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ABSTRACT 

 Female participants are underrepresented in exercise research, and this exclusion can 

largely be attributed to a lack of knowledge regarding impacts of menstrual cycle on exercise. 

Results from previous exercise studies that have attempted to test different phases of the 

menstrual cycle often exhibit contrasting methodologies, making them difficult to compare. 

For maximal aerobic testing, many studies have displayed  conflicting evidence about whether 

or not menstrual cycle phase impacts variables of performance, like VO2max, blood lactate 

concentration, respiratory exchange ratio (RER), maximal heart rate (HR), and rating of 

perceived exertion (RPE). Purpose: The purpose of this study was to examine how different 

phases of the menstrual cycle – menses (bleeding), the ovulatory phase, and the mid-luteal 

phase – may affect objective and subjective parameters during a graded exercise test (GXT) in 

a healthy, college-age population. Methods: 21 participants (12 females, 9 males), age 18-24 

(mean age = 21.38 ± 1.32 years) were recruited to participate in this study. All participants 

completed three maximal GXTs using a relative ramp protocol and a 20-minute verification 

protocol on a cycle ergometer corresponding to specific menstrual cycle phases. Females used 

the basal body temperature method to track their menstrual cycle and came in for visits during 

menses (M), ovulation (O), and the mid-luteal phase (L). Visit order was dependent on their 

current phase at the time of enrollment. Males visit order was randomized and matched for 

time between visits according to an average 28-day cycle. Results: Though males exhibited 

significantly higher values for height, maximal load, and absolute and relative VO2max 

compared to females (p < 0.05), no significant differences were present across the different 

phases for the objective parameters (height, weight, absolute and relative VO2max, max HR, 

RER, lactate, time to failure, and maximal load). Males also did not exhibit significant 

differences for the subjective parameters across visits – overall RPE, localized RPE, and 

recovery rating. Females, however, displayed significant differences for each subjective 

variable. Significantly higher values for overall RPE were found during visit M compared to 

visits O and L (p < 0.05), significantly higher values for localized RPE were found for visit M 

compared to visit O (p < 0.05), but not visit L, and significantly lower values for recovery 

rating were found for visit M compared to visit O and visit L (p < 0.001). No significant 

differences were found between visit O and visit L in the female participants. Conclusion: 

Females felt like they were exerting more during the GXT and felt less recovered the day 

following visit M, or menses, compared to the other visits (O and L), while males did not 

exhibit any significant changes across visits for any of the parameters. More research 

regarding the cause of this finding is warranted and highly recommended but may be attributed 

to the drop in sex hormone concentration at this point in the menstrual cycle. Moving forward, 

exercise researchers should use extreme caution while testing during menses until more 

knowledge is gained in this area.  
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CHAPTER I: INTRODUCTION 

Sex is a biological variable that researchers recommend controlling for in exercise 

studies; yet, the female population has been largely underrepresented in exercise physiology 

research (Oostheyse & Bosch, 2010). Costello et al. reports that the average percentage of 

female participants from a sample of 1,382 exercise science articles ranged from 35% to 37% 

(Costello et al., 2014). Furthermore, some exercise studies have even excluded female 

participants wholly due to their menstrual cycle which may alter physiological responses to 

exercise (Costello et al., 2014; Oostheyse & Bosch, 2010). Over the past several decades, the 

prevalence of females participating in athletic activities and recreational exercise has 

increased, which has motivated researchers to advance the current understanding on how the 

menstrual cycle impacts performance and subjective perceptions to exercise (Constantini et al., 

2005; Hackney et al., 1991; Hall-Jurkowski et al., 1981; Cook et al., 1998).  Although most 

researchers agree that the scheduling of testing visits should be controlled to mitigate any 

potential influences that hormonal fluctuations could possibly have on any exercise testing 

outcomes, the current evidence regarding the impact of the menstrual cycle on testing 

outcomes has included inconsistent results. To date however, there has been a lack of verified 

and reliable recommendations for testing of this sort (Oostheyse & Bosch, 2010; Dibrezzo et 

al., 1988; Birch, 2000; Hackney et al., 1991; Iacovides et al., 2015; Riley III et al., 1999). In 

fact, a study by Murphy et al. (2017) suggested that more studies investigating differences in 

aerobic exercise performance across the menstrual cycle are necessary to provide more 

specific and reliable recommendations for healthy, college-age females (Murphy et al., 2017).  

