performance, cardiovascular health, and overall well-
being. 

PA intensity, exercise volume, and MC symptoms and disorders 

In the initial study (Manuscript I), we identified a 17% prevalence of PMS, 18% oligomenorrhea, 
and 2.9% secondary amenorrhea among recreationally active females. These prevalence 
rates align closely with prior studies' findings encompassing recreationally active females and 
the general population (Bachmann & Kemmann, 1982; Baranauskas et al., 2023; Tschudin et 
al., 2010). As previous research indicates, prevalence rates among recreationally active 
females are lower compared to the prevalence rates among high-performance athletes in other 
publications, where prevalence rates can be up to  28% % for amenorrhea and 25% for 
oligomenorrhea (Baumgartner et al., 2023; Dadgostar et al., 2009; Gibbs et al., 2013; Joubert 
et al., 2022; Torstveit & Sundgot-Borgen, 2005). Notably, the participants in the two 
intervention studies (Manuscript II and III) revealed a higher prevalence of PMS, with 43% 
(Manuscript II) and 50% (Manuscript III) of participants classified as experiencing PMS 
compared to 17% in the broader cross-sectional analysis. It is important to note that 
“oligomenorrhic” and “secondary amenorrheic” participants were deliberately excluded from 
the intervention studies, limiting information on these specific conditions in comparison to the 
cross-sectional analysis. The differences in PMS prevalence in the second and third study 
compared to the first might indicate a specific participants group in our randomized-controlled 
trials. PMS can lead to performance decreases and a reduction of physical capacities (Meignié 
et al., 2021) and its possible effect on training response remains unclear, which might have 
impacted our results.   

Surprisingly, in our first study, we were not able to detect an alteration in the odds-ratios for 
PMS depending on self-reported PA intensity or overall training volume. This finding diverges 
from recent literature, where intervention studies imply a positive impact of moderate to 
vigorous intensity training on PMS (Vishnupriya & Rajarajeswaram, 2011). However, when 
comparing participants with and without PMS, those with PMS exhibited lower levels of PA 
than those without PMS. This cross-sectional observation raises questions about the 
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directional relationship between PMS and PA. On the one side, PMS might lead to reduced 
PA, for example because of PA avoidance due to premenstrual symptoms, such as backpain, 
fatigue or depressed mood (Kolić et al., 2021). Alternatively, increased PA might affect PMS 
by reducing premenstrual symptoms. For example, moderate PA is suggested to improve 
several symptoms of PMS, such as mood disturbance, fatigue, or cognitive dysfunction (Daley, 
2009). Further, repetitive muscle contractions help venous blood return and prevent or reduce 
back pain and discomfort in the pelvis and abdomen, symptoms of PMS, by decreasing the 
local concentration of prostaglandins and other inflammatory substances (Rostami et al., 
2023). However, in the second study, no effect was found for either MC phase-adapted training 
or traditional periodized polarized training on PMS. Though, the participants in our second and 
third manuscripts were already physically active, and during the intervention period around 120 
minutes of PA per week were added to their regular PA behaviour, which might have resulted 
in exceeding levels of PA, and limt the positive influence on PMS. According to Morino et al. 
(2016), low as well as high amounts of PA are related to PMS. This might explain why the 
relationship due to its possible U-shape is not reflected in the odds-ratio in the first manuscript. 
Linear regressions, which were used to assess the relationship between PA and MC, assume 
a linear relationship between the independent variables and the dependent variable. A U-
shaped connection, also known as a quadratic relationship, involves a curved pattern. 
Unfortunately, comparing PA levels between our study participants and Morino et al. (2016) is 
difficult, as Morino et al. (2016) reports PA levels in kilocalories. Therefore, it remains unclear 
whether our participants might have reached the category of too high amounts of PA. 
Furthermore, a recent meta-analysis from Pearce et al. (2020) highlighted, even though there 
might be a positive associations between PMS and PA, there exists still an uncertainty 
surrounding the efficacy of exercise for alleviating PMS, regarding the specific modalities of 
PA, such as intensity, type, or volume to beneficially alter PMS (Pearce et al., 2020).  

Notably, higher levels of light PA were linked to an elevated risk of oligomenorrhea, whereas 
moderate and vigorous intensity PA showed no significant relation in our first study. Secondary 
amenorrhea was related to higher levels of moderate PA and overall training volume. Previous 
research indicates no clear trend, with studies reporting higher levels of oligomenorrhea among 
less active with lower amounts of light PA  (Gudmundsdottir et al., 2014), no relationship (Mena 
et al., 2021), or when combined with secondary amenorrhea with increased light, moderate 
and vigorous exercise intensity (Baranauskas et al., 2023). As mentioned in Chapter 2.1.3. the 
mechanisms behind oligomenorrhea and secondary amenorrhea are multifaceted (Koltun et 
al., 2020; Seshadri et al., 1994); therefore, depending on the underlying cause, PA might have 
different effects on the MC disorder. For example, in females with MC disorders caused by 
hypothalamic inhibition, there might be an energy deficiency underlying, which could be 
negatively affected by increased amounts of PA due to the additional energy demand 
(Baranauskas et al., 2023; Koltun et al., 2020; Slater et al., 2016). This fits into the suggestions 
from Baranauska et al. (2023), that excessive volumes of light or moderate intensity training 
may represent non-specific exercise sessions, such as "junk miles" or cross-training sessions, 
aimed at augmenting energy expenditure rather than fostering sport-specific skill development. 
This practice could potentially render females more susceptible to the development of 
hypothalamic inhibition due to low energy availability. However, Baranauska et al. (2023) 
assessed light exercise compared to light PA in our study, with light PA being characterized 
as walking, golf, or yoga. Therefore, in our study, only high amounts of moderate PA could 
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indicate possible “junk miles”. On the other hand, in females with hyperandrogenism as a 
possible cause of MC disorders, PA might have a positive impact by altering hormonal profiles 
(Mario et al., 2017; Rickenlund et al., 2003; Samadi et al., 2019).   

When interpreting the results, the following methodological considerations should be 
considered. We conducted a cross-sectional survey, which enabled us to include a broad 
range of participants. However, cross-sectional data provides no information about a causal 
relationship between MC, PA intensity, and exercise volume. Further, even though we used 
standardized questionnaires to assess PA (Nigg et al., 2021), self-report PA data is prone to 
overestimation (Olds et al., 2019), which may lead to deviations in our results. Also, we have 
only recorded PMS retrospectively. As mentioned in Chapter 2.1.3. the retrospective 
assessments of PMS we have used in our study are remarkably prone to bias of false positive 
reports and the influence of individual beliefs about the PMS (Schmalenberger et al., 2021). 
Daily assessments provide a more reliable statement on PMS. However, we targeted a 
representative sample size, which would have been restricted by a prospective study design 
including daily assessments. Additionally, prevalence rates for oligomenorrhea and secondary 
amenorrhea were determined based on personal recall of MC patterns. Even though this is a 
common approach used by multiple studies (Baranauskas et al., 2023; Joubert et al., 2022), 
there may still be a risk of misclassification. 

Further, the survey was distributed via social media and e-mail. Therefore details about 
recipients and responders are lacking, and there might be a risk of selection bias (Wang & 
Cheng, 2020). However, the percentage of participants with PMS is comparable to a 
population-based study among Swiss females (Tschudin et al., 2010). Finally, to analyze the 
relationship between MC symptoms and disorders and PA, odds ratios were calculated. This 
is a common approach in epidemiology, as odds ratios are less sensitive to variations in the 
incidence of the outcome in the population, making them useful in scenarios where the 
incidence rates are not constant. However, depending on the sample size and prevalence of 
the outcome, odds ratios might overestimate the risk (Nemes et al., 2009), and the repeated 
calculations of odds-ratios in our analysis increase the risk of a type-I error (Finner & Roters, 
2002). 

Even though there are some limitations and considerations that need to be taken into account, 
the results show the importance of MC in recreationally active females, with many females 
suffering from PMS, oligomenorrhea, and secondary amenorrhea. However, the relationship 
between PA and MC is not clarified yet, even though we see light alterations with high amounts 
of light, moderate PA, and overall training volume.  

MC phase-adapted endurance training 

The second manuscript, comparing MC phase-adapted endurance training to block-periodized 
training, revealed no significant advantages of the MC phase-adapted training on endurance 
performance, cardiovascular parameters, or alleviation of PMS. Both groups exhibited 
improvements in velocity at the ventilatory thresholds and relative VO2max after 8 weeks of 
training. Interestingly, the training plan in the control group coincidentally aligned with that of 
the MC group, with 57% of participants' recovery periods matching the late luteal and early 
follicular phases of their MC. 
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Given the findings in the second manuscript, the third manuscript took a distinct approach by 
comparing the effects of MC phase-adapted endurance training with a training regimen 
contrary to the MC phases. Although both training programs significantly improved aerobic 
capacity and running velocity at the ventilatory thresholds, the results showed no significant 
differences between the two approaches. To summarize, both of our training interventions had 
a noteworthy impact on endurance performance yet failed to demonstrate significant effects 
on cardiovascular parameters or PMS. Furthermore, no significant distinctions emerged 
between traditional training periodization, MC phase-adapted training, or training contrary to 
the MC phases.  

Studies examining the effects of MC phase-adapted endurance training are notably scarce. 
The only comparable research comes from Han (2012), who analyzed the impact of MC phase-
adapted endurance training in his dissertation project. The training involved focusing on one 
leg during the first half of the MC (follicular phase training) and the other leg during the second 
half (luteal phase training). No difference was found between to follicular phase training and 
the luteal phase training on VO2peak. Notably, the maximum workload during pre and post 
incremental tests significantly increased in both legs, with a more pronounced increase after 
follicular phase training than luteal phase training. However, these significant increases in 
maximum workload from follicular to luteal phase training were only evident after the third MC 
training phase (weeks 8-12). In our study, no evident disparity between the MC phase-adapted 
interventions and traditional training or contrary MC phase-adapted training emerged on 
VO2max after 8 weeks, aligning with the findings from Han (2012) on the VO2peak. However, 
compared to Han (2012), our study included already active subjects in a running-based 
endurance training program and covered a shorter intervention period, which limits the 
comparability of the results. Also, our outcome contrasts with results from prior studies on MC 
phase-adapted resistance training (Thompson et al. 2020). Notably, these studies primarily 
focused on alterations in training volume between the follicular and luteal phases, whereas our 
approach mainly modified training intensity, with minor adjustments to training volume. By 
modifying the training intensity, we aimed to avoid overuse issues, which runners are prone to 
when high training volume alterations are made, particularly when weekly running distance 
varies over 30% (Winter et al., 2020). This divergence in methodology might account for the 
conflicting results observed in our study compared to previous research on MC phase-adapted 
resistance training. 

Our training intervention was based on current recommendations for MC phase-based training 
(Elliott-Sale & Pitchers, 2019), resting upon the possible alterations in the physiological 
processes by estrogen and progesterone, as summarized in the chapter 2.3.2.1. These 
alterations are hypothesized to impact various aspects of PA and exercise, including 
readiness, exercise effectiveness, adaptation responses, and recovery. Therefore, considering 
these hormonal alterations in the exercise planning process could prove advantageous 
(Kissow et al., 2022), which could not be confirmed by our training intervention. However, 
alterations such as in the metabolism depend on many other factors, such as nutrition and 
exercise intensity and hormonal shifts (Hackney et al., 2022), and therefore, these alterations 
could have been superimposed. 

Usually, aerobic training is linked to various positive health outcomes, especially in the 
cardiovascular system (see chapter 2.2.4.). However, in both of our intervention studies, we 
were not able to detect alterations in the cardiovascular parameters, including resting heart 
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rate, heart rate variability, systolic and diastolic blood pressure, as well as pulse wave velocity. 
Unfortunately, no previous study has assessed the effects of MC-based training on 
hemodynamic parameters. Though, the missing time effects in both studies contrast with 
previous studies showing positive effects of general aerobic endurance training on 
cardiovascular parameters. (Cornelissen & Smart, 2013; Esmailiyan et al., 2021; Reimers et 
al., 2018). Divergent effects might be explained by our healthy participant characteristics, as 
the reductions seem to be more pronounced in participants with previous hypertension 
(Pescatello et al., 2015) or higher initial heartrate (Reimers et al., 2018). Further, the duration 
of the intervention also seems to impact adaptations in the cardiovascular system, with longer 
interventions leading to a substantial effect on the outcomes (Reimers et al., 2018) 

Additionally, some methodological considerations for the manuscripts II and III should be taken 
into account. First, we decided to focus on polarized training, which was adapted to the MC 
phases, to prevent an increased injury risk by high alterations in training volume (Winter et al., 
2020) and to use a training approach that is common and effective for improving aerobic 
capacity (Stöggl & Sperlich, 2014). However, it might be suggested that this led to only minor 
changes between the intervention and control groups in both studies. Further, the training 
intervention was, besides single visits during the intervention period mainly based on a “home-
based” training. Previous studies indicate that exercise intensity might be reduced in “home-
based” training compared to supervised training (Cittanti, 2019; Fennell, 2016). Even though 
we monitored the number of training sessions, the average heart rate, and training duration in 
both groups, we could not verify the respective training times in the specific intensity zones. 
Alterations in the time spent in the training intensity zones might have reduced training 
adaptations. 

Moreover, data on the individual training sessions would have improved the insights and 
verification of training intensity and adherence. Also, even though we used standardized, 
reliable, and valid tests to assess endurance performance and cardiovascular parameters, 
day-to-day variability can play a significant role. For example, the day-to-day variability of 
VO2max fluctuates within a range of 2.8% (Zinner et al., 2023). The fluctuations emphasize the 
relevance of verifying whether the changes detected are physiological or only due to day-to-
day variability. Therefore, we calculated the minimal differences to be considered real for each 
parameter in the third manuscript. Those results hint at the superiority of the MC-phase 
adapted training on VO2max and blood pressure. However, these results were only reported 
descriptively, and no statistical verification was carried out. 

Additionally, some methodological challenges occurred during the interventions. Even though 
we explicitly included participants with a regular MC, the MC shows a high intra-individual 
variability (Alliende, 2002). During the intervention, we tried to adapt the training plans to any 
changes in the MC in constant dialogue with the participants. However, there still exists a 
chance that not all training plans were adapted flawlessly to the MC, leading to minor 
deviations between the intended and actual training plans. 

Overall, the generalization and transferability of our results in the randomized controlled trials 
is limited. We only included a specific group of participants, with already active females, with 
a regular MC, and not using hormonal contraceptives. We conclude that periodized training 
adapted to the MC might not alter performance, cardiovascular health, or PMS to any extent 
other than traditional training in that specific population.  
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5.1. Limitations 
Some limitations, next to the methodological considerations mentioned in the discussion 
section, need to be considered when interpreting the results. First, the restricted quality of 
evidence in the three studies should be considered, with a cross-sectional study and two 
randomized control trials with small sample sizes (Goldet & Howick, 2013). Secondly, when 
we conducted the research, financial resources were limited. Therefore, the MC was only 
verified by the calendar-based counting method (Manuscript II), which limits the informative 
value due to the restricted participants’ characterization, MC determination, and MC phase 
verification (Schmalenberger et al., 2021). In the third manuscript, we were able to additionally 
include basal body temperature and LH-measurements. However, participants with luteal 
phase deficiency or variations in estrogen/progesterone concentrations might not be detected 
an influence the results, as a luteal phase deficiency negatively impact performance and health 
(Schliep et al., 2014; Schmalenberger et al., 2021) 

Third, some confounding variables might have influenced our results. As main confounding 
variables, we did not consider nutrition and the risk of low-energy availability. This limits the 
interpretability of the cross-sectional analysis as low-energy availability might have a superior 
effect on MC and cover the effects of PA (De Souza & Williams, 2004; Torstveit & Sundgot-
Borgen, 2005). Also, as previous studies implicate that alterations in the metabolism over the 
MC are affected by nutrition, nutritional aspects might have influenced the results of our 
randomized-controlled trials (Smekal et al., 2007). Nutritional behavior related to training, such 
as pre-exercise fueling, was recommended but not controlled.  

Further, the two randomized controlled trials intervention studies might have been influenced 
by factors for which we did not control. Susceptible factors are alterations in regular PA, sleep, 
or additional stressors (Watson, 2017). Especially during the first randomized controlled trial 
(Manuscript II), COVID-19 was highly prevalent, with many participants being excluded due to 
extended infection periods. However, other participants might have been affected during the 
intervention or had an infection prior to the intervention start, with unclear effects on 
performance and cardiovascular parameters (Śliż et al., 2022). 

 
5.2. Future directions 

For future research, we identified several possible avenues for further research and 
exploration, which are summarized in Fig. 6. Especially in our randomized-controlled trials, we 
focused on healthy participants without any diseases and a regular MC. However, it would be 
interesting to investigate potential variations in training responses among populations deemed 
“at risk”, particularly those with alterations in the MC, such as oligomenorrhea or secondary 
amenorrhea, or populations with comorbidities such as diabetes or cardiovascular diseases. 
Additionally, it would be of interest to explore if endurance training adapted to those minor 
changes in the physiological processes by estrogen and progesterone might have a relevant 
effect on high-performance athletes. Given the heightened relevance for elite athletes for even 
minor performance changes, understanding how MC-tailored training can affect their 
performance outcomes is of importance. Also, larger sample sizes should be prioritized to 
enhance the statistical power and generalizability of findings.  
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Expanding the repertoire of endurance training investigations, we advocate for in-depth 
examinations of prolonged interventions exceeding eight weeks. The integration of other 
training methods, such as high-intensity training or high-volume with low-intensity training, 
warrants scrutiny for potential synergistic effects. 

Figure 7. Possible future research directions on menstrual cycle, physical activity and exercise. 

To accommodate the inherent variability in individual responses, we propose the 
implementation of individualized assessments. These assessments should consider individual 
hormonal concentrations and incorporate subjective perceptions and experiences throughout 
the MC. Acknowledging the individualized nature of MCs and exploring the concept of 
responders and non-responders to MC phase-adapted training can offer nuanced insights. 

In scrutinizing the relationship between PA and MC disorders, a more in-depth analysis of 
possible causal relationships is warranted. Investigating links between hyperandrogenism and 
hypothalamic inhibition can elucidate underlying mechanisms and inform targeted preventive 
strategies. These research directions aim to advance our understanding of the intricate 
interplay between PA, MC health, and individual characteristics, paving the way for more 
tailored and effective interventions. 

Additionally, diversifying outcome assessments beyond performance and cardiovascular 
health is imperative. Attention should be directed towards evaluating MC health outcomes, 
prospective assessments of PMS, well-being, enjoyment, and PA motivations, as these factors 
can significantly influence long-term adherence. 

 

 

 

 

  



42 

 

 

Bibliography 
Ahrens, K. A., Vladutiu, C. J., Mumford, S. L., Schliep, K. C., Perkins, N. J., Wactawski-Wende, 

J., & Schisterman, E. F. (2014). The effect of physical activity across the menstrual cycle 
on reproductive function. Annals of Epidemiology, 24(2), 127–134. 
https://doi.org/10.1016/j.annepidem.2013.11.002 

Ajzen, I. (1991). The theory of planned behavior. Organizational Behavior and Human Decision 
Processes, 50(2), 179–211. 

Alliende, M. E. (2002). Mean versus individual hormonal profiles in the menstrual cycle. Fertility 
and Sterility, 78(1), 90–95. https://doi.org/10.1016/S0015-0282(02)03167-9 

American Psychiatric Association, D., & Association, A. P. (2013). Diagnostic and statistical 
manual of mental disorders: DSM-5 (Vol. 5, Issue 5). American psychiatric association 
Washington, DC. 

Ansdell, P., Brownstein, C. G., Skarabot, J., Hicks, K. M., Simoes, D. C. M., Thomas, K., 
Howatson, G., Hunter, S. K., & Goodall, S. (2019). Menstrual cycle-associated 
modulations in neuromuscular function and fatigability of the knee extensors in 
eumenorrheic women. Journal of Applied Physiology, 126(6), 1701–1712. 
https://doi.org/10.1152/japplphysiol.01041.2018 

Ansdell, P., Thomas, K., Hicks, K. M., Hunter, S. K., Howatson, G., & Goodall, S. (2020). 
Physiological sex differences affect the integrative response to exercise: acute and 
chronic implications. In Experimental Physiology (Vol. 105, Issue 12, pp. 2007–2021). 
https://doi.org/10.1113/EP088548 

Bachmann, G. A., & Kemmann, E. (1982). Prevalence of oligomenorrhea and amenorrhea in 
a college population. American Journal of Obstetrics and Gynecology, 144(1), 98–102. 
https://doi.org/https://doi.org/10.1016/0002-9378(82)90402-1 

Baeten, J. M., & Heffron, R. (2015). Contraception and sexually transmitted infections: risks 
and benefits, hypotheses and evidence. The Lancet Global Health, 3(8), e430–e431. 

Bailey, S. P., Zacher, C. M., & Mittleman, K. D. (2000). Effect of menstrual cycle phase on 
carbohydrate supplementation during prolonged exercise to fatigue. Journal of Applied 
Physiology, 88(2), 690–697. 

Bandura, A. (1977). Self-efficacy: toward a unifying theory of behavioral change. Psychological 
Review, 84(2), 191. 

Baranauskas, M. N., Freemas, J. A., Carter, S. J., Blodgett, J. M., Pedlar, C. R., & Bruinvels, 
G. (2023). Amenorrhea and oligomenorrhea risk related to exercise training volume and 
intensity: Findings from 3705 participants recruited via the STRAVATM exercise 
application. Journal of Science and Medicine in Sport, 26(8), 405–409. 
https://doi.org/10.1016/j.jsams.2023.07.001 

Baranowski, T., Anderson, C., & Carmack, C. (1998). Mediating variable framework in physical 
activity interventions: How are we doing? How might we do better? American Journal of 
Preventive Medicine, 15(4), 266–297. https://doi.org/10.1016/S0749-3797(98)00080-4 

Barron, M. L., & Fehring, R. J. (2005). Basal body temperature assessment: is it useful to 
couples seeking pregnancy? MCN: The American Journal of Maternal/Child Nursing, 
30(5), 290–296. 

Bassett, D. R., & Howley, E. T. (2000). Limiting factors for maximum oxygen uptake and 
determinants of endurance performance. Medicine and Science in Sports and Exercise, 
32(1), 70–84. 

Bauman, J. E. (1981). Basal body temperature: unreliable method of ovulation detection. 
Fertility and Sterility, 36(6), 729–733. 

Baumgartner, S., Bitterlich, N., Geboltsberger, S., Neuenschwander, M., Matter, S., & Stute, 
P. (2023). Contraception, female cycle disorders and injuries in Swiss female elite 
athletes—a cross sectional study. Frontiers in Physiology, 14. 
https://doi.org/10.3389/fphys.2023.1232656 

Beckmann, C. R. B., Herbert, W., Laube, D., Ling, F., & Smith, R. (2013). Obstetrics and 
gynecology. Lippincott Williams & Wilkins. 

Berga, S. L., Daniels, T. L., & Giles, D. E. (1997). Women with functional hypothalamic 



43 

 

 

amenorrhea but not other forms of anovulation display amplified cortisol concentrations. 
Fertility and Sterility, 67(6), 1024–1030. https://doi.org/10.1016/S0015-0282(97)81434-3 

Blagrove, R. C., Bruinvels, G., & Pedlar, C. R. (2020). Variations in strength-related measures 
during the menstrual cycle in eumenorrheic women: A systematic review and meta-
analysis. Journal of Science and Medicine in Sport, 23(12), 1220–1227. 
https://doi.org/10.1016/j.jsams.2020.04.022 

Blomqvist, C. G., & Saltin, B. (1983). Cardiovascular adaptations to physical training. Annual 
Review of Physiology, 45(1), 169–189. 

Bompa, T. O., & Buzzichelli, C. (2019). Periodization-: theory and methodology of training. 
Human kinetics. 

Borenstein, J. E., Dean, B. B., Leifke, E., Korner, P., & Yonkers, K. A. (2007). Differences in 
symptom scores and health outcomes in premenstrual syndrome. Journal of Women’s 
Health, 16(8), 1139–1144. https://doi.org/10.1089/jwh.2006.0230 

Bosquet, L., Léger, L., & Legros, P. (2002). Methods to Determine Aerobic Endurance. Sports 
Medicine, 32(11), 675–700. https://doi.org/10.2165/00007256-200232110-00002 

Bouchard, C. E., Shephard, R. J., & Stephens, T. E. (1994). Physical activity, fitness, and 
health: international proceedings and consensus statement. International Consensus 
Symposium on Physical Activity, Fitness, and Health, 2nd, May, 1992, Toronto, ON, 
Canada. 

Brady, P. C., & Ginsburg, E. S. (2016). Reproductive endocrinology and infertility. Handbook 
of Consult and Inpatient Gynecology, 547–571. https://doi.org/10.1007/978-3-319-27724-
0_20 

Buchheit, M., & Laursen, P. B. (2013). High-intensity interval training, solutions to the 
programming puzzle: Part I: cardiopulmonary emphasis. Sports Medicine, 43(5), 313–
338. 

