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Abstract

Kordrostami, S. 2024. Cortisol, high sensitivity C-reactive protein and ferritin adaptation to
endurance training in naturally menstruating females vs. females using hormonal
contraceptives: Faculty of Sport and Health Sciences, University of Jyviskyld. Master’s thesis
in Exercise Physiology. 67 pp.

Introduction: Ferritin, hs-CRP and cortisol are markers of iron metabolism, inflammation and
stress, respectively. The current longitudinal study investigated the effect of eight weeks of
moderate-intensity aerobic exercise on cortisol, high-sensitivity C-reactive protein (hs-CRP),
and ferritin among naturally menstruating females and hormonal contraceptive users.

Methods: Thirty-two healthy young female volunteers were assigned to two experimental
groups: the control group (n=13) (CON) (naturally menstruating females) and the hormonal
contraceptive users (HC) group (n=19). Each group engaged in 1-3 workouts (running or
brisk walking) per week for eight weeks, with each session lasting between 30-90 minutes.
The training program involved maintaining a heart rate within the range of 60-75% of the
maximum heart rate. Blood samples were collected in the early follicular phase and hormonal
contraceptive active pill phase before and after eight weeks. Both groups follow the same
training program with equal intensity and volume. The menstrual cycle (MC) phases were
determined from the first day of bleeding. Clearblue advanced digital ovulation (CB-OT) kits
were used for ovulation detection.

Results: No significant changes in cortisol and ferritin concentrations were reported after 8
weeks in either group, and the relative changes in cortisol and ferritin were not significant
between groups (p>0.05). Cortisol showed a statistically significant difference between groups
at both baseline and post-MIET, with the HC group demonstrating higher concentrations.
A significant within-group difference was observed in hs-CRP for both groups. The CON group
experienced a reduction, while the HC group saw an increase post-MIET, and there was a
significant difference in the relative change in hs-CRP between the groups (p < 0.05).No
significant relationship was reported between cortisol, hs-CRP, or between cortisol and ferritin
(p>0.05)

Conclusion: The results suggest that an 8-week moderate-intensity endurance training
programme may not lead to distinct adaptations in serum ferritin and cortisol between the CON
and HC groups. However, the impact of MIET training on hs-CRP varies significantly
depending on the use of hormonal contraceptives, with the concentration increasing in the HC
group and decreasing in the CON group. No significant relationship was reported between
cortisol and hs-CRP as well cortisol and ferritin.

Key words: ferritin, hs-CRP, cortisol, hormonal contraceptive, naturally menstruating females,
moderate intensity endurance training
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1 INTRODUCTION

A key challenge in studying females lies in the inherent hormonal fluctuations experienced
throughout the menstrual cycle (MC) (Bruinvels et al., 2017). The use of hormonal
contraceptives adds additional challenges as they alter endogenous sex hormones, impacting
various physiological functions in females (Fleischman et al., 2010). This alteration may

include modifications in stress, inflammation, and iron stores.

Cortisol, high-sensitivity C-reactive protein (hs-CRP), and ferritin are indicators of stress
(Thau et al., 2019), inflammation (Bassuk et al., 2004), and iron storage (Knovich et al., 2009)
respectively. Earlier studies demonstrated crosstalk between the immune and neuroendocrine
systems (Liu et al., 2017; Quan & Banks., 2007). Hence, chronic alterations in one biomarker
can potentially disrupt the balance of other biomarkers. Briefly, chronic stress triggers the
hypothalamic-pituitary-adrenal axis (HPA), leading to the release of glucocorticoids (GC),
such as cortisol. Dysfunction in the HPA axis may increase proinflammatory cytokines,
ultimately releasing inflammatory biomarkers such as hs-CRP (Liu et al., 2017). The presence
of hs-CRP has the potential to disturb iron metabolism, leading to an increase in ferritin levels,

regardless of iron status. (Ueda & Takasawa, 2018).

Indeed, endurance training is recognized as a stressor that can potentially impact the HPA axis
and influence the levels of these biomarkers. However, conflicting findings exist regarding the
impact of exercise training on the concentration of cortisol and ferritin (Martinez-Diaz &
Carrasco., 2021; Bijeh et al., 2018), while other studies reported no change in the concentration
of cortisol and ferritin following endurance training (Hékkinen et al., 2005; Ishibashi et al.,
2022). Regarding hs-CRP, there is a consistent trend in the results, suggesting that
concentrations of hs-CRP decrease in naturally menstruating females with regular exercise
training (Mogharnasi et al., 2019). This indicates an anti-inflammatory effect of regular
exercise training. Among hormonal contraceptive users, research findings indicate elevated
levels of cortisol (Wiegratz et al., 2003), high-sensitivity C-reactive protein (hs-CRP) (Park,
2022), and ferritin (Gellert & Hahn, 2017) in comparison to females with natural menstruation.
It is proposed that synthetic sex hormones may potentially disrupt the HPA axis, consequently
impacting the inflammatory status in females using hormonal contraceptives (Wiegratz et al.,
2003; Cerqueira et al., 2020; Michigan et al., 2011; Margen & King, 1975).
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The effect of high-intensity endurance training on cortisol, hs-CRP, and ferritin levels is well
studied, even though not all those studies control for MC and the hormonal contraceptive
phases. However, the impact of moderate-intensity endurance training on these specific
biomarkers in naturally menstruating females and hormonal contraceptive users is less
explored. Therefore, to broaden our understanding of how different intensity of endurance
training influences these biomarkers, the present study aimed to explore the potential influence
of moderate-intensity endurance training on the adaptation of serum cortisol, hs-CRP, and
ferritin in both naturally menstruating females and users of monophasic hormonal
contraceptive pills. The unique aspect of this research is the comparison of two distinct groups,
which gives us better insights into female physiology. These insights, in turn, will serve as a
guide for making informed decisions when designing training program, ensuring that the level
of these essential biomarkers is not compromised. The selection of moderate-intensity
endurance training is based on the understanding that such training is believed to elicit various
positive effects on the immune system and overall health while imposing less stress on the

immune system than high-intensity endurance training (da Luz Scheffer & Latini., 2020).



2 LITERATURE REVIEW

2.1 Adaptation to endurance training

Endurance exercise involves the repeated contraction of a large group of skeletal muscles and
IS required to sustain a given power output or velocity for a prolonged duration (Jones &
Carter., 2000). This type of training generates considerable physiological changes over time,
which cause enhanced exercise performance and capacity (Jones & Carter., 2000; Hughes et
al., 2018). Endurance training induces cardiovascular and musculoskeletal adaptations,
promoting an overall enhancement in exercise capacity and performance. Musculoskeletal
adaptations include enhancing the capacity of skeletal muscles to store glycogen and
triglycerides (Hughes et al., 2018) and changing the substrate use by increasing lipid oxidation
and decreasing carbohydrate utilization, which consequently enhances substrate availability
(Henriksson., 1977; Holloszy & Coyle., 1984). The improved mitochondrial biogenesis and
increased capillary density, on the other hand, contribute to the body's capacity to transport and
utilize oxygen for energy production (Joyner & Coyle., 2008). Cardiovascular adaptation to
endurance training significantly boosts aerobic power, improving endurance performance by
enhancing maximal cardiac output (Q) due to an enlargement in cardiac dimensions. This
adaptation also increases muscle perfusion capacity, allowing for greater oxygen delivery
(Hellsten & Nyberg., 2015). These adaptations enable individuals to engage in prolonged
exercise or sustain a higher intensity for a specified duration (Jones & Carter., 2000).

Maximal oxygen consumption (VO:max) is an aspect that collectively defines aerobic fitness
(Whipp et al., 1982). This aspect is related to cardiovascular and musculoskeletal adaptation to
endurance training. VO2max can be defined as the ability of the skeletal muscle to use and
deliver oxygen during exercise (Santisteban et al., 2022). It reflects a person's maximal rate of
aerobic metabolism (Jones & Carter., 2000). Greater Q with elevated oxygen (O2) extraction
via skeletal muscle tissue during maximal exercise leads to better VO.max (Hellsten &
Nyberg., 2015).

Ventilatory threshold (VT) and lactate threshold (LT) are other aspects that define aerobic
fitness (Whipp et al., 1982). They are valid indicators of endurance performance and exercise

intensity (Goodwin et al., 2007). LT and lactate curves are essential in interpreting endurance

3



performance (Faude et al., 2009). VT is defined as changes in gas exchange during exercise in
which ventilation rises faster than VO.. LT, by turn, is defined as the gradual increase in blood
lactate concentration at the onset of exercise, which then accelerates as the exercise intensity
rises. This threshold is a key marker in understanding the transition between aerobic and
anaerobic metabolism during physical activity (Goodwin et al., 2007). The characteristics of a
successful endurance training program involve shifting the VT and LT curves toward the right.
These adaptations allow the individual to work at higher absolute and relative exercise intensity
without accumulating blood lactate (Jones & Carter.,2000). Nonetheless, various physiological
and methodological factors can impact the lactate curve. These include depleted glycogen
stores resulting from a low-carbohydrate diet (McLellan & Gass, 1989; Yoshida, 1984), muscle
fiber composition, the activity of glycolytic and lipolytic enzymes, as well as capillary or

mitochondrial density (Midgley et al., 2007).

In summary, endurance-type exercise training results in several physiological adaptations in
the body. The magnitude of training adaptation is affected by several factors, including the
intensity, frequency, and duration of exercise sessions, age, gender (Wenger & Bell, 1986), and

the recovery period after exercise (Neufer., 1989).

2.2 Cortisol and endurance training

Cortisol is the primary stress hormone with different roles and effects on the human body. The
cortisol level in the blood circulation constantly changes due to physiological, physical, and
psychological stressors (Hill et al., 2008). Cortisol is a GC hormone released by the adrenal
cortex (Wittert et al., 1996) plays a crucial role in regulating metabolism, mediating the stress,
and inflammatory responses, and immune function. (Thau et al., 2019). However, chronic high

levels of cortisol promote adverse physiological effects (Kraemer & Ratamess, 2005).

The sympathetic nervous system stimulates the hypothalamus, leading to the secretion of
corticotropin-releasing hormone (CRH). Then, CRH stimulates the anterior pituitary gland
(Hill et al., 2008) to release adrenocorticotropic hormone (ACTH), resulting in the secretion of
cortisol (Viru, 2004). After the secretion of cortisol from the adrenal glands, various tissues
such as the liver, skeletal muscle, and adipose tissue take it up from the blood. The availability

of cortisol in these tissues mediates various physiological functions in recovery and exercise
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capacity (Hill et al., 2008). A prolonged increase in cortisol levels within skeletal muscle
initiates catabolic responses, suppresses anabolism, and notably affects type 2 muscle fibers
(Kraemer & Ratamess, 2005). Consequently, cortisol diminishes protein synthesis and
promotes protein degradation in muscle cells, reducing lean muscle mass (Torres et al., 2021).
In adipose tissue, cortisol enhances lipolysis (Thau et al., 2019). Moreover, heightened cortisol
levels in the liver activate the gluconeogenesis pathway while inhibiting glycogen synthesis
(Kuo et al., 2015). Essentially, increased cortisol availability prompts muscle cells to produce
glucose from amino acids, lactate, and other sources, resulting in an elevation of protein

degradation and a reduction in protein synthesis (Thau et al., 2019).