The testing of aerobic exercise parameters across the menstrual cycle could reveal 

positive or negative implications for performance. This could, in turn, provide researchers, 
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recreationally active females, and possibly even athletic participants, coaches, and trainers 

evidence for optimizing aerobic performance programming according to menstrual cycle phase 

of the participants. For instance, if oxygen utilization or perceived effort are compromised 

during a specific phase, it may be beneficial to adjust aerobic exercise events during that time 

period to negate this undesirable impact. The main aim of this study was to provide more 

information regarding the possible cardiorespiratory, metabolic, and perceptual changes during 

aerobic maximal exercise testing across specific menstrual cycle phases in order to make 

recommendations for further researchers and others interested in female performance during 

aerobic exercise.  

The female gonadal sex hormones – estradiol and progesterone – may be the basis for 

influencing physiological and perceptual variables seen in response to exercise in females 

compared to males (Hackney et al., 1991; Iacovides, 2015; Riley III et al., 1999; Veldhuijzen 

et al., 2013; Ring et al., 2009; Teepker et al., 2010; Kowalczyk et al., 2006; Kowalczyk et al., 

2010; Cook et al., 1998). These hormonal fluctuations across the menstrual cycle have elicited 

research from many scientific fields, such as brain imaging across different points of the cycle 

(Veldhuijzen et al., 2013; Choi et al., 2006). Many variables that may impact aerobic exercise 

according to the Fick Equation, have been found to be influenced by menstrual cycle (Laszlo, 

2004). The Fick Equation can be manipulated to say: 

VO2 = Q · (A – V)O2 

These variables involved include fluid shifts, heart rate, and thermoregulation. Studies 

by Stachenfeld (2008) and Wenner & Stachenfeld (2012) found that the sex hormones 

estradiol and progesterone slightly shift capillary fluid dynamics and sodium retention in 
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young healthy women (Stachenfeld, 2008; Wenner & Stachenfeld, 2012). Tanaka et al. (2003) 

observed significant correlations between estradiol concentrations and baroreflex sensitivities, 

indicating that estradiol may impact the control of heart rate (Tanaka et al., 2003). 

Additionally, a study by Godbole et al. (2016) determined that resting heart rate was 

significantly higher and that oxygen utilization was significantly lower prior to menses when 

estradiol levels are at their lowest concentration; moreover, these authors suggest that 

cardiorespiratory responses to aerobic exercise are reduced prior to menses (Godbole et al., 

2016). Pivarnik et al. (1992) found that resting and maximal exercise rectal temperature and 

heart rate were significantly higher during the luteal phase compared to the follicular phase, 

and these authors determined that thermoregulation and cardiovascular strain were influenced 

during the luteal phase, when progesterone concentration is high (Pivarnik et al., 1992). Each 

of these studies indicate that these variables fluctuate across menstrual cycle and may impact 

aerobic performance according to the Fick equation, generating a need for more research to 

better identify any possible impacts on exercise performance (Laszlo, 2004).  

Thus far, literature reviews have reported conflicting evidence regarding specific 

hormonal concentrations, their individual actions, interactions, and their influence on aerobic 

exercise parameters (Dibrezzo et al., 1988; Smekal, et al., 2007; Hackney et al, 1991; Riley III 

et al., 1999; Iacovides et al., 2015; Stachenfeld, 2008). Some researchers have attempted to 

identify how performance outcomes and physiology interact across the menstrual cycle, but 

differing procedures complicate identifying associated results among these studies (Riley III et 

al., 1999; Teepker et al., 2010; Iacovides et al., 2015). Some researchers have elected to 

measure submaximal performance, like a study by Hackney et al. (1991) which reported that 

respiratory exchange ratio (RER), which indicates what fuel source is being metabolized by 
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the participant, was significantly lower in the ovulatory phase compared to the follicular phase, 

while Smekal et al. (2007) found no difference in RER during a maximal exercise protocol 

between the follicular and luteal phases (Hackney et al., 1991; Smekal et al., 2007). Also, 

some researchers like Bemben et al. (1995) and Caldwell Hooper et al. (2011) have elected to 

use a treadmill to assess maximal aerobic performance, as opposed to a cycle ergometer which 

was utilized by Gordon et al. (2018), while Godbole et al. (2016) elected to use a step test and 

a prediction equation to assess VO2max (Bemben et al., 1995; Caldwell Hooper et al., 2011; 

Gordon et al., 2018; Godbole et al., 2016). These conflicting methodologies of assessing 

aerobic performance, either maximally or submaximally, make results extremely difficult to 

compare and draw definitive conclusions between.  