Buffet, N. C., Djakoure, C., Maitre, S. C., & Bouchard, P. (1998). Regulation of the human 
menstrual cycle [In Process Citation]. Frontiers in Neuroendocrinology, 19(3), 151–186. 
https://doi.org/0021.972X’96/$03.00/0 

Bull, F. C., Al-Ansari, S. S., Biddle, S., Borodulin, K., Buman, M. P., Cardon, G., Carty, C., 
Chaput, J.-P., Chastin, S., Chou, R., Dempsey, P. C., DiPietro, L., Ekelund, U., Firth, J., 
Friedenreich, C. M., Garcia, L., Gichu, M., Jago, R., Katzmarzyk, P. T., … Willumsen, J. 
F. (2020). World Health Organization 2020 guidelines on physical activity and sedentary 
behaviour. British Journal of Sports Medicine, 54(24), 1451–1462. 
https://doi.org/10.1136/bjsports-2020-102955 PM  - 33239350 

Bull, J. R., Rowland, S. P., Scherwitzl, E. B., Scherwitzl, R., Danielsson, K. G., & Harper, J. 
(2019). Real-world menstrual cycle characteristics of more than 600,000 menstrual 
cycles. Npj Digital Medicine, 2(1). https://doi.org/10.1038/s41746-019-0152-7 

Bullen, B. A., Skrinar, G. S., Beitins, I. Z., von Mering, G., Turnbull, B. A., & McArthur, J. W. 
(1985). Induction of Menstrual Disorders by Strenuous Exercise in Untrained Women. In 
New England Journal of Medicine (Vol. 312, Issue 21, pp. 1349–1353). 
https://doi.org/10.1056/nejm198505233122103 

Burchartz, A., Anedda, B., Auerswald, T., Giurgiu, M., Hill, H., Ketelhut, S. I., Kolb, S., Mall, C., 
Manz, K., & Nigg, C. R. (2020). Assessing physical behavior through accelerometry–state 
of the science, best practices and future directions. Psychology of Sport and Exercise, 
49, 101703. 

Caldwell, A. E., & Hooper, P. L. (2023). Sex hormones and physical activity in women: An 
evolutionary framework. In Sex Hormones, Exercise and Women: Scientific and Clinical 
Aspects (pp. 463–477). Springer. 

Cano Sokoloff, N., Misra, M., & Ackerman, K. E. (2016). Exercise, Training, and the 
Hypothalamic-Pituitary-Gonadal Axis in Men and Women. Frontiers of Hormone 
Research, 47, 27–43. https://doi.org/10.1159/000445154 

Carmichael, M. A., Thomson, R. L., Moran, L. J., & Wycherley, T. P. (2021). The Impact of 
Menstrual Cycle Phase on Athletes’ Performance: A Narrative Review. International 
Journal of Environmental Research and Public Health, 18(4), 1667. 
https://doi.org/10.3390/ijerph18041667 



44 

 

 

Caspersen, C. J., Powell, K. E., & Christenson, G. M. (1985). Physical activity, exercise, and 
physical fitness: definitions and distinctions for health-related research. Public Health 
Reports (Washington, D.C. : 1974), 100(2), 126–131. https://doi.org/10.1093/nq/s9-
IX.228.365-f 

Chatterton, R. T., Mateo, E. T., Hou, N., Rademaker, A. W., Acharya, S., Jordan, V. C., & 
Morrow, M. (2005). Characteristics of salivary profiles of oestradiol and progesterone in 
premenopausal women. Journal of Endocrinology, 186(1), 77–84. 

Cittanti, E. (2019). Home-Based High-Intensity Interval Training with Heart Failure: A 
Comparison between Supervised and Unsupervised Modalities. NTNU. 

Clayton, A. H. (2008). Symptoms related to the menstrual cycle: diagnosis, prevalence, and 
treatment. Journal of Psychiatric Practice®, 14(1), 13–21. 

Collins, P. (1996). Estrogen and Cardiovascular Dynamics. The American Journal of Sports 
Medicine, 24(6_suppl), S30–S32. https://doi.org/10.1177/036354659602406S08 

Collins, P. (2001). Vascular effects of hormones. Maturitas, 38(1), 45–50. 
https://doi.org/10.1016/S0378-5122(00)00197-3 

Convertino, V. A. (1991). Blood volume: its adaptation to endurance training. Medicine and 
Science in Sports and Exercise, 23(12), 1338–1348. 

Corbin, C. B. (1977). Concepts in physical education with laboratories and experiments. 
Cornelissen, V. A., & Smart, N. A. (2013). Exercise training for blood pressure: a systematic 

review and meta-analysis. Journal of the American Heart Association, 2(1), e004473. 
https://doi.org/10.1161/JAHA.112.004473 

Cowley, E. S., Olenick, A. A., McNulty, K. L., & Ross, E. Z. (2021). “Invisible sportswomen”: 
the sex data gap in sport and exercise science research. Women in Sport and Physical 
Activity Journal, 29(2), 146–151. 

Coyle, E. F. (2000). Physical activity as a metabolic stressor. American Journal of Clinical 
Nutrition, 72(2 SUPPL.), 512–520. https://doi.org/10.1093/ajcn/72.2.512s 

Czyzyk, A., Podfigurna, A., Genazzani, A. R., & Meczekalski, B. (2017). The role of 
progesterone therapy in early pregnancy: from physiological role to therapeutic utility. 
Gynecological Endocrinology, 33(6), 421–424. 
https://doi.org/10.1080/09513590.2017.1291615 

Da Silva, S. B., De Sousa Ramalho Viana, E., & De Sousa, M. B. C. (2006). Changes in peak 
expiratory flow and respiratory strength during the menstrual cycle. Respiratory 
Physiology and Neurobiology, 150(2–3), 211–219. 
https://doi.org/10.1016/j.resp.2005.03.001 

Dadgostar, H., Razi, M., Aleyasin, A., Alenabi, T., & Dahaghin, S. (2009). The relation between 
athletic sports and prevalence of amenorrhea and oligomenorrhea in Iranian female 
athletes. BMC Sports Science, Medicine and Rehabilitation, 1(1), 1–7. 
https://doi.org/10.1186/1758-2555-1-16 

Daley, A. (2009). The role of exercise in the treatment of menstrual disorders: the evidence. In 
The British journal of general practice : the journal of the Royal College of  General 
Practitioners (Vol. 59, Issue 561, pp. 241–242). https://doi.org/10.3399/bjgp09X420301 

Davies, K. J. A., Packer, L., & Brooks, G. A. (1981). Biochemical adaptation of mitochondria, 
muscle, and whole-animal respiration to endurance training. Archives of Biochemistry and 
Biophysics, 209(2), 539–554. 

Davis, J. A., Frank, M. H., Whipp, B. J., & Wasserman, K. (1979). Anaerobic threshold 
alterations caused by endurance training in middle-aged men. Journal of Applied 
Physiology, 46(6), 1039–1046. 

Dawson, E. A., & Reilly, T. (2009). Menstrual cycle, exercise and health. Biological Rhythm 
Research, 40(1), 99–119. 

de Jonge, X. J., Thompson, B., & Ahreum, H. A. N. (2019). Methodological Recommendations 
for Menstrual Cycle Research in Sports and Exercise. Medicine and Science in Sports 
and Exercise, 51(12), 2610–2617. https://doi.org/10.1249/MSS.0000000000002073 

De Souza, MARY JANE, Maguire, M. S., Rubin, K. R., & Maresh, C. M. (1990). Effects of 
menstrual phase and amenorrhea on exercise performance in runners. Medicine and 
Science in Sports and Exercise, 22(5), 575–580. 



45 

 

 

De Souza, Mary Jane, & Williams, N. I. (2004). Physiological aspects and clinical sequelae of 
energy deficiency and hypoestrogenism in exercising women. Human Reproduction 
Update, 10(5), 433–448. https://doi.org/10.1093/humupd/dmh033 

Delfs, T. M., Klein, S., Fottrell, P., Naether, O. G., Leidenberger, F. A., & Zimmermann, R. C. 
(1994). 24-Hour profiles of salivary progesterone. Fertility and Sterility, 62(5), 960–966. 
https://doi.org/10.1016/S0015-0282(16)57058-7 

DiMenna, F. J., & Jones, A. M. (2016). Cardiorespiratory control of exercise and adaptation to 
training. Strength and Conditioning for Sports Performance. Routledge, New York, 92–
117. 

Direkvand-Moghadam, A., Sayehmiri, K., Delpisheh, A., & Satar, K. (2014). Epidemiology of 
premenstrual syndrome, a systematic review and meta-analysis study. Journal of Clinical 
and Diagnostic Research, 8(2), 106–109. https://doi.org/10.7860/JCDR/2014/8024.4021 

Dishman, R. K., & Buckworth, J. (1996). Increasing physical activity: a quantitative synthesis. 
Medicine and Science in Sports and Exercise, 28(6), 706–719. 

Dombovy, M. L., Bonekat, H. W., Williams, T. J., & Staats, B. A. (1987). Exercise performance 
and ventilatory response in the menstrual cycle. Medicine and Science in Sports and 
Exercise, 19(2), 111–117. 

dos Santos, I. K., da Silva Cunha de Medeiros, R. C., de Medeiros, J. A., de Almeida-Neto, P. 
F., Souza de Sena, D. C., Cobucci, R. N., Oliveira, R. S., de Araujo Tinoco Cabral, B. G., 
& Silva Dantas, P. M. (2021). Active Video Games for Improving Mental Health and 
Physical Fitness-An Alternative for Children and Adolescents during Social Isolation: An 
Overview. INTERNATIONAL JOURNAL OF ENVIRONMENTAL RESEARCH AND 
PUBLIC HEALTH, 18(4). https://doi.org/10.3390/ijerph18041641 

Doufas, A. G., & Mastorakos, G. (2000). The hypothalamic-pituitary-thyroid axis and the female 
reproductive system. In Annals of the New York Academy of Sciences (Vol. 900, pp. 65–
76). https://doi.org/10.1111/j.1749-6632.2000.tb06217.x 

Dunn, A. L., Trivedi, M. H., & O’Neal, H. A. (2001). Physical activity dose-response effects on 
outcomes of depression and anxiety. Database of Abstracts of Reviews of Effects 
(DARE): Quality-Assessed Reviews [Internet]. 

Dutta, U. R., Ponnala, R., Pidugu, V. K., & Dalal, A. B. (2013). Chromosomal abnormalities in 
amenorrhea: A retrospective study and review of 637 patients in South India. Archives of 
Iranian Medicine, 16(5), 267 – 270. https://www.scopus.com/inward/record.uri?eid=2-
s2.0-84877828076&partnerID=40&md5=98bbd0b42e1318a3b130a01c47008bcf 

Dutton, K., Blanksby, B. A., & Morton, A. R. (1989). CO2 sensitivity changes during the 
menstrual cycle. Journal of Applied Physiology, 67(2), 517–522. 

Ekblom, B., Astrand, P.-O., Saltin, B., Stenberg, J., & Wallström, B. (1968). Effect of training 
on circulatory response to exercise. Journal of Applied Physiology, 24(4), 518–528. 

Ekblom, B., & Hermansen, L. (1968). Cardiac output in athletes. Journal of Applied Physiology, 
25(5), 619–625. 

Elliott-Sale, K. J., Minahan, C. L., de Jonge, X. A. K. J., Ackerman, K. E., Sipilä, S., Constantini, 
N. W., Lebrun, C. M., & Hackney, A. C. (2021). Methodological Considerations for Studies 
in Sport and Exercise Science with Women as Participants: A Working Guide for 
Standards of Practice for Research on Women. Sports Medicine, 51(5), 843–861. 
https://doi.org/10.1007/s40279-021-01435-8 

Elliott-Sale, K. J., Tenforde, A. S., Parziale, A. L., Holtzman, B., & Ackerman, K. E. (2018). 
Endocrine effects of relative energy deficiency in sport. International Journal of Sport 
Nutrition and Exercise Metabolism, 28(4), 335–349. https://doi.org/10.1123/ijsnem.2018-
0127 

Elliott-Sale, K., & Pitchers, G. (2019). Considerations for coaches training female athletes. 
Professional Strength & Conditioning, 55(December), 19–30. 
https://www.researchgate.net/publication/338126513 

Emmonds, S., Heyward, O., & Jones, B. (2019). The challenge of applying and undertaking 
research in female sport. Sports Medicine-Open, 5, 1–4. 

Esmailiyan, M., Amerizadeh, A., Vahdat, S., Ghodsi, M., Doewes, R. I., & Sundram, Y. (2021). 
Effect of Different Types of Aerobic Exercise on Individuals With and Without 



46 

 

 

Hypertension: An Updated Systematic Review. Current Problems in Cardiology, 48(3), 
101034. https://doi.org/10.1016/j.cpcardiol.2021.101034 

Ezeh, U., Ezeh, C., Pisarska, M. D., & Azziz, R. (2021). Menstrual dysfunction in polycystic 
ovary syndrome: association with dynamic state insulin resistance rather than 
hyperandrogenism. Fertility and Sterility, 115(6), 1557–1568. 
https://doi.org/10.1016/j.fertnstert.2020.12.015 

Faude, O., Kindermann, W., & Meyer, T. (2009). Lactate Threshold Concepts. Sports 
Medicine, 39(6), 469–490. https://doi.org/10.2165/00007256-200939060-00003 

Fehring, R. J., Schneider, M., & Raviele, K. (2006). Variability in the phases of the menstrual 
cycle. JOGNN - Journal of Obstetric, Gynecologic, and Neonatal Nursing, 35(3), 376–
384. https://doi.org/10.1111/j.1552-6909.2006.00051.x 

Fennell, C. (2016). Effects of Supervised Training Compared to Unsupervised Training on 
Physical Activity, Muscular Endurance, and Cardiovascular Parameters. MOJ 
Orthopedics & Rheumatology, 5(4). https://doi.org/10.15406/mojor.2016.05.00184 

Fernandes, A. R., De Sá Rosa E Silva, A. C. J., Romão, G. S., Pata, M. C., & Dos Reis, R. M. 
(2005). Insulin resistance in adolescents with menstrual irregularities. Journal of Pediatric 
and Adolescent Gynecology, 18(4), 269–274. https://doi.org/10.1016/j.jpag.2005.05.006 

Filipas, L., Bonato, M., Gallo, G., & Codella, R. (2022). Effects of 16 weeks of pyramidal and 
polarized training intensity distributions in well‐trained endurance runners. Scandinavian 
Journal of Medicine & Science in Sports, 32(3), 498–511. 

Findlay, R. J., MacRae, E. H. R., Whyte, I. Y., Easton, C., & Forrest, L. J. (2020). How the 
menstrual cycle and menstruation affect sporting performance: Experiences and 
perceptions of elite female rugby players. In British Journal of Sports Medicine (Vol. 54, 
Issue 18, pp. 1108–1113). https://doi.org/10.1136/bjsports-2019-101486 

Fink, G. (2000). Neuroendocrine Regulation of Pituitary Function. Neuroendocrinology in 
Physiology and Medicine, 107–133. https://doi.org/10.1007/978-1-59259-707-9_7 

Fink, J. S. (2015). Female athletes, women’s sport, and the sport media commercial complex: 
Have we really “come a long way, baby”? Sport Management Review, 18(3), 331–342. 
https://doi.org/10.1016/j.smr.2014.05.001 

Finner, H., & Roters, M. (2002). Multiple hypotheses testing and expected number of type I. 
errors. The Annals of Statistics, 30(1), 220–238. 

Flynn, M. G., McFarlin, B. K., & Markofski, M. M. (2007). State of the Art Reviews: The Anti-
Inflammatory Actions of Exercise Training. American Journal of Lifestyle Medicine, 1(3), 
220–235. https://doi.org/10.1177/1559827607300283 

Fortney, S. M., Beckett, W. S., Carpenter, A. J., Davis, J., Drew, H., LaFrance, N. D., Rock, J. 
A., Tankersley, C. G., & Vroman, N. B. (1988). Changes in plasma volume during bed 
rest: effects of menstrual cycle and estrogen administration. Journal of Applied 
Physiology, 65(2), 525–533. 

Foster, C., Costill, D. L., Daniels, J. T., & Fink, W. J. (1978). Skeletal muscle enzyme activity, 
fiber composition and O2 max in relation to distance running performance. European 
Journal of Applied Physiology and Occupational Physiology, 39(2), 73–80. 

Fourman, L. T., & Fazeli, P. K. (2015). Neuroendocrine causes of amenorrhea--an update. The 
Journal of Clinical Endocrinology and Metabolism, 100(3), 812–824. 
https://doi.org/10.1210/jc.2014-3344 

Furu, K., Aares, E. B., Hjellvik, V., & Karlstad, Ø. (2021). Hormonal contraceptive use in 
norway, 2006-2020, by contraceptive type, age and county: A nationwide register-based 
study. Norsk Epidemiologi, 29(1–2), 55–62. https://doi.org/10.5324/nje.v29i1-2.4046 

Gabbett, T. (2023). Load Management: What It Is and What It Is Not! In Sports Health (p. 
19417381231179944). SAGE Publications Sage CA: Los Angeles, CA. 

Garcia, A. W., Broda, M. A. N., Frenn, M., Coviak, C., Pender, N. J., & Ronis, D. L. (1995). 
Gender and Developmental Differences in Exercise Beliefs Among Youth and Prediction 
of Their Exercise Behavior. Journal of School Health, 65(6), 213–219. 
https://doi.org/10.1111/j.1746-1561.1995.tb03365.x 

Gibbs, J. C., Williams, N. I., & De Souza, M. J. (2013). Prevalence of individual and combined 
components of the female athlete triad. Medicine and Science in Sports and Exercise, 



47 

 

 

45(5), 985–996. https://doi.org/10.1249/MSS.0b013e31827e1bdc 
Gillen, C. M., Lee, R., Mack, G. W., Tomaselli, C. M., Nishiyasu, T., & Nadel, E. R. (1991). 

Plasma volume expansion in humans after a single intense exercise protocol. Journal of 
Applied Physiology, 71(5), 1914–1920. https://doi.org/10.1152/jappl.1991.71.5.1914 

Gimunová, M., Paulínyová, A., Bernaciková, M., & Paludo, A. C. (2022). The Prevalence of 
Menstrual Cycle Disorders in Female Athletes from Different Sports Disciplines: A Rapid 
Review. In International Journal of Environmental Research and Public Health (Vol. 19, 
Issue 21, p. 14243). https://doi.org/10.3390/ijerph192114243 

Gnanasambanthan, S., & Datta, S. (2019). Premenstrual syndrome. Obstetrics, Gynaecology 
and Reproductive Medicine, 29(10), 281–285. 
https://doi.org/10.1016/j.ogrm.2019.06.003 

Goldet, G., & Howick, J. (2013). Understanding GRADE: an introduction. Journal of Evidence-
Based Medicine, 6(1), 50–54. https://doi.org/10.1111/jebm.12018 

Goodman, R. L., Lehman, M. N., Smith, J. T., Coolen, L. M., de Oliveira, C. V. R., 
Jafarzadehshirazi, M. R., Pereira, A., Iqbal, J., Caraty, A., Ciofi, P., & Clarke, I. J. (2007). 
Kisspeptin neurons in the arcuate nucleus of the ewe express both dynorphin A and  
neurokinin B. Endocrinology, 148(12), 5752–5760. https://doi.org/10.1210/en.2007-0961 

Gordon, C. M., Ackerman, K. E., Berga, S. L., Kaplan, J. R., Mastorakos, G., Misra, M., Murad, 
M. H., Santoro, N. F., & Warren, M. P. (2017). Functional hypothalamic amenorrhea: an 
endocrine society clinical practice guideline. The Journal of Clinical Endocrinology & 
Metabolism, 102(5), 1413–1439. 

Graja, A., Kacem, M., Hammouda, O., Borji, R., Bouzid, M. A., Souissi, N., & Rebai, H. (2022). 
Physical, Biochemical, and Neuromuscular Responses to Repeated Sprint Exercise in 
Eumenorrheic Female Handball Players: Effect of Menstrual Cycle Phases. Journal of 
Strength and Conditioning Research, 36(8), 2268–2276. 
https://doi.org/10.1519/JSC.0000000000003556 

Greenhall, M., Taipale, R. S., Ihalainen, J. K., & Hackney, A. C. (2021). Influence of the 
menstrual cycle phase on marathon performance in recreational runners. International 
Journal of Sports Physiology and Performance, 16(4), 601–604. 
https://doi.org/10.1123/IJSPP.2020-0238 

Gudmundsdottir, S. L., Flanders, W. D., & Augestad, L. B. (2014). Menstrual cycle 
abnormalities in healthy women with low physical activity: The north-Trøndelag 
population-based health study. Journal of Physical Activity and Health, 11(6), 1133–1140. 
https://doi.org/10.1123/jpah.2012-0284 

Güllich, A., & Krüger, M. (2023). Bewegung, Training, Leistung und Gesundheit. In A. Güllich 
& M. Krüger (Eds.), Bewegung, Training, Leistung und Gesundheit. Springer Berlin 
Heidelberg. https://doi.org/10.1007/978-3-662-53410-6 

Guthold, R., Stevens, G. A., Riley, L. M., & Bull, F. C. (2018). Worldwide trends in insufficient 
physical activity from 2001 to 2016: a pooled analysis of 358 population-based surveys 
with 1· 9 million participants. The Lancet Global Health, 6(10), e1077–e1086. 

Hackney, A. C., Koltun, K. J., & Williett, H. N. (2022). Menstrual cycle hormonal changes: 
estradiol-β-17 and progesterone interactions on exercise fat oxidation. Endocrine, 76(1), 
240–242. https://doi.org/10.1007/s12020-022-02998-w 

Hackney, A C. (1990). Effects of the menstrual cycle on resting muscle glycogen content. 
Hormone and Metabolic Research, 22(12), 647. 

Hackney, Anthony C. (2017). Sex Hormones, Exercise and Women. In Anthony C. Hackney 
(Ed.), Sex Hormones, Exercise and Women. Springer International Publishing. 
https://doi.org/10.1007/978-3-319-44558-8 

Hagger, M. S., Cameron, L. D., Hamilton, K., Hankonen, N., & Lintunen, T. (2020). The 
handbook of behavior change. Cambridge University Press. 

Hakimi, O., & Cameron, L. C. (2017). Effect of Exercise on Ovulation: A Systematic Review. 
Sports Medicine, 47(8), 1555–1567. https://doi.org/10.1007/s40279-016-0669-8 

Hall, K. S., & Trussell, J. (2012). Types of combined oral contraceptives used by US women. 
Contraception, 86(6), 659–665. 

Han, A. (2012). Endurance training and the menstrual cycle. In Zur Erlangung des Grades 



48 

 

 

eines Doktors der Sportwissendschaft (Ph. D. exercise science) im Fach Sportmedizin. 
Ruhr-Universität Bochum, Fakultät für Sportwissendschaft im Mai. Germany. 

Haskell, W. L., Blair, S. N., & Hill, J. O. (2009). Physical activity: health outcomes and 
importance for public health policy. Preventive Medicine, 49(4), 280–282. 

He, Y., Zheng, D., Shang, W., Wang, X., Zhao, S., Wei, Z., Song, X., Shi, X., Zhu, Y., Wang, 
S., Li, R., & Qiao, J. (2020). Prevalence of oligomenorrhea among women of childbearing 
age in China: A large community-based study. Women’s Health, 16(49), 
174550652092861. https://doi.org/10.1177/1745506520928617 

Hessemer, V, & Bruck, K. (1985). Influence of menstrual cycle on shivering, skin blood flow, 
and sweating responses measured at night. Journal of Applied Physiology, 59(6), 1902–
1910. https://doi.org/10.1152/jappl.1985.59.6.1902 

Hessemer, Vand, & Bruck, K. (1985). Influence of menstrual cycle on thermoregulatory, 
metabolic, and heart rate responses to exercise at night. Journal of Applied Physiology, 
59(6), 1911–1917. https://doi.org/10.1152/jappl.1985.59.6.1911 

Hicks, K. M., McNulty, K., & Ansdell, P. (2023). The Effect of the Menstrual Cycle on Exercise 
and Sports Performance. In Sex Hormones, Exercise and Women: Scientific and Clinical 
Aspects (pp. 245–257). Springer. 

Holloszy, J. O., & Coyle, E. F. (1984). Adaptations of skeletal muscle to endurance exercise 
and their metabolic consequences. Journal of Applied Physiology, 56(4), 831–838. 

Hurd, W. W. (2017). Clinical Reproductive Medicine and Surgery. In Clinical Reproductive 
Medicine and Surgery. https://doi.org/10.1007/978-3-319-52210-4 

Hydren, J. R., & Cohen, B. S. (2015). Current scientific evidence for a polarized cardiovascular 
endurance training model. The Journal of Strength & Conditioning Research, 29(12), 
3523–3530. 