Physical exercise is a stressor that stimulates the HPA axis, resulting in cortisol secretion (Hill
et al., 2008). Studies have shown that cortisol concentrations positively correlate with the
intensity and duration of exercise (Torres et al., 2021). Thus, with high-intensity and prolonged
exercise, the cortisol level is greater. Several other factors, such as types of exercise, training
status, gender, and rest interval, influence cortisol levels (Torres et al., 2021). The hydration
state is another factor influencing cortisol concentration, irrespective of exercise intensity, as
reported by Maresh et al. (2005).

During endurance exercises, the HPA axis is stimulated by a combination of adequate duration
and intensity in training (Duclos & Tabarin, 2016). In a singular session of endurance exercise,
the minimum intensity required to trigger cortisol release is approximately 60% of VO.max
(Viru et al., 2008; Hill et al., 2008). Beyond this threshold, cortisol concentration increases
proportionally with exercise intensity (Duclos et al., 1997). Conversely, exercising below 60%
VO:max only prompts the HPA axis to release cortisol after extending the duration of the
exercise (Duclos et al., 1997; Athanasiou et al., 2022). However, regular exercise training
induces adaptations in the neuroendocrine system, reducing basal stress hormone levels and
decreasing stress hormone concentration in response to both maximal and submaximal exercise

(Hackney, 2006). As a result, the HPA axis exhibits reduced sensitivity to such stressors.

Studies examining the effects of moderate-intensity training on cortisol levels in females are
mainly focused on evaluating the acute response to exercise, with limited attention given to
assessing cortisol concentration longitudinally. A review by Torres et al. (2021) studied the

effect of different types and intensities of exercise on cortisol production. The result indicated



that cortisol production is significantly greater in endurance-type training when compared with
resistance training. They concluded that duration and intensity were the primary factors in
increasing cortisol production. Other investigations have also confirmed the latter point
(Martinez-Diaz & Carrasco., 2021; Vega et al., 2006), although it is worth noting that these

studies focused on the acute responses.

Kraemer et al. (1989) showed the effect of different types of exercise, including sprint intervals,
endurance, and a mix of both, on plasma cortisol concentration over ten weeks. Their study
revealed that sprint interval training and combined training, including endurance training and
sprint intervals, significantly increased resting cortisol concentration. In contrast, endurance
training showed a negligible effect. They also reported that anaerobic exercises induces
different cortisol responses compared to aerobic training (Kraemer et al., 1989). Taipale et al.
(2020) similarly found no significant alteration in the absolute cortisol concentrations during
10 weeks of combined high-intensity endurance and strength training in both of their study
groups, which comprised men and females. They observed a slight decrease in cortisol levels,

though it did not reach statistical significance.

To sum up, previous studies indicate that the key factors significantly triggering cortisol
secretion are sufficient exercise intensity and duration. There seems to be a threshold of
approximately 60% VO:max required to elicit a cortisol response. This underscores the
importance of considering both the intensity and duration of exercise when examining cortisol

dynamics.

2.3 Inflammation and its roles

Inflammation is a state induced by stressors, and it plays a key role in maintaining body
homeostasis, by beginning to destroy and excreting harmful compounds and damaged tissues
(Cerqueira et al., 2020). Acute phase reactants (APR) are inflammation biomarkers and
essential mediators built in the liver during acute and chronic inflammatory states (Gulhar et
al., 2018). APRs are classified into positive and negative APRs. The markers of positive APR
are C-reactive protein (CRP), ferritin, and hepcidin, the concentrations of which rise with
inflammation. On the other hand, the markers of negative APR, such as albumin, transferrin,

and retinol-binding protein, drop in inflammation conditions (Gruys et al., 2005).
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CRP is a protein that increases in response to tissue injury, infection, and inflammation and is
believed to be a risk marker of chronic systemic inflammation, cardiovascular risk, and hs-
CRP (Un et al., 2016; Fedewa et al., 2017). Hs-CRP has a higher sensitivity than CRP and
allows a detection level of <3mg/L (Ridker, 2009). Hs-CRP is recognized as a marker
indicating a low-grade systemic inflammation condition (Li et al., 2017) and is presumed to be
a risk factor for various conditions, including atherosclerosis, myocardial infarction, and stroke
(Galkina & Ley, 2009; Pradhan et al., 2001; Calabro et al., 2012). Evidence suggests that age,
adiposity (Gentile et al., 2010; Kawamoto et al., 2013), sex (with higher hs-CRP in females
compared to men (Lu et al., 2017; Garcia et al., 2016), race, and ethnicity (Khera et al., 2005;
Majka et al., 2009) can influence the production of hs-CRP.

2.4 Endurance training and hs-CRP

Exercise is one of the stressors that leads to significant physiological changes in the body and
immune system, resulting in the secretion of inflammation biomarkers (Silveira et al., 2016;
Docherty et al., 2022). The release of proinflammatory cytokines post-exercise is crucial in
long-term adaptive responses to exercise training. This process is essential for facilitating
repair procedures, particularly those resulting from training demands (Oishi & Manabe, 2018;
Cerqueira et al., 2020).

The level of hs-CRP, produced by hepatocytes, increases in response to proinflammatory
cytokines, including interleukin-6 (IL-6), tumor necrosis factor (TNF-a), after exercise with
adequate intensity (Cerqueira et al., 2020; Michigan et al., 2011). However, studies have
suggested an inverse relationship between regular physical activity and serum concentration of
hs-CRP (Kasapis & Thompson, 2005). Previous studies suggested a 19-35 % lower CRP
among individuals who are more physically active compared with less active counterparts
(Fedewa et al., 2017). Indeed, there is a reported trend indicating that regular physical training
has the potential to reduce inflammatory cytokines and enhance basal anti-inflammatory
cytokines (Petersen & Pedersen, 2005; Wilund., 2007).

It is worth noting that factors such as mode, intensity, and duration of exercise are associated

with changes in the serum concentration of hs-CRP (Strachan et al., 1984; Nosaka & Clarkson.,
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1996; King et al., 2003). Factors such as muscle injury and muscle mass involvement have
been reported to influence the serum concentration of inflammatory biomarkers. (Kasapis &
Thompson., 2005). Generally, high-intensity exercise shows a higher concentration of
inflammatory biomarkers, mainly when conducted with fewer resting periods, while moderate
to vigorous exercise with proper recovery periods showed less or no increase in serum

concentration of inflammatory biomarkers (Cerqueira et al., 2020).

The majority of the investigations have indicated a significant decline in serum hs-CRP
concentration by regular exercise and physical activity (Campbell et al., 2009; Daray et al.,
2011; King et al., 2003; Mogharnasi et al., 2019; Rosenbaum et al., 2007; Sponder et al., 2017).
Several mechanisms have been proposed to explain how exercise contributes to the reduction
of CRP. One key aspect is the suggested importance of fat loss in lowering CRP levels
(Campbell et al., 2009). As adipose tissue decreases, proinflammatory cytokines such as IL-6
and TNF-a secretion diminish. This, in turn, leads to a decline in hs-CRP concentration since
these cytokines play a role in stimulating hs-CRP release (Campbell et al., 2009). Changes in
fat metabolism play a role in the anti-inflammatory benefits of exercise, with an inverse
relationship observed between abdominal lipolysis and inflammatory cytokines (You et al.,
2004). Furthermore, an increase in the rate of muscle protein synthesis is believed to elicit an

anti-inflammatory response (Donges et al., 2010).

Numerous studies have explored the impact of different types of exercise on the levels of
inflammatory biomarkers. Mogharnasi et al. (2019) examined the effect of the different types
of exercise (endurance and resistance) on hs-CRP in obese females. They reported that the
serum level of hs-CRP decreased significantly in response to both types of exercise, but a
greater decrease was seen in the endurance group. The possible mechanism of lower hs-CRP
level in endurance training was reduced fat mass. On the other hand, a study by Daray et al.
(2011) illustrated that resistance training combined with endurance training might produce a
better response to decreasing the plasma CRP concentration in females regardless of changes

in aerobic capacity or body composition.

A study by King et al. (2003) indicated that after adjusting for potential confounding variables,
such as age, race, sex, body mass index (BMI), smoking, and health status in the logistic

regression model, only participants who were regularly jogging and participating in aerobic

8



dancing were considered unlikely to have elevated inflammatory biomarkers compare with
other forms of exercise including cycling and swimming and weightlifting. Their findings
suggest that certain types of physical activity are linked to a reduced likelihood of increased
inflammatory markers. However, it is essential to note that variations observed could be
influenced by factors such as exercise intensity or duration. Further, Dufaux et al. (1984)
conducted a comparative analysis involving athletes from various disciplines, including
rowers, swimmers, middle and long-distance runners, football players, and racing cyclists.
They were compared with an untrained control group. The results indicated that hs-CRP
concentration was lower in the athlete groups, both men and females, compared to the untrained

group, with swimmers showing notably lower concentrations.

In summary, regular exercise training offers an anti-inflammatory treatment. However, factors
such as different exercise intensity and duration play a defining role in the anti-inflammatory
effects of regular training. This is apparent in specific investigations where certain sports seem
to induce a more substantial decrease in hs-CRP levels, while others showed less pronounced

changes.

2.5 Iron and its importance

Iron is a micronutrient that influences multiple bodily functions, such as oxidative metabolism,
and is essential to exercise performance and endurance exercise training (DellaValle., 2013).
Iron is an essential component of hemoglobin (Hb), hematocrit (Alaunyte et al., 2015), and
myoglobin (Hinton., 2014) , which is crucial for supplying oxygen to tissues throughout the
body (Rubeor et al., 2018). Hence, the low Hb level affects the oxygen transportation to an
active muscle, which then influences performance and consequently, VO:max and aerobic

power decrease (DellaValle., 2013).

The body is not able to build iron; therefore, sufficient dietary iron is crucial in preserving iron
stores because the low level of iron stores disturbs the production of adenosine triphosphate
(ATP), which can influence the aerobic capacity and push the body to anaerobic metabolism
of glucose to create ATP (Hinton., 2014). According to the Food & Nutrition Board (2001),

the daily iron recommendation for females is 18 mg.



Numerous biomarkers are available to identify iron status, such as hepcidin (primary iron
regulatory hormone), serum iron, transferrin, transferrin saturation, and soluble transferrin
receptor (Aimone-Gastin., 2006). However, serum ferritin is the most clinically applicable for
keeping track of changes in iron status (Daru et al., 2017; Mei et al., 2005). Ferritin, a blood
protein containing iron, is considered a total body iron storage (Rubeor et al., 2018). However,
it is worth mentioning that serum ferritin is an APR,; thus, it is not a reliable predictor of iron
status in individuals with liver disease, obesity, and inflammation (World Health Organization.,
2020), as it shows a considerable difference in serum concentration during these conditions
(Gulhar et al., 2018; Dignass et al., 2018). Consequently, the result from the measurement of

serum ferritin is only reliable in the absence of any disease.