Another hindrance of comparing previous menstrual cycle research is the inconsistent 

results, reliability, or relative lack of reporting perceptive variables between studies. A review 

by Iacovides et al. (2015) reported that measures of pain sensitivity, using electrical, thermal, 

pressure stimulation and several other modalities, across the menstrual cycle have been widely 

conflicting – with some authors finding these values to be lowest during menstruation 

(bleeding), some during ovulation, and some during the “pre-menstrual” phase, while a large 

number of studies have reported no variability in pain sensitivity across the menstrual cycle 

(Choi et al., 2006; Teepker et al., 2010; Iacovides et al., 2015). Bailey et al. (2000) found no 

significant changes in rating of perceived exertion (RPE) between the follicular and luteal 

phases during a prolonged exercise protocol on an ergometer at 70% of the participants’ 

VO2max (Bailey et al., 2000). Similarly, Lara et al. (2019) found that RPE was unchanged in 

their placebo group across the early follicular, preovulatory, and mid-luteal phases during a 

staged maximal GXT on a cycle ergometer (Lara et al., 2019). Goldsmith and Glaister (2020) 
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also found that RPE was unchanged between early follicular, late follicular, and mid-luteal 

during maximal and submaximal treadmill tests (Goldsmith & Glaister, 2020). Alternatively, 

Caldwell Hooper et al. (2011) concluded that RPE was higher in the follicular phase than the 

luteal phase in moderate intensity exercise, and Pivarnik et al. (1992) reported that RPE during 

a maximal cycle GXT was increased during the luteal phase (Caldwell Hooper et al., 2011; 

Pivarnik et al., 1992). However, some studies have failed to measure or report perceptual 

variables like RPE altogether (Bemben et al., 1995; Gordon et al., 2018). The current study 

attempted to provide more information regarding changes in RPE across the menstrual cycle, 

amidst these variations in the current literature. 

In regards to timing of testing, most studies that aim to test variability in exercise 

responses usually test within the middle of the follicular and luteal phases and compare only 

these two time points; likewise, most results have shown no difference in several different 

measured parameters, including isometric strength, submaximal aerobic performance, and 

oxygen utilization (Hackney et al., 1991; Hall-Jurkowski et al., 1981; Smekal, et al., 2007; 

Lebrun et al., 1995; Ring et al., 2009; Choi et al., 2006; Teepker et al., 2009). These 

timepoints were likely chosen out of convenience to the researchers and/or participants, as 

these points tend to be the easiest to identify and are the longest lasting phases. Unfortunately, 

this study design leaves several portions of the menstrual cycle untested, and these parts 

happen to be when cycling female sex hormones estradiol and progesterone fluctuate most 

significantly, like during menses, when the concentrations of estradiol and progesterone are at 

their lowest, and during ovulation, when estradiol and luteinizing hormone (LH) are at their 

highest (Barbieri, 2014).  
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Another difference found in previous literature includes the methodology for 

attempting to identify the menstrual cycle phases. A common method to accomplish this 

without access to hormonal assays is with basal body temperature (BBT) tracking. Tracking 

BBT in females that exhibit eumenorrhea (normal menstrual cycle including all three phases) 

is relatively simple and makes the point of ovulation easy to identify by observing a slight 

increase in BBT, attributed to be about 0.3°C on average. (McClure Browne, 1973). Ovulation, 

or release of the oocyte, corresponds to this slight increase in temperature, which contrasts to 

the relative consistency of BBT across the remainder of the menstrual cycle (Janse de Jonge, 

2003; Buxton & Atkinson, 1948; Royston & Abrams, 1980). Although this method has the 

advantage of being simple and inexpensive to perform, it may not be the most reliable method 

to confirm ovulation. Guermandi et al. (2001) reported that more advanced methods of 

menstrual cycle tracking, such as blood or urinary hormone analyses, were preferable when 

compared to the BBT method, though this method accurately predicted ovulation in 

approximately 75% of cases (Guermandi et al., 2001).  