Hylan, T. R., Sundell, K., & Judge, R. (1999). The impact of premenstrual symptomatology on 
functioning and treatment-seeking behavior: experience from the United States, United 
Kingdom, and France. Journal of Women’s Health & Gender-Based Medicine, 8(8), 1043–
1052. https://www.liebertpub.com/doi/pdf/10.1089/jwh.1.1999.8.1043 

Itriyeva, K. (2022). The normal menstrual cycle. Current Problems in Pediatric and Adolescent 
Health Care, 52(5), 101183. https://doi.org/10.1016/j.cppeds.2022.101183 

Janse De Jonge, X. A. K. (2003). Effects of the menstrual cycle on exercise performance. In 
Sports Medicine (Vol. 33, Issue 11, pp. 833–851). https://doi.org/10.2165/00007256-
200333110-00004 

Johnson, S., Marriott, L., & Zinaman, M. (2018). Can apps and calendar methods predict 
ovulation with accuracy? Current Medical Research and Opinion, 34(9), 1587–1594. 
https://doi.org/10.1080/03007995.2018.1475348 

Jones, A. M., & Poole, D. C. (2008). Physiological demands of endurance exercise. Olympic 
Textbook of Science in Sport, 43–55. 

Joubert, L., Warme, A., Larson, A., Grønhaug, G., Michael, M., Schöffl, V., Burtscher, E., & 
Meyer, N. (2022). Prevalence of amenorrhea in elite female competitive climbers. 
Frontiers in Sports and Active Living, 4. https://doi.org/10.3389/fspor.2022.895588 

Julian, R., Hecksteden, A., Fullagar, H. H. K., & Meyer, T. (2017). The effects of menstrual 
cycle phase on physical performance in female soccer players. PLoS ONE, 12(3), 1–13. 
https://doi.org/10.1371/journal.pone.0173951 

Julian, R., & Sargent, D. (2020). Periodisation: tailoring training based on the menstrual cycle 
may work in theory but can they be used in practice? In Science and Medicine in Football 
(Vol. 4, Issue 4, pp. 253–254). https://doi.org/10.1080/24733938.2020.1828615 

Jurkowski, J. E., Jones, N. L., Toews, C. J., & Sutton, J. R. (1981). Effects of menstrual cycle 
on blood lactate, O2 delivery, and performance during exercise. Journal of Applied 
Physiology, 51(6), 1493–1499. 

Kanaley, J. A., Boileau, R. A., Bahr, J. A., Misner, J. E., & Nelson, R. A. (1992). Substrate 
oxidation and GH responses to exercise are independent of menstrual phase and status. 
Medicine and Science in Sports and Exercise, 24(8), 873–880. 

Katzmarzyk, P. T., & Mason, C. (2009). The Physical Activity Transition. Journal of Physical 
Activity and Health, 6(3), 269–280. https://doi.org/10.1123/jpah.6.3.269 



49 

 

 

Keizer, H. A., & Rogol, A. D. (1990). Physical Exercise and Menstrual Cycle Alterations. Sports 
Medicine, 10(4), 218–235. https://doi.org/10.2165/00007256-199010040-00002 

Ketelhut, S., & Ketelhut, R. G. (2020). Type of exercise training and training methods. Physical 
Exercise for Human Health, 25–43. 

Khonsary, S. (2017). Guyton and Hall: Textbook of Medical Physiology. Surgical Neurology 
International, 8(1), 275. https://doi.org/10.4103/sni.sni_327_17 

Kissow, J., Jacobsen, K. J., Gunnarsson, T. P., Jessen, S., & Hostrup, M. (2022). Effects of 
follicular and luteal phase-based menstrual cycle resistance training on muscle strength 
and mass. Sports Medicine, 1–7. 

Knight, J. A. (2012). Physical inactivity: associated diseases and disorders. Annals of Clinical 
& Laboratory Science, 42(3), 320–337. 

Kokawa, K., Shikone, T., & Nakano, R. (1996). Apoptosis in the human uterine endometrium 
during the menstrual cycle. The Journal of Clinical Endocrinology & Metabolism, 81(11), 
4144–4147. https://doi.org/10.1210/jcem.81.11.8923873 

Kolić, P. V., Sims, D. T., Hicks, K., Thomas, L., & Morse, C. I. (2021). Physical activity and the 
menstrual cycle: A mixed-methods study of women’s experiences. Women in Sport and 
Physical Activity Journal, 29(1), 47–58. https://doi.org/10.1123/wspaj.2020-0050 

Koltun, K. J., Williams, N. I., Scheid, J. L., & De Souza, M. J. (2020). Discriminating 
hypothalamic oligomenorrhea/amenorrhea from hyperandrogenic 
oligomenorrhea/amenorrhea in exercising women. Applied Physiology, Nutrition, and 
Metabolism, 45(7), 707–714. 

Koo, T. K., & Li, M. Y. (2016). A Guideline of Selecting and Reporting Intraclass Correlation 
Coefficients for Reliability Research. Journal of Chiropractic Medicine, 15(2), 155–163. 
https://doi.org/10.1016/j.jcm.2016.02.012 

Kraemer, W. J., Ratamess, N. A., & French, D. N. (2002). Resistance training for health and 
performance. Current Sports Medicine Reports, 1(3), 165–171. 
https://doi.org/10.1007/s11932-002-0017-7 

Kriplani, A., Goyal, M., Kachhawa, G., Mahey, R., & Kulshrestha, V. (2017). Etiology and 
management of primary amenorrhoea: A study of 102 cases at tertiary centre. Taiwanese 
Journal of Obstetrics and Gynecology, 56(6), 761–764. 
https://doi.org/10.1016/j.tjog.2017.10.010 

Kubica, C., Ketelhut, S., Querciagrossa, D., Burger, M., Widmer, M., Bernhard, J., Schneider, 
M., Ries, T., & Nigg, C. R. (2023). Effects of a training intervention tailored to the 
menstrual cycle on endurance performance and hemodynamics. The Journal of Sports 
Medicine and Physical Fitness. https://doi.org/10.23736/S0022-4707.23.15277-7 

Kuwahara, T., Inoue, Y., Taniguchi, M., Ogura, Y., Ueda, H., & Kondo, N. (2005). Effects of 
physical training on heat loss responses of young women to passive heating in relation to 
menstrual cycle. European Journal of Applied Physiology, 94(4), 376–385. 

Lamprecht, M., & Stamm, H. (2000). Sport schweiz 2000. Sportaktivität Und Sportkonsum Der 
Schweizer Bevölkerung. Basel, Bern. 

Lara, B., Gutiérrez Hellín, J., Ruíz-Moreno, C., Romero-Moraleda, B., & Del Coso, J. (2020). 
Acute caffeine intake increases performance in the 15-s Wingate test during the 
menstrual cycle. British Journal of Clinical Pharmacology, 86(4), 745–752. 
https://doi.org/10.1111/bcp.14175 

Lee, I.-M., Shiroma, E. J., Lobelo, F., Puska, P., Blair, S. N., & Katzmarzyk, P. T. (2012). Effect 
of physical inactivity on major non-communicable diseases worldwide: an analysis of 
burden of disease and life expectancy. The Lancet, 380(9838), 219–229. 

Lee, I.-M., & Skerrett, P. J. (2001). Physical activity and all-cause mortality: what is the dose-
response relation? Medicine & Science in Sports & Exercise, 33(6), S459–S471. 

Lee, M.-H., Kim, J.-W., Lee, J.-H., & Kim, D.-M. (2002). The standardization of the shortened 
premenstrual assessment form and applicability on the internet. Journal of Korean 
Neuropsychiatric Association, 159–167. 

Levy, W. C., Cerqueira, M. D., Abrass, I. B., Schwartz, R. S., & Stratton, J. R. (1993). 
Endurance exercise training augments diastolic filling at rest and during exercise in 
healthy young and older men. Circulation, 88(1), 116–126. 



50 

 

 

Liguori, G., & Medicine, A. C. of S. (2020). ACSM’s guidelines for exercise testing and 
prescription. Lippincott Williams & Wilkins. 

Liu, Y., Gold, E. B., Lasley, B. L., & Johnson, W. O. (2004). Factors affecting menstrual cycle 
characteristics. American Journal of Epidemiology, 160(2), 131–140. 
https://doi.org/10.1093/aje/kwh188 

Lowe, D. A., Baltgalvis, K. A., & Greising, S. M. (2010). Mechanisms behind estrogen’s 
beneficial effect on muscle strength in females. Exercise and Sport Sciences Reviews, 
38(2), 61–67. https://doi.org/10.1097/JES.0b013e3181d496bc 

Ma, Q., Hao, Z. W., & Wang, Y. F. (2021). The effect of estrogen in coronavirus disease 2019. 
American Journal of Physiology - Lung Cellular and Molecular Physiology, 321(1), 219–
227. https://doi.org/10.1152/AJPLUNG.00332.2020 

MacNutt, M. J., De Souza, M. J., Tomczak, S. E., Homer, J. L., & Sheel, A. W. (2012). Resting 
and exercise ventilatory chemosensitivity across the menstrual cycle. Journal of Applied 
Physiology, 112(5), 737–747. https://doi.org/10.1152/japplphysiol.00727.2011 

Mani, S. K., Blaustein, J. D., & O’malley, B. W. (1997). Progesterone Receptor Function from 
a Behavioral Perspective. Hormones and Behavior, 31(3), 244–255. 
https://doi.org/10.1006/hbeh.1997.1393 

Marcus, B. H., & Forsyth, L. H. (1999). How are we doing with physical activity? American 
Journal of Health Promotion, 14(2), 118–124. 

Mario, F. M., Graff, S. K., & Spritzer, P. M. (2017). Habitual physical activity is associated with 
improved anthropometric and androgenic profile in PCOS: a cross-sectional study. In 
Journal of Endocrinological Investigation (Vol. 40, Issue 4, pp. 377–384). 
https://doi.org/10.1007/s40618-016-0570-1 

Marques, A., Sarmento, H., Martins, J., & Saboga Nunes, L. (2015). Prevalence of physical 
activity in European adults - Compliance with the World Health Organization’s physical 
activity guidelines. Preventive Medicine, 81, 333–338. 
https://doi.org/10.1016/j.ypmed.2015.09.018 

McCracken, M., Ainsworth, B., & Hackney, A. C. (1994). Effects of the menstrual cycle phase 
on the blood lactate responses to exercise. European Journal of Applied Physiology and 
Occupational Physiology, 69, 174–175. 

McLay, R. T., Thomson, C. D., Williams, S. M., & Rehrer, N. J. (2007). Carbohydrate loading 
and female endurance athletes: Effect of menstrual-cycle phase. International Journal of 
Sport Nutrition and Exercise Metabolism, 17(2), 189–205. 
https://doi.org/10.1123/ijsnem.17.2.189 

McNulty, K. L., Elliott-Sale, K. J., Dolan, E., Swinton, P. A., Ansdell, P., Goodall, S., Thomas, 
K., & Hicks, K. M. (2020). The Effects of Menstrual Cycle Phase on Exercise Performance 
in Eumenorrheic Women: A Systematic Review and Meta-Analysis. Sports Medicine, 
50(10), 1813–1827. https://doi.org/10.1007/s40279-020-01319-3 

Meethal, S. V., Liu, T., Chan, H. W., Ginsburg, E., Wilson, A. C., Gray, D. N., Bowen, R. L., 
Vonderhaar, B. K., & Atwood, C. S. (2009). Identification of a regulatory loop for the 
synthesis of neurosteroids: A steroidogenic acute regulatory protein-dependent 
mechanism involving hypothalamic-pituitary-gonadal axis receptors. In Journal of 
Neurochemistry (Vol. 110, Issue 3, pp. 1014–1027). https://doi.org/10.1111/j.1471-
4159.2009.06192.x 

Meignié, A., Duclos, M., Carling, C., Orhant, E., Provost, P., Toussaint, J. F., & Antero, J. 
(2021). The Effects of Menstrual Cycle Phase on Elite Athlete Performance: A Critical and 
Systematic Review. Frontiers in Physiology, 12(May). 
https://doi.org/10.3389/fphys.2021.654585 

Mena, G. P., Mielke, G. I., & Brown, W. J. (2021). Prospective associations between physical 
activity and BMI with irregular periods and heavy menstrual bleeding in a large cohort of 
Australian women. Human Reproduction, 36(6), 1481–1491. 
https://doi.org/10.1093/humrep/deab055 

Meyer, T., Auracher, M., Heeg, K., Urhausen, A., & Kindermann, W. (2007). Effectiveness of 
low-intensity endurance training. International Journal of Sports Medicine, 28(01), 33–39. 

Mihm, M., Gangooly, S., & Muttukrishna, S. (2011). The normal menstrual cycle in women. 



51 

 

 

Animal Reproduction Science, 124(3–4), 229–236. 
https://doi.org/10.1016/j.anireprosci.2010.08.030 

Mikhael, S., Punjala-Patel, A., & Gavrilova-Jordan, L. (2019). Hypothalamic-Pituitary-Ovarian 
Axis Disorders Impacting Female Fertility. Biomedicines, 7(1), 5. 
https://doi.org/10.3390/biomedicines7010005 

Miller, P. B., & Soules, M. R. (1996). The usefulness of a urinary LH kit for ovulation prediction 
during menstrual cycles of normal women. Obstetrics & Gynecology, 87(1), 13–17. 

Mishell Jr, D. R. (2005). Premenstrual disorders: epidemiology and disease burden. Am J 
Manag Care, 11(16 Suppl), S473–S479. 

Moghissi, K. S. (1976). Accuracy of basal body temperature for ovulation detection. Fertility 
and Sterility, 27(12), 1415–1421. https://doi.org/10.1016/s0015-0282(16)42257-0 

Montoye, H. J. (1996). Measuring physical activity and energy expenditure. Human Kinetics, 
3–118. 

Moran, L. J., Noakes, M., Clifton, P. M., Tomlinson, L., & Norman, R. J. (2003). Dietary 
composition in restoring reproductive and metabolic physiology in overweight women with 
polycystic ovary syndrome. The Journal of Clinical Endocrinology & Metabolism, 88(2), 
812–819. 

Muñoz, I., Seiler, S., Bautista, J., España, J., Larumbe, E., & Esteve-Lanao, J. (2014). Does 
polarized training improve performance in recreational runners? International Journal of 
Sports Physiology and Performance, 9(2), 265–272. https://doi.org/10.1123/IJSPP.2012-
0350 

Nemes, S., Jonasson, J. M., Genell, A., & Steineck, G. (2009). Bias in odds ratios by logistic 
regression modelling and sample size. BMC Medical Research Methodology, 9(1), 56. 
https://doi.org/10.1186/1471-2288-9-56 

Nicklas, B. J., Hackney, A. C., & Sharp, R. L. (1989). The menstrual cycle and exercise: 
performance, muscle glycogen, and substrate responses. International Journal of Sports 
Medicine, 10(04), 264–269. 

Nigg, C. R., Burg, X., Lohse, B., & Cunningham-Sabo, L. (2021). Accelerometry and Self-
Report Are Congruent for Children’s Moderate-to-Vigorous and Higher Intensity Physical 
Activity. Journal for the Measurement of Physical Behaviour, 4(2), 187–194. 

Nigg, C. R., Fuchs, R., Gerber, M., Jekauc, D., Koch, T., Krell-Roesch, J., Lippke, S., Mnich, 
C., Novak, B., Ju, Q., Sattler, M. C., Schmidt, S. C. E., van Poppel, M., Reimers, A. K., 
Wagner, P., Woods, C., & Woll, A. (2020). Assessing physical activity through 
questionnaires – A consensus of best practices and future directions. Psychology of Sport 
and Exercise, 50(October 2019), 101715. 
https://doi.org/10.1016/j.psychsport.2020.101715 

Norton, K., Norton, L., & Sadgrove, D. (2010). Position statement on physical activity and 
exercise intensity terminology. Journal of Science and Medicine in Sport, 13(5), 496–502. 
https://doi.org/10.1016/j.jsams.2009.09.008 

O’Donnell, E., Goodman, J. M., & Harvey, P. J. (2011). Cardiovascular Consequences of 
Ovarian Disruption: A Focus on Functional Hypothalamic Amenorrhea in Physically Active 
Women. The Journal of Clinical Endocrinology & Metabolism, 96(12), 3638–3648. 
https://doi.org/10.1210/jc.2011-1223 

O’Loughlin, E., Reid, D., & Sims, S. (2023). The role of menstrual cycle phase-based 
resistance training for women post anterior cruciate ligament reconstruction: a scoping 
review. In Physical Therapy Reviews. https://doi.org/10.1080/10833196.2023.2266320 

Olds, T. S., Gomersall, S. R., Olds, S. T., & Ridley, K. (2019). A source of systematic bias in 
self-reported physical activity: The cutpoint bias hypothesis. Journal of Science and 
Medicine in Sport, 22(8), 924–928. https://doi.org/10.1016/j.jsams.2019.03.006 

Oosthuyse, T., & Bosch, A. N. (2010). The Effect of the Menstrual Cycle on Exercise 
Metabolism. Sports Medicine, 40(3), 207–227. https://doi.org/10.2165/11317090-
000000000-00000 

Paludo, A. C., Paravlic, A., Dvořáková, K., & Gimunová, M. (2022). The Effect of Menstrual 
Cycle on Perceptual Responses in Athletes: A Systematic Review With Meta-Analysis. 
Frontiers in Psychology, 13(July). https://doi.org/10.3389/fpsyg.2022.926854 



52 

 

 

Park, S. J., Goldsmith, L. T., & Weiss, G. (2002). Age-related changes in the regulation of 
luteinizing hormone secretion by estrogen in women. Experimental Biology and Medicine, 
227(7), 455–464. 

Pauline, G. (2014). Women’s participation in endurance events: An example of how far we 
have come. In Journal of Physical Education, Recreation & Dance (Vol. 85, Issue 1, pp. 
4–6). Taylor & Francis. 

Pearce, E., Jolly, K., Jones, L. L., Matthewman, G., Zanganeh, M., & Daley, A. (2020). Exercise 
for premenstrual syndrome: A systematic review and meta-analysis of randomised 
controlled trials. BJGP Open, 4(3), 1–11. https://doi.org/10.3399/bjgpopen20X101032 

Pedersen, B. K., & Saltin, B. (2015). Exercise as medicine - Evidence for prescribing exercise 
as therapy in 26 different chronic diseases. Scandinavian Journal of Medicine and 
Science in Sports, 25, 1–72. https://doi.org/10.1111/sms.12581 

Péronnet, F, Thibault, G., Ledoux, M., & Brisson, G. (1987). Performance in endurance events: 
energy balance, nutrition and temperature regulation. London, Canada: Spodym. 

Péronnet, François, & Thibault, G. (1989). Mathematical analysis of running performance and 
world running records. Journal of Applied Physiology, 67(1), 453–465. 

Pescatello, L. S., Macdonald, H. V., Ash, G. I., Lamberti, L. M., Farquhar, W. B., Arena, R., & 
Johnson, B. T. (2015). Assessing the existing professional exercise recommendations for 
hypertension: A review and recommendations for future research priorities. Mayo Clinic 
Proceedings, 90(6), 801–812. https://doi.org/10.1016/j.mayocp.2015.04.008 

Pinilla, L., Aguilar, E., Dieguez, C., Millar, R. P., & Tena-Sempere, M. (2012). Kisspeptins and 
reproduction: physiological roles and regulatory mechanisms. Physiological Reviews, 
92(3), 1235–1316. 

Pivarnik, J. M., Marichal, C. J., Spillman, T., & Morrow Jr, J. R. (1992). Menstrual cycle phase 
affects temperature regulation during endurance exercise. Journal of Applied Physiology, 
72(2), 543–548. 

Plant, T. M., & Zeleznik, A. J. (2014). Knobil and Neill’s physiology of reproduction. Academic 
Press. 

Pluim, B. M., Zwinderman, A. H., van der Laarse, A., & van der Wall, E. E. (2000). The athlete’s 
heart: a meta-analysis of cardiac structure and function. Circulation, 101(3), 336–344. 

Polotsky, A. J., Allshouse, A., Crawford, S. L., Harlow, S. D., Khalil, N., & Legro, R. S. (2011). 
History of oligomenorrhea augments the association of hyperandrogenemia with 
metabolic syndrome: evidence for a pcos phenotype in the study of women’s health 
across the nation (SWAN). Fertility and Sterility, 96(3), S42. 

Popat, V. B., Prodanov, T., Calis, K. A., & Nelson, L. M. (2008). The menstrual cycle: A 
biological marker of general health in adolescents. Annals of the New York Academy of 
Sciences, 1135(August 2018), 43–51. https://doi.org/10.1196/annals.1429.040 

Prado, R. C. R., Silveira, R., Kilpatrick, M. W., Pires, F. O., & Asano, R. Y. (2021a). Menstrual 
Cycle, Psychological Responses, and Adherence to Physical Exercise: Viewpoint of a 
Possible Barrier. Frontiers in Psychology, 12(February), 1–7. 
https://doi.org/10.3389/fpsyg.2021.525943 

Prado, R. C. R., Silveira, R., Kilpatrick, M. W., Pires, F. O., & Asano, R. Y. (2021b). The effect 
of menstrual cycle and exercise intensity on psychological and physiological responses 
in healthy eumenorrheic women. Physiology and Behavior, 232(December 2020). 
https://doi.org/10.1016/j.physbeh.2020.113290 

Prochaska, J. O., & DiClemente, C. C. (1982). Transtheoretical therapy: Toward a more 
integrative model of change. Psychotherapy: Theory, Research & Practice, 19(3), 276. 

Qaisar, R., Renaud, G., Hedstrom, Y., Pöllänen, E., Ronkainen, P., Kaprio, J., Alen, M., Sipilä, 
S., Artemenko, K., Bergquist, J., Kovanen, V., & Larsson, L. (2013). Hormone 
replacement therapy improves contractile function and myonuclear organization of single 
muscle fibres from postmenopausal monozygotic female twin pairs. Journal of 
Physiology, 591(9), 2333–2344. https://doi.org/10.1113/jphysiol.2012.250092 

Qiao, M., Zhang, H., Liu, H., Luo, S., Wang, T., Zhang, J., & Ji, L. (2012). Prevalence of 
premenstrual syndrome and premenstrual dysphoric disorder in a population-based 
sample in China. European Journal of Obstetrics and Gynecology and Reproductive 



53 

 

 

Biology, 162(1), 83–86. https://doi.org/10.1016/j.ejogrb.2012.01.017 
Rafiee Zadeh, A., Ghadimi, K., Mohammadi, B., Hatamian, H., Naghibi, S. N., & Danaeiniya, 

A. (2018). Effects of Estrogen and Progesterone on Different Immune Cells Related to 
Multiple Sclerosis. Caspian Journal of Neurological Sciences, 4(13), 83–90. 
https://doi.org/10.29252/cjns.4.13.83 

Ravi, S., Waller, B., Valtonen, M., Villberg, J., Vasankari, T., Parkkari, J., Heinonen, O. J., 
Alanko, L., Savonen, K., Vanhala, M., Selänne, H., Kokko, S., & Kujala, U. M. (2021). 
Menstrual dysfunction and body weight dissatisfaction among Finnish young athletes and 
non-athletes. Scandinavian Journal of Medicine and Science in Sports, 31(2), 405–417. 
https://doi.org/10.1111/sms.13838 

Read, C. M. (2010). New regimens with combined oral contraceptive pills moving away from 
traditional 217 cycles. European Journal of Contraception and Reproductive Health Care, 
15(SUPPL. 2). https://doi.org/10.3109/13625187.2010.529969 

Redman, L. M. (2006). Physical activity and its effects on reproduction. Reproductive 
BioMedicine Online, 12(5), 579–586. https://doi.org/10.1016/S1472-6483(10)61183-2 

Redman, L. M., & Loucks, A. B. (2005). Menstrual disorders in athletes. Sports Medicine, 35(9), 
747–755. https://doi.org/10.2165/00007256-200535090-00002 

Redman, L. M., Scroop, G. C., Westlander, G., & Norman, R. J. (2005). Effect of a synthetic 
progestin on the exercise status of sedentary young women. Journal of Clinical 
Endocrinology and Metabolism, 90(7), 3830–3837. https://doi.org/10.1210/jc.2004-2401 

Reimers, A., Knapp, G., & Reimers, C.-D. (2018). Effects of Exercise on the Resting Heart 
Rate: A Systematic Review and Meta-Analysis of Interventional Studies. Journal of 
Clinical Medicine, 7(12), 503. https://doi.org/10.3390/jcm7120503 

Reis, E., Frick, U., & Schmidtbleicher, D. (1995). Frequency variations of strength training 
sessions triggered by the phases of the menstrual cycle. International Journal of Sports 
Medicine, 16(08), 545–550. 

Reuter, B., & Dawes, J. J. (2016). Program design and technique for aerobic endurance 
training. Essentials of Strength Training and Conditioning; Haff, GG, Triplett, NT, Eds, 
559–582. 

Rickenlund, A., Carlström, K., Ekblom, B., Brismar, T. B., Von Schoultz, B., & Hirschberg, A. 
L. (2003). Hyperandrogenicity is an alternative mechanism underlying oligomenorrhea or 
amenorrhea in female athletes and may improve physical performance. Fertility and 
Sterility, 79(4), 947–955. https://doi.org/10.1016/S0015-0282(02)04850-1 

Rodrigues, P., de Azevedo Correia, M., & Wharton, L. (2019). Effect of Menstrual Cycle on 
Muscle Strength. Journal of Exercise Physiology Online, 22(5), 89–96. 

Romero-Moraleda, B., Del Coso, J., Gutiérrez-Hellín, J., Ruiz-Moreno, C., Grgic, J., & Lara, B. 
(2019). The influence of the menstrual cycle on muscle strength and power performance. 
Journal of Human Kinetics, 68, 123. 