Studies have shown that exercise training acutely and chronically changes the concentration of
ferritin (Roecker et al., 2005; Sinclair & Hinton., 2005; Mcclung et al., 2009; Peeling et al.,
2009; Newlin et al., 2012). During exercise, several mechanisms such as hematuria, hemolysis
(foot strike, impact), gastrointestinal bleeding, sweating, inflammation, and poor dietary iron
intake contribute to iron loss (Auersperger et al., 2013; DellaValle & Haas., 2011; Akabas &
Dolins., 2005). Menstruation is another essential factor contributing to iron loss among
premenopausal females. Furthermore, research indicates significant day-to-day variability in
ferritin levels regardless of the training load (Malczewska et al., 2000; Cooper & Zlotkin,
1996). This underscores that ferritin alone is not a reliable indicator of iron metabolism

(Malczewska-Lenczowska et al., 2010).

2.6 Endurance training and ferritin

Studies examining the impact of endurance training on ferritin levels mostly have found a
strong association between endurance training and low ferritin, particularly in long-distance
running and triathlons (Beard & Tobin, 2000; Rocker et al., 2002). In athletes and physically
active populations, ferritin levels are generally lower compared to the sedentary population
(Roecker et al., 2005). This phenomenon can be explained by the body's demand for iron,
which increases during exercise to improve the production of red blood cells (erythropoiesis)
(Montero & Lundby, 2011).
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Several investigations regarding the ferritin adaptation to exercise training demonstrated an
exercise-induced change in ferritin concentration (Newlin et al., 2012; Terink et al., 2018;
Mcclung et al., 2009; Blum et al., 1986; Bijeh et al., 2018), while others demonstrated no
changes in the level of ferritin following an exercise training (Ishibashi et al., 2022;
Malczewska-Lenczowska et al., 2010). Studies indicated that exercise-induced changes in
ferritin levels correlate with training intensity (Malczewska et al., 2000) and ferritin baseline
level (Peeling et al., 2014). Therefore, this could explain the variation in the results. Earlier
studies demonstrated that long-term and more intense exercise imposes more stress on the
immune system than moderate-intensity exercise (Suzuki & Hayashida., 2021). Thus, when
exercise triggers a rise in serum ferritin, it could be linked to the immune response to exercise
training and inflammation. These factors stimulate the APR, leading to consistently elevated
ferritin levels (Schumacher et al., 2002) . On the other hand, the decline in ferritin levels after
a training period reported in some investigations might be associated with inadequate iron

intake and hemolysis following exercise training (Badenhorst et al., 2019).

Malczewska et al. (2000) reported a day-to-day variability of ferritin ranging from 13 to 77%
and found a significant positive correlation between training intensity and ferritin concentration
in female elite judokas. In a study conducted by Bourque et al. (1997), no significant group-
by-time interaction in ferritin serum concentration was observed among their walking/running
group, cycling group, and nonexercised control group over 12 weeks of training consisting of
three to four times per week at 80% VO.max. They reported a notable reduction in ferritin
concentration across all study groups over time, including a nonexercised control group; they
concluded that 12 weeks of exercise training did not result in a significant decrease in serum
ferritin concentration in previously untrained females. This conclusion contrasts with the
findings of Blum et al. (1986), who reported a significant decrease in serum ferritin
concentration among females participating in aerobic dance four times per week for 35 minutes
per session over 13 weeks compared to their control group. Factors such as methodological
and statistical approaches, research design, and different populations may influence the

outcomes.

2.7 Physiology of menstrual cycle and hormonal contraceptive
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MC is regulated by the monthly cyclic physiological changes resulting from hormones secreted
by the hypothalamus, pituitary, and ovaries, which lead to the removal of the uterine lining
(Reed & Carr., 2015). The hypothalamic—pituitary—ovarian (HPO) axis is called the female
reproductive axis, as it is the primary regulator of estradiol (E2) and progesterone (P4) (Davis
& Hackney., 2017). Hormones throughout the MC are secreted in the form of negative and
positive feedback. The hypothalamus begins to release gonadotropin-releasing hormone
(GnRH) at the onset of puberty. GnRH travels down to the anterior pituitary gland and binds
to its receptors on the gland. This signals the anterior pituitary to promote the release of
luteinizing hormone (LH) and follicle-stimulating hormone (FSH). LH and FSH travel through
the bloodstream to the ovaries and bind to their receptors in the ovaries. This stimulates the
production of E2 and P4. Once the level of E2 and P4 is increased in the luteal phase (LP),
negative feedback is provided and sends the signal to the anterior pituitary to decrease FSH
and LH. On the other hand, during ovulation, positive feedback is provided when the required
amount of E2 is secreted, resulting in increased LH and FSH production (Thiyagarajan et al.,
2021). FIGURE 1 illustrates the HPO axis pathways.
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FIGURE 1. Hypothalamic—pituitary—ovarian (HPO) axis pathway. (Holtzman & Ackerman.,
2019). FSH= follicle-stimulating hormone; LH = luteinizing hormone; GnRH= gonadotropin-

releasing hormone;

The cyclic fluctuations of E2, P4, LH, and FSH in healthy, naturally menstruating females

typically divided the MC into two main phases: follicular phase (FP) and LP. These phases are
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separated by ovulation, which may result in fertilization and/or menstruation (Davis &
Hackney., 2017). The average length of a menstrual cycle is typically 28 days, with most cycle
lengths falling between 25 to 30 days (Bull et al., 2019). The duration is calculated from the
initial day of bleeding in one cycle to the initial day of bleeding in the next cycle. (Reed &
Carr., 2015). FIGURE 2 illustrates the hormonal fluctuation throughout MC.

LH Progesterone

250

-aC— Follicular phase—>3»| -a€—— Luteal phase ——3»

0 days 14 days 28 days
Ovulation

FIGURE 2. Hormonal fluctuation over the mensuration. (Chidi-Ogbolu & Baar., 2019)

The FP marks the initial stage of the MC, spanning from the first day of bleeding through day
14 in an average 28-day cycle (Farage et al., 2009). Early FP is marked as a low E2, P4, LH,
and FSH concentration. However, the concentration of E2 increases towards late FP, followed
by arise in LH and FSH just before ovulation (Rael et al., 2021). During the FP, the primary
goal is the maturation of ovarian follicles, preparing one of them for eventual release during
ovulation (Monis & Tetrokalashvili., 2022). Ovulation typically occurs on day 14 of an average
28-day cycle (Thiyagarajan et al., 2021), marked by a subsequent sharp decline in
concentrations of E2, LH, and FSH right after this pivotal event (Rael et al., 2021). LP, the
second phase of the MC, is typically observed from day 14 to day 28 in an average 28-day
cycle. During this period, P4 takes centre stage as the primary hormone. P4 concentrations start
to rise and peak in mid-LP. In the late LP, all hormones decline to prepare the uterus for the

next menstrual cycle (Thiyagarajan et al., 2021; Rael et al., 2021; Farage et al., 2009).

It is essential to consider the influence of hormonal fluctuations when investigating females,
because the variations in E2 and P4 during different phases of the menstrual cycle may result

in diverse responses and adaptations to exercise, influencing females' performance and
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recovery (McNulty et al., 2020; Hackney et al., 2019). Understanding these dynamics can pave
the way for more tailored approaches to training and healthcare for females.

Hormonal contraceptives. The use of synthetic sex hormones in hormonal contraceptives adds
an additional layer of complexity that might result in different exercise adaptations compared
to females not using hormonal contraceptives. Below, we will delve into the indications for

use, types, and the mechanism of how hormonal contraceptives work.

Generally, the hormonal contraceptive pill is widely utilized for birth control among both
athletic and non-athletic females. It decreases variation in cycle length, ensuring a consistent
28-day cycle (Burrows & Peters., 2007). Hormonal contraceptive serve various purposes
beyond birth control, including promoting bone health, managing premenstrual symptoms
(PMS), manipulating or regulating the menstrual cycle, and addressing conditions like
amenorrhea and painful menstruation (Rickenlund et al., 2004; Davis & Westhoff, 2001;
Bennell et al., 1999). They come in diverse forms, including oral pills, intrauterine devices,
vaginal rings, transdermal patches, injections, and subcutaneous implantation (Martin & Elliot-
Sale, 2016).

Hormonal contraceptive pills consist of ethinyl estradiol (EE) and progestin, available in two
main forms: "combined hormonal contraceptive pills" containing both EE and progestin and
"progestin-only™ or mini-pills, which exclusively contain progestin (Cooper et al., 2017).
Among females, combined hormonal contraceptive pills are predominantly prescribed. Pills
containing EE and progestin come in monophasic and triphasic forms, with less common
biphasic pills (Bennell et al., 1999).

Combined hormonal contraceptive pills are offered in 21-day or 28-day packages. The 28-day
pack comprises 21 pills containing EE and progestin (active pill phase) and an additional 7
placebo pills (inactive pill phase). In contrast, a 21-day package consists entirely of active pills
with no inactive ones. A pill is taken daily for three weeks, followed by a seven-day break
during which no pills are consumed. The only distinction between the 28-day and 21-day boxes

is the presence of the 7 placebo or inactive pills. (Findlay., 1986).
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Monophasic pills deliver a consistent amount of EE and progestin throughout the pill cycle,
typically spanning three weeks (FIGURE 3a). Various brands of monophasic pills may contain
differing quantities of EE and progestin. On the other hand, biphasic pills provide a fixed dose
of EE, with two distinct dosages of progestin administered between days 7-10 and days 11-14,
followed by 7 days of placebo (FIGURE 3b). Triphasic pills undergo three hormonal changes
over the pill cycle, involving varied amounts of EE and progestin (FIGURE 3c). The specific
dosage of EE and progestin can vary depending on the pill brand (Burrows & Peters., 2007).
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FIGURE 3. Hormonal pattern in (a) monophasic, (b) biphasic, and (c) triphasic hormonal

contraceptive pills (Burrows and Peters., 2007).

The primary mechanism of hormonal contraceptive pills is to prevent ovulation by inhibiting
the pituitary secretion of gonadotropins, which regulate the production of endogenous E2 and
P4 (reduce the production of E2 and P4) (Cooper et al., 2017). Hormonal contraceptives
function by exerting negative feedback on the hypothalamus and pituitary gland, leading to
suppression of LH, FSH, and GnRH. Consequently, follicular development and ovulation are
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prevented by low concentrations of LH and FSH (Elliott-Sale et al., 2013; Cooper et al., 2017),
which then causes consistent down-regulation of endogenous E2 and P4 (Elliott-Sale et al.,
2013). As a result, ovulation is prevented when there is no follicle development and no LH
surge to trigger the release of the follicle (Cooper et al., 2017). FIGURE 4 illustrates the

mechanism of hormonal contraceptive pills.
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FIGURE 4. The mechanism of hormonal contraceptive pills. LH= Luteinizing hormone. FSH=

follicle-stimulating hormone. OCP= oral contraceptive pill (Burrows & Peters., 2007).