Many studies have also attempted to gain information about menstrual cycle changes 

using participants with different physical activity levels. One example of this issue is apparent 

when comparing a study from Caldwell Hooper et al. (2011) which measured RPE among 

other variables in sedentary women (Caldwell Hooper et al., 2011). These authors reported that 

RPE and pain are higher during the follicular phase when compared to the luteal phase in this 

sample of sedentary females, while another study by Stephenson et al. (1981) who reported 

that RPE was unchanged across several testing days in healthy females, but did not attempt to 

control for activity level (Caldwell Hooper et al., 2011; Stephenson et al., 1981). The possible 

variety and failure to identify fitness level of the participants makes it so that these results 
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cannot directly be compared to one another since fitness level could impact findings. Another 

example of this issue occurs in a study which measured VO2 in “elite” female runners aged 18-

41 years with a VO2max > 50 ml/kg/min (Lebrun et al., 1994; Kaminsky et al., 2015). A 

standardized average value for females age 20-29 years is 37.6 ± 10.2 ml/kg/min and even 

lower for females age 30-39 years (Kaminsky et al., 2015). The study by Lebrun et al. (1994) 

using elite athletes makes these results difficult to generalize to the general population and 

runs the risk of possible amenorrheic effects, or absence of a normal menstrual pattern, which 

is common among heavily endurance trained females. Characteristics of participants, like 

fitness level, methodology used to identify menstrual cycle phase, and exercise modality used 

within studies of this kind have differed largely in the past, which makes it hard to pinpoint the 

impact menstrual cycle phase has on certain exercise parameters.    

In summary, a large gap in the literature exists surrounding the particular 

cardiovascular and metabolic responses to aerobic exercise during progressive phases of the 

menstrual cycle – specifically, menses, the early follicular phase where bleeding occurs, and 

the quick, challenging-to-identify ovulatory phase where BBT increases due to changing levels 

of the sex hormones. Additionally, eumenorrheic females may also individually experience 

highly variable negative perceptions during menses and/or ovulation, such as fatigue and 

physical discomfort (cramping, bloating, etc.), which promotes further testing of perceptive 

variables during and following exercise according to these phases (Constantini et al., 2005; 

Gordon et al., 2018; Giacomoni et al., 2000; Hackney et al., 1991; Choi et al., 2006; Caldwell 

Hooper et al., 2011). The inconsistencies within previous studies including menstrual phase 

identification, phase(s) tested, exercise mode and measurement protocols used, and sample 
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selection and control warrant more detailed research which led to the conception of this 

particular study.  

Purpose 

The purpose of this study was to examine how different phases of the menstrual cycle – 

specifically during menses (day 0-3), the ovulatory phase (according to BBT spike), and the 

mid-luteal phase (day 20-24) – may affect metabolic, cardiovascular, and subjective 

parameters during a maximal graded exercise test (GXT) in a healthy, college-age population.  

Significance 

Since there is a scarce amount of literature surrounding how menses and ovulation can 

impact aerobic exercise performance, the results of this study could elucidate the magnitude of 

these changes. Understanding these differences may help future researchers to more effectively 

standardize the design of their studies when utilizing female participants (Herzberg et al., 

2017). More specifically, it may reveal if menses and ovulation impact either objective or 

subjective performance measures associated with aerobic exercise (Constantini et al., 2005). 

This study aimed to include several subjective measures, such as rating of perceived exertion 

(RPE) and rating of recovery, which are less commonly evaluated in exercise research, to 

provide more information on how the participant feels during and after maximal exercise 

(Cook et al., 1998; Caldwell Hooper et al., 2011). It will be of interest to see how the results 

from this study are comparable to the current literature selection. Most importantly, these 

findings could be used to optimize aerobic training programs or periodization cycles for 

enabling further female participation in exercise studies, and also possibly for female aerobic 

athletes by accounting for physiological differences over the course of the menstrual cycle.  
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Research Questions 

1. Will there be significant differences in the following objective parameters measured during 

a graded-exercise test between menses, the ovulatory phase, and the mid-luteal phase? 

a. Maximal rate of oxygen utilization (VO2max) 

b. Respiratory exchange ratio (RER) 

c. Blood lactate concentration change (max – rest) 

d. Time to failure 

e. Maximal workload 

f. Peak heart rate (HR) 

2. Will there be significant differences in the subjective parameters measured during a 

graded-exercise test between menses, the ovulatory phase, and the mid-luteal phase? 

a. Overall rating of perceived exertion 

b. Localized rating of perceived exertion 

c. Recovery rating post-testing 

Hypotheses 

3. H0: There will be no significant difference in the objective parameters measured between 

menses, the ovulatory phase, and the mid-luteal phase. 