Rostami, M., Abbaspour, Z., Najjar, S. H., Rostami, M., & Najjar, S. H. (2023). The effect of 
exercise on primary dysmenorrhea. Journal of Research in Health Sciences, 6(1), 26–31. 
https://doi.org/10.1016/s1550-8579(06)80151-8 

Ryan, R. M., & Deci, E. L. (2000). Self-determination theory. Encyclopedia of quality of life and 
well-being research. In American Psychologist (pp. 68–78). 

Ryder, J. W., Gilbert, M., & Zierath, J. R. (2001). Skeletal muscle and insulin sensitivity: 
pathophysiological alterations. Frontiers in Bioscience-Landmark, 6(3), 154–163. 

Ryterska, K., Kordek, A., & Załęska, P. (2021). Has menstruation disappeared? Functional 
hypothalamic amenorrhea—What is this story about? Nutrients, 13(8), 1–15. 
https://doi.org/10.3390/nu13082827 

Sakamaki-Sunaga, M., Min, S., Kamemoto, K., & Okamoto, T. (2016). Effects of menstrual 
phase–dependent resistance training frequency on muscular hypertrophy and strength. 
Journal of Strength and Conditioning Research, 30(6), 1727–1734. 

Sallis, J. F., & Owen, N. (1998). Physical activity and behavioral medicine. SAGE publications. 
Sam, S., & Frohman, L. A. (2008). Normal Physiology of Hypothalamic Pituitary Regulation. 

Endocrinology and Metabolism Clinics of North America, 37(1), 1–22. 
https://doi.org/10.1016/j.ecl.2007.10.007 



54 

 

 

Samadi, Z., Bambaeichi, E., Valiani, M., & Shahshahan, Z. (2019). Evaluation of changes in 
levels of hyperandrogenism, hirsutism and menstrual regulation after a period of aquatic 
high intensity interval training in women with polycystic ovary syndrome. International 
Journal of Preventive Medicine, 10(1), 187. https://doi.org/10.4103/ijpvm.IJPVM_360_18 

Samani, R. O., Hashiani, A. A., Razavi, M., Vesali, S., Rezaeinejad, M., Maroufizadeh, S., 
Sepidarkish, M., & Orgain, E. S. (2018). The prevalence of menstrual disorders in Iran: A 
systematic review and meta-analysis. International Journal of Reproductive Biomedicine, 
16(11), 665. http://www.ncbi.nlm.nih.gov/pubmed/3077568 

Scharhag, J., Schneider, G., Urhausen, A., Rochette, V., Kramann, B., & Kindermann, W. 
(2002). Athlete’s heart: right and left ventricular mass and function in male endurance 
athletes and untrained individuals determined by magnetic resonance imaging. Journal 
of the American College of Cardiology, 40(10), 1856–1863. 

Schaumberg, M. A., Jenkins, D. G., Janse de Jonge, X. A. K., Emmerton, L. M., & Skinner, T. 
L. (2017). Three-step method for menstrual and oral contraceptive cycle verification. 
Journal of Science and Medicine in Sport, 20(11), 965–969. 
https://doi.org/10.1016/j.jsams.2016.08.013 

Schliep, K. C., Mumford, S. L., Hammoud, A. O., Stanford, J. B., Kissell, K. A., Sjaarda, L. A., 
Perkins, N. J., Ahrens, K. A., Wactawski-Wende, J., Mendola, P., & Schisterman, E. F. 
(2014). Luteal Phase Deficiency in Regularly Menstruating Women: Prevalence and 
Overlap in Identification Based on Clinical and Biochemical Diagnostic Criteria. The 
Journal of Clinical Endocrinology & Metabolism, 99(6), E1007–E1014. 
https://doi.org/10.1210/jc.2013-3534 

Schmalenberger, K. M., Tauseef, H. A., Barone, J. C., Owens, S. A., Lieberman, L., Jarczok, 
M. N., Girdler, S. S., Kiesner, J., Ditzen, B., & Eisenlohr-Moul, T. A. (2021). How to study 
the menstrual cycle: Practical tools and recommendations. Psychoneuroendocrinology, 
123(September 2020), 104895. https://doi.org/10.1016/j.psyneuen.2020.104895 

Schumpf, L. F., Braun, C., Peric, A., Schmid, M. J., Lehnick, D., Christmann-Schmid, C., & 
Brambs, C. (2023). The influence of the menstrual cycle and hormonal contraceptives on 
cardiorespiratory fitness in physically active women: A systematic review and meta-
analysis. Heliyon, 9(6), e17049. https://doi.org/10.1016/j.heliyon.2023.e17049 

Seshadri, L., John, S., George, S. S., & Seshadri, M. S. (1994). Endocrine profile of women 
with amenorrhea and oligomenorrhea. International Journal of Gynecology & Obstetrics, 
45(3), 247–252. https://doi.org/10.1016/0020-7292(94)90250-X 

Shufelt, C. L., Torbati, T., & Dutra, E. (2017). Hypothalamic Amenorrhea and the Long-Term 
Health Consequences. Seminars in Reproductive Medicine, 35(3), 256–262. 
https://doi.org/10.1055/s-0037-1603581 

Sims, S. T., & Heather, A. K. (2018). Myths and Methodologies: Reducing scientific design 
ambiguity in studies comparing sexes and/or menstrual cycle phases. In Experimental 
Physiology (Vol. 103, Issue 10, pp. 1309–1317). https://doi.org/10.1113/EP086797 

Skorupskaite, K., George, J. T., & Anderson, R. A. (2014). The kisspeptin-GnRH pathway in 
human reproductive health and disease. Human Reproduction Update, 20(4), 485–500. 

Slater, J., McLay-Cooke, R., Brown, R., & Black, K. (2016). Female recreational exercisers at 
risk for low energy availability. International Journal of Sport Nutrition and Exercise 
Metabolism, 26(5), 421–427. 

Slatkovska, L., Jensen, D., Davies, G. A. L., & Wolfe, L. A. (2006). Phasic menstrual cycle 
effects on the control of breathing in healthy women. Respiratory Physiology and 
Neurobiology, 154(3), 379–388. https://doi.org/10.1016/j.resp.2006.01.011 

Śliż, D., Wiecha, S., Gąsior, J. S., Kasiak, P. S., Ulaszewska, K., Postuła, M., Małek, Ł. A., & 
Mamcarz, A. (2022). The Influence of Nutrition and Physical Activity on Exercise 
Performance after Mild COVID-19 Infection in Endurance Athletes-CESAR Study. In 
Nutrients (Vol. 14, Issue 24). https://doi.org/10.3390/nu14245381 

Smekal, G., Von Duvillard, S. P., Frigo, P., Tegelhofer, T., Pokan, R., Hofmann, P., Tschan, 
H., Baron, R., Wonisch, M., & Renezeder, K. (2007). Menstrual cycle: no effect on 
exercise cardiorespiratory variables or blood lactate concentration. Medicine & Science 
in Sports & Exercise, 39(7), 1098–1106. 



55 

 

 

Smith, A. L., & Biddle, S. (2008). Youth Physical Activity and Sedentary Behavior: Challenges 
and Solutions. Human Kinetics. https://books.google.ch/books?id=NEeCUaqoAWYC 

Smith, M. J., Keel, J. C., Greenberg, B. D., Adams, L. F., Schmidt, P. J., Rubinow, D. A., & 
Wassermann, E. M. (1999). Menstrual cycle effects on cortical excitability. Neurology, 
53(9), 2069–2072. https://doi.org/10.1212/wnl.53.9.2069 

Spence, J C, Courneya, K. S., Blanchard, C., & Wilson, P. (2000). The theory of planned 
behavior and physical activity: A quantitative review of explained variation in intention and 
behavior. International Journal of Behavioral Medicine, 7, 146. 

Spence, John C., & Lee, R. E. (2003). Toward a comprehensive model of physical activity. 
Psychology of Sport and Exercise, 4(1), 7–24. https://doi.org/10.1016/S1469-
0292(02)00014-6 

Stamatiades, G. A., Carroll, R. S., & Kaiser, U. B. (2019). GnRH—A Key Regulator of FSH. 
Endocrinology, 160(1), 57–67. https://doi.org/10.1210/en.2018-00889 

Steinberg, H., & Sykes, E. A. (1985). Introduction to symposium on endorphins and 
behavioural processes; review of literature on endorphins and exercise. Pharmacology 
Biochemistry and Behavior, 23(5), 857–862. 

Steiner, M., Macdougall, M., & Brown, E. (2003). The premenstrual symptoms screening tool 
(PSST) for clinicians. Archives of Women’s Mental Health, 6(3), 203–209. 
https://doi.org/10.1007/s00737-003-0018-4 

Stöggl, T., & Sperlich, B. (2014). Polarized training has greater impact on key endurance 
variables than threshold, high intensity, or high volume training. Frontiers in Physiology, 
5 FEB(February), 1–9. https://doi.org/10.3389/fphys.2014.00033 

Sunderland, C., & Nevill, M. (2003). Effect of the menstrual cycle on performance of 
intermittent, high-intensity shuttle running in a hot environment. European Journal of 
Applied Physiology, 88(4–5), 345–352. https://doi.org/10.1007/s00421-002-0722-1 

Sundgot-Borgen, J., & Torstveit, M. K. (2004). Prevalence of eating disorders in elite athletes 
is higher than in the general population. Clinical Journal of Sport Medicine, 14(1), 25–32. 

Sung, E., Han, A., Hinrichs, T., Vorgerd, M., Manchado, C., & Platen, P. (2014). Effects of 
follicular versus luteal phase-based strength training in young women. SpringerPlus, 3(1), 
1–10. https://doi.org/10.1186/2193-1801-3-668 

Tenan, M. S., Hackney, A. C., & Griffin, L. (2016). Maximal force and tremor changes across 
the menstrual cycle. European Journal of Applied Physiology, 116(1), 153–160. 
https://doi.org/10.1007/s00421-015-3258-x 

Tenan, M. S., Peng, Y. L., Hackney, A. C., & Griffin, L. (2013). Menstrual cycle mediates vastus 
medialis and vastus medialis oblique muscle activity. Medicine and Science in Sports and 
Exercise, 45(11), 2151–2157. https://doi.org/10.1249/MSS.0b013e318299a69d 

Thompson, B., Almarjawi, A., Sculley, D., & Janse de Jonge, X. (2020). The Effect of the 
Menstrual Cycle and Oral Contraceptives on Acute Responses and Chronic Adaptations 
to Resistance Training: A Systematic Review of the Literature. Sports Medicine, 50(1), 
171–185. https://doi.org/10.1007/s40279-019-01219-1 

Thompson, P. (2014). Benefits and Risks Associated with Physical Activity. ACSM’s 
Guidelines For Exercise Testing and Prescription, 3. 

Torstveit, M. K., & Sundgot-Borgen, J. (2005). Participation in leanness sports but not training 
volume is associated with menstrual dysfunction: A national survey of 1276 elite athletes 
and controls. British Journal of Sports Medicine, 39(3), 141–147. 
https://doi.org/10.1136/bjsm.2003.011338 

Treff, G., Winkert, K., Sareban, M., Steinacker, J. M., & Sperlich, B. (2019). The polarization-
index: A simple calculation to distinguish polarized from non-polarized training intensity 
distributions. Frontiers in Physiology, 10(JUN), 1–6. 
https://doi.org/10.3389/fphys.2019.00707 

Tsampoukos, A., Peckham, E. A., James, R., & Nevill, M. E. (2010). Effect of menstrual cycle 
phase on sprinting performance. European Journal of Applied Physiology, 109(4), 659–
667. https://doi.org/10.1007/s00421-010-1384-z 

Tschudin, S., Bertea, P. C., & Zemp, E. (2010). Prevalence and predictors of premenstrual 
syndrome and premenstrual dysphoric disorder in a population-based sample. Archives 



56 

 

 

of Women’s Mental Health, 13(6), 485–494. https://doi.org/10.1007/s00737-010-0165-3 
Tsilchorozidou, T., Overton, C., & Conway, G. S. (2004). The pathophysiology of polycystic 

ovary syndrome. Clinical Endocrinology, 60(1), 1–17. https://doi.org/10.1046/j.1365-
2265.2003.01842.x 

Vaiksaar, S., Jürimäe, J., Mäestu, J., Purge, P., Kalytka, S., Shakhlina, L., & Jürimäe, T. 
(2011). No effect of menstrual cycle phase and oral contraceptive use on endurance 
performance in rowers. The Journal of Strength & Conditioning Research, 25(6), 1571–
1578. 

Van Beek, E., Houben, A., Van Es, P. N., Willekes, C., Korten, E., De Leeuw, P. W., & Peeters, 
L. L. H. (1996). Peripheral haemodynamics and renal function in relation to the menstrual 
cycle. Clinical Science, 91(2), 163–168. 

Vargas-Molina, S., Petro, J. L., Romance, R., Bonilla, D. A., Schoenfeld, B. J., Kreider, R. B., 
& Benítez-Porres, J. (2022). Menstrual cycle-based undulating periodized program effects 
on body composition and strength in trained women: a pilot study. Science and Sports, 
37(8), 753–761. https://doi.org/10.1016/j.scispo.2021.11.003 

Veldhuis, J. D., Evans, W. S., Demers, L. M., Thorner, M. O., Wakat, D., & Rogol, A. D. (1985). 
Altered neuroendocrine regulation of gonadotropin secretion in women distance runners. 
Journal of Clinical Endocrinology and Metabolism, 61(3), 557–563. 
https://doi.org/10.1210/jcem-61-3-557 

Wahl, P., Hägele, M., Zinner, C., Bloch, W., & Mester, J. (2010). High Intensity Training (HIT) 
für die Verbesserung der Ausdauerleistungsfähigkeit von Normalpersonen und im 
Präventions- &amp; Rehabilitationsbereich. Wiener Medizinische Wochenschrift, 
160(23–24), 627–636. https://doi.org/10.1007/s10354-010-0857-3 

Walters, T. J., Ryan, K. L., Tate, L. M., & Mason, P. A. (2000). Exercise in the heat is limited 
by a critical internal temperature. Journal of Applied Physiology. 

Wang, X., & Cheng, Z. (2020). Cross-Sectional Studies: Strengths, Weaknesses, and 
Recommendations. Chest, 158(1), S65–S71. https://doi.org/10.1016/j.chest.2020.03.012 

Warburton, D. E., Nicol, C. W., & Bredin, S. S. (2006). Health benefits of exercise: the 
evidence. Can Med Assoc J, 74, 801–809. 

Warburton, D. E. R., & Bredin, S. S. D. (2017). Health benefits of physical activity: A systematic 
review of current systematic reviews. Current Opinion in Cardiology, 32(5), 541–556. 
https://doi.org/10.1097/HCO.0000000000000437 

Warren, M. P., & Perlroth, N. E. (2001). The effects of intense exercise on the female 
reproductive system. Journal of Endocrinology, 170(1), 3–11. 
https://doi.org/10.1677/joe.0.1700003 

Watson, A. M. (2017). Sleep and athletic performance. Current Sports Medicine Reports, 
16(6), 413–418. 

Weir, J. P. (2005). Quantifying Test-Retest Reliability Using The Intraclass Correlation 
Coefficient And The SEM. Journal of Strength and Conditioning Research, 19(1), 231–
240. 

Welt, C. K., Chan, J. L., Bullen, J., Murphy, R., Smith, P., DePaoli, A. M., Karalis, A., & 
Mantzoros, C. S. (2005). Recombinant human leptin in women with hypothalamic 
amenorrhea. In Obstetrical and Gynecological Survey (Vol. 60, Issue 2, pp. 104–105). 
https://doi.org/10.1097/01.ogx.0000151645.22134.0b 

Wideman, L., Montgomery, M. M., Levine, B. J., Beynnon, B. D., & Shultz, S. J. (2013). 
Accuracy of Calendar-Based Methods for Assigning Menstrual Cycle Phase in Women. 
In Sports Health (Vol. 5, Issue 2, pp. 143–149). 
https://doi.org/10.1177/1941738112469930 

Widmer, I. E., Puder, J. J., König, C., Pargger, H., Zerkowski, H. R., Girard, J., & Müller, B. 
(2005). Cortisol Response in Relation to the Severity of Stress and Illness. The Journal 
of Clinical Endocrinology & Metabolism, 90(8), 4579–4586. 
https://doi.org/10.1210/jc.2005-0354 

Wierman, M. E. (2007). Sex steroid effects at target tissues: Mechanisms of action. American 
Journal of Physiology - Advances in Physiology Education, 31(1), 26–33. 
https://doi.org/10.1152/advan.00086.2006 



57 

 

 

Wikström-Frisén, L., Boraxbekk, C. J., & Henriksson-Larsen, K. (2017). Effects on power, 
strength and lean body mass of menstrual/oral contraceptive cycle based resistance 
training. Journal of Sports Medicine and Physical Fitness, 57(1–2), 43–52. 

Willett, H. N., Koltun, K. J., & Hackney, A. C. (2021). Influence of menstrual cycle estradiol‐β‐
17 fluctuations on energy substrate utilization‐oxidation during aerobic, endurance 
exercise. International Journal of Environmental Research and Public Health, 18(13), 10–
15. https://doi.org/10.3390/ijerph18137209 

Williams, N. I., Caston-Balderrama, A. L., Helmreich, D. L., Parfitt, D. B., Nosbisch, C., & 
Cameron, J. L. (2001). Longitudinal changes in reproductive hormones and menstrual 
cyclicity in cynomolgus monkeys during strenuous exercise training: Abrupt transition to 
exercise-induced amenorrhea. Endocrinology, 142(6), 2381–2389. 
https://doi.org/10.1210/endo.142.6.8113 

Williams, N. I., Leidy, H. J., Hill, B. R., Lieberman, J. L., Legro, R. S., & De Souza, M. J. (2015). 
Magnitude of daily energy deficit predicts frequency but not severity of menstrual 
disturbances associated with exercise and caloric restriction. American Journal of 
Physiology - Endocrinology and Metabolism, 308(1), E29–E39. 
https://doi.org/10.1152/ajpendo.00386.2013 

Winter, S. C., Gordon, S., Brice, S. M., Lindsay, D., & Barrs, S. (2020). A Multifactorial 
Approach to Overuse Running Injuries: A 1-Year Prospective Study. Sports Health, 12(3), 
296–303. https://doi.org/10.1177/1941738119888504 

Witkoś, J., & Wróbel, P. (2019). Menstrual disorders in amateur dancers. BMC Women’s 
Health, 19(1), 1–6. https://doi.org/10.1186/s12905-019-0779-1 

World Health Organization. (2020). WHO guidelines on physical activity and sedentary 
behaviour. 

Yonkers, K. A., & Simoni, M. K. (2018). Premenstrual disorders. American Journal of Obstetrics 
and Gynecology, 218(1), 68–74. https://doi.org/10.1016/j.ajog.2017.05.045 

Zapata-Lamana, R., Henríquez-Olguín, C., Burgos, C., Meneses-Valdés, R., Cigarroa, I., Soto, 
C., Fernández-Elías, V. E., García-Merino, S., Ramirez-Campillo, R., & García-Hermoso, 
A. (2018). Effects of polarized training on cardiometabolic risk factors in young overweight 
and obese women: a randomized-controlled trial. Frontiers in Physiology, 9, 1287. 

Zinner, C., Gerspitzer, A., Düking, P., Boone, J., Schiffer, T., Holmberg, H. C., & Sperlich, B. 
(2023). The magnitude and time-course of physiological responses to 9 weeks of 
incremental ramp testing. Scandinavian Journal of Medicine and Science in Sports, 33(7), 
1146–1156. https://doi.org/10.1111/sms.14347 



 

 

Appendix I  
 
 

Manuscript I: Kubica, C., Zimmermann, S., Ketelhut, S. & Nigg, C. R. (under review). Self-
reported physical activity intensity and training volume are related to menstrual health among 
recreationally active Swiss females.  

Manuscript II: Kubica, C., Ketelhut, S. & Nigg, C. R. (in press). Effects of a training intervention 
tailored to the menstrual cycle on endurance performance and hemodynamics. The Journal of 
Sports Medicine and Physical Fitness, 46(1), 45-54. 

Manuscript III: Kubica, C., Ketelhut, S. & Nigg, C. R. (under review). Polarized running training 
adapted to versus contrary to the menstrual cycle phases has similar effects on endurance 
performance and cardiovascular parameters.  

  



 

 

 

Manuscript I: 
Self-reported physical activity intensity and training volume are related to menstrual 

health among recreationally active Swiss females 

 

Kubica C.1, Zimmermann, S. 2, Ketelhut, S. 1 & Nigg, C. R. 1 

 

 

Affiliations: 1 Department of Health Science, University of Bern, Bremgartenstr. 145, 3012 
Bern, Switzerland ;   2  University of Basel,  Petersplatz 1, 4001 Basel, Switzerland 

  



2 
 

Abstract 

 

Purpose: Menstrual cycle (MC) symptoms and disorders are common among females, with increased 

prevalence rates among competitive athletes. However, data on recreationally active females is missing. 

Therefore, the study aimed to analyse the association between physical activity intensity, overall training 

volume, and MC health among Swiss females of reproductive age. 

Methods: 

Between May and June 2023, we conducted a cross-sectional online survey among females (≥18 years) 

who were neither currently pregnant nor using hormonal contraceptives. We analysed the association 

between physical activity intensity, overall training volume, and MC health, including premenstrual 

syndrome (PMS), oligomenorrhea, and secondary amenorrhea utilizing binary logistic regressions.   

Results: 

Overall, 860 females completed the survey (mean age=29.5±8.3 years, Body mass index=22.5±3.1, 

moderate to vigorous physical activity= 361±295 min/week, mean training volume=4.8±4.1 h/week, 

average MC length=29.2±8.4 days). Results reveal a 17% prevalence of PMS, 18% oligomenorrhea, and 

2.9% secondary amenorrhea. Higher levels of moderate physical activity (OR = 1.048, 95 % CI, 1.009–

1.088) and greater overall training volume (OR = 1.028, 95 % CI, 1.024–1.143) were associated with a 

higher prevalence of secondary amenorrhea. Higher levels of light physical activity were associated with 

a higher prevalence of oligomenorrhea (OR = 1.019, 95% CI; 1.000-1.039). Adjustments for Body mass 

index and age resulted in similar relationships (p <0.05) 

Conclusion:  

These findings emphasize the need for additional research aimed at supporting menstrual health in 

physically active females beyond competitive athletes, in order to mitigate potential long-term health 

consequences.  

Keywords:  reproductive health, PMS, active females, physical activity, training voluma   
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Abbreviations  

BMI  Body Mass Index 
CI Confidence intervals  
LPA Light physical activity 
MC Menstrual cycle  
MPA Moderate physical activity 
MVPA Moderate and vigorous physical activity 
N2 Nagelkerkes effect size 
OR Odds-ratio 
SB Sedentary Behavior 
SIPS Screening instrument for premenstrual symptoms  
VPA Vigorous physical activity 

 

Introduction 

The menstrual cycle (MC) is a recurring biological phenomenon within the female reproductive system, 

commencing at menarche, and persisting until menopause (Schmalenberger et al., 2021). The MC is 

marked by hormonal fluctuations of ovarian steroids crucial for fertilization and pregnancy 

(Schmalenberger et al., 2021). However, the MC extends its influence beyond the reproductive system, 

impacting various systems and tissues within the female body  (Wierman, 2007). This influence 

encompasses essential biological processes, including metabolism, ventilation, and immunity (Isacco & 

Boisseau, 2017; Willett et al., 2021), underscoring its profound impact on the female physiology 

(Salerni et al., 2015).   

While a normal and physiological MC is crucial for numerous biological processes, epidemiological 

studies indicate that approximately 80% of women in their reproductive age are affected by symptoms 

associated with their MC (Hylan et al., 1999). These symptoms can range from premenstrual symptoms 

or premenstrual syndrome (Direkvand-Moghadam et al., 2014) to severe menstruation disorders 

(Bachmann & Kemmann, 1982). Common menstrual disorders among active and inactive females are 

oligomenorrhea (MC length > 35 days) or secondary amenorrhea (absence of menstrual bleeding in 

three or more consecutive months) (Bachmann & Kemmann, 1982; Elliott-Sale et al., 2021; Gimunová 

et al., 2022; Ravi et al., 2021).  

Beyond its implications for fertility and other biological processes, menstrual symptoms and disorders 

also have an impact on women's overall health. Disruptions in the MC can contribute to endothelial 

dysfunction and reduced bone mineral density (Shufelt et al., 2017). This, over the long term, could 

elevate the risk of osteoporosis and premenopausal coronary artery disease (De Souza & Williams, 
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2004; O'Donnell et al., 2011). While MC related symptoms and disorders are prevalent across the 

female population, athletes appear to have an elevated risk  (Ravi et al., 2021).  

Although the mechanisms underlying MC disorders are multifaceted and not fully understood (Klein et 

al., 2019), low energy availability leading to endocrinological dysfunction is  recognized as a 

contributing factor (Ryterska et al., 2021). Especially in athletes, low energy availability is a condition 

that can occur more frequently compared to the general population (Sundgot-Borgen & Torstveit, 2004). 