In summary, hormonal contraceptives are available in different formulations and chemical
compositions, which affect the body differently. Thus, it is essential to comprehend the
mechanisms of each and group different forms separately (Elliott-Sale et al., 2013) as some
types of hormonal contraceptive supply the body with more EE (3-5 folds) and progestin (1-3-
fold) than endogenous level (Myllyaho et al., 2021; Elliott et al., 2005) compared to other. This
might impact the adaptation to exercise training, recovery, and performance (Elliott-Sale et al.,

2020; Dalgaard et al., 2019). In the studies investigating hormonal contraceptives and exercise
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performance, hormonal contraceptive users are mainly included as a control group; this allows

researchers to compare the effect of MC (Elliott-Sale et al., 2013).

2.7.1 Influence of menstrual cycle and hormonal contraceptive on cortisol

As mentioned, MC is involved in considerable hormonal changes, leading to physical and
physiological changes. Generally, E2 is recognized as a potential regulator of the cortisol

response to stressors in females. (Boisseau et al., 2013).

In a meta-analysis conducted by Hamidovic et al. (2020), it was reported that the concentration
of cortisol changes continuously throughout MC phases. This suggests that cortisol availability
is particularly crucial during the FP to regulate adaptive physiological procedures in response
to environmental stressors when the levels of E2 and P4 are low (Hamidovic et al., 2020).
However, the studies in this area reported mixed results, with some indicating no changes
(Timon et al., 2013; Stewart et al., 1993; Boisseau et al., 2013) and some suggesting higher
concentrations in FP (Hamidovic et al., 2020; Villada et al., 2014), and some reported higher

concentrations in LP (Genazzani et al., 1975) in naturally menstruating females.

The stress response varies between females using hormonal contraceptives and naturally
menstruating females. Previous investigations reported that hormonal contraceptives increased
serum cortisol compared to non-users (Kirschbaum et al., 1996; Timmons et al., 2005; Kuhl et
al., 1993; Wiegratz et al., 1995). Users of hormonal contraceptives may potentially experience
elevated cortisol levels due to the alteration of the HPA axis (Kirschbaum et al., 1996).
Hormonal contraceptives have been suggested to contribute to the elevation in serum cortisol

by inhibiting hepatic metabolism of corticosteroids (Wiegratz et al., 2003).

There are a couple of mechanisms through which hormonal contraceptives may influence
cortisol levels. Firstly, hormonal contraceptives may enhance the synthesis of corticosteroid-
binding globulin (CBG). CBG is a protein responsible for transporting GC like cortisol in the
bloodstream, consequently influencing the tissue availability of these hormones This, in turn,
increased serum cortisol binding by CBG. Second, hormonal contraceptive has been proposed
to contribute to the elevation of serum cortisol by potentially inhibiting hepatic corticosteroid
metabolism (Scott et al., 1990; Wiegratz et al., 2003).
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A study by Wiegratz et al. (2003) examined the effect of different hormonal contraceptives on
cortisol. They indicated that the elevation in cortisol concentration is linked to the dosage of
EE present in the pills. This highlights the complex interplay between hormonal contraceptives
and cortisol, suggesting that cortisol dynamics are influenced by factors such as the dosage and

composition of hormonal contraceptives.

2.7.2 Influence of menstrual cycle and hormonal contraceptives on hs-CRP

Female's physiological reproductive systems, such as ovulation and menstruation, exhibit signs
of inflammation (Chaireti et al., 2016). As previously mentioned, the lining of the uterus
experiences cyclic inflammation, leading to tissue destruction and menstruation (Maybin &
Critchley., 2011).

Research has shown that hs-CRP production varies throughout the menstrual cycle,
irrespective of body weight (Puder et al., 2006). Additionally, both endogenous and exogenous
female sex hormones appear to have distinct impacts on hs-CRP levels. E2 shows a negative
association with hs-CRP, while endogenous P4 demonstrates a positive association. In contrast,
synthetic hormones_ EE and progestin_ exhibit the opposite effect. (Wander et al., 2008;
Chaireti et al., 2016). The majority of studies demonstrated a significant rise in hs-CRP
concentration in FP compared to LP in regularly menstruating females (Vashishta et al., 2017;
Puder et al., 2006; Wander et al., 2008; Gursoy et al., 2015). In contrast, Wunder et al. (2006)
and Saxena et al. (2012) found no significant difference in hs-CRP concentration over MC.
The inconsistency in the result might be because of the different methodologies used to
determine hs-CRP (Vashishta et al., 2017).

Generally, hs-CRP concentration is higher in hormonal contraceptive users than non-users
(Fedewa et al., 2018). Studies on the association between hormonal contraceptives and
inflammatory biomarkers have demonstrated that hormonal contraceptives increase chronic
low-grade inflammation in the lack of any disease process (Park, 2022; Fedewa et al., 2018).
However, the underlying mechanism is not clear (Park., 2022). The data from different cohorts,
including healthy young females, have illustrated that hormonal contraceptive users possibly
have a six to nine times higher elevation of hs-CRP than non-users (Fedewa et al., 2018; Cauci

et al., 2008; Krintus et al., 2010). Van Rooijen et al. (2006) reported a significant increase in
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the level of hs-CRP after two months of using various types of hormonal contraceptives,

including both third generation and second-generation formulations.

2.7.3 Influence of menstrual cycle and hormonal contraceptives on ferritin

Previous investigations have indicated that the mean values of serum ferritin tend to be low
during the bleeding phase of the menstrual cycle and reach their peak during the LP in a normal
cycle (Kim et al., 1993). Additionally, serum ferritin has shown an inverse relationship with
the duration of bleeding (Milman et al., 1992). Therefore, the fluctuation of both endogenous
and exogenous reproductive hormones, mainly E2 and P4, throughout the menstrual cycle and
hormonal contraceptive phases could notably impact how ferritin adapts to exercise.
Considering that females of reproductive age lose 10-40 mg of iron through menstrual bleeding
in each cycle, it is possible that this blood loss might play a crucial role in influencing overall

iron storage (Higham et al., 1990).

On the other hand, hormonal contraceptives have the potential to positively impact iron status
by reducing menstrual blood loss (Fischer et al., 2021). In earlier studies, Bathija et al. (1998)
noted higher ferritin levels in individuals using hormonal contraceptives compared to non-
users. This trend continues in recent research by Gellert & Hahn (2017), where females,
especially those using the fourth progestin generation, exhibit higher ferritin concentrations
than naturally menstruating females. The specific type of hormonal contraceptive appears to
play a role in determining iron status, as Gellert and Hahn (2017) indicated. However,
conflicting results arise from investigations like Larsson et al. (1992) who reported no
difference in the level of ferritin among naturally menstruating females and the users of
hormonal contraceptives. A study by Alfaro-Magallanes et al. (2023), supported these findings

by reporting no distinction.

Despite this, Yang et al. (2012) suggested that the improved iron status in hormonal
contraceptive users is likely linked to reduced menstrual blood loss and/or suppressed hepcidin
transcription by E2 treatment, which is a protection mechanism to enhance iron uptake during
bleeding. Further, enhanced gut absorption of iron in hormonal contraceptive users is another

mechanism associated with better serum ferritin status (Margen & King., 1975
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When interpreting the results related to hormonal contraceptives, it is crucial to consider that
the higher ferritin concentration observed may be associated with increased inflammation.
However, uncertainty arises when determining whether elevated serum ferritin reflects existing
inflammation, a contributor to the inflammatory process, or part of a cyclical relationship, as
discussed by Kell and Pretorius (2014).

On the other hand, the explorations into ferritin concentration throughout the MC have
demonstrated that different phases of the MC influence the concentration of ferritin, as is
evident in Kim et al. (1993) and Alfaro-Magallanes et al. (2022) study, which proposed
decreased iron parameters, including ferritin, during the early FP compared to the LP.
However, contradictory findings are also available, which suggested no significant difference

in mean serum ferritin across menstrual cycle phases (Belza et al., 2005; Zheng et al., 2021).
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3 PURPOSE OF THE STUDY AND RESEARCH QUESTIONS

Exercise is one of the stressors that activates the neuroendocrine and immune systems,
influencing hormonal responses (Hackney., 2006; Scheffer & Latini, 2020) . In females,
hormonal fluctuations occur naturally throughout the MC or with the use of hormonal

contraceptives, potentially triggering distinct biological responses.

Investigating the adaptation of cortisol, hs-CRP, and ferritin following endurance training in
naturally menstruating females and hormonal contraceptive users is crucial for several reasons.
Firstly, understanding how these biomarkers respond to endurance training in naturally
menstruating female and hormonal contraceptive users provides valuable insights into the
physiological adaptations specific to hormonal status. Although relying on a single biomarker
for different conditions may not be sufficient to draw definitive conclusions, this understanding
contributes to the development of informed decisions when designing training program for
naturally menstruating females and the users of hormonal contraceptives. Secondly, monitoring
changes in these biomarkers helps assess the impact of endurance training on overall health and
well-being in females. Previous research has indicated diverse responses to high-intensity
exercise training, with limited attention given to the impact of hormonal contraceptives on these
biomarkers in the context of exercise training. Additionally, the impact of moderate-intensity
endurance training on these biomarkers remains relatively understudied. Understanding how
different training intensities and modes affect markers of stress, inflammation, and iron status
can offer useful insights for designing training programs for these specific populations. This
ensures that the levels of these particular biomarkers are not compromised during the training
process. Therefore, the current study aims to explore the impact of an eight-week moderate-
intensity training program on serum cortisol, hs-CRP, and ferritin levels in naturally
menstruating females and hormonal contraceptive users. The investigation seeks to answer the

following questions:

Question 1: Does the influence of moderate-intensity training on serum cortisol, hs-CRP, and
ferritin differ between naturally menstruating females and hormonal contraceptive users?

Hypothesis 1: Yes. Hormonal contraceptive users are anticipated to exhibit a distinct response
pattern compared to naturally menstruating females in terms of cortisol, hs-CRP, and ferritin.

Regarding cortisol, the administration of oral contraceptives containing E2 has been proposed
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to contribute to the elevation of serum cortisol by potentially inhibiting hepatic corticosteroid
metabolism. Therefore, this leads to increase in the level of cortisol among hormonal
contraceptive users (Wiegratz et al., 2003). Synthetic sex hormones in hormonal contraceptives
also have the potential to disrupt the body's inflammatory status by interfering with endogenous
reproductive hormones. This disruption can increase the levels of proinflammatory markers,
such as IL-6 and TNF-a, which, in turn, may stimulate the liver to produce hs-CRP (Cerqueira
et al., 2020; Michigan et al., 2011). In terms of ferritin, the synthetic E2 present in hormonal
contraceptives may suppress hepcidin transcription, which serves as a protective mechanism to
enhance iron uptake during bleeding. This leads to higher levels of ferritin among hormonal

contraceptive users (Margen & King., 1975).