a. Maximal rate of oxygen utilization (VO2max) 

b. Respiratory exchange ratio (RER) 

c. Blood lactate concentration change (max – rest) 

d. Time to failure 

e. Maximal workload 

f. Peak heart rate (HR) 

4. H1: There will be significant differences in the objective parameters measured between 

menses, the ovulatory phase, and the mid-luteal phase. Values for the objective parameters 

will be higher during the ovulatory phase due to the spike in basal body temperature and 

increased sex hormone concentration.  
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a. Maximal rate of oxygen utilization (VO2max) 

b. Respiratory exchange ratio (RER) 

c. Blood lactate concentration change (max – rest) 

d. Time to failure 

e. Maximal workload 

f. Peak heart rate (HR) 

5. H0: There will be no significant difference in the subjective parameters measured between 

menses, ovulatory phase, and mid-luteal phase. 

a. Overall rating of perceived exertion 

b. Localized rating of perceived exertion 

c. Recovery rating post-testing 

6. H1: There will be significant differences in the subjective parameters measured between 

menses, ovulatory phase, and mid-luteal phase. Values for the subjective parameters will 

be lower for perceived exertion and higher for recovery rating during the ovulatory phase 

due to the spike in basal body temperature and increased sex hormone concentration. 

a. Overall rating of perceived exertion 

b. Localized rating of perceived exertion 

c. Recovery rating post-testing 

Delimitations 

This study includes the following delimitations: 

1. Healthy males and females between 18-24 years of age. 

2. Healthy females exhibiting a normal menstrual cycle (eumenorrhea). 

3. Healthy females without hormonal oral contraceptive, intrauterine device, implant, 

injection or other hormonal birth control method. 

4. Participants without external hormonal influences (antidepressants or other medications) 

5. Participants without metabolic, respiratory, neurological, or cardiovascular diseases. 
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6. Participants free from any recent or debilitating musculoskeletal injury. 

7. Participants will maintain current activity level for the duration of the study.  

Limitations 

This study includes the following limitations: 

1. Results of this study will not apply to the entire population. 

2. Results of this study will not be generalizable to females with abnormal menstrual cycles, 

hormonal disorders, or reproductive anatomical malformations. 

3. Results of this study will not apply to heavily endurance trained individuals. 

4. Results of this study will not apply to birth control users.  

5. Results of this study regarding menstrual cycle phase will not apply to males. 

6. Participants will be recruited from the Norman and Oklahoma City metropolitan area. 

Assumptions 

This study includes the following assumptions: 

1. All participants will present accurate and honest medical history, physical activity, and 

background information. 

2. All female participants will present accurate and honest menstrual cycle history. 

3. All participants will meet inclusion criteria.  

4. All participants will be honest and consistent in reporting BBT and recovery rating. 

5. All participants will perform graded exercise tests to their maximal effort.  

6. All participants will answer questionnaires truthfully.  
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7. Female participants will be tested during their true menses (day 0-3 corresponding to 0 = 

onset of bleeding), ovulatory phase (within 24 hours of BBT spike), and mid-luteal phase 

(day 20-24).  

8. All participants will complete the required visits of the study. 

Operational Definitions 

1. Eumenorrheic: normal menstrual cycle; presence of menses, ovulation, and all sex 

hormones and appropriate function (Birch, 2000) 

2. Menses: sub-phase of follicular phase where bleeding occurs, averages 3-7 days in most 

eumenorrheic females, data will be collected within days 0-3 (Barbieri, 2014) 

3. Follicular phase: phase defining follicle development in the ovary, from onset of menses 

where sex hormone concentration decreases to ovulation, variable in length but averages 

14 days (Barbieri, 2014) 

4. Ovulatory phase: point where the membrane of the developed follicle deteriorates and 

releases oocyte due to high levels of estradiol, usually occurs mid-way through cycle, data 

will be collected within 24 hours of BBT spike (Barbieri, 2014) 

5. Luteal phase: progesterone increases rapidly and uterine lining experiences changes, 

always lasts 14 days until progesterone is signaled to decrease and follicle development 

begins, data will be collected in days 20-24 (Thiyagarajan & Jeanmonod, 2018) 

6. Basal body temperature (BBT): waking internal body temperature, can be used to 

identify ovulation (Buxton & Atkinson, 1948; Royston & Abrams, 1980) 