Notably, even when energy balance is maintained during periods of higher training load, there is 

evidence that exercise intensity and volume may independently contribute to the risk of developing 

menstrual dysfunction (Bullen et al., 1985; Fourman & Fazeli, 2015; Williams et al., 2015). However, 

current research is still inconclusive (Dadgostar et al., 2009; Joubert et al., 2022).  

Overall, MC disorders are an obvious warning sign of potential suppression of ovarian sex hormone 

production (American College of Obstetricians and Gynecologists, 2015) and can lead to severe health 

issues (De Souza & Williams, 2004; O’Donnell et al., 2011). Unfortunately, there is a lack of knowledge 

regarding prevalence rates and potential risk factors, especially in recreationally active females, who 

might be at a higher risk than the general population. This might be explained by the tendency in the 

sports context to trivialize and normalize MC disorders, such as the absence of menstruation (Armento 

et al., 2021; Höök et al., 2021). 

Understanding the current prevalence and possible risk factors is crucial to identify actionable areas in 

the realm of MC health among female recreational athletes. The findings could guide intervention 

strategies aimed at enhancing female health and prevent long-term consequences of menstrual disorders, 

such as education programs for athletes and coaches (Beals, 2003).  

Consequently, this study seeks to address this gap and assess relationship between physical activity 

intensity, overall training volume, and MC health among  recreationally active females in Switzerland.  

 

Methods 

Study Design and Participants 

All participants completed a cross-sectional online survey. The survey was based on a sample of Swiss 

women aged 18 until menopause. Participants were recruited via announcements at the universities of 

Bern and Basel, and social media (Facebook, Instagram). Additionally, sports clubs and sports 

associations in Switzerland were contacted to distribute the survey among their members. Due to the 

varied recruitment strategies including requests to forward the recruitment post, the response rate is 
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unknown. Overall, 2376 participants started the survey, and 1294 (54.5%) completed it. Only complete 

responses were included in the data analysis. Participants were excluded from the analysis if they were 

younger than 18 years (n=11), had not reached the menarche yet (n=6), where currently pregnant or 

reached the menopause (n=11), considered themselves as “professional athlete” (n=12), or took hormonal 

contraceptives (n=394). These exclusion criteria reduced the total sample for these analyses to 860 

women. Table 1 provides a detailed description of the participants’ demographics. The survey protocol 

was approved by the Human Science Ethics Committee of the University Bern (Ethics approval Nr. 2023-

03-01). 

 

Questionnaire 

The data were collected through an online survey (LimeSurvey, LimeSurvey GmbH, Hamburg, 

Germany), which was open from May to June 2023. The survey comprised four sections: (1) informed 

consent, (2) demographics including self-reported weight and height, (3) engagement in physical activity 

and sports, and (4) menstrual history including menstrual symptoms and disorders, and contraceptive 

use. 

For demographics, age, body weight, body height, and relationship status were assessed. To assess 

leisure-time physical activity, the adapted validated version of the Godin-Shephard leisure-time physical 

activity questionnaire was used (Fleary et al., 2018; Godin & Shephard, 1985; Nigg et al., 2021). The 

questionnaire identifies the number of days and number of minutes in which light (LPA), moderate 

(MPA), and vigorous physical activity (VPA) was performed. Additionally, the overall retrospective 

sport-specific training volume was queried by: "How many hours did you train on average per week in 

the past 4 weeks?".  

To collect data concerning the menstrual history, participants were asked at what age they reached 

menarche. Further, they had to retrospectively recall their average length of their past three menses, as 

well as the average duration of menstruation. Oligomenorrhea was defined as reporting an average MC 

length > 35 days (Elliott-Sale et al., 2021). Two distinct questions analysed secondary amenorrhea. First, 

participants were asked whether they had menstrual bleeding in the past 90 days (except due to 

pregnancy) and if they currently experience an absence of three or more consecutive menstruations 

(except due to pregnancy). Participants were characterized as "secondary amenorrheic" if they haven't 

had menstruation within the past three months and they currently experience the absence of three or 

more periods in a row (except due to pregnancy) (Elliott-Sale et al., 2021).  
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To assess PMS, the German version of the screening instrument for premenstrual symptoms (SIPS) was 

used (Bentz et al., 2012). The symptoms asked for in the questionnaire were: depressed 

mood/hopelessness, anxiety/tension, tearful/increased sensitivity to rejection, anger/irritability, 

decreased interest in home activities/social activities, difficulty concentrating fatigue/lack of energy, 

overeating/food craving, insomnia, hypersomnia, feeling overwhelmed or out of control, and physical 

symptoms. Further, as listed above, participants were asked whether their symptoms interfered with any 

of the five domains: work efficiency or productivity, relationships with coworkers, relationships with 

family, social life activities and/or home responsibilities. The participants were asked to rate their 

symptoms and impairment as "not at all", "mild", "moderate" or "severe". To be characterized as having 

PMS, the females had to report at least one of the four core symptoms (irritability, dysphoria, tension, 

lability of mood) as severe and at least four additional symptoms as moderate to severe. They also had to 

report that their symptoms interfered severely with their ability to function in at least one of five 

domains (work efficiency, social life, home responsibilities, and relationship at work or at home) (Bentz 

et al., 2012; Steiner et al., 2003). The complete questionnaire set can be provided upon request. 

 

Statistics 

Data was analyzed using IBM SPSS Statistics for Windows, Version 29.0 (IBM Corp. Released 2020, 

Armonk, NY, USA). The results are reported as means ± standard deviation. Independent t-tests were 

used to determine differences in sociodemographic characteristics, current physical activity level, 

overall training volume, and MC characteristics between those with and without 

PMS/oligomenorrhea/secondary amenorrhea. All tests were two-sided, and significance was set a priori 

at p < 0.05. In consideration of the nascent stage of research within this specific domain and the 

exploratory nature of our investigation, we employed repeated statistical tests. Second, binary logistic 

regression analyses were used to determine the relationship between the three dichotomous independent 

variables "PMS", "oligomenorrhea", and "secondary amenorrhea" (0 = "no", 1 = "yes"), and physical 

activity categories (LPA, MPA, VPA, and the combination of MPA and VPA (MVPA)) and overall 

training volume. The binary logistic regressions were adjusted with a stepwise entry method for 

sociodemographic characteristics (age, BMI). The associations of physical activity domains and overall 

training volume with MC-health status were evaluated by odds-ratios (OR) and 95% confidence 

intervals (CI) derived from the binary logistic regressions. Correlations between predictor variables were 

low (r < .70), indicating that multicollinearity was not a confounding factor in the analysis. Nagelkerkes 
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R² was used to assess effect size, with the interpretation according to Backhaus et al. (2015) as 

“acceptable” (small effect) R² > .2, “good” (moderate effect), R² > .4, and “very good” (large effect) R² 

> .5.  

 

Results  

Participants' characteristics  

Demographic information, along with the prevalences of PMS, oligomenorrhea, and secondary 

amenorrhea, is provided in Table 1. In total, 36.6% of the participants reported their relationship status 

as being "single", 43.3% "in a relationship", 18.8% "married", and 1.1% "other". Based on the BMI, 

17.6% of the participants were underweight, 65.9% normal weight, 13.3% overweight, and 2.8% obese 

(Weisell, 2002). Among all participants, 17% were characterized as having PMS (Bentz et al., 2012), 

18% as having oligomenorrhea, and 2.9% as having secondary amenorrhea (Elliott-Sale et al., 2021). 

The most frequently mentioned sports in which the participants were engaged were: running (14.5%), 

strength training (11.9%), handball (8.1%), gymnastics (7.6%), volleyball (7.0%) and cycling (6.6%).  

 

Table 1. Participant's demographic information.  

Outcome  
 

All  
 

(n=860) 

PMS Oligomenorrhea Secondary amenorrhea 

Yes 
(n=146) 

No 
(n=714) 

p Yes  
(n=154) 

No  
(n=706) 

p Yes  
(n=25) 

No  
(n =835) 

p 

Age (y) 29.5±8.3 28.8±7.3 29.6±8.5 .222 26.8±7.7 30.0±8.3 >.001* 25.9±5.5 29.6±8.3 .003* 

Height (cm) 168±6 168±6 168±6 .990 167±6 168±6 .367 167±7 168±6 .827 

Body mass (kg) 63±10 64±11 63±10 .729 62±13 64±10 .043* 61±15 64±10 .180 

BMI (kg/m2) 22.5±3.1 22.7±3.4 22.5±3.0 .554 21.9±2.9 22.7±3.1 .004* 21.5±4.4 22.5±3.06 .105 

MC length (d)  29±8 29±5 29±9 .531 35±18 28±3 <.001* - 29±4 - 

Menarche (y) 13.2±1.7 13.2±2.4 13.2±1.6 .867 13.5±1.6 13.2±1.8 .034* 13.1±1.6 13.2±1.8 .736 

Sleep (h/day) 7.4±.0.7 7.4±0.7 7.4±0.8 .380 7.5±0.8 7.4±0.8 .254 7.5±1.1 7.4±0.8 .708 

SB (h/week) 44±23 48±21 44±23 .038* 48±25 44±22 .060 41±24 44±23 .515 

LPA (h/week) 4.6±7.9 3.8±5.5 4.8±8.3 .179 5.8±10.8 4.3±7.0 .111 7.9±18 4.5±7.3 .369 

MVPA (h/week) 6.0±4.9 5.5±4.5 6.4±5.0 .126 5.7±4.4 6.0±5.0 .362 7.6±4.5 6.0±4.9 .127 

Training volume 
(h/week) 

4.8±4.1 4.2±3.1 4.9±4.2 .049* 5.2±4.6 4.7±4.0 .191 7.5±4.7 4.7±4.0 <.001* 

Values are calculated with a two-tailed independent t-test. Data are presented as mean ± standard deviation, and p-values indicate 
differences between the groups PMS, Oligomenorrhea, and secondary amenorrhea. * p < .05. 

PMS=premenstrual syndrome, BMI=body mass index, MC length=average menstrual cycle length in the previous three MCs, 
SB=sedentary behavior, MVPA=moderate and vigorous physical activity, LPA=light physical activity   
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Odds-Ratios for PMS, oligomenorrhea, and secondary amenorrhea  

Table 2 displays unadjusted and adjusted ORs with 95 % confidence intervals for PMS risk based on 

weekly LPA, MPA, and VPA, as well as MVPA and overall training volume. There was no significant 

risk increase or decrease for PMS based on OR.  

 

Table 2. Odds-Ratios for physical activity intensity and training volume predicting PMS  
PMS (n =860) B SE Wald p Unadjusted OR  

(95 % CI) 
Adjusted OR  

(95 % CI) 
p  

adjusted 
LPA (h/week) -.021 .015 1.786 .181 0.980 (0.950-1.010) 0.980 (0.950-1.010) .185 
MPA (h/week) -.033 .025 1.807 .179 0.968 (0.922–1.015) 0.970 (0.924-1.017) .209 
VPA (h/week) -.057 .033 2.975 .085 0.945 (0.885-1.008) 0.938 (0.878-1.002) .058 
MVPA (h/week) -.031 .021 2.328 .127 0.969 (0.931-1.009) 0.968 (0.929-1.008) .120 
Training Volume (h/week) -.051 .031 2.667 .102 0.950 (0.894-1.010) 0.945 (0.886-1.007) .082 

Results of the binary logistic regressions unadjusted and stepwise adjusted for age and BMI 

PMS=premenstrual syndrome, VPA=vigorous physical activity, MPA=moderate physical activity, LPA=light physical activity, 
MVPA=moderate and vigorous physical activity, OR=Odds-Ratio, CI=Confidence Interval, B=Regression coefficient, SE=Standard error. 
* p < .05. 

Table 3 displays unadjusted and adjusted ORs with 95 % confidence intervals for oligomenorrhea risk 

based on weekly LPA, MPA, and VPA, as well as MVPA and overall training volume. Every additional 

hour of LPA increased the odds of oligomenorrhea by 1.9 %. There was no significant risk increase or 

decrease for MPA, VPA, MVPA, and overall training volume for oligomenorrhea. 

 

Table 3. Odds-Ratios for physical activity intensity and training volume predicting oligomenorrhea 
Oligomenorrhea (N=860) B SE Wald p Unadjusted OR  

(95 % CI) 
Adjusted OR  

(95 % CI) 
p  

adjusted 
LPA (h/week) .019 .010 4.007 .045* 1.019 (1.000-1.039) 1.020 (1.000-1.040) .048* 
MPA (h/week) .014 .015 0.904 .342 1.014 (0.985-1.044) 1.017 (0.987-1.048) .265 
VPA (h/week) -.009 .022 0.013 .909 0.997 (0.955-1.042) 0.981  (0.933-1.032) .454 
MVPA (h/week) -.018 .019 0.830 .362 0.982 (0.946-1.021) 0.976 (0.937-1.017) .246 
Training Volume (h/week) .027 .021 1.660 .198 1.027 (0.986-1.070) 1.011 (0.967-1.058) .621 

Results of the binary logistic regressions unadjusted and stepwise adjusted for age and BMI 

PMS=premenstrual syndrome, VPA=vigorous physical activity, MPA=moderate physical activity, LPA=light physical activity, 
MVPA=moderate and vigorous physical activity, OR=Odds-Ratio, CI=Confidence Interval, B=Regression coefficient, SE=Standard error, 
* p < .05. 

 
Table 4 displays unadjusted and adjusted ORs with 95 % confidence intervals for secondary amenorrhea 

risk based on weekly LPA, MPA, and VPA, as well as MVPA and overall training volume. Every 

additional hour of MPA and training volume significantly increased the odds of secondary amenorrhea 

by 4.8 % and 2.8%, respectively. 
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Table 4. Odds-Ratio for physical activity intensity and training volume predicting secondary 

amenorrhea 
Secondary amenorrhea 
(N=860) 

B SE Wald p Unadjusted OR  
(95 % CI) 

Adjusted OR  
(95 % CI) 

p  
adjusted 

LPA (h/week) .028 .014 3.837 .050 1.028 (1.000-1.058) 1.028 (0.999-1.057) .058 
MPA (h/week) .047 .019 5.890 .015* 1.048 (1.009-1.088) 1.047 (1.007-1.085) .021* 
VPA (h/week) .034 .024 1.946 .163 1.035 (0.986-1.085) 1.027 (0.977-1.089) .297 
MVPA (h/week) .051 .034 2.278 .131 1.053 (0.985-1.125) 1.056 (0.982-1.135) .139 
Training Volume (h/week) .079 .028 7.939 .005* 1.028 (1.024-1.143) 1.076 (1.014-1.142) .016* 

Results of the binary logistic regressions unadjusted and stepwise adjusted for age and BMI 

PMS=premenstrual syndrome, VPA=vigorous physical activity, MPA=moderate physical activity, LPA=light physical activity, 
MVPA=moderate and vigorous physical activity, OR=Odds-Ratio, CI=Confidence Interval, B=Regression coefficient, SE=Standard error. 
* p < .05. 

 
 
Discussion  

In this study, our primary objective was to assess the potential association of physical activity intensity 

and training volume among recreationally active females. To our knowledge, this is the first study 

among Swiss recreational active females. Although MC disorders vary among different sports 

disciplines (Gimunová et al., 2022), prevalence rates in our study are comparable to those in other 

studies focusing on recreational active females in different countries. For instance, previous studies 

reported prevalence rates of 11.3% for oligomenorrhea and 2.6% for secondary amenorrhea in a college 

population in the USA  (Bachmann & Kemmann, 1982), or 16% for the combination of 

amenorrheic/oligomenorrheic females in the USA, Brazil, France, Spain, Germany and the UK 

(Baranauskas et al., 2023).  Compared to international athletes (Dadgostar et al., 2009; Joubert et al., 

2022; Torstveit & Sundgot-Borgen, 2005), and athletes in Switzerland (Baumgartner et al., 2023), the 

prevalence rates of 18% for oligomenorrhea and 2.9% of amenorrhea among the recreationally active 

athletes in Switzerland was lower.  

The prevalence rate of PMS in our study is comparable to previous results from the Swiss National 

Health Survey 2007, where 15.7% of the participants who did not take oral contraceptives were 

considered as having PMS (Tschudin et al., 2010) compared to 17% in our study.   

 

Premenstrual Symptoms 

Participants with PMS reported higher amounts of SB and lower overall training volume than their 

counterparts without PMS. Our results align with previous research, as PMS prevalence is higher among 
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inactive females and females with an increased SB (Chen et al., 2023; Morino et al., 2016; Prazeres et 

al., 2018; Teixeira et al., 2013). 

We were not able to detect an alteration in the OR for PMS depending on self-reported physical activity 

intensity or overall training volume. Our results contradict recent literature, as intervention studies 

suggest a positive effect of moderate to vigorous intensity training on PMS (Vishnupriya & 

Rajarajeswaram, 2011). However, our study was only a cross-sectional analysis, restricting causal 

interpretation of the results. Further, in a recent meta-analysis, even though exercise may be effective for 

improving PMS, uncertainty remains due to the ambiguity in the study designs (Pearce et al., 2020).  

 

Oligomenorrhea:  

In our study, participants identified as having oligomenorrhea were younger, had a lower BMI, and 

experienced a later onset of menarche compared to those without oligomenorrhea. These findings are in 

line with previous research, which indicated higher prevalence rates of oligomenorrhea among younger 

females (He et al., 2020) and those with a later onset of menarche (Dadgostar et al., 2009). Interestingly, 

previous studies have linked higher BMI values  with oligomenorrhea, but mainly in overweight or 

obese participants (De Pergola et al., 2009). However, it is noteworthy that in our sample, a smaller 

percentage of participants were categorized as overweight or obese (16.1% with a BMI ≥ 25).  

Consequently, the limited comparability in BMI distribution might explain the absence of higher BMI 

values among those with oligomenorrhea.  

 

In healthy participants, current research presents an inconclusive picture. In a sample of participants 

within the healthy BMI range, BMI values were lower in the oligomenorrhea group (Nezi et al., 2016), 

whereas in another study, higher BMI values in females with oligomenorrhea were detected (Koltun et 

al., 2020). It is speculated that the difference might be related to the underlying mechanisms of 

oligomenorrhea. Several mechanisms, such as the hypothalamic inhibition or hyperandrogenism, lead to 

distinct reactions within the female physiology (Koltun et al., 2020). However, our sample does not 

enable us to draw definitive conclusions about the specific mechanisms underlying oligomenorrhoea. 

Considering OR for oligomenorrhea, we identified an increased risk for LPA (OR=1.019) but not for the 

other physical activity intensity domains or overall training volume, which is in line with previous 

research. In the study from Baranauskas et al., (2023), where they  combined oligomenorrhea and 

secondary amenorrhea in their analysis, higher ORs were observed with increased amounts of light 
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intensity training. Baranauskas et al. (2023) suggested that excessive volumes of light intensity training 

may reflect non-specific exercise sessions, such as "junk miles" or cross-training sessions, to increase 

energy expenditure rather than sport-specific skill development, which could put the females more prone 

to the development of a hypothalamic inhibition due to low energy availability. However, unlike 

Baranauskas et al. (2023), we were not able to identify significantly increased ORs for MPA, VPA, or 

overall training volume. Deviations from our results might be based on the combination of 

oligomenorrhea and secondary amenorrhea in the study by Baranauskas et al. (2023) compared to the 

separate analysis in our study. Further, even though they also relied on self-reported data, Baranauskas 

et al. (2023) asked for training intensities, which is in contrast to our study, where we asked for physical 

activity intensity.   

 

Secondary Amenorrhea 

When comparing participants with and without secondary amenorrhea in our study, those with 

secondary amenorrhea were younger and showed a higher training volume. These findings align with 

previous research (Baranauskas et al., 2023; Drinkwater et al., 1990; Joubert et al., 2022). However, the 

limited number of participants with secondary amenorrhea (N=25) in our study might restrict the 

conclusiveness of our results.  

Considering the OR, we found a significantly increased risk for higher MPA and overall training volume 

but not for LPA, VPA, or MVPA. However, a higher overall training volume and a high volume of 

moderate-intensity training increase energy expenditure and, therefore, might impact the risk of low 

energy availability (Slater et al., 2016). Low energy availability is discussed as one of the mechanisms 

behind secondary amenorrhea (Baranauskas et al., 2023).  

 

Limitations 

Some limitations of our results should be considered.   

First, the results in our study are based on self-report data. Even though valid questionnaires were 

employed to assess physical activity levels and PMS (Bentz et al., 2012; Nigg et al., 2021), there 

remains a possible overestimation of physical activity (Olds et al., 2019). Additionally, prevalence rates 

for oligomenorrhea and secondary amenorrhea were determined based on personal recall of MC 

patterns. Even though this is a common approach used by multiple studies (Baranauskas et al., 2023; 

Joubert et al., 2022), there may still be a risk of misclassification. Therefore, we recommend verifying 
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there results using, device-based measures to assess physical activity (i.e., accelerometry) and controlled 

hormonal confirmation of oligo- and secondary amenorrhea. Also, consistent with any self-reported 

measure, we cannot exclude the possibility of recall or social desirability biases (Wang & Cheng, 2020). 

Futher, in consideration of the early stage of research within this specific domain and the explanatory 

nature of our investigation, we employed repeated statistical tests, which increase the risk for type-I 

errors (Finner & Roters, 2002). 

Secondly, as this survey was administered cross-sectionally, further research is needed to analyse the 

association and establish how changes in physical activity intensity and exercise may longitudinally 

influence the risk of PMS, oligomenorrhea and secondary amenorrhea among Swiss recreational active 

females. 

Thirdly, the demographic profile of this large sample may not comprehensively reflect all recreationally 

active women of reproductive age. It is possible that individuals with a specific interest in menstrual 

health were more likely to participate, potentially introducing biases into the study. 

 

Conclusion 

This is the first study investigating the association with physical activity intensity and training volume 

with MC symptoms and disorders among female recreational athletes in Switzerland. These findings 

highlight the importance of addressing menstrual health and physical activity intensity and training 

volume not only in athletes but also in recreationally active females to mitigate possible long-term 

health risks. In this regard, further studies are needed to gain more insights into other physical activity 

and training-related factors that may influence menstrual health in recreational females. 
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A B S T RAC   T
BACKGROUND: This study aimed to compare the effects of block periodized training and training adapted to the menstrual cycle (MC) phases 
on endurance performance, cardiovascular parameters, recovery, and MC-related symptoms in active females.
METHODS: Fourteen naturally menstruating, moderately trained females (age: 24±3 years; BMI: 22.3±2.7) were randomized into an interven-
tion (INT) and a control (CON) group. Throughout an 8-week intervention period, both groups participated in a polarized training program. In 
the INT, the training sessions were adapted to the MC with higher training loads within the mid and late follicular phase. Before and after the 
intervention maximal oxygen consumption (VO2max), velocity and heart rate at ventilatory thresholds one and two (vVT1, vVT2, hrVT1, hrVT2), 
systolic and diastolic blood pressure (sBP, dBP), root mean square of successive RR interval differences (RMSSD), standard deviation of NN 
intervals (SDNN), pulse wave velocity (PWV), and the premenstrual assessment form (PAF) were assessed.
RESULTS: There were no significant time × group interaction effects in all physiological parameters (VO2max: P=0.890; vVT1: P=1.000; hrVT1: 
P=0.464; vVT2: P=0.356; hrVT2: P=0.762 sBP: P=0.948; dBP: P=0.203; RMSSD: P=0.257; SDNN: P=0.241; PWV: P=0.818), or psychologi-
cal parameters (PAF: P=0.745).
CONCLUSIONS: Tailoring a polarized training program to the MC did not augment training responses compared to a regular training program 
in active females. However, a substantial portion of the training intervention in the CON was coincidentally matched to the MC.
(Cite this article as: Kubica C, Ketelhut S, Querciagrossa D, Burger M, Widmer M, Bernhard J, et al. Effects of a training intervention tailored to the 
menstrual cycle on endurance performance and hemodynamics. J Sports Med Phys Fitness 2024;64:45-54. DOI: 10.23736/S0022-4707.23.15277-7)
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With the increase in professionalism and performance
in females’ sports, there is a growing need to un-

derstand how to optimize female athletic performance.1 
Unfortunately, females are still vastly underrepresented 
in sports science research, both in competitive and recre-
ational sports.2 Therefore, training recommendations often 
rely on research conducted only on male athletes.3 Howev-
er, given the anatomical, physiological, and endocrinolog-
ical differences between males and females,4 it is question-
able whether findings in research with male participants 
can be generalized to the female population.5 One of the 
significant differences between males and females is the 
menstrual cycle (MC), which affects various physiological 

parameters and has been shown to impact athletic perfor-
mance.5 The MC is considered one of the most important 
biological rhythms in females, as it modulates not only re-
production but also cardiovascular, respiratory, metabolic, 
and neuromuscular parameters.6 Although academic inter-
est in the effects of the MC on athletic performance, health 
and well-being has recently increased, knowledge in this 
area is still limited.1 However, there is growing evidence 
that MC phases may affect endurance performance, train-
ing response, and recovery in naturally menstruating fe-
males.5 According to self-reported data, a decline in physi-
cal fitness and performance can be observed in the early 
follicular phase of the MC.7 These alterations are expected 
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or adapted to the MC phases, on endurance performance, 
recovery, cardiovascular parameters, and MC-related 
symptoms in active females.