Question 2: What is the relationship between cortisol and hs-CRP after the training period?
Hypothesis 2: It is hypothesized that if the cortisol concentration exceeds the reference value,
a positive relationship between cortisol and hs-CRP will be observed. Chronically elevated
cortisol is linked to increased adiposity. Increased adiposity subsequently increases the
inflammatory response in the body (Van der Valk et al., 2018) . Elevated cortisol level has the
potential to disturb the HPA axis. As a result, proinflammatory cytokines are downregulated
while anti-inflammatory cytokines are upregulated, ultimately resulting in the release of
inflammation markers such as hs-CRP

(Liu et al., 2017).

Question 3: What is the relationship between cortisol and ferritin after the training period?

Hypothesis 3: A positive correlation is anticipated after the training period if the ferritin
concentration is elevated. To date, no authors have demonstrated the relationship between
cortisol and ferritin concentration over the training period among naturally menstruating female
and the users of hormonal contraceptive. Nevertheless, earlier studies on unhealthy populations
have indicated that elevated ferritin levels can impact adrenal gland function, potentially

resulting in an increase in cortisol secretion.
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4 METHODS

4.1 Participants and ethics

The current study is part of a bigger multidisciplinary study (NaisQ study) where the primary
aim was to compare menstrual cycle-mediated endurance training with traditional endurance
training in females. The study was accomplished at the Faculty of Sport and Health Sciences,
University of Jyvaskyld, and included volunteers who signed up through the advertisement

(social media, public places, sports halls, and gyms).

A group of thirty-three healthy young female volunteers were included in this thesis. After
obtaining informed consent and delivering written and oral information regarding the study's
protocols and objectives, the participants were categorized into two experimental groups: a
control group (CON), comprising naturally menstruating females without the use of hormonal
contraceptives, and a hormonal contraceptive users (HC) group. They were assigned based on
their use of hormonal contraceptive users and non-users. The initial sample size in this study
was 13 in the CON group and 19 in the HC group. However, 4 participants in the CON group
and 6 in the HC group did not complete the baseline or post-MIET measurements. Various
factors such as personal reasons, sickness, and changes in hormonal contraceptive type
contributed to these incomplete measurements. These participants were excluded all these
participants from all analyses. Therefore, the final number of participants in the CON-group

was 9 and, in the HC,-group was 13.

The inclusion criteria were as follows: healthy eumenorrheic females of reproductive age
between 18-35 (with a cycle length of 26-35 days) without the use of hormonal contraceptives
(no hormonal contraceptives for the last 12 months), and BMI of 19.5-35 kg/m2. Participants
in the HC group were required to be using hormonal contraceptives for at least one year before
participating in the study. The exclusion criteria were chronic diseases, musculoskeletal and/or
cardiac problems, medications that would affect a volunteer's ability to perform training and
testing and might influence exercise responses, sedentary behavior, pregnancy and lactating,
competing in sports, smoking, injury and disability, absence of any acute or chronic
inflammatory/infective, and anemia. All participants filled out the health questionnaire and

were checked by a physician before participating in this study to ensure that participants met
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the inclusion criteria. Hormonal contraceptives used in this study were packed as 21-day (with
7 pill-free days) and 28-day (with placebo pills). One participant used 24- a 24-day monophasic

pill. Hormonal contraceptive types are shown in TABLE 1.

TABLE 1. List of hormonal contraceptives used in this study.

Product n Type Content

Gestinyl (21+7 free pill) 3 Monophasic EE 20 ug / gestoden75ug
Gestinyl (21+7 free pill) 2 Monophasic EE 30 ug / gestoden75ug
Daisynelle (21+7 free pill) 1 Monophasic EE 20 ug / desogestrel 150ug
Tasminetta (21+7 free pill) 1 Monophasic EE 0.03 mg / drospirenone 3mg
Dienorette (21+7 placebo) 6 Monophasic EE 0.03 mg / dienogest 2 mg
Levesia (21+7 free pill) 1 Monophasic EE 20 ug / Levonorgestrel 100 ug
Yasmin (21+7 free pill) 1 Monophasic EE 0.03 mg / drospirenone 3 mg
Yasminille (21+7 free pill) 1 Monophasic EE 0.02 mg / drospirenone 3 mg
Dizminelle (21+7 free pill) 1 Monophasic EE 0.02 mg / drospirenone 3 mg
Mercilon (21+7 free pill) 1 Monophasic EE 20 pg / desogestrel 150 pg
Stefaminelle (24+4 free pill) 1 Monophasic EE 0.02 mg / drospirenone 3 mg

EE= Ethinyl Estradiol

The current study followed the approaches of the Finnish National Board on Research Integrity
(TENK). All the methodologies in this study received approval from the JYU Ethical
Committee in accordance with the regulations of TENK. The study was carried out in

accordance with the latest Declaration of Helsinki provisions.

4.2  Study design and training

A longitudinal study was used to examine the research questions. The study included a control
period of one MC or hormonal contraceptive cycle. Participants filled in menstrual and exercise
diaries and measured their ovulation, followed by 8 weeks of moderate-intensity endurance
training (MIET) (two MC/ hormonal contraceptive cycles). FIGURE 5 illustrates the study

design.
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FIGURE 5. Study design. CON= control group. HC= hormonal contraceptive group. MC=

menstrual cycle. MIET= moderate intensity endurance training. FP= follicular phase

Both groups adhered to an identical training program, with the same volume and intensity
maintained consistently throughout the study. Each group performed 1-3 workouts per week,
and the training program consisted of running or brisk walking with 60- 75% of maximum heart
rate (maxHR) for 30-90 min per session (TABLE 2). Throughout the training sessions, HR was
monitored constantly with the watch (Garmin® Venu 2 Series, Garmin Ltd., Taiwan) and heart
rate monitor belt (Garmin® HRM-Dual, Garmin Ltd., Taiwan) to ensure that exercise remained
at the desired intensity. All training sessions were compeleted independently and unsupervised.
Training intensity for each participant was prescribed based on maxHR calculated from the

incremental treadmill running test results.

Baseline measurements were carried out at the start of the training program. This took place
during the early FP (days 1-5 in the CON group) and days 2-7 in the HC group during the active
pill phase. Post-MIET measurements were conducted in identical phases. Despite the difference
in the hormonal environment in the early FP and early active pill phase, the natural levels of E2
and P4 are generally lower in hormonal contraceptive users, as the EE and progestin component
contained by the pill suppress the natural E2 and P4 (Elliott-Sale et al., 2013) (Elliott-Sale et
al., 2018). Therefore, E2 and P4 levels are low in the active pill phase, miming the early FP.
All the measurements were done in a fasted state (10 hours) between 6:00 and 10:00 AM to
reduce circadian rhythms' potential confounding effects. Each participant visited the laboratory
three times during the study period. The first session was for familiarization, the second for

baseline measurements, and the third after completing the 8-week MIET training. Participants
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were instructed to refrain from strenuous exercise, caffeine, and alcohol 24 hours before
withdrawing blood. By following these guidelines, we aimed to obtain blood samples that
reflect the individual's baseline physiological state without the influence of recent activities or
substances that could temporarily alter blood parameters. This allows for a more accurate

interpretation of the test results.

TABLE 2. Moderate intensity exercise training program. Week 1 through week 8.

Week HC and CON

2 training session= 90 min

3 training sessions= 150 min
3 training sessions = 180 min
3 training sessions = 195 min
3 training sessions= 165 min
3 training sessions= 195 min

3 training sessions= 210 min

o N o oA~ W N P

1 training session=60 min

HC= hormonal contraceptive group

CON= control group

4.3 Anthropometric measurements

Before and after 8 weeks of MIET training, measurements of weight, body composition, and
circumferences (waist, hip, thigh, upper arm) were taken in a fasted state under consistent
conditions for all participants. Height was measured only once with bare feet at the beginning
of the study with a wall-mounted stadiometer. Weight was measured at each measurement in a
fasted state with a digital scale, and the participants were wearing underwear. Body composition
was measured with a bioimpedance device (Inbody 770, Biospace Co. Ltd, Seoul, South Korea).
Circumferences were measured during each fasting assessment and recorded three times at each
visit. In cases where the repeated measurements were not within 0.5 cm, an additional
measurement was taken to ensure accuracy and precision. The result of anthropometrics
remained hidden from participants until the end of their intervention in order to avoid changes

in eating manners.
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4.4 Blood markers and hormonal analysis

Blood samples were collected at each fasting measurement. A qualified lab technician withdrew
venous blood samples using sterile needles into serum tubes (Vacuette® TUBE, Greiner Bio-
One GmBH, Austria) and K2 EDTA tubes (Vacuette® TUBE, Greiner Bio-One, USA) in the
morning. The blood was centrifuged at 2245 g (Megafuge 1.0R, Heraeus, Germany) for 15
minutes, and then the serum was extracted and was kept at -80 °C until further analysis of the
following biomarkers: cortisol, hs-CRP, ferritin, E2, and P4. These hormones were analyzed
using chemical luminescence techniques (Immulite 2000XPi, Siemens, New York, USA). The
inter and intra-assay coefficient of variation (CV%) and sensitivity of blood serum are shown
in TABLE 3. At the beginning of measurements, a basic blood count was employed as the
primary test to detect any abnormalities (e.g., infection). Throughout the study period, blood
was collected 2 times for each participant (at the beginning of the study to determine the

baseline and after 8 weeks of MIET training.

TABLE 3. The sensitivity and the inter-assay coefficients of variations (CV) for serum

hormones, ferritin, hs-CRP, and cortisol.

Variables Sensitivity CV%
Cortisol 73.4 nmol/L 7.43%
Hs-CRP 1.9 mg/L 8.34%
Ferritin 71.0 ug/L 6.19%
E2 55 pmol/L 6.6%
P4 0.3 nmol/L 9.7%

Hs-CRP=high sensitivity CRP. E2= estrogen. P4 progesterone.

4.5 Menstrual cycle assessment

The menstrual cycle phases were determined from the first day of bleeding. Participants were
instructed to track their menstrual cycles using diaries. Ovulation was detected by monitoring
the LH surge using a Clearblue two-hormone fertility monitor (Clearblue® Advanced Digital
Ovulation, SDP Swiss Precision Diagnostics GmbH (SDP), Geneva, Switzerland), which is

capable of detecting LH and E2 hormone levels. VVolunteers received written instructions on
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using and interpreting the results from the ovulation kits according to the manufacturer's

guidelines.