7. Respiratory exchange ratio (RER): VCO2/VO2 indicates non-protein fuel source being 

metabolized (Hackney et al., 1991)  
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8. Rating of perceived exertion (RPE): a subjective measure of how the participant feels; 

typically, a Borg scale (6-20) is used, but this study will used a modified Borg scale (0-10) 

(Stephenson et al., 1981) 
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CHAPTER II: LITERATURE REVIEW 

Introduction 

In order to get a full background on relevant literature with purposes related to 

menstrual cycle phase and exercise performance, search engines such as CINAHL Complete, 

Google Scholar, PubMed, and SPORTDiscus with full text were utilized using specific search 

terms to access textbooks and peer reviewed journal articles. The following literature review is 

organized to briefly introduce the endocrinology that regulates the menstrual cycle, define the 

phases of the menstrual cycle and recognize what makes each phase distinguishable, 

summarize the methods that previous researchers have used to identify these different phases 

within the menstrual cycle, and report objective and subjective findings from studies that have 

controlled for menstrual cycle phase previously. It will encompass literature from gynecology, 

exercise physiology, molecular biology, neuroscience, and statistics. The purpose of this 

chapter is to relay the current gaps and variations in the literature regarding the extent to which 

metabolic, cardiovascular, and subjective parameters are influenced by menstrual cycle phases.  

Menstrual Cycle Background 

In eumenorrheic females, gonadotropin releasing hormone (GnRH), luteinizing 

hormone (LH), follicle-stimulating hormone (FSH), estradiol, oestrogen, and progesterone are 

the hormones that interact and create a rhythm that manages the menstrual cycle and its 

associated physiological changes (Birch, 2000). A normal cycle lasts between 21-35 days, and 

averages 28 days for most eumenorrheic females (Thiyagarajan & Jeanmonod, 2018). The 

cycle operates as both a negative and positive feedback system and occurs in three distinct 
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phases: follicular, ovulatory, and luteal. An overview of the menstrual cycle can be seen 

visually in Figure I (Reed & Carr, 2000).  

 

 
Figure I: Overview of the menstrual cycle (Reed & Carr, 2000) 

It is important to note that the menstrual cycle requires complicated interactions 

between roles of hormones, physiology, and anatomy to function in the proper way. If each of 

these components do not function and interact appropriately, there are many possibilities for 

improper functioning of the menstrual cycle. A few of these possibilities include impaired 

hormone release or function, oocyte release, or anatomical malformations each of which could 

impact the menstrual cycle in different ways, such as irregular and unpredictable cycles, 

anovulation (absence of ovulation), or amenorrhea (absence of menses). Figure I and the 
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remainder of this section attempt to illustrate properties of eumenorrhea, or a normally 

functioning menstrual cycle. 

Follicular Phase 

The first phase in the menstrual cycle is the follicular phase. In the average 28-day 

cycle, this phase occurs from day 0 to 14, but has no definitive length, which contributes to 

menstrual cycle variability seen between females. The technical start of the menstrual cycle 

occurs at the onset of menses or bleeding, which is actually a sub-phase of the follicular phase. 

In the average cycle, it is generally accepted that the occurrence of menstruation is from days 

0-5, yet it can have a fairly high variability between females, with the average lasting around 

3-7 days in duration (Barbieri, 2014). Menses is said to occur when the levels of progesterone 

and estradiol decrease significantly, stimulating the endometrial or inner layer of the uterus to 

be sloughed off and exit through the cervix. Simultaneously, precursor follicles begin forming 

in the ovaries. Menses is usually considered part of this follicular phase and not its own phase 

due to the growth of these pre-follicles (Birch, 2000). As menses is ending, the hypothalamus 

secretes GnRH, which travels to the anterior pituitary gland. It attaches to its own 7-

transmembrane G-protein receptor which triggers the anterior pituitary gland to release FSH 

and LH at different rhythms throughout the cycle. (Thiyagarajan & Jeanmonod, 2018; 

Hawkins & Matzuk, 2008). These hormones are then transported to the ovarian follicle where 

they interact with specific cells located there as the follicle begins to mature. Theca cells are 

the first to mature as they are sensitive to the presence of LH. If LH is detected, the theca cells 

will activate cholesterol desmolase, an enzyme, and secrete androstenedione and progesterone, 

seen below in Figure II (Barbieri, 2014; Reed & Carr, 2000). Then, androstenedione diffuses 

into granulosa cells near the theca cell it was produced by. This second specific type of cell, 
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the granulosa cell, is sensitive to FSH. If FSH is detected, the cell is stimulated and converts 

androstenedione into testosterone and then directly into a type of estrogen, 17-β-estradiol or 

estradiol, via the aromatase enzyme. This rise in estradiol is a characteristic of the follicular 

phase. The concentration of estradiol then reaches a threshold value in the bloodstream 