Materials and methods

Study design and participants

This study was designed as a randomized, parallel-arm, 
controlled trial. Recruitment was conducted through per-
sonal contacts, announcements at the University of Bern 
(Bern, Switzerland), and social media platforms like Face-
book (Meta Platforms, Inc., Cambridge, MA, USA) and 
Instagram (Meta Platforms, Inc.). Recruitment and data 
collection were carried out between December 2021 and 
March 2022.

Thirty moderately trained females volunteered to take 
part in this study. Participants were eligible to participate 
if they: 1) were female; 2) had a regular MC length (max 
variation: ±3 days within the last 6 months); 3) were not 
pregnant (last pregnancy >1 year); 4) were not using hor-
monal contraceptives (not within the last 6 months); 5) had 
no underlying health condition, or orthopedic injuries; and 
6) were physically active (>150 moderate/vigorous physi-
cal activity per week). Four participants were excluded
from the study as they did not meet the inclusion crite-
ria (Figure 1). A total of 26 participants (age: 23±3 years;
Body Mass Index [BMI]: 21.7±2.7 kg/m2) were random-
ly assigned to a control group (CON) or an intervention
group (INT) (Figure 1). The randomization was conducted
by the principal investigator using a computer-generated
random number table. The Allocation Ratio was 1:1.

Written, informed consent was obtained from all par-
ticipants after they received an explanation of the study’s 
objective and the experimental procedures. The study was 
approved by the Ethical Commission of the Faculty of Hu-
man Sciences University of Bern (2022-01-00006).

Measurements

The study was conducted at the Institute of Sports Sci-
ence of the University of Bern. Participants reported to the 
laboratory for a baseline and a postassessment which were 
conducted on the same weekday in the morning. Measure-
ments were performed during the mid-follicular to the 
mid-luteal phase, where no changes in performance were 
expected.2, 16 Participants were instructed prior to their as-
sessment day to complete their last meal and refrain from 
consuming sugar-sweetened beverages two hours before 
the assessment. They were also instructed to refrain from 

to be linked to changes in the steroid hormone concentra-
tions of estrogens and progesterone and their interactions 
during the MC.1 Unfortunately, research investigating the 
effects of MC phases on various parameters in resistance 
training remains inconclusive.8 Additionally, there is a 
lack of research on the impact of MC phases on endurance 
training.

The MC is typically described in five phases: the early 
follicular phase, which begins with the onset of menses; the 
late follicular phase; ovulation; and the early, mid, and late 
luteal phase.1 The late follicular phase and ovulation are 
characterized by high estrogen levels, while progesterone 
rises during the mid-luteal phase.9 Current findings in re-
sistance training could show that modulating training vari-
ables throughout the MC can influence training responses.

According to Kissow et al.,10 an increased training 
frequency during the follicular phase appears to result in 
greater improvements in muscle strength and mass com-
pared to an increased training frequency during the luteal 
phase.

Estrogens and progesterone have also been shown to af-
fect arterial function and are known to inhibit and stimu-
late sympathetic nervous system activity.11 Therefore, the 
MC phases may modulate cardiovascular training respons-
es differently. However, no previous studies have assessed 
whether customizing a training intervention based on the 
MC could evoke more robust cardiovascular effects than 
conventional training interventions.

Moreover, adapting the training program to the MC 
can also reduce risk factors for MC-related symptoms and 
diseases.6 Decreasing risk factors is relevant since female 
endurance athletes exhibit a high prevalence of MC-relat-
ed symptoms and diseases.12 Almost one in four runners 
and 65% of long-distance runners suffer from secondary 
amenorrhea.12 Secondary amenorrhea is defined as the ab-
sence of menstruation for three or more months in females 
with previously regular menstruation or six months in fe-
males with previously irregular menstruation.13 Secondary 
amenorrhea has been linked to an increased risk of injury, 
reduced bone mass, and a higher risk for cardiovascular 
diseases.14 Causes for MC-related symptoms or diseases 
are multifactorial. However, in sports, a relationship has 
been reported between MC-related symptoms and training 
load, recovery, and sufficient energy availability.15

To our knowledge, no previous study has investigated 
the impact of a polarized training intervention tailored to 
the MC on performance, recovery, and well-being in natu-
rally menstruating females. Therefore, this study aimed to 
compare the effects of polarized training, block periodized 
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test on a treadmill ergometer (h/p/cosmos pulsar 4.0; h/p/
cosmos sports & medical GmbH, Nussdorf-Traunstein, 
Germany). The initial speed was set at 6.6 km/h. Each step 
lasted 3 minutes, and after each step, the speed was in-
creased by 1.2 km/h until volitional exhaustion. Through-
out the test, oxygen consumption was collected and ana-
lyzed using a breath-by-breath gas collection system (Met-
alyzer 3B; Cortex, Leipzig, Germany). VO2max and the re-
sulting relative maximal oxygen consumption (VO2max/M) 
were calculated as the highest recorded value, using a roll-
ing average of 15-second epochs. A two-point calibration 
procedure was conducted according to the manufacturer’s 
guidelines prior to each testing session. The calibration 
of the oxygen and carbon dioxide sensors was performed 
with gases of known concentrations. The flow rate was 
calibrated with a two-liter syringe. In addition, ambient air 
measurements were conducted before each test.

To determine whether VO2max was attained, three of the 
following five criteria had to be met: 1) a final rating of 
perceived exertion score of ≥17 on the Borg scale (scale 
6-20); 2) a respiratory exchange ratio >1.1; 3) no change in 
HR with a change in workload; 4) a “plateau” (an increase 
of ≤150 mL) in oxygen uptake with an increase in work-
load; and 5) volitional fatigue.

In addition to measuring VO2max, two investigators sep-
arately identified the ventilatory thresholds one and two 
(VT1 and VT2). If there was a lack of agreement, the opin-
ion of a third observer was consulted. VT1 was defined 
as the workload at which there were increases in both the 
ventilatory equivalent for oxygen (VE∙VO2

- 1) and the end-
tidal pressure of oxygen (PetO2) without a concurrent rise 
in ventilatory equivalent for carbon dioxide (VE∙VCO2

-1). 
Similarly, VT2 was determined when there were increases 
t in VE∙VO2

-1 and VE∙VCO2
-1, accompanied by a drop in 

the end-tidal pressure of carbon dioxide (PetCO2).17

HR was recorded beat-to-beat throughout the test using 
a Polar HR monitor (H10; Polar, Kempele, Finland).

Hemodynamics

Peripheral systolic (sBP), diastolic blood pressure (dBP), 
and pulse wave velocity (PWV) were determined non-
invasively using Mobil-O-Graph® (PWA-Monitor; IEM, 
Stollberg, Germany), which has been validated for clinical 
use.18 Following a 10 min supine rest, two readings were 
taken on the upper right arm using customized arm cuffs. 
The arm was placed on an armrest to ensure that the heart 
and pressure cuff were at the same level. The average of 
the two readings was used for analysis.

consuming caffeinated or alcoholic beverages or nicotine 
four hours before the assessment and to avoid intense 
physical activity for 48 hours. Trained study staff carried 
out all measurements under controlled conditions using 
the same equipment and procedures.

Demographics and anthropometrics

Demographic data, medical history, and habitual physi-
cal activity were collected using questionnaires. Stand-
ing height and body mass were obtained with participants 
wearing light-weight clothing using a stadiometer and 
body composition scale (RD 545HR; Tanita Europe BV, 
Amsterdam, the Netherlands). The waist circumference 
was measured to the nearest 0.1 cm, midway between the 
costal arch and the upper edge of the iliac crest, using non-
elastic tape. BMI was calculated as a function of weight in 
kg and height in meters (m) (kg/m2), and Waist-to-Height 
Ratio (WHtR) was calculated as a function of waist cir-
cumference and height (waist circumference/height).

Cardiorespiratory fitness

Cardiorespiratory fitness, determined by maximal oxygen 
consumption (VO2max), was assessed by a graded exercise 

Figure 1.—Flow chart of the study.
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the two trials, the maximum value recorded was taken for 
analysis.

Recovery, well-being, and premenstrual symptoms

Recovery and well-being were monitored at baseline, after 
four weeks of training, and at the end of the intervention us-
ing the validated Short Recovery and Stress Questionnaire 
(SRSS).22 The SRSS assesses an athlete’s recovery-stress 
state on two subscales, which evaluate recovery (SRS) and 
stress (SSS). Each subscale consists of four items evaluat-
ing the emotional, mental, physical, and overall recovery 
level on a seven-point Likert-type scale ranging from 0 
(does not apply at all) to 6 (fully applies). The mean values 
for the SRS and SSS subscales were calculated.23

The short version of the premenstrual assessment form 
(PAF) was used to determine MC-related symptoms. The 
PAF is a reliable and valid instrument comprising ten 
items divided into three subscales: affect, water retention, 
and pain. Each item is scored from 1 (no change) to 6 (ex-
treme change), and the total sum scores were calculated.24

Determination of the MC

The menstruation and ovulation time points were deter-
mined using a calendar-based counting method. The onset 
of menstruation on day one marked the beginning of the 
MC, assuming a luteal phase length of 14 days.3 The time 
point of ovulation was calculated based on the mean indi-
vidual cycle length in the preceding three months, using 
the formula: individual cycle length (in days) minus 14 
days for luteal phase length.

Heart rate variability

Heart rate variability (HRV) was obtained using a heart 
rate monitor and a chest strap (H10; Polar). After a five-
minute rest period in a supine position, a five-minute mea-
surement was conducted. Throughout the measurement 
period, participants were instructed to breathe normally, 
avoid speaking, and remain calm.

HRV analysis was performed on the total five-minute 
segment of the measurement. The raw data was processed 
using the app Elite HRV (Elite HRV Inc, Asheville, NC, 
USA), which has been shown to be valid and reliable.19 
The root mean square of successive RR interval differ-
ences (RMSSD), the standard deviation of NN intervals 
(SDNN), and the heart rate (HR) were analyzed.

Countermovement jump

To assess neuromuscular performance readiness,20 a coun-
termovement jump (CMJ) test was included in the baseline 
and post assessments. After a familiarization test, the par-
ticipants performed two bilateral CMJs using an Optojump 
photocell system (Microgate, Bolzano, Italy), which is a 
validated tool for assessing jump height.21 The participants 
started upright with their hands placed on their hips. They 
were instructed to dip down from the standing position and 
jump as high as possible during the subsequent concentric 
phase. During flight time, the participants were instructed 
to maintain extension in the hip, knee, and ankle joints. 
The jump height was calculated from the measured flight 
time. Both jumps were performed without shoes. From 

Figure 2.—Design training intervention.
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Results

No adverse events were documented in any of the par-
ticipants during the exercise sessions. Ten participants 
(INT=5, CON=5) were lost to follow-up as they missed 
more than three training sessions due to COVID-19 infec-
tions.

Thus, seven females from the INT (age: 22.4±1.2; 
BMI: 22.7±2.9 kg/m2; VO2max/M: 41.1±4.4 mL.min-1.kg -1) 
and seven females from the CON (age: 24.1±3.0; BMI: 
21.8±2.1 kg/m2; VO2max/M 43.6±6.1 mL.min-1.kg -1) were 
included in the final analysis (Table I). No significant 
group differences were revealed in the baseline assessment 
for all parameters. Also, no significant group differences 
were found in the training compliance rates. Participants 
in the INT completed 92% (22±1), and participants in 
the CON 98% (23±1) of the total training sessions. Fur-
ther, participants in the INT completed 757±301 minutes 
of training, whereas participants in the CON completed 
940±33 minutes of training (P=0.168, d=-0.857). No sig-
nificant differences in the overall TRIMP were revealed 
between the groups (INT=592±129 Arbitrary Unit [AU] 
versus CON=657±47 AU; P=0.272; d=-0.672).

Based on the BMI, two participants of the INT were 
classified as overweight,30 and according to the WHtR cut-
off point, one participant of the INT was characterized as 
central obese.31 Three participants were classified as hy-
pertensive in both groups (INT and CON).32 Regarding the 
VO2max/M the participants in the CON could be classified as 
follows: one participant showed a good, four excellent, and 
two superior maximal endurance capacities. In the INT, the 
maximal endurance capacity was considered good for three 
participants, and four were considered excellent. Based on 
the PAF, four participants in the CON and two in the INT 
were classified as having premenstrual symptoms.33

A repeated measures ANOVA with a Greenhouse-
Geisser correction determined no statistically significant 
time × group interaction effects in all physiological pa-
rameters (CMJ [F(1,12)=0.183, P=0.684, η2=0.030], vVT1 
[F(1,12)=0.000, P=1.000, η2=0.000], hrVT1 [F(1,12)=0.610, 
P=0.464, η2=0.092], vVT2 [F(1,12)=1.000, P=0.356, 
η2=0.143], hrVT2 [F(1,12)=0.100, P=0.762, η2=0.014], 
VO2max/M [F(1,12)=0.021, P=0.890, η2=0.003], HRrest 
[F(1,12)=1.399, P=0.282, η2=0.189], PWV [F(1,12)=0.058, 
P=0.818, η2=0.010], sBP [F(1,12)=0.005, P=0.948, 
η2=0.001], dBP [F(1,12)=2.036, P=0.203, η2=0.253], 
RMSSD [F1,12]=1.567, P=0.257, η2=0.207, and SDNN 
[F1,12]=1.691, P=0.241, η2=0.220) (Table II). Also, 
no significant time × group interactions effects were 

Training protocol

The training protocol consisted of an 8-week running train-
ing intervention consisting of three weekly training ses-
sions (Figure 2). The CON followed a general polarized 
training program3 consisting of two 4-week mesocycles. 
The intensity distribution was based on established polar-
ized training guidelines.25, 26 The cumulative training time 
was divided into three zones: 75% of the time was spent 
in the low-intensity zone, below or at the VT1, 5% of the 
time was spent in the moderate-intensity zone, between 
VT1 and VT2, and 25% of the time was spent above the 
VT2. The total training volume was 960 minutes, divided 
into three weekly training sessions over 8 weeks.

The mesocycles of the CON included three weeks of 
progressive training load and one week with a reduced 
load, not adjusted to the MC. The INT followed the same 
training. However, the single training sessions were adapt-
ed to their MC with a higher training intensity within the 
follicular phase, medium intensity within the luteal phase, 
and low intensity during the premenstrual and menstrual 
phases. Both interventions were load-matched, and each 
training session was controlled by the heart rate using a 
heart rate monitor (H10, Polar). Each participant was 
asked to log her training frequency, training volume, and 
average training heart rate in an electronic diary (m-path 
application; KU Leuven R&D, Leuven, Belgium). The 
training impulse (TRIMP) was calculated for each training 
session, according to the recommendations by Banister,27 
to assess the individual training load. Participants were ex-
cluded from the analysis if they missed more than three of 
the 24 training sessions.

Statistical analysis

IBM SPSS Statistics for Windows, version 27.0 (IBM 
Corp., Armonk, NY, USA) was used to analyze the col-
lected data. The results are presented as mean±standard 
deviation. Differences in subject characteristics between 
the groups at baseline were determined using an indepen-
dent samples t-test. A repeated measures Analysis of Vari-
ance (ANOVA) was used to determine the time × group 
interactions on the outcomes. The effect size for the ANO-
VA was measured by partial eta squared (η2). Small, me-
dium and large effect sizes were designated as 0.01≤0.06, 
0.06<0.14, and ≥0.14, respectively.28 The effect size for 
the t-tests was measured by Cohen’s d (d). Small, medium, 
and large effect sizes were designated as ¦d¦=0.2, ¦d¦=0.5, 
and ¦d¦=0.8, respectively.29 Statistical significance was set 
at P<0.05.
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Table I.—��Participant’s characteristics at baseline assessment.
Outcome Total INT CON P value Effect size d
N./%female 14/100 7/100 7/100 - -
Age (y) 23.29±2.55 22.43±1.27 24.14±3.29 0.223 -0.688
Height (m) 1.66±0.52 1.66±0.66 1.66±0.38 0.809 0.132
Body mass (kg) 61.84±8.32 63.37±9.69 60.31±7.14 0.513 0.360
BMI (kg/m2) 22.28±2.71 22.74±3.20 21.83±2.29 0.552 0.327
Body fat (%) 24.75±5.74 25.21±5.78 24.30±6.13 0.779 0.153
WHtR 0.42±0.04 0.44±0.05 0.41±0.02 0.227 0.681
sBP (mmHg) 125.14±11.08 126.29±15.13 124.00±5.83 0.716 0.199
dBP (mmHg) 75.43±8.51 74.86±5.96 76.00±10.98 0.813 -0.129
PWV (m/s) 5.19±0.33 5.14±0.45 5.24±0.16 0.588 -0.298
restHR (min-1) 64.71±11.50 68.86±10.40 60.57±11.76 0.188 0.746
RMSSD (ms) 93.65±49.63 72.68±31.42 114.61±57.66 0.117 -0.903
SDNN (ms) 93.93±29.96 81.44±29.20 106.41±29.99 0.122 -0.888
CMJ (cm) 26.91±5.83 26.74±6.16 27.09±5.98 0.918 -0.057
Vmax (km/h) 13.88±1.37 13.29±0.94 14.49±1.52 0.102 -0.945
vVT1 (km/h) 8.57±1.01 8.49±0.94 8.65±1.14 0.765 -0.164
hrVT1 (bpm) 153.43±14.81 157.29±12.75 149.57±16.73 0.351 0.519
vVT2 (km/h) 12.17±1.01 11.74±0.91 12.60±0.98 0.115 -0.908
hrVT2 (min-1) 186.21±9.64 187.86±8.29 184.57±11.24 0.545 0.333
VO2max/M (mL. min-1.kg-1) 42.36±5.25 41.14±4.38 43.57±6.10 0.409 -0.398
HRmax (min-1) 194.64±8.86 196.29±8.69 193.00±9.40 0.510 0.363
PAF 24.36±7.07 23.14±8.44 25.57±5.80 0.542 -0.336
SRS 3.84±0.68 4.14±0.57 3.53±0.67 0.093 0.974
SSS 1.70±0.85 1.43±0.81 1.96±0.86 0.254 -0.641
Values are calculated with two-tailed independent t-test. Data are presented as mean±standard deviation, and P values indicate differences between the INT and CON. 
Effect size are reported as Cohen’s d.
INT: intervention group; CON: control group; BMI: Body Mass Index; WHtR: Waist-to-Height-Ratio; sBP: systolic blood pressure; dBP: diastolic blood pressure; 
PWV: pulse wave velocity; restHR: resting heart rate; RMSSD: Root mean square of successive RR interval differences; SDNN: standard deviation of NN interval; 
CMJ: countermovement jump; Vmax: maximal velocity; vVT1: velocity at ventilatory threshold 1; hrVT1: heart reate at ventilatory threshold 1; vVT2: velocity at 
ventilatory threshold 2; hrVT2: heart rate at ventilatory threshold 2; VO2max/M: maximal oxygen consumption normalized per body mass; HRmax: maximal heart rate; 
PAF: premenstrual assessment form (short); SRS: short recovery scale; SSS: Short Stress Scale.

Table II.—��Physiological parameters at baseline and post assessments.

Outcome
INT CON P value 

(group×time)
η2  

(group×time)
P value 
(time)

η2  
(time)Baseline Post Baseline Post

Body fat (%) 25.21±5.78 24.16±6.81 24.30±6.13 24.76±3.14 0.454 0.097 0.806 0.011
WHtR 0.44±0.05 0.43±0.05 0.41±0.02 0.41±0.02 0.357 0.142 0.268 0.199
sBP (mmHg) 126.29±15.13 124.29±14.37 124.00±5.83 122.14±11.48 0.948 0.001 0.602 0.048
dBP (mmHg) 74.86±5.96 76.57±11.18 76.00±10.98 72.00±10.66 0.203 0.253 0.751 0.018
PWV (m/s) 5.14±0.45 4.96±0.38 5.24±0.16 4.99±0.44 0.818 0.010 0.091 0.403
HRrest (min-1) 68.86±10.40 62.14±9.28 60.57±11.76 58.57±9.55 0.282 0.189 0.114 0.362
RMSSD (ms) 72.68±31.42 92.29±32.50 98.78±69.02 104.92±33.19 0.257 0.207 0.411 0.115
SDNN (ms) 81.44±29.20 103.15±38.27 106.41±26.99 103.87±30.86 0.241 0.220 0.347 0.148
CMJ (cm) 26.74±6.16 27.57±5.34 27.09±6 28.54±5.08 0.684 0.030 0.373 0.134
vVT1 (km/h) 8.49±0.94 9±0.98 8.66±1.14 9.17±1.28 1.000 0.000 0.017 0.643
hrVT1 (min-1) 157.29±12.75 152.86±16.82 x 149.57±16.73 147.43±16.00 0.464 0.092 0.091 0.402
vVT2 (km/h) 11.74±0.91 12.77±1.08 12.6±0.98 13.29±1.17 0.356 0.143 0.000 0.893
hrVT2 (min-1) 187.86±8.3 187.29±9.05 184.57±11.24 185.00±12.41 0.762 0.014 0.970 0.000
VO2max/M (mL. min-1.kg-1) 41.14±4.38 43.86±4.38 43.57±6.11 46.14±6.20* 0.890 0.003 0.005 0.749
Data are presented as mean±standard deviation. Differences between groups and baseline and postassessment were calculated with a two-factorial ANOVA with 
repeated measurements. P values indicate interaction and time effects. Effect size is reported as η2.
INT: intervention group; CON: control group; WHtR: Waist-to-Height-Ratio; sBP: systolic blood pressure; dBP: diastolic blood pressure; PWV: pulse wave velocity; 
HRrest: resting heart rate; RMSSD: root mean square of successive RR interval differences; SDNN: standard deviation of NN interval; CMJ: countermovement jump; 
vVT1: velocity at ventilatory threshold 1; hrVT1: heart rate at ventilatory threshold 1; vVT2: velocity at ventilatory threshold 2; hrVT2: heart rate at ventilatory 
threshold 2; VO2max/M: maximal oxygen consumption normalized per body mass; HRmax: maximal heart rate.
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previous studies have assessed the effects of MC-based 
training on hemodynamic parameters. Only Okamoto et 
al.38 were able to show that acute high-intensity resis-
tance exercise affects arterial stiffness differently depend-
ing on the phase of the MC. In their study, arterial stiff-
ness significantly increased after acute resistance exercise 
during the follicular phase and was attenuated in the lu-
teal phase. The authors conclude that in terms of regular 
resistance training, engaging in low-intensity resistance 
exercise during the follicular phase may be a strategy for 
maintaining normal vascular function in females.38 Our 
study does not support this assumption, as the training 
load was higher during the follicular phase and did not 
alter BP or PWV in the long term. However, it should 
be noticed that our study focused on long-term effects of 
endurance training rather than acute effects of resistance 
exercise.

Regarding HRrest and HRV indices, no significant in-
teraction effects and no main effect for time could be de-
tected. The reductions in HRrest are comparable to previous 
findings on the effect of endurance training on HRrest in 
females, where a mean reduction of 3.4 bpm was found.39 
However, in our study, the reductions remained insignifi-
cant. This could be explained by the participants’ charac-
teristics. We included healthy participants with relatively 
low HRrest values at baseline compared to other studies. It 
is worth noting that decreases in HRrest are positively as-
sociated with higher initial HRrest.39 Although there are 
no previous studies on training interventions adjusted to 
the MC specifically regarding HRV, previous research has 
indicated that regular endurance training can alter HRV 
indices. These effects include shifting the autonomic bal-
ance towards parasympathetic predominance by increas-
ing vagal modulation of HR and decreasing sympathetic 
activity.40, 41 However, the majority of studies included 
male subjects, and only marginal improvements were ob-
served for females.41

The study also found no significant interaction effects 
for all performance parameters, but it did observe a signif-
icant time effect for VO2max/M, vVT1, and vVT2. These re-

found for the questionnaire-based physiological param-
eters (PAF [F(1,12)=0.304, P=0.745, η2=0.057], and SRSS 
[F(1,12)=0.318, P=0.735, η2=0.0.060]) (Table III).

A significant time effect was found for VO2max/M 
(F(1,12)=17.934, P=0.005, partial η2=0.749), vVT1 
(F(1,12)=10.800, P=0.017, partial η2=0.643) and vVT2 
(F(1,12)=50.000, P=0.001, partial η2=0.893), but not for the 
other parameters. No group effect was found for any of the 
parameters.

Discussion

This study aimed to assess the effectiveness of polarized 
training and polarized training adapted to MC phases on 
endurance performance, cardiovascular parameters, re-
covery, and MC-related symptoms in active females. The 
results showed no significant interaction effects for all 
physiological parameters.

No significant differences were found within or between 
groups in the anthropometric parameters. Furthermore, 
neither polarized nor polarized training adapted to the MC 
phases significantly affected anthropometric parameters. 
These findings align with Stöggl et al.,34 who investigated 
the effects of high-volume, threshold, high-intensity in-
terval and polarized training. Only high-intensity interval 
training resulted in a significant reduction in body mass. 
Unfortunately, Stöggl et al.34 did not adapt the training 
protocols to the MC and did not focus specifically focus 
on female athletes.