4.6 Statistical analysis

All statistics were conducted using IBM- SPSS Statistics (version 28). Microsoft Excel was
used when needed. The statistician assisted as required. All data are expressed as mean values
+SD. The statistical significance level was set at the level of p<0.05. Nonparametric tests were
used due to the study's small sample size (Dwivedi et al., 2017). The Mann-Whitney U test was
used to assess group differences. Friedman tests were conducted to assess the influence of 8
weeks of MIET training. Spearman's rank-order correlation was conducted to specify the
association between cortisol, hs-CRP, and ferritin over the training period. A sample correlation
coefficient (r) of <+ 0.2 was considered weak, r <+ 0.6 was deemed medium, r <+ 0.9 was
classified as strong, and an r of £1 was considered perfect (Akoglu, 2018). Effect sizes (ES) for
the Mann—Whitney U test was expressed as the standardized test statistic divided by the square
root of the number of observations for the two groups demonstrating a difference. For Friedman
tests, results from the Kendall W test were reported (Tomczak & Tomczak., 2014). In this
context, ES of <0.2 were categorized as small, those between 0.2 and 0.5 were considered

medium, and those 0.5 < were deemed large (Sullivan & Feinn, 2012)
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5 RESULTS

5.1 Participants characteristics and anthropometric measures

The results of characteristic and anthropometric measures of participants in the CON and HC
groups are shown in TABLE 4. The comparison between groups revealed no significant
differences in anthropometric characteristics at both the baseline and after 8 weeks of MIET
training (post-MIET). The only significant within-group change in characteristic and
anthropometric measures among participants was observed in the upper arm circumferences,
only in the CON group (x2 = 6.0, p= 0.01).
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TABLE 4. Mean (£SD) age, anthropometric characteristics of subject in control (CON), and
hormonal contraceptives (HC) groups at baseline and after 8 weeks of moderate intensity
endurance training (post-MIET).

Variables CON (n=9) HC (n=13)
Age (yrs) 28.715.5 27.1+4.1
Height (cm) 169+5 169 16
Weight (kg) 70,1.0£12.6 70.145.6
Body fat (%0) 28.9+7.9 28.55.2

Upper arm (cm)

Baseline 31.4+3.9 31.1+1.9
Post- MIET 29.94+3.9* 30.6+2.1
Waist (cm)

Baseline 83.9+9.7 82.2+5.5
Post- MIET 79.6+£10.8 82.5+7.5
Hip (cm)

Baseline 102.7+£7.9 101.6+4.2
Post- MIET 98.7£10.3 100.6x7.7
Thigh (cm)

Baseline 54.9+5.2 54.7£3.7
Post- MIET 54.945.2 54.1+2.9
BMI (kg/m?)

Baseline 24.8+4.1 24.3+1.8
Post- MIET 23.6£3.5 24.2+1.8

BMI= Body mass index

*= Significantly different from the baseline

5.2 Between groups comparison

Changes in mean serum cortisol, hs-CRP, ferritin, and endogenous sex hormones at the baseline
and after 8 weeks of the MIET training are summarized in Table 5. The between-group analysis
at the baseline indicated no statistically significant difference in the average serum ferritin and
hs-CRP levels between the CON and HC groups (p > 0.05). However, the results showed a

significant difference between groups at the baseline for cortisol with the medium effect size
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(ES) (ES=0.57). Specifically, the HC group had a higher mean cortisol concentration than the
CON group. The between groups mean difference (MD) for cortisol at the baseline was reported
as 279.2 nmol/L. E2 and P4 also showed no significant difference between the groups at the

baseline.

Further, post-MIET between-group analysis showed no statistically significant difference in
serum ferritin concentration. However, the results indicated a statistically significant difference
between groups in serum hs-CRP and cortisol concentrations. In particular, the HC group
indicated a higher concentration of both hs-CRP and cortisol compared to the CON group. The
ES was small for hs-CRP (ES=0.25) and medium for cortisol (ES=0.47). The MD between
group for serum hs-CRP and cortisol was 1 mg/L and 217.8 nmol/L, respectively. Moreover,
there was a significant difference in endogenous sex hormones between groups, with higher
concentrations reported in the CON group with large ES for E2 (ES=0.72) and P4 (ES= 0.66).

The relative changes (A%) in cortisol, hs-CRP, and ferritin concentrations in the CON and HC
groups were reported in TABLE 6. The between-group comparison revealed that the relative
change was statistically significant only for hs-CRP with the large ES of -0.75 but not for ferritin

and cortisol.

5.3 Within groups comparison

TABLE 5 summarize the changes in mean serum cortisol, hs-CRP, ferritin, and endogenous
sex hormones at the baseline and after 8 weeks of the MIET training.The result of the within-
group comparison indicated no significant change in the concentration of ferritin and cortisol
in the CON and HC groups (p>0.05). However, there was a statistically significant change in
hs-CRP in the CON group (32= 5.4, p=0.02) (ES=0.60) and the HC group (32 = 5.3, p=0.02)
(ES=0.41). In particular, the concentration decreased by about 22% in the CON group, while it
increased by approximately 33% in the HC group following 8 weeks of the MIET training. E2
indicated a significant change only in the CON (y2= 9.0, p=0.003) (ES=1.0) but not in the HC
groups (p>0.05). Specifically, the concentration of E2 increased following MIET training. P4
also showed a significant change in the CON (x2= 9.0, p=0.003) (ES=1.0). But the change in
P4 was reported close to significant (y2= 3.6, p=0.052).
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TABLE 5. Mean (xSD) change in serum ferritin, hs-CRP, cortisol, and endogenous sex hormones.

Pre Post Between group P value Within group P value
Variables CON(n=9) HC(n=13) CON(n=9) HC(n=13) Pre Post CON(n=9) HC(n=13)
Cortisol(nmol/L) 300.2+114.2 579.4+135.6 348.4+76.6 566.2+124.2 <0.001* 0.002* 0.48 0.78
Hs-CRP(mg/L) 2.2+1.4 2.741.8 2.1£2.8 3.1%1.6 0.66 0.02* 0.02m 0.02m=
Serum ferritin(ug/L)  35.1%17.1 35.6+18.2 36.4+31.3 33.1+12.7 0.92 0.57 0.31 0.78
E2 (pmol/L) 232.5+237.8 143.5+109.3 529.8+224.7 96.5+50.6 0.13 <0.001* 0.003m 0.78
P4 (nmol/L) 6.4 +10.8 1.1+0.8 26.9+17.8 0.9£0.8 0.36 <0.001* 0.003 = 0.52

*= Between group differences

= = Within group differences

Hs-CRP= high-sensitivity C-reactive protein. E2= estrogen. P4 progesterone.

TABLE 6. Relative change (A%) in the concentration of serum ferritin, high-sensitivity C-reactive protein (hs-CRP), and cortisol.

Variables CON (A%) HC (A%) Between group p value (A%)
Cortisol (nmol/L) 85.6.1 % -0.07 % 0.28

Hs-CRP (mg/L) -22.2% 33.2% 0.002*

Serum ferritin (ug/L) -2.4 % 16.1 % 0.32

*= Between group differences
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5.4 Relationship between cortisol, hs-CRP, and ferritin

The result from the relationship between cortisol and hs-CRP at baseline indicated a non-
significant correlation both in the CON group (r=0.18, p=0.63) and in the HC group (r=-0.04,
p=0.88). The post-MIET relationship between the same variables also showed a non-significant
correlation between the CON group (r=-0.63, p=0.06) and the HC group (r=-0.18, p=0.54).
Additionally, the relationship between A% in cortisol and hs-CRP also indicated no significant
correlation in the CON (FIGURE 6a) and HC groups (FIGURE 6b).

b
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FIGURE 6. Scatterplot showing relationships between relative changes (A%) in cortisol and
hs-CRP in the CON group (a) and the HC group (b) Hs-CRP= high-sensitivity C-reactive
protein

Regarding the relationship between cortisol and ferritin at baseline, both the CON and the HC
groups exhibited a non-significant correlation (CON group: r=-0.13, p=0.73; HC group: r=-
0.003, p=0.99). No significant association between ferritin and hs-CRP was observed following
the MIET in the CON group (r= -0.20, p=0.60) and in the HC group (r=0.22, p=0.45).
Furthermore, the correlation analysis between A% in cortisol and ferritin also revealed a non-

significant correlation in the CON group (FIGURE 7a) and in the HC group (FIGURE 7b).
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FIGURE 8. Scatterplot showing relationships between relative changes (A%) in cortisol and

ferritin in the CON group (a) and the HC group (b).
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6 DISCUSSION

The primary objective of the present study was to evaluate the impact of 8 weeks of the MIET
training on serum ferritin, hs-CRP, and cortisol levels in naturally menstruating females (CON
group) and users of combined hormonal contraceptive pills (HC group). Additionally, the study

examined the relationship between cortisol and hs-CRP, as well as cortisol and ferritin.

The primary outcome of the current study indicates that 8 weeks of the MIET training does not
induce any changes in serum ferritin and cortisol levels in either the CON or HC groups.
Furthermore, no distinct adaptations were observed between the two groups. On the other hand,
hs-CRP showed a statistically significant decrease in the CON group and increase in the HC
group after 8 weeks of MIET. Additionally, the A% in hs-CRP between the two groups was
significantly different. Further, no significant relationship was identified between cortisol, hs-
CRP, and ferritin in either the HC or CON groups.

6.1 The effect of 8-week MIET on cortisol

Despite significant between-group differences at the baseline and post-MIET, the current
study's findings indicated no influence of the 8 weeks of MIET training on the concentration of
cortisol in the CON and HC groups. Even though the A% did not indicate a significant
difference between group, the CON group experienced an increase, and the HC group
experienced a reduction following 8-weeks of MIET training in the mean cortisol concentration
after 8 weeks of MIET training. However, these changes did not reach statistical significance.
This phenomenon may be attributed to the simultaneous increase in blood CBG, resulting in
increased cortisol binding to CBG when the HPA axis is triggered among hormonal
contraceptive users which might affect the cortisol concentration (Crewther et al., 2015;
Kirschbaum et al., 1995)

Previous studies reported a decline in basal cortisol concentration following regular exercise
training, as Grandys et al. (2016) indicated. The concept of the body adapting to the stressor
and subsequently experiencing a diminished sensitivity of the HPA axis, as Hackney. (2006)

suggested, adds an intriguing layer to understanding how the body responds to regular physical
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activity. However, this occurrence was not observed in the current study, and the cortisol level

remained unchanged in both groups.

The lack of significant change in the cortisol concentration in the current study could be
attributed to the fact that the total intensity and duration of the training program were not
sufficient for the exercise-induced change in cortisol in our study groups (Hakkinen et al.,
2005). Indeed, the change in cortisol concentration can be influenced by various factors,
including the duration of recovery between training sessions and the type of training (Hakkinen
etal., 2005; Corazza et al., 2014). Further, the participant's initial fitness level could be another
factor contributing to the absence of significant changes in cortisol levels, as indicated by Wood
et al. (2018). Although their study focused on psychological stress, they suggested that
individuals with higher fitness levels experience reduced cortisol secretion during psychosocial
stress. This indicates a potential role of physical activity in mitigating the impact of stress on
health. Therefore, stratifying participants based on their fitness level and hormonal status in

future studies could enhance our understanding of the variability in cortisol responses.

The results of this study indicated no change in the level of cortisol following 8 weeks of MIET
training, which agrees with the report of Hakkinen et al. (2005). They assessed the effect of two
types of training (combined strength and endurance training) on serum cortisol in females with
stable rheumatoid arthritis and healthy females as a control group. Hékkinen et al. (2005)
reported no effect of training on the concentration of cortisol after 21 weeks of simultaneous
strength and endurance training period. However, the training intensity in their study was high,
and they did not report the state of MC. Other investigations also indicated no statistically
significant change in serum cortisol concentration after chronic training (Hékkinen et al., 2002;
de Souza Vale et al., 2009; Kraemer et al., 1989; Taipale et al., 2020). Nonetheless, the training
mode (e.g., strength training), population (e.g., unhealthy, athletic), fitness levels, and training
duration differed from the current study. Conflicting findings are also present, suggesting an
increase (Hill et al., 2008; Rojas Vega et al., 2006) and decrease (Arazi et al., 2013) in cortisol
concentration following exercise training. Notably, studies reported increase, focused on the

acute effects of exercise on cortisol levels.

There is limited supporting data available in the context of exercise training regarding the effect

of hormonal contraceptives on cortisol responses. There are few investigations that reported
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attenuated cortisol responses to psychological, pharmacological, and physical stressors among
hormonal contraceptive users, which is different from the findings of the current studies (Roche
et al., 2013; Kirschbaum et al., 1996; Crewther et al., 2015). Crewther et al. (2015) reported
lower reactivity of cortisol among hormonal contraceptive users by pooling all the activities
(gym training, light training, heavy training, and competition) and groups (hormonal
contraceptives and non-users) in elite females’ athletes. While the within-activity analysis
indicated a rise in the level of cortisol in both groups during the competition but not the training

session.

The significantly higher concentration of cortisol (at baseline and post-MIET) in the HC group
suggests a potential differential effect of exogenous hormones on cortisol metabolism in
females using hormonal contraceptives compared to naturally menstruating females. The higher
cortisol concentration in the HC group compared with the CON in the current study confirms
other investigations (Kirschbaum et al., 1996; Timmons et al., 2005; Boisseau et al., 2013). The
higher cortisol levels in hormonal contraceptive users can be attributed to the impact of
synthetic hormones on the HPA axis (Kirschbaum et al., 1996). The magnitude of this change
also depends on the dosage of EE within the pill, with a higher dose of EE correlating to a

higher cortisol concentration (Wiegratz et al., 2003).

In summary, the significant difference in cortisol concentration between groups suggests
potential variations in cortisol regulation linked to hormonal status. The lack of a statistically
significant change in cortisol levels following the 8-week MIET training, along with the
absence of distinct adaptation between the CON and HC groups, might be due to the relatively
small sample sizes in the CON and HC groups, which could limit the statistical power to detect
significant differences. To confirm these findings, future studies with larger sample sizes are

essential.

6.2 The effect of 8-week MIET on hs-CRP.

The findings of the present study indicate that the impact of MIET training on hs-CRP may
vary depending on the use of hormonal contraceptives. The concentration of hs-CRP increased
significantly in the HC group, while it decreased in the CON group. This distinct physiological

response observed here suggests a potential influence of hormonal contraceptives on this
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particular biomarker. Despite the between-group difference at post-MIET (but the magnitude
of the difference was small), there was no significant difference between the groups reported at

the baseline in the concentration of hs-CRP.

The observed significant decrease in the hs-CRP levels among naturally menstruating females
is in line with previous studies. For instance, Mogharnasi et al. (2019) reported a decrease in
the concentration of hs-CRP, in their exercise groups, but the reduction was more effective in
the endurance exercise group than in resistance training. It is worth noting that their study
exclusively involved resistance and endurance training. The exercise programs in their
investigation included 8 weeks of endurance and resistance training at intensities ranging from
65% to 80% of maxHR and one-repetition maximum. Daray et al. (2011) also observed a
decrease in hs-CRP concentration in their exercise groups, comprising an endurance group (E)
involved in marathon training and a combined endurance and resistance group (ER)
participating in marathon training with additional resistance training, when compared to their
inactive group after a 15-week training period. They noted that the reduction was particularly
pronounced in the ER group. These results are consistent with the conclusions drawn by Donges
et al. (2010) and Stewart et al. (2007), indicating that incorporating resistance training may be
more effective than relying only on aerobic training in reducing CRP levels. Despite the
variation in the study's populations and the type of training, the consistent finding across these
studies is a reduction in hs-CRP concentration in the exercise intervention groups compared to
the inactive groups. Other investigations also confirm the results of the current study
demonstrating a reduced serum concentration of hs-CRP following regular training (Dufaux et
al., 1984; Campbell et al., 2009; King et al., 2003; Rosenbaum et al., 2007).

Various potential explanations could underlie the observed effects. The decrease in hs-CRP
concentration after 8 weeks of MIET in the CON group implies that MIET might provide anti-
inflammatory benefits for non-hormonal contraceptive users (Cerqueira et al., 2020). Earlier
research has indicated that regular physical activity can elicit anti-inflammatory effects by
influencing the release of different cytokines and adipokines. Changes in body composition
resulting from exercise, such as decreased adipose tissue and modifications in adipokine
secretion, could contribute to the observed decline in hs-CRP levels (Campbell et al., 2009;
You et al., 2004). However, this study did not find significant changes in anthropometric

measurements following the MIET training, with only the upper arm showing significant
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changes. Additionally, enhancements in cardiovascular fitness and endothelial function due to

regular exercise training may play a role in reducing hs-CRP levels (Sae et al., 2009).

Investigation into the impact of hormonal contraceptives on the concentration of hs-CRP in
athletes and physically active females indicated a progressive increase in hs-CRP in hormonal
contraceptive users compared to non-users. Cauci et al. (2017) found that non-obese, healthy,
white Italian females using hormonal contraceptives and exercising regularly for more than 5
hours per week had elevated hs-CRP compared to their non-hormonal contraceptive
counterparts. They also hypothesize that individuals with elevated baseline levels of hs-CRP
will likely undergo a more pronounced inflammatory response to stressors. Aligning with the
findings of the current study, the study by Ihalainen et al. (2019) also observed an increase in
the concentration of hs-CRP among hormonal contraceptive pill users, while it decreased in

non-users after 10 weeks of high-intensity combined strength and endurance training.

The rise in hs-CRP levels following regular endurance training among hormonal contraceptives
could be attributed to the impact of synthetic sex hormones on HPO axis, potentially disrupting
endogenous reproductive hormones (Elliott-Sale et al., 2013). This disturbance may lead to
changes in inflammatory status by increasing levels of proinflammatory markers such as IL-6
and TNF-a. These proinflammatory markers can, in turn, stimulate the liver to produce hs-CRP
(Cerqueira et al., 2020; Michigan et al., 2011). Hence, the rise in hs-CRP observed in the
hormonal contraceptive group could be attributed to an intensified inflammatory response
induced by hormonal effects that, in terms, blunt the anti-inflammatory effect of regular

exercise training.

Kasapis and Thompson (2005) also demonstrated that regular exercise training is a lasting anti-
inflammatory treatment. The anti-inflammatory effect of regular training extends to aging, as
indicated by Nicklas et al. (2008), and persists in conditions characterized by chronic
inflammation, such as metabolic diseases, as highlighted by Lancaster and Febbraio (2014).
Generally, physically active individuals exhibit hs-CRP levels that are 19-35% lower compared
to their inactive counterparts, and there is an observed inverse dose-response relationship
among adults engaging in light, moderate, or vigorous physical activity (Fedewa et al., 2017).
The current investigation also observed about a 22% decrease in hs-CRP levels among naturally

menstruating females, post-MIET. Interestingly, this anti-inflammatory effect was not evident
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in hormonal contraceptive users, where the MIET training resulted in an approximately 33%
increase in hs-CRP levels. The complexity of monophasic hormonal contraceptives and their
potential influence on hs-CRP levels during exercise training suggests that more investigations

are needed to understand the underlying mechanisms comprehensively.

To sum up, the opposite effects of MIET training on hs-CRP levels in the CON and HC groups
highlight the significance of individual characteristics in designing exercise interventions. To
validate and extend our findings, future studies should involve larger populations and include
a broader panel of inflammatory markers or cytokines in future research, which would
contribute to a more thorough understanding of the effects of MIET on inflammation. Our focus
on hs-CRP alone leaves room for a more comprehensive exploration of the underlying

mechanisms.

6.3 The effect of 8-week MIET on ferritin

The findings of the present study suggested that MIET training has no effect on ferritin
concentrations in the CON and HC groups. Additionally, no group difference was reported.
Contrary to these findings, earlier investigation has indicated that endurance training can impact
iron metabolism, resulting in a decrease in ferritin levels (Beard & Tobin, 2000). Longitudinal
studies indicated a reduction in ferritin concentration in physically active females, which can
be attributed to the increased demand for iron during regular exercise to enhance the production
of red blood cells (Montero & Lundby., 2011). In other words, the increased demand for iron

during training has been suggested to potentially deplete iron stores.

In contrast with our findings, Bijeh et al. (2018) explored the impact of eight weeks of aerobic
exercise on iron parameters, including serum ferritin, in non-athlete females. The training
programs in their study involved endurance training, three sessions/ week, each lasting one hour
and conducted at 60-70% of maxHR. The results revealed a significant decline in the
concentration of ferritin. Similarly, Blum et al. (1986) reported a decline in serum ferritin levels
after 13 weeks in females engaged 4 days per week of 35 minutes of aerobic exercise. Mcclung
et al. (2009) confirmed these findings, but their study consisted of 9 weeks of aerobic and

resistance training in female soldiers 4-6 times/week for 1-1.5h.
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Few previous studies indicated no change in ferritin concentration, which is in line with the
findings of this study. For instance, Di Santolo et al. (2008) examined the effects of regular
physical exercise on iron status parameters, including ferritin, in young non-professional female
athletes, primarily volleyball players, who trained for more than 9 hours per week. They
compared this group with a control group engaged in physical exercise for less than 3
hours/week. Interestingly, they reported no significant difference between the two groups.
Nevertheless, it is essential to note that their study design differed from the current one, as they
opted for a cross-sectional design. A study by Ishibashi et al. (2022) reported a not significant
change in ferritin concentration following twice-a-day (one in the morning and one in the
afternoon) endurance exercise in female long-distance runners. Regardless, it is worth noting
that they also assessed the acute response, and blood samples were collected up to 24 hours
after the intervention (at baseline, 8, 12, and 24 hours). However, none of these studies took

into account the MC or hormonal contraceptive status, and some lacked a control group.