No significant interaction effect between time and 
group or main effect for time could be detected in car-
diovascular parameters (sBP, dBP, and PWV). The miss-
ing time effects contrast with previous studies that have 
shown positive effects of endurance training on BP.35, 36 
These conflicting results may be attributed to differenc-
es in participants’ characteristics. The present study in-
cluded healthy participants with relatively good endur-
ance performance. The BP reductions are expected to be 
more pronounced in hypertensive individuals compared 
to mainly normotensive participants.37 Unfortunately, no 

Table III.—��Questionnaire-based physiological parameters at baseline, mid- and postassessments.

Outcome
INT CON P value

(group×time)
η2

(group×time)Baseline Mid Post P value η2 Baseline Mid Post P value η2

PAF 21.17±7.25 22.17±7.31 23.00±6.3 0.786 0.113 26.33±5.96 29.83±5.11 27.33±5.57 0.446 0.276 0.745 0.057
SRS 4.17±0.63 4.08±0.65 4.13±0.88 0.967 0.007 3.53±0.67 3.96±0.66 3.36±0.63 0.315 0.175 0.637 0.086
SSS 1.54±0.83 1.42±0.58 1.59±1.20 0.941 0.012 1.88±0.90 1.75±0.35 1.92±0.80 0.823 0.032 1.000 0.000
Data are presented as mean±standard deviation. Differences between groups and over time (at baseline, mid, and post) were calculated with a two-factorial ANOVA 
with repeated measurements, group × time P values indicate significant effects. Effect size is reported as η2.
INT: intervention group; CON: control group; PAF: premenstrual assessment form (short); SRS: Short Recovery Scale; SSS: short Stress Scale.
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The questionnaire-based results did not reveal signifi-
cant interaction, time, or group effects in the SRS, SSS 
and PAF. Our findings for the PAF conflict with current 
research, where endurance training potentially improves 
premenstrual syndrome (PMS) in females.46 However, it 
is essential to note that most studies examining the effect 
of endurance training on PMS used moderate-intensity en-
durance training.47 In our study, the polarized training pro-
tocol also included high-intensity training sessions, which 
may explain the different effects on PMS. Additionally, it 
is worth noting that the participants in our study were al-
ready physically active. In other studies, physical activity 
levels were not reported.47, 48

To our knowledge, no study investigated the effect of 
polarized running training on stress and recovery. Based 
on the current literature, MC-adapted training should en-
hance recovery by altering inflammatory processes, but 
changes in the stress-recovery balance may not be reflect-
ed in our time-limited intervention duration of 8 weeks.7

Limitations of the study

Some limitations should be considered when interpreting 
the present results. First, follow-up analysis revealed that 
the recovery periods for 57% of participants in the CON 
group coincided with the late luteal and early follicular 
phases of their MC,1 indicating that the CON training pro-
tocol happened to be matched to MC phases by chance 
and therefore did not differ substantially between the INT 
and CON. Second, the MC was only determined by calen-
dar-based counting, assuming a luteal length of 14 days, 
which may not accurately reflect the MC of each partici-
pant.7 Although the calendar-based counting method was 
selected to ensure practicality in the developed MC-based 
training approach for coaches and athletes, minor devia-
tions from the presumed MC phases to the actual ones may 
have occurred in our study. While calendar-based counting 
can accurately determine the onset of menstruation, it is 
considerably more challenging to determine the timepoint 
of ovulation using this method. Therefore, we anticipate a 
high level of accuracy in determining the late luteal phase 
and early follicular phase, but a diminished level of accu-
racy for the late follicular phase and early luteal phase. Ac-
cording to Johnson et al.,49 the majority of females (72%) 
experience ovulation between days 15 and 19 of their MC. 
Therefore, some of the training sessions planned for the 
late follicular and early luteal phases might have fallen 
into the opposite MC phase. To improve the accuracy to 
the MC phase assessment, further measurements should 
be included.1

sults suggest that polarized training positively affects en-
durance performance in active females. However, running 
training adapted to the MC does not confer a performance 
advantage during an 8-week training intervention com-
pared to block-periodized training. These findings align 
with previous research on the efficacy of polarized endur-
ance training for male runners, as reported by Munoz et 
al. and Stöggl et al.26, 34 To the best of our knowledge, 
this is the first study to investigate the effect of training 
adapted to the MC on endurance performance. Howev-
er, research on resistance training interventions suggests 
a positive effect of MC-based periodization. Recent re-
views indicate that follicular phase-based resistance train-
ing may be more effective than luteal phase-based training 
for enhancing resistance training outcomes.8, 10, 42 In the 
study by Sung et al.,42 20 healthy eumenorrheic females 
completed a strength training program with four weekly 
sessions over three MCs.42 One leg was mainly trained 
during the follicular phase, while the other leg was mainly 
trained during the luteal phase. The results indicated that 
maximum strength was significantly higher after follicular 
phase training compared to luteal phase training. These 
findings suggest that higher training frequency during the 
follicular phase may lead to a better training response. 
The conflicting results of our study could possibly be ex-
plained by the fact that we applied an endurance training 
intervention compared to the resistance training interven-
tions in previous studies, a shorter intervention duration 
(eight vs. twelve weeks), and reduced training frequency 
(three vs. four weekly training sessions).6 Based on cur-
rent literature, it can be assumed that training adapted to 
the MC is superior in increasing endurance performance 
due to metabolic shifts,4 as well as variations in the in-
flammation process throughout the MC.43 However, our 
study did not find evidence supporting the effectiveness 
of MC-phase adapted training in improving endurance 
performance. This may be explained by the underlying 
physiological processes. Even though previous studies 
have reported higher total glycogen utilization during 
the follicular phase,4 training adaptations are only altered 
when glycogen utilization falls below a specific threshold 
during the luteal phase.44 It is possible that the glycogen 
utilization in the CON did not drop below the threshold 
for training adaptations. However, the present study did 
not assess glycogen utilization. Additionally, it can be 
speculated that the changes in energy substrate utiliza-
tion between MC phases are affected by the individual’s 
estrogen and progesterone ratio changes throughout the 
cycle,45 which were not assessed in our study.
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11.  Vongpatanasin W, Tuncel M, Mansour Y, Arbique D, Victor RG. 
Transdermal estrogen replacement therapy decreases sympathetic activity 
in postmenopausal women. Circulation 2001;103:2903–8. 
12.  Dušek T. Influence of high intensity training on menstrual cycle dis-
orders in athletes. Croat Med J 2001;42:79–82.
13.  Rebar R. Evaluation of Amenorrhea, Anovulation, and Abnormal 
Bleeding. South Dartmouth, MA: MDText.com, Inc.; 2018.
14.  Ihalainen JK, Kettunen O, McGawley K, Solli GS, Hackney AC, 
Mero AA, et al. Body Composition, Energy Availability, Training, 
and Menstrual Status in Female Runners. Int J Sports Physiol Perform 
2021;16:1043–8. 
15.  Redman LM, Loucks AB. Menstrual disorders in athletes. Sports Med 
2005;35:747–55. 
16.  Cornelissen VA, Fagard RH. Effects of endurance training on blood 
pressure, blood pressure-regulating mechanisms, and cardiovascular risk 
factors. Hypertension 2005;46:667–75. 
17.  Gaskill SE, Ruby BC, Walker AJ, Sanchez OA, Serfass RC, Leon AS. 
Validity and reliability of combining three methods to determine ventila-
tory threshold. Med Sci Sports Exerc 2001;33:1841–8. 
18.  Franssen PM, Imholz BP. Evaluation of the Mobil-O-Graph new 
generation ABPM device using the ESH criteria. Blood Press Monit 
2010;15:229–31. 
19.  Moya-Ramon M, Mateo-March M, Peña-González I, Zabala M, Ja-
valoyes A. Validity and reliability of different smartphones applications to 
measure HRV during short and ultra-short measurements in elite athletes. 
Comput Methods Programs Biomed 2022;217:106696. 
20.  Gathercole RJ, Sporer BC, Stellingwerff T, Sleivert GG. Comparison 
of the Capacity of Different Jump and Sprint Field Tests to Detect Neuro-
muscular Fatigue. J Strength Cond Res 2015;29:2522–31. 
21.  Glatthorn JF, Gouge S, Nussbaumer S, Stauffacher S, Impellizzeri FM, 
Maffiuletti NA. Validity and reliability of Optojump photoelectric cells for 
estimating vertical jump height. J Strength Cond Res 2011;25:556–60. 
22.  Kölling S, Schaffran P, Bibbey A, Drew M, Raysmith B, Nässi A, 
et al. Validation of the Acute Recovery and Stress Scale (ARSS) and the 
Short Recovery and Stress Scale (SRSS) in three English-speaking re-
gions. J Sports Sci 2020;38:130–9. 
23.  Flynn A, Walters J, Lang H, Perkins A, Goodin J. Validation of The 
Short Recovery Stress Scale Questionnaire During Women’ s Volley-
ball In-Season Training. ETSU; 2017 [Internet]. Available from: https://
dc.etsu.edu/cgi/viewcontent.cgi?article=7011&context=etsu-works [cited 
2023, Sep 12].
24.  Bhuvaneswari K, Rabindran P, Bharadwaj B. Prevalence of premen-
strual syndrome and its impact on quality of life among selected college 
students in Puducherry. Natl Med J India 2019;32:17–9. 

Third, due to the study design and eight-week interven-
tion length, it was not possible to perform the pre- and 
postassessments in the same MC phase for all participants. 
However, no impact on the results is expected since per-
formance seems to be reduced only in the early follicular 
phase and not in the other MC phases,5 which was consid-
ered in the study. Finally, our study had a relatively small 
sample size due to a high number of dropouts caused by 
COVID-19 infections during the intervention.

Conclusions

To the best of our knowledge, this is the first study to com-
pare the effects of block periodized polarized training and 
polarized training adapted to the MC phases on endur-
ance performance, recovery, cardiovascular parameters, 
and MC-related symptoms in active females. According 
to the results, both training protocols improved endurance 
performance. However, no group × time interactions were 
detected in any of the outcomes. This contradicts previous 
studies on MC-based resistance training, which have re-
ported stronger effects on various performance parameters 
compared to traditional resistance training. The results of 
the present study might be influenced by the fact that the 
CON group’s training plan coincidentally matched that of 
the MC group by chance. Therefore, further research on 
MC-based training approaches is strongly recommended, 
particularly in endurance sports. The limitations identified 
in this study can inform future trials to improve its method-
ological rigor. For instance, larger sample sizes should be 
included in future studies to increase statistical power. Fur-
thermore, more reliable methods to assess the MC should 
be applied. Moreover, to ensure that the training protocols 
between the INT and CON differ, it may be advisable to 
design the CON group’s training program to intentionally 
oppose the MC-related exercise recommendations.1
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Abstract 5 

 6 

Purpose:  7 

This study compared the effects of polarized running training adapted to the menstrual cycle 8 

(MC) phases versus polarized training adapted contrary to the MC on endurance performance and 9 

cardiovascular parameters. 10 

Methods: 11 

Thirty-three naturally menstruating, moderately trained females (Age: 26 ± 4 years; BMI: 22.3 ± 12 

3.2 kg/m2; VO2max: 40.35 ± 4.61 ml/min/kg) were randomly assigned to a control (CON) and an 13 

intervention (INT) group. Both groups participated in a load-matched 8-week running training 14 

intervention consisting of three weekly training sessions. In the INT, the training sessions were 15 

adapted to the MC with high-intensity sessions during the mid and late follicular phase, low-16 

intensity sessions during the early and mid-luteal phase, and recovery during the late luteal and 17 

early follicular phase. In the CON, training sessions were adapted contrary to the MC. Endurance 18 

performance and cardiovascular parameters were assessed at baseline and after the intervention.  19 

Results: 20 

Twenty-six females completed the intervention. A repeated measures ANOVA determined no 21 

time × group interaction effect for any parameter. A significant time effect was found for 22 

maximal oxygen uptake (F(1,12) = 18.753, p = .005, ηp² = .630), the velocity at the ventilatory 23 

threshold one (F(1,12) = 10.704, p = .007, ηp² = .493) and two (F(1,12) = 7.746,  p = .018, ηp² = 24 

.413). 25 

Conclusion:  26 

The training intervention improved endurance performance in both groups, with no further 27 

benefit of the MC-adapted polarized training. Replications with an extended intervention period, 28 

a larger sample size, and a more reliable MC determination are warranted.  29 

 30 

Keywords: (4-6)  females, naturally menstruating, endurance training, VO2max, hemodynamics  31 
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Abbreviations  32 

ANOVA Analysis of variance 
BMI Body mass index 
BP Blood pressure 
CON Control group 
d Cohen's d 
HR Heart rate 
HRV Heart rate variability 
ICC Intraclass Correlation Coefficient 
INT Intervention group 
MC Menstrual Cycle 
MD Mean difference to be considered real 
ηp

2 Partial eta squared  
PWV Pulse wave velocity 
restHR Resting heart rate 

RMSSD Root mean square of successive RR interval 
differences 

RPE Rate of perceived exertion  
SDNN Standard deviation of NN intervals 

SEM Standard error of measurement 
v velocity 
VO2max Maximal oxygen uptake 
VT1 Ventilatory threshold 1 
VT2 Ventilatory threshold 2 
WHtR Waist-to-height ratio 

 33 

Introduction 34 

Throughout a woman's life, from menarche to the onset of menopause, a regular biological 35 

rhythm known as the menstrual cycle (MC) governs the ebb and flow of endogenous sex 36 

hormones, particularly estrogen and progesterone (de Jonge et al., 2019). These hormonal 37 

fluctuations orchestrate the reproductive system's function while exerting influence over other 38 

physiological systems, including the cardiovascular, respiratory, and nervous systems (Bernstein 39 

& Behringer, 2023).  40 

Variations in the concentrations of these hormones, specifically estrogens and progesterone, may 41 

have further implications for athletic performance (McNulty et al., 2020). Even though isolating 42 

single actions of hormones due to interdependency is challenging, estrogens and progesterone 43 
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exhibit distinct influences on the energy metabolism in naturally menstruating females. Estrogens 44 

appear to impact the oxidation of energy substrates, leading to an increased rate of carbohydrate 45 

oxidation (Zderic et al., 2001) and a higher utilization rate of glycogen oxidation (Devries, 2016), 46 

ultimately favoring increased exercise performance (Bernstein & Behringer, 2023). On the other 47 

hand, progesterone, acting as an estrogen antagonist, inhibits carbohydrate oxidation, resulting in 48 

increased protein catabolism and higher rates of amino acid oxidation (Boisseau & Isacco, 2021). 49 

Furthermore, during the luteal phase, which is characterized by elevated progesterone 50 

concentrations, an increase in muscle glycogen-sparing effects (Devries, 2016; Oosthuyse & 51 

Bosch, 2010), and an enhanced reliance on lipid metabolism can be observed (Oosthuyse & 52 

Bosch, 2010; Willett et al., 2021). These metabolic variations may affect individual training 53 

readiness and overall training responses throughout the MC.  54 

Even though general guidelines on modulating exercise training according to the MC do not 55 

exist, adapting the training to the MC may alter long-term performance development (Recacha-56 

Ponce et al., 2023). While previous research reports a positive impact of adjusting resistance 57 

training variables according to the MC on different performance outcomes (Kissow et al., 2022), 58 

there remains a notable gap in knowledge regarding endurance training. To our knowledge, only 59 

one previous publication from our research group explored this topic (Kubica et al., 2023). In this 60 

study, we compared the effects of a traditional 8-week block periodized training with a polarized 61 

training adapted to the MC phases on a range of variables, including endurance performance, 62 

cardiovascular parameters, recovery, and MC-related symptoms. A major limitation of this study 63 

was that, although randomly allocated to intervention and control groups, a significant portion of 64 

the control group's training coincidentally aligned with the MC phases, leading to only minor 65 

differences in the training protocols between the groups. This made it challenging to identify any 66 

potential influences of the MC.  67 

Considering the limitations of the previous study and lack of research in the field, the primary 68 

study adopts an exploratory approach to compare the effects of polarized training adapted  to the 69 

MC phases with polarized training explicitly adapted  in contrast to the MC phases on endurance 70 

performance and cardiovascular parameters in naturally menstruating females. By devising 71 

distinct training interventions, we aim to gain a clearer understanding of the impact of MC-72 

adapted  training on endurance performance and cardiovascular outcomes. 73 

 74 

Methods 75 
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Study Design and Participants 76 

A parallel arm randomized controlled design involving forty moderately active females was 77 

implemented. Participants were eligible to take part in the study if they met the following criteria: 78 

(1) had a regular menstrual cycle length (between 21 and 35 days with no more than ± 3 days of 79 

variation within the last 6 months), (2) were not pregnant (last pregnancy > 1 year), (3) were not 80 

using hormonal contraceptives (not within the last 6 months), (4) had no underlying health 81 

conditions or orthopedic injuries, (5) exhibited ovulation, and (6) met the minimum physical 82 

activity requirements (>150 minutes of moderate/vigorous physical activity per week with at least 83 

15 minutes of vigorous physical activity per week). 84 

Participants were recruited via announcements at the University of Bern, personal contact, and 85 

social media posts. The recruitment and data collection period spanned from December 2022 to 86 

April 2023. 87 

Seven participants did not meet the inclusion criteria and were subsequently excluded from the 88 

study (Figure 1 Flow Chart). A total of 33 participants (Age: 26 ± 4 years; body mass index 89 

(BMI): 22.3 ± 3.2 kg/m2) were randomly assigned either to a control group (CON) or an 90 

intervention group (INT) (Figure 2). The principal investigator conducted the randomization 91 

using a computer-generated random number table.  92 

Figure 1. Flow Chart  93 
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Each participant provided written, informed consent after being presented with an explanation of 94 

the study's objectives and the experimental procedures. This study received approval from the 95 

Ethical Commission of the Faculty of Human Sciences at the University of Bern (Nr. 2022-01-96 

00006).  97 

 98 

Measurements 99 

Participants underwent a baseline assessment, an eight-week intervention, and a post assessment. 100 

Both testing sessions occurred at the Institute of Sport Science of the University of Bern on the  101 

same time of day at the same day of the week to minimize circadian fluctuations. For each testing 102 

session, participants were asked to be at least two hours postprandial, refrain from consuming 103 

caffeine and alcohol for a minimum of four hours, and avoid exercising for at least 48 hours. All 104 

measurements were conducted by well-trained research staff using standardized equipment and 105 

procedures in controlled conditions. The measurements during the baseline and post-assessments 106 

were conducted in the following order: demographics and anthropometrics, cardiovascular 107 

parameters, and endurance performance.   108 

 109 

Demographics and Anthropometrics 110 

Demographic data, medical history, and premenstrual symptoms were obtained through 111 

questionnaires. To assess premenstrual symptoms, the German version of the screening 112 

instrument for premenstrual symptoms (SIPS) was used (Bentz et al., 2012).   113 

Standing height and body mass were determined using a stadiometer and a body composition 114 

scale (RD 545HR, Tanita Europe BV, Amsterdam, Netherlands). Waist circumference was 115 

measured with non-elastic tape at the midpoint between the costal arch and the upper edge of the 116 

iliac crest. Body Mass Index (BMI) was then computed based on weight in kilograms and height 117 

in meters (kg/m²). The Waist-to-Height Ratio (WHtR) was determined by dividing waist 118 

circumference by height (waist circumference/height). 119 

 120 

Endurance Performance 121 

A graded exercise test on a treadmill ergometer (h/p/cosmos pulsar 4.0; h/p/cosmos sports & 122 

medical GmbH, Nussdorf-Traunstein, Germany) was conducted to assess maximal oxygen 123 

consumption (VO2max). The test started with an initial speed of 6.6 km.h-1, and increased stepwise 124 
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by 1.2 km.h-1 every 3 minutes, with 30 seconds of passive rest after each step until volitional 125 

exhaustion was achieved.  126 

Oxygen consumption was continuously monitored using a breath-by-breath gas analyser 127 

(Metalyzer 3B, Cortex, Leipzig, Germany). VO2max was computed as the highest recorded value, 128 

using a rolling average of 15-second intervals. To ensure the accuracy of the measurements, a 129 

two-point calibration procedure was performed prior to each test day. This procedure involved 130 

calibrating the oxygen and carbon dioxide sensors with gases of known concentrations and 131 

calibrating the flow rate using a 3-liter syringe. Additionally, ambient air calibration was 132 

conducted before each test. 133 

To confirm the attainment of VO2max, at least three of the following criteria had to be met: (1) a 134 

final rating of perceived exertion score of ≥ 17 on the Borg scale (scale 6–20), (2) a respiratory 135 

exchange ratio > 1.1, (3) no further change in heart rate (HR) with an increase in workload, (4) a 136 

"plateau" (an increase of ≤ 150 ml) in oxygen uptake with a simultaneous increase in workload, 137 

(5) volitional fatigue. 138 

Two investigators independently identified ventilatory thresholds (VT1 and VT2). If there was a 139 

lack of agreement, the opinion of a third observer was sought. VT1 was defined as the workload 140 

at which increases were observed in the ventilatory equivalent for oxygen and the end-tidal 141 

pressure of oxygen without a simultaneous rise in the ventilatory equivalent for carbon dioxide. 142 

Similarly, VT2 was determined when increases were evident in the ventilatory equivalent for 143 

oxygen and the ventilatory equivalent for carbon dioxide, accompanied by a reduction in the end-144 

tidal pressure of carbon dioxide (Amann et al., 2004; Gaskill et al., 2001). 145 

HR was continuously recorded beat-to-beat throughout the graded exercise test using a Polar HR 146 

sensor (H10, Polar Electro Oy, Kempele, Finland). 147 

 148 

Cardiovascular Parameters 149 

a. Hemodynamics  150 

Peripheral systolic blood pressure (BP),  peripheral diastolic BP, and pulse wave velocity (PWV) 151 

were assessed utilizing the Mobil-O-Graph® (PWA-Monitor, IEM, Stollberg, Germany), a 152 

clinically validated device (Franssen & Imholz, 2010). Two measurements were taken on the 153 

upper right arm using customized arm cuffs following 10 minutes of supine rest. The mean of the 154 

two measurements was used for analysis. 155 
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 156 

b. Heart rate variability (HRV) 157 

Heart rate variability (HRV) was assessed using a HR sensor and a chest strap (Polar RS800 158 

CX®, Polar Electro OY, Kempele, Finland). Following 5 minutes of rest in a supine position, a 159 

5-minute measurement was conducted. Throughout the measurement, patients were instructed to 160 

maintain a normal and comfortable breathing pattern. 161 

The raw data underwent processing using the app Elite HRV (Elite HRV Inc, 2022), which has 162 

demonstrated validity and reliability (Moya-Ramon et al., 2022). The analysis included the 163 

assessment of the root mean square of successive RR interval differences (RMSSD), the standard 164 

deviation of NN intervals (SDNN), and the resting HR (restHR). 165 

 166 

Determination of the MC and cycle phasing   167 

A month before the intervention, a three-step verification process was employed to confirm that 168 

participants met the inclusion and exclusion criteria and to ascertain their MC phases during the 169 

intervention. This three-step verification encompassed the following: 170 

1. Calendar-Based counting: Individuals tracked and recorded the onset and duration of their 171 

menstrual periods on a calendar, using historical data to calculate the approximate dates 172 

for future MC. 173 

2. Measurement of basal body temperature: Each morning, upon waking, participants 174 

measured their basal body temperature using the Breuer FT 09 thermometer (Breuer 175 

GmbH, Ulm, Germany). 176 

3. Ovulation: Participants were provided with ovulation tests (Pinkline Ovulation Test 177 

25mlU/mL, Pinkline By Burggraf, Taverne, Switzerland) with the recommended 178 

threshold of 25mlU/mL (Leiva et al., 2017). These kits involved colorimetric enzyme 179 

immunoassays of urinary luteinizing hormone. Participants were instructed to conduct the 180 

ovulation tests according to the manufacturer's directions. Further, ovulation tests were 181 

performed from the seventh day of the MC onwards. Ovulation was assumed to have 182 

occurred one day after a positive ovulation test. If no positive ovulation test was recorded 183 

during the MC, testing was postponed for one more cycle until a positive ovulation test 184 

was observed. Participants were excluded from the study if they experienced two 185 

consecutive cycles without a positive ovulation test (s. Figure 1).  186 
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MC phases were calculated according to the recommendation from Schmalenberger et al. (2021) 187 

as follows:  188 

- Mid to late follicular phase including periovulation: +4 days after menstrual onset until 189 

periovulation + 1 day following a positive ovulation test and nadir. 190 

- Early luteal – mid-luteal phase: +2 days following a positive ovulation test and nadir until 191 

+10 days following a positive ovulation test and nadir. 192 

- Luteal phase and menstruation/early follicular phase: -3 days before onset of bleeding 193 

until +4 days after menstrual onset.  194 

 195 

Training Protocol 196 

The training protocol consisted of an 8-week running training intervention, including three 197 

weekly training sessions. Both groups followed a general polarized running training program 198 

(Muñoz et al., 2014) designed to achieve a total percentage distribution in the training zones 1, 2, 199 

and 3 of 75%/5%/20% based on HR distribution and running velocity at the VT1 and VT2. In the 200 

INT, the single training sessions were adapted according to current MC training 201 

recommendations (Elliott-Sale & Pitchers, 2019). Training sessions, including Zone 3 training, 202 

were mainly performed during the mid and late follicular phase. Training sessions, including 203 