Indeed, there are several potential explanations for the differences observed. Factors including
dietary intake of iron could also play crucial roles in influencing the study outcomes (Alaunyte
et al., 2015). Additionally, as implemented in the current study, the 8-week training duration,
with 30-90 minutes each session, may have been insufficient to induce substantial changes in
ferritin levels. Additional investigations are required to explore the potential impacts of more
extended training periods and enhance our comprehension of how hormonal contraceptives
affect iron metabolism. Indeed, other reasons could be attributed to the lack of change in ferritin
concentration. Previous studies have indicated that physical exertion (aerobic and anaerobic),
and even the specific type of muscle contractions (concentric and eccentric), can play a
significant role in serum ferritin concentration. As an example, Malczewska-Lenczowska et al.
(2010) reported no training effect on serum ferritin levels in cross-country skiers over 8
consecutive days. In their study, the training program was predominantly aerobic, with the
anaerobic threshold rarely surpassed. Besides, concentric contraction (if dominant in
endurance-type exercise) yielded a smaller degree of damage and inflammation compared with
eccentric contraction (Cordova-Martinez et al., 2022). As a result, exercise training that
emphasizes eccentric muscle actions and incorporates multiple short anaerobic sessions might
induce more significant muscle fiber damage, activating the inflammation signalling pathway.
This, in turn, could lead to the accumulation of ferritin as an acute phase reactant (APR) protein

(Malczewska-Lenczowska et al., 2010). Hence, the training loads used in this study could
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potentially be below the threshold required to induce significant changes in serum ferritin

concentration.

The prevailing trend in existing studies examining the impact of exercise training on ferritin
among hormonal contraceptive users and naturally menstruating females (both athletes and
non-athletes) has predominantly focused on assessing acute responses, sometimes in the lack
of exercise intervention (Alfaro-Magallanes et al., 2023; Badenhorst et al., 2023; Belza et al.,
2005; Zheng et al., 2021; Larsson et al., 1992). However, most of these studies identified no
differences in ferritin concentration across MC and hormonal contraceptive phases, and Larsson
et al. (1992) also confirmed these findings and suggested that hormonal contraceptives may
enhance ferritin concentration only for those with initially low levels at the study's
commencement. Notably, Alfaro-Magallanes et al. (2023) and Badenhorst et al. (2023) took it
a step further by reporting no distinctions between hormonal contraceptive users and naturally
menstruating females among physically active females. This agrees with the findings of the

current study.

Indeed, 8 weeks of MIET training with 60-75% of maxHR may not influence the concentration
of ferritin based on the use of hormonal contraceptives. However, when interpreting the results,
it is crucial to acknowledge that this study solely assesses the levels of ferritin, which might not
provide a comprehensive understanding of the overall iron status following the MIET training
programs. Additional markers and assessments could offer a more thorough insight into the

intricate dynamics of iron metabolism in response to the training program.

6.4 Relationship between cortisol and hs-CRP

There was no notable correlation found between the A% in cortisol and hs-CRP (p > 0.05) in
both study groups. To the best of our knowledge, there have been no studies conducted to assess
the correlation between cortisol and hs-CRP during the course of exercise training among the
naturally menstruating female and hormonal contraceptive users. Research examining the
interaction between cortisol and hs-CRP throughout the training period is limited, with the
majority of studies predominantly including men in their study populations (Costello et al.,
2018; Rohnejad & Monazzami, 2023). Moreover, researchers are currently investigating the

interplay between cortisol and hs-CRP in diverse populations, ranging from depressed adults
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(Suarez et al., 2017) to individuals with early acute pancreatitis (Mohammed et al., 2022) rather

than healthy and physically active females.

The relationship between cortisol and hs-CRP is a topic exploring the complex relationships
between stress and the immune system. As per findings from Suarez et al. (2017), the
dysregulation of the neuro-immune relationship, indicated by an insufficient release of cortisol
along with elevated hs-CRP levels, plays a role in stress sensitivity, particularly in individuals
displaying elevated symptoms of depression. In the current study, participants maintained
cortisol and hs-CRP levels within the normal range both at baseline and post-MIET.
Nevertheless, it is crucial to emphasize that it is inappropriate to compare these two studies as

the nature of Suarez and Colleague's study varies from the current investigation.

Several studies propose that stress can initiate a proinflammatory and anti-inflammatory
response both centrally_in the brain_ and peripherally by disturbing HPA axis (Rohleder, 2014;
Calcia et al., 2016). However, the proinflammatory and anti-inflammatory functions of cortisol
depend upon the nature and intensity of stressors (Liu et al., 2017). It is important to note that
while an acute increase in cortisol concentration following a single bout of exercise acts as an
anti-inflammatory biomarker (Hannibal & Bishop, 2014), chronically elevated cortisol levels

contribute to a proinflammatory state (Sorrells et al., 2009).

Additionally, factors such as hydration status, can influence the response of cortisol and hs-
CRP to exercise, as indicated by Costello et al. (2018). In their study, Costello and colleagues
examined the impact of acute and chronic heat exposure, exercise, and dehydration on cortisol
levels and inflammation biomarkers, including hs-CRP, in trained males. They found that acute
exercise in the heat led to increased cortisol and inflammation biomarkers, mainly when fluid
intake was restricted. Further, no interaction between these biomarkers were reported which is
in line with the result of current study. However, they assess the acute response. Furthermore,
ethnicity is another factor that may indicate an interaction between cortisol and hs-CRP, as
reported by Tolmay et al. (2012). However, it is essential to note that none of these
investigations are directly comparable to the current study, as this study did not consider the
hydration state. In addition, some investigations did not incorporate any exercise training, and
the population of their study differed from this study.
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To sum up, the relationship between cortisol and hs-CRP is influenced significantly by
individual variations, the characteristics of the study's population, and the study's specific
context, as with any physiological interaction. In the current study, the concentration of both
cortisol and hs-CRP fell within the reference range for most participants, which could contribute

to the absence of a relationship between these two biomarkers.

6.5 Relationship between cortisol and ferritin

Both study groups showed no significant relationships between A% in cortisol and ferritin (p >
0.05). To the best of our knowledge, no studies have explored the relationship between cortisol
and ferritin, specifically in the context of exercise training among healthy, physically active
females and users of hormonal contraceptives. Existing studies examining the relationship
between cortisol and ferritin primarily focus on populations apart from the healthy and
physically active population, such as gestational diabetes mellitus (Feng et al., 2020) and
patients with iron deficiency (Saad et al., 1991). These findings suggest that chronic alterations

in either cortisol or ferritin levels can impact each other.

Numerous studies have explored the impact of iron supplements on fatigue and mood states,
incorporating assessments of iron metabolism biomarkers like ferritin and stress biomarkers
such as cortisol in athletic populations. The findings indicate that endurance athletes may
benefit from iron supplementation, improving stress levels, mood states, and subjective fatigue
compared to those who do not take iron supplements (Cérdova et al., 2019; Kapoor et al., 2023).
These findings suggest that the iron supplementation regimen was effective in maintaining
hematological levels such as ferritin and reduced accumulated stress in response to exercise
intensity, as evidenced by lower cortisol levels in both men and females. The findings in the
current study differ from those of previous research, as no relationship was reported between
the two biomarkers. However, a direct comparison with these studies might not be suitable for
several reasons. Firstly, those studies did not provide information on the MC status and whether
participants were using hormonal contraceptives. Additionally, in the present study, participants
adhered to their regular dietary habits without using any iron supplementation, which is critical
when interpreting the results. Moreover, the population in this study consisted of healthy non-

athletic females, whereas the populations in the other studies comprised athletes.
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The relationship between cortisol and ferritin might depend on the study's context and
population. The participants in the present study were healthy, naturally menstruating females
and users of hormonal contraceptives. We observed no alterations in serum ferritin and cortisol
concentrations following 8 weeks of MIET training, and most participants exhibited values

within the reference range.

To sum up, cortisol and ferritin are distinct biomarkers representing different physiological
processes in the body. While there is no direct relationship between cortisol and ferritin, it is
essential to consider that various factors, including overall health, nutritional status, and the
type, intensity, and duration of exercise, can influence both cortisol and ferritin levels
independently.

6.6 Strengths, limitations, and future research

The strengths of this study are worth considering. Firstly, we had a well-designed experiment
with two groups, which allowed us to compare the effect of moderate-intensity endurance
training on cortisol, hs-CRP, and ferritin in naturally menstruating females and those using
combined monophasic hormonal contraceptive pill. Furthermore, our focus on a specific
population enhances the applicability of our findings to individuals with similar characteristics.
Additionally, we employed reliable and validated analytical methods to measure biomarkers,

ensuring the precision and credibility of our results.

While our findings provide valuable insights into the effects of moderate-intensity endurance
training on specific biomarkers, there are limitations to consider:

1. The sample size is a common limitation, and expanding it in future studies would
strengthen the findings' reliability and generalizability. It is a step toward building a
more comprehensive understanding of the impact of moderate-intensity endurance
training on these biomarkers.

2. Stress, inflammation, and iron metabolism are complex physiological processes, and
each biomarker (cortisol, hs-CRP, and ferritin) provides only a partial picture of the
overall status. Selecting only one biomarker from each category does not allow us to
draw comprehensive conclusions about an individual's health or physiological condition

related to stress, inflammation, and iron metabolism.
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3. Additionally, the duration and frequency of our study's training sessions were
standardized. This may differ from real-world scenarios where individuals engage in
various training schedules. Thus, further research should consider incorporating more
diverse training protocols to understand better the effects of moderate-intensity
endurance training on these biomarkers.

4. The exclusive focus in this thesis on the follicular phase of the menstrual cycle and the
active pill phase of hormonal contraceptive pills restricts our results' generalizability to
ovulation, the LP of the MC, and the inactive phase of hormonal contraceptive pills. We
recommend that future studies incorporate additional phases, such as the inactive phase
of hormonal contraceptive pills and the LP of the natural menstrual cycle while
employing the same training program.

5. Nutritional aspects were not incorporated into this thesis, and this omission is crucial
for comprehensively interpreting the alterations in the status of cortisol, hs-CRP, and

ferritin.

Further investigation is essential to address these limitations. Understanding the role of
fluctuating levels of E2 and P4 during natural menstruation and hormonal contraceptive pills
is crucial, given their pivotal impact on various physiological pathways, including the
regulation of the immune system. Further, existing research on the effects of exercise training
on ferritin, hs-CRP, and cortisol levels frequently fails to consider age-related variations.
Exploring the influence of training on biomarker levels in diverse age groups of menstruating
females and hormonal contraceptive users may enhance our overall comprehension of the
subject. Additionally, expanding the scope to include a broader range of biomarkers associated
with stress, inflammation, and iron metabolism adds depth to the study. This approach
enhances the overall comprehension of how moderate-intensity endurance training impacts the
physiological responses in both naturally menstruating females and hormonal contraceptive

users.

6.7 Conclusions

In conclusion, the findings from the present study indicate that MIET does not significantly
impact cortisol and ferritin levels in both the CON and HC groups. Interestingly, hs-CRP
exhibited a decrease in the CON group following MIET, whereas it showed an increase in the
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HC group. The current study suggests that the use of hormonal contraceptives disrupts the HPA
axis, irrespective of engagement in exercise training, as the concentration of cortisol was higher
in the HC group before and after the training programs. Further, despite the well-documented
research demonstrating the anti-inflammatory effects of regular exercise training, the
physiological benefits of exercise would seem to be diminished by long-term hormonal
contraceptive use in females. Therefore, the impact of moderate-intensity endurance training
on hs-CRP among hormonal contraceptive users remains uncertain. Nonetheless, further
research is warranted, considering their potential implications for public health, as they respond

differently in some conditions, specifically inflammation.
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