Zone 1 and 2, were mainly performed during the early and mid-luteal phases. During the 204 

premenstrual and menstrual phases, only training sessions, including Zone 1 with a reduced 205 

volume, were performed (Elliott-Sale & Pitchers, 2019; Recacha-Ponce et al., 2023). The CON 206 

followed the same training program. However, the single training sessions were contrary adapted 207 

to their MC. Training sessions, including Zone 3 training, were mainly performed during the 208 

premenstrual and menstrual phases. Zone 1 training with a reduced volume was performed during 209 

the mid and late follicular phase. Training during the early and mid-luteal phase was comparable 210 

to the INT, with training sessions in Zone 1 and 2.  211 

Both interventions were designed to have equivalent workloads and were HR controlled (H10, 212 

Polar Electro OY, Kempele, Finland). Participants were instructed to record their training 213 

frequency, volume, and average training HR in a digital diary (m-path application, KU Leuven 214 

R&D, Leuven, Belgium). Participants who missed more than three of the 24 training sessions 215 

were excluded from the analysis. 216 

 217 

Statistics 218 
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We analyzed data using IBM SPSS Statistics for Windows, Version 27.0 (IBM Corp. Released 219 

2020, Armonk, NY, USA). The results are reported as means ± standard deviation. To assess 220 

differences in subject characteristics between the groups at baseline, we employed independent 221 

samples t-tests. Repeated measures analysis of variance (ANOVA) was utilized to investigate the 222 

interactions between time × group regarding the outcomes. Post-hoc analyses with Bonferroni's 223 

correction were conducted if appropriate. ANOVA effect sizes (partial eta squared (ηp
2)) are 224 

defined as small, medium, and large: 0.01 to ≤ 0.06, 0.06 to < 0.14, and ≥ 0.14, respectively 225 

(Richardson, 2011). The effect size for the t-tests was measured by Cohen's d (d). Small, 226 

medium, and large effect sizes were designated as ¦d¦ = 0.2, ¦d¦ = 0.5, and ¦d¦ = 0.8, respectively 227 

(Cohen, 2013). Statistical significance was set a priori at p < .05. 228 

To determine the reliability of the variables, intraclass correlation coefficients (ICC) and their 229 

95% confidence intervals were calculated based on a mean rating, consistent, 2-way mixed-230 

effects model (Koo & Li, 2016; Weir, 2005). ICC values less than .5 indicate poor reliability, 231 

values between .5 and .75 reveal moderate reliability, values between .75 and .9 reveal good 232 

reliability, and values greater than .90 reveal excellent reliability (Portney & Watkins, 2009). 233 

Furthermore, standard error of measurement (SEM) and minimum difference to be considered 234 

real (MD) were calculated (Weir, 2005). 235 

 236 

Results  237 

Participants' characteristics  238 

No adverse events were recorded during the assessments for any of the patients. Seven 239 

participants (INT = 3, CON = 4) were lost before post assessments due to various reasons, as 240 

indicated in Figure 1. Consequently, fourteen females from the INT (age: 26 ± 4; BMI: 21.7 ± 2.8 241 

kg/m2; VO2max/M: 39.9 ± 4.6 mL.min-1.kg -1) and twelve females from the CON (age: 26 ± 3; BMI: 242 

22 ± 2.2 kg/m2; VO2max/M 40.8 ± 4.8 mL.min-1.kg -1) were incorporated in the final analysis (Table 243 

1). No significant group differences (p < .05) were identified in the baseline assessment for all 244 

parameters. 245 

Based on BMI, two participants from the INT and one from the CON were classified as 246 

underweight (Weisell, 2002). According to the WHtR cut-off point of 0.5, all participants were 247 

within the healthy range and not characterized as central obese (Yoo, 2016). Based on peripheral 248 

BP results, two participants in the CON and one in the INT were classified as hypertensive (Flack 249 

& Adekola, 2020). Regarding VO2max/M, participants in the CON were categorized as follows: 250 
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three were untrained, and nine were active. In the INT, six participants were considered 251 

untrained, and eight as active (Decroix et al., 2016). According to the SIPS and following the 252 

criteria established by Bentz et al. (2012), six participants in the CON and seven in the INT had 253 

premenstrual symptoms.  254 

 255 

Table 1. Participant's characteristics at baseline assessment 256 

Outcome  Total  INT CON p-value Effect size d 

N/%female 26/100 14/100 12/100 - - 

MC length (d)  29.4±2.5 29.4±2.9 29.3±2.0 .924 .0.38 

Age (y) 25.9±3.5 25.9±4.0 25.9±3.0 .966 -.017 

Height (m) 1.66±0.05 1.67±0.06 1.66±0.43 .966 -.017 

Body mass (kg) 60.4±6.1 60.2±5.9 60.6±6.6 .856 -.072 

BMI (kg.(m2)-1) 21.8±2.5 21.7±2.8 22.0±2.2 .785 -.109 

BodyFat (%) 24.5±5.9 24.1±6.1 25.0±5.9 .707 -.154 

WHtR 0.42±0.03 0.43±0.04 0.42±0.02 .522 .245 

Values are calculated with two-tailed independent t-test. Data are presented as mean ± standard deviation, and p-values indicate 257 
differences between the INT and CON. Effect size are reported as Cohen's d. 258 

INT=intervention group, CON=control group, MC length=average menstrual cycle length in the previous three MCs, BMI=body 259 
mass index, WHtR=Waist-to-Height-Ratio,  260 

 261 

Endurance performance  262 

We found no statistically significant difference in endurance parameters according to the groups 263 

over time (vVT1 (F(1,12) = .153,  p = .703, ηp
2 = .014), hrVT1 (F(1,12) = 3.039,  p = .109, ηp

2 = 264 

.216), vVT2 (F(1,12) = .409,  p = .535, ηp
2 = .036), hrVT2 (F(1,12) = 2.521,  p = .141, ηp

2 = 265 

.186); and VO2max/M (F(1,12) = 1.017,  p = .335, ηp
2 = .850) (s. Table 2.).  266 

However, a significant time effect was found for VO2max/M (F(1,12) = 18.753,  p = .005, ηp
2 = 267 

.630), vVT1 (F(1,12) = 10.704, p = .007, ηp
2 = .493) and vVT2 (F(1,12) = 7.746,  p = .018,  ηp

2 = 268 

.413), but not for the other endurance parameters. No group effects were found for any of the 269 

endurance parameters.  270 

 271 
Table 2. Endurance performance at baseline and post assessments 272 
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 INT CON   

 Outcome baseline post  baseline post  p-value 
(group ×  
time) 

ηp2 
(group ×  
time) 

p-value 
(time) 

ηp2 
(time) 

vVT1 (km.h-1)  5.1±1.7 6.8±1.2 4.9±1.9 6.4±1.8 .703 .014 .007** .493 

hrVT1 (b.min-1)  144.8±11.9 138.9±20.6 136.9±9.9 140.8±6.4 .109 .216 .634 .021 

vVT2 (km.h-1)  11.2±1.2 11.8±0.9 11.4±1.5 11.7±1.1 .535 .036 .018* .413 

hrVT2 (b.min-1)  183.6±9.9 181.8±5.9 178.1±7.7 180.0±5.4 .141 .186 .975 .000 

VO2max/M  

(mL. min-1.kg-1) 

39.25±4.62 43.00±4.47 40.83±4.80 43.25±4.39 .335 0.85 .001** .630 

Data are presented as mean ± standard deviation. Differences between groups and baseline and post-assessment were calculated 273 
with a two-factorial ANOVA with repeated measurements. P-values indicate interaction, group and time effects. Significant 274 
differences are highlighted with * and ** (* p<0.05, ** p<0.01). Effect size is reported as ηp2.  275 
INT=intervention group, CON=control group, vVT1=velocity at ventilatory threshold 1, hrVT1=heart rate at ventilatory 276 
threshold 1, vVT2=velocity at ventilatory threshold 2, hrVT2=heart rate at ventilatory threshold 2, VO2max/M =maximal oxygen 277 
consumption normalized per body mass 278 
 279 

Cardiovascular Parameters 280 

No significant time × group interactions effects were found for the cardiovascular parameters 281 

(systolic BP (F(1,12) = 2.092, p =.176, ηp
2 = .160), diastolic BP (F(1,12) = .144, p =.711, ηp

2 = 282 

.013), restHR (F(1,12) = .001, p =.979, ηp
2 = .000), RMSSD (F(1,12) = 2.617,  p =.134, ηp

2 = 283 

.192) and SDNN (F(1,12) = 1.122,  p =.312, ηp
2 = .093)) (s. Table 3). Additionally, no significant 284 

time effects were found for any of the cardiovascular parameters.  285 

 286 

Table 3. Cardiovascular parameters at baseline and post assessments 287 

 INT CON   

 Outcome baseline post  baseline post  p-value 
(group 
×  time) 

ηp2 
(group 
×  time) 

p-value 
(time) 

ηp2 
(time) 

Systolic BP (mmHg)  115.5±10.8 109.3±8.1 118.7±12.1 117.8±9.5 .176 .160 .184 .155 

Diastolic BP (mmHg)  69.0±6.9 66.9±6.8 71.3±8.6 70.4±6.0 .711 .013 .228 .129 

PWV (m.s-1) 5.06±0.31 4.87±0.33 5.10±0.39 5.10±0.30 .211 .138 .161 .170 

restHR (b.min-1)  72.7±12.8 68.9±14.2 71.3±9.1 67.6±7.9 .979 .000 .760 .259 

RMSSD (ms)  56.67±37.17 54.72±26.27 51.95±27.20 67.70±35.95 .134 .192 .223 .192 

SDNN (ms) 69.08±33.60 64.89±20.50 73.45±27.67 79.07±32.88 .312 .093 .901 .001 

Data are presented as mean ± standard deviation. Differences between groups and baseline and post-assessment were calculated 288 
with a two-factorial ANOVA with repeated measurements. P-values indicate interaction, group and time effects. Significant 289 
differences are highlighted with * and ** (* p<0.05, ** p<0.01). Effect size is reported as ηp2.  290 
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INT=intervention group, CON=control group, sBP=systolic blood pressure, dBP=diastolic blood pressure, PWV= pulse wave 291 
velocity, restHR=resting heart rate, RMSSD=Root mean square of successive RR interval differences, SDNN=Standard 292 
Deviation of NN Interval 293 
 294 
 295 

ICC, SEM and MD 296 

The ICC, SEM, MD, and the proportion of participants with changes exceeding the MD are 297 

reported in Table 4. The outcomes showed poor reliability for vVT1, systolic BP, diastolic BP, 298 

and PWV, and moderate reliability for hrVT1, vVT2, hrVT2, VO2max/M, restHR, RMSSD and 299 

SDNN. Based on the ICC and SEM, the following MD resulted for the performance parameters:  300 

vVT1: 4.2 km.h-1, hrVT1: 21.5 b.min-1, vVT2: 1.7 km.h-1, hrVT2: 14.2 m.min-1, VO2max/M : 7.0 301 

mL.min-1.kg-1; and for the cardiovascular parameters: systolic BP: 21.5 mmHg, diastolic BP: 12.2 302 

mmHg, PWV: 0.7 m.s-1, restHR: 16.5 b.min-1, RMSSD: 7.0 ms, and SDNN: 230 ms.  303 

 304 

Table 4. ICC, SEM and MD for endurance and cardiovascular parameters 305 

 Outcome ICC 95% CI SEM MD MD% INT MD% CON 

vVT1 (km.h-1)  .250 -.153 to .582 1.52 4.2 7% 8% 

hrVT1 (b.min-1)  .509 .150 to .749 7.75 21.5 0% 0% 

vVT2 (km.h-1)  .736 .486 to .874 0.60 1.7 0% 8% 

hrVT2 (b.min-1)  .664 .372 to .542 5.11 14.2 0% 0% 

VO2max/M (mL. min-1.kg-1) .742 .467 to .868 2.53 7.0 29% 8% 

systolicBP (mmHg)  .471 .110 to .723 7.71 21.4 14% 0% 

diastolicBP (mmHg)  .471 .110 to .726 4.77 12.2 14% 0% 

PWV (m.s-1) .490 .134 to .734 0.25 0.7 7% 0% 

restHR (b.min-1)  .706 .110 to 7.29 5.90 16.5 7% 0% 

RMSSD (ms)  .742 .467 to .868 2.53 7.0 0% 8% 

SDNN (ms) .697 .423 to .854 82.99 230.0 0% 0% 

ICC=Intraclass correlation coefficient, CI=confidence interval, SEM=standard error of the measurement, MD=Minimal 306 
difference to be considered real, MD%=percentage of participants with a difference ≥MD, INT=intervention group, 307 
CON=control group, vVT1=velocity at ventilatory threshold 1, hrVT1=heart rate at ventilatory threshold 1, vVT2=velocity at 308 
ventilatory threshold 2, hrVT2=heart rate at ventilatory threshold 2, VO2max/M =maximal oxygen consumption normalized per 309 
body mass, sBP=systolic blood pressure, dBP=diastolic blood pressure, PWV= pulse wave velocity, restHR=resting heart rate, 310 
RMSSD=Root mean square of successive RR interval differences, SDNN=Standard Deviation of NN Interval 311 
 312 
Individual patterns of training responses for endurance and cardiovascular parameters following 8 313 
weeks of running training are displayed in Figure 2.  314 
 315 
Figure 2. Individual patterns of training responses based on MD 316 
 317 
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 318 

319 
Individual patterns of response following eight weeks of training. Positive responses with an individual change from baseline to 320 
post-assessment larger than the MD (black boxes), minor responses smaller than the MD (negative minor change-scattered boxes 321 
and positive minor change - white boxes), and adverse responses exceeding the MD (red boxes) are shown for all participants 322 
across all variables.  323 
MD=Minimal difference to be considered real, MD%=percentage of participants with a difference ≥MD, INT=intervention 324 
group, CON=control group, vVT1=velocity at ventilatory threshold 1, hrVT1=heart rate at ventilatory threshold 1, 325 
vVT2=velocity at ventilatory threshold 2, hrVT2=heart rate at ventilatory threshold 2, VO2max/M =maximal oxygen consumption 326 
normalized per body mass, BP=blood pressure, PWV=pulse wave velocity, restHR=resting heart rate, RMSSD=Root mean 327 
square of successive RR interval differences, SDNN=Standard Deviation of NN Interval, PMS=Premenstrual Symptom 328 
 329 
Discussion  330 

In this study, our primary objective was to assess the effects of two distinct training approaches – 331 

polarized training adapted  to the MC and anti-MC-periodized training – on the endurance 332 

performance and cardiovascular parameters of moderately active females. 333 

 334 

Endurance Performance 335 

Both training programs significantly improved aerobic capacity and running velocity at the 336 

ventilatory thresholds. However, our findings revealed no significant differences between the two 337 

training approaches.  338 

This indicates that, for moderately active females, adapting running training to the MC does not 339 

confer a substantial performance advantage. These results align with earlier findings from our 340 

research group (Kubica et al., 2023). A major limitation of the previous study was that a 341 

significant portion of the control group's training coincidentally aligned with the MC phases. In 342 

the current study, we therefore implemented a polarized training adapted contrary to the MC in 343 

the CON to increase the differences between the training protocols. Despite these adjustments in 344 

the study design, no differences were observed between the groups.   345 
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Unfortunately, limited research on the effect of MC-adapted endurance training makes it difficult 346 

to classify the current results further. However, previous research on resistance training indicates 347 

a positive effect of adapting the training to the MC (Kissow et al., 2022; Thompson et al., 2020). 348 

It has been suggested that metabolic shifts during the MC may alter training readiness and 349 

response (Devries, 2016; Hackney, 2021; Hackney et al., 2022; Isacco & Boisseau, 2017; Vigh-350 

Larsen et al., 2021). Though, the current body of literature remains inconsistent (Hulton et al., 351 

2021). The inconsistent results may be attributed to factors such as training intensity (Oosthuyse 352 

& Bosch, 2010) and nutritional status (Hulton et al., 2021; McLay et al., 2007), which are often 353 

not adequately controlled in research studies. Those factors could potentially play a more 354 

influential role in metabolism and thus have a more substantial impact on training readiness and 355 

response than the MC. In the present study, we controlled the training intensity using HR. 356 

Unfortunately, the diet was not fully controlled. Participants were only encouraged to maintain 357 

adequate carbohydrate intake before each training session. Thus, it cannot be ruled out that 358 

differences in nutritional status before the exercises could have mitigated potential metabolic 359 

shifts associated with the MC (Hulton et al., 2021). 360 

 361 

Apart from the energy metabolism itself, various other factors, including individual athlete 362 

perceptions of the MC's impact on training and performance, as well as the lived experiences and 363 

stigmas related to the MC, can also influence training readiness and responses (Carmichael et al., 364 

2021; Kolić et al., 2021). Additionally, depending on the exercise intensity, psychological 365 

responses to training seem to be altered during the MC (Prado et al., 2021). Those alterations in 366 

motivation and affective response might impact training adherence and, therefore, long-term 367 

development (Prado et al., 2021). The complexity of overall performance dynamics (Coffey & 368 

Hawley, 2007), the influence of psychological responses (Prado et al., 2021), compounded by 369 

individual variability in how MC phases may affect performance (Julian et al., 2017), makes it 370 

crucial to consider individual changes.   371 

Therefore, we examined individual responses using the MD. Notably, in the INT, 31% of females 372 

exhibited changes in VO2max/M  that exceeded the MD, compared to 8% in the CON. This indicates 373 

that the training intervention adapted  to the MC resulted in a higher responder rate. For all other 374 

endurance parameters, changes exceeding the MD were less common in both groups.  375 

According to the literature, the presence of PMS in active females might also impact individual 376 

training responses and lead to MC-based performance changes (Carmichael et al., 2021). 377 
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Therefore, a subgroup analysis of females with and without PMS is recommended to explore the 378 

potential effects of PMS and to identify responders and non-responders (Carmichael et al., 2021). 379 

However, a statistical sub-group analysis was not feasible due to the small sample size and lack 380 

of power. Still, we were not able to identify a pattern when looking at the MD for each outcome 381 

and participant and the influence of PMS (s. Figure 2). Therefore, we assume that PMS had no 382 

impact on our results. 383 

 384 

In summary, both training approaches led to significant improvements in aerobic capacity and 385 

running velocity at the ventilatory thresholds; however, the MC-adapted and non-adapted training 386 

did not yield discernible differences in specific performance parameters. Also, the individual 387 

responses underscore the complexity and individuality of performance responses to MC-adapted 388 

endurance training. In light of our non-significant findings and considering prior research on MC-389 

adapted endurance training (Kubica et al., 2023), it seems plausible to suggest that MC-adapted 390 

training may not confer discernible performance benefits in healthy, moderately active, naturally 391 

menstruating, young adult females. Nevertheless, further investigation is needed to validate and 392 

refine this preliminary conclusion.  393 

 394 

Cardiovascular Parameters 395 

Besides endurance performance, our study investigated the impact of running training, adapted to 396 

and contrary to the MC, on various cardiovascular parameters. The results showed no significant 397 

interaction effects or time-related changes in all cardiovascular parameters.  398 

 399 

To the best of our knowledge, limited research has explored the impact of MC-adapted endurance 400 

training on cardiovascular parameters. The current findings align with a previous investigation 401 

from our research group, which demonstrated that MC-adapted endurance training did not yield 402 

substantial benefits regarding cardiovascular parameters (Kubica et al., 2023).  403 

 404 

When comparing the current results with research on the general influence of endurance training 405 

on cardiovascular parameters, the absence of time-related changes in our study contradicts with 406 

previous research (Cornelissen & Smart, 2013; Reimers et al., 2018). Current meta-analyses 407 

indicate a positive effect of endurance training on cardiovascular parameters, specifically by a 408 

reduction in BP and restHR (Cornelissen & Smart, 2013; Reimers et al., 2018). The recent meta-409 
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analyses point out that, on average, females experience a HR reduction of approximately 3.8 bpm 410 

following endurance exercise interventions (Reimers et al., 2018). Our results demonstrated 411 

comparable but non-significant changes in restHR, with an average decrease of 3.8 bpm in the 412 

INT and 3.7 bpm in the CON. However, it is essential to recognize that the intervention duration 413 

in our study falls on the lower end of the spectrum compared to the wide range of intervention 414 

durations in the meta-analysis (6-104 weeks) (Reimers et al., 2018). This may explain the lack of 415 

a significant effect on restHR in our study. 416 

 417 

Also, no significant time-related effects were found for systolic BP and diastolic BP in our study. 418 

Previous research on the effect of MC-adapted endurance training on BP is limited. To our 419 

knowledge, only one previous study from our research group (Kubica et al., 2023) investigated 420 

the effects, with no effects of the MC-adapted endurance training as well as block-periodized 421 

endurance training led on BP. However, a meta-analysis by Cornelissen et al. (2013) reported that 422 

endurance training reduces systolic BP but not diastolic BP. Notably, the effects on systolic BP 423 

are more pronounced in individuals with prehypertension or hypertension. Given that our 424 

participant group was predominantly healthy, the non-significant changes in systolic BP may be 425 

attributed to their baseline health status (Cornelissen et al., 2013).  426 

 427 

The PWV measures the velocity of the central pulse wave and represents a marker of arterial 428 

stiffness. Increased PWV is a predictive factor for cardiovascular events, even when considering 429 

other established risk factors (Ben-Shlomo et al., 2014). In our study, we were not able to detect 430 

any significant effects of the 8-week endurance training intervention on PWV. According to a 431 

meta-analysis, aerobic endurance training is generally associated with a significant decrease in 432 

the central PWV of -0.67 m.s-1 (Huang et al., 2016). Nevertheless, subgroup analyses in the meta-433 

analysis indicate variations, with reduced effects among healthy individuals (weighted mean 434 

difference of -0.19 m.s-1), compared to those with cardiovascular diseases (weighted mean 435 

difference of -0.55 m.s-1), longer intervention durations (weighted mean difference 4-8 week 436 

interventions: -0.35 m.s-1 vs. >16 weeks: -1.19 m.s-1), and more significant changes in VO2max/M 437 

(weighted mean difference change in VO2max ≤ 10% = -0.40 m.s-1 vs. ≥ 20% = -1.72 m.s-1), and in 438 

male compared to female participants (weighted mean difference males: -0.50 m.s-1 vs. females: -439 

0.36 m.s-1) (Huang et al., 2016). The relatively short 8-week intervention duration in our study, 440 
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coupled with the characteristics of our participants, may explain the limited effect of endurance 441 

training on PWV. 442 

 443 

Also, no significant changes in the HRV indices could be detected in the INT or CON group. 444 

Even though it has been shown that regular endurance training can positively affect HRV 445 

parameters, its effectiveness in healthy young to middle-aged individuals is still subject to critical 446 

discussion (Dutra et al., 2013). The inclusion of only young and healthy individuals may account 447 

for the absence of significant results in the current study. Regarding the individual responses, 448 

only 14% of the participants in each group reached the MD. 449 

 450 

Limitations 451 

Some limitations should be considered when interpreting the present results.  452 

First, the MC was determined by calendar-based counting, daily basal body temperature and 453 

ovulation measurements. Even though this is a practical and cost-effective approach to 454 

determining MC phases, accuracy is limited. Future studies should apply a three-step verification, 455 

including serum/plasma hormone analysis, to verify menstrual cycle phases and hormonal 456 

concentrations (Johnson et al., 2018; Schaumberg et al., 2017).  457 

Secondly, we only included healthy participants with a regular MC to reduce the heterogeneity 458 

and following ambiguity in the results. However, moderately active, naturally menstruating 459 

females represent only part of society, as MC irregularities are highly prevalent among females 460 

worldwide (Gimunová et al., 2022; Righi & Barroso, 2022). This limits the overall 461 

generalizability of our results to a broader population, including less or more physically active 462 

females or females with menstrual irregularities or disorders.   463 

Third, to ensure a comparable training load between the INT and CON, the training session 464 

distribution of two out of three MC phases was manipulated between the two groups, and one 465 

MC phase (early to mid-luteal phase) remained constant. Therefore, the overall impact was 466 

possibly too low to evoke differences between the MC-adapted and contrary-MC-adapted 467 

training, especially over the course of 8 weeks.  468 

Finally, our study consisted of a relatively small sample size due to the exclusion of participants 469 

prior to the intervention and before the data analysis, as well as dropouts during the intervention, 470 

leading to a decreased statistical power.  471 
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However, the current study can contribute to future sample size estimations by providing results 472 

for power calculations. Future studies should also consider recruiting larger samples to 473 

compensate for possible dropouts for the non-fulfillment of inclusion criteria related to the MC.  474 

 475 

Conclusion 476 

In summary, based on our results, we conclude that among healthy, naturally menstruating 477 

females, an 8-week polarized running training program consisting of three weekly training 478 

sessions significantly enhances performance but has no significant effect on cardiovascular 479 

parameters. Furthermore, our study did not reveal any discernible differences in performance and 480 

cardiovascular parameters between MC-adapted and contrary-MC-adapted training approaches. 481 

This contradicts previous studies on MC-based resistance training reporting positive effects on 482 

various performance parameters but aligns with prior research on endurance training. Future 483 

studies with an extended intervention period, a larger sample size, and a more reliable MC 484 

determination are warranted to advance our understanding of the influence of training adaptation 485 

in relation to the MC phase. 486 
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