(around 200 pg/mL of plasma) (Thiyagarajan & Jeanmonod, 2018). After, it activates the 

kisspeptin (KISS1) system by binding to KISS1 receptors in the hypothalamus to release more 

GnRH and thus, initiates a critical 48-hour long LH surge (Barbieri, 2014). This critical surge 

of LH commences ovulation, the next phase of the menstrual cycle. 

 

 
Figure II: Example of LH activation and estradiol release within the female ovary 

(Reed & Carr, 2000) 

 

Ovulatory Phase 

The ovulatory phase concludes the follicular phase and almost always occurs 14-days 

prior to the onset of menses of the next cycle; hence, in a eumenorrheic average 28-day cycle, 

it will occur 14-days into the cycle. The LH surge causes: 1) an increase in concentration of 

enzymes that deteriorate the membrane of the follicle to promote release of the oocyte, 2) 
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luteinizes the theca and granulosa cells which increases the concentration of progesterone in 

the blood, 3) increases blood flow to the follicle, 4) increases basal body temperature, and 5) 

stimulates epidermal growth factor (EGF)-like hormones to encourage the oocyte, a different 

type of specialized cell within the ovary, to begin cell division and growth. The oocyte, also 

known as the reproductive egg cell, is released shortly after from the mature follicle within the 

ovary (Barbieri, 2014). This release usually commences around 12-48 hours after the 

considerable increase in body temperature and LH concentration.  

Luteal Phase 

Immediately following ovulation, the luteal phase begins and lasts for around 14-days, 

unless some of the system is malfunctioning, but in eumenorrheic females, this phase makes 

up the remainder of the average 28-day cycle. The leftover follicle is converted into the corpus 

luteum, which secretes progesterone throughout the luteal phase. Most significantly, this 

increased concentration of progesterone increases activity of the hypothalamus, which 

maintains an increase in body temperature and a loss of body water (Birch, 2000; Royston & 

Abrams, 1980; Forman et al., 1987; Buxton & Atkinson, 1948; Hawkins & Matzuk, 2008; 

Murphy et al., 2017). The presence of a corpus luteum will do several other things – including 

causing mucous along the cervix to thicken and the endometrial lining of the uterus to prepare 

for detachment by transforming into a secretory tissue before beginning menses again. If the 

oocyte is fertilized by a sperm and implants along the uterine wall during this phase, the 

progesterone from the corpus luteum will help the now fertilized oocyte, or ovum, remain 

attached to the uterus and hold hormone levels stable to encourage completion of the early 

days of pregnancy before the placenta is fully formed and connects the ovum and endometrium 

(Thiyagarajan & Jeanmonod, 2018). If the oocyte is not fertilized and does not attach to the 
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endometrium, the corpus luteum will continue to secrete progesterone and will eventually 

shrink due to the effects of a negative feedback system. High progesterone levels decrease 

release of FSH and LH from the anterior pituitary gland, which will eventually discourage 

estradiol and progesterone secretion from the theca and granulosa cells and will decrease the 

concentrations of these hormones drastically. This drop in gonadal sex hormones returns the 

cycle to menses/bleeding and thus, the follicular phase begins again (Thiyagarajan & 

Jeanmonod, 2018).   

Methods of Estimating Menstrual Cycle Phase 

 A few studies have attempted to identify and measure the physiological parameters that 

are affected by the menstrual cycle and the corresponding hormones involved. Previous 

research has encountered difficulties in attempting to correctly identify which menstrual phase 

is happening at a given point in time. A study by Janse de Jonge (2003) suggests several 

methods to verify the different menstrual phases such as retrospective counting, basal body 

temperature (BBT) tracking, urinary LH concentration, and blood serum or salivary assays to 

physically measure hormone levels, and lists the problems that arise with each method (Janse 

de Jonge, 2003). The most difficult and least reliable way to track a menstrual phase is by 

having the participant or research team count backward to the onset of the participant’s last 

menses, also known as retrospective counting. Several problems of this method include 

inaccuracy of recollection, not having knowledge of anovulation or another sort of hormonal 

condition, and variability of the follicular phase impeding accuracy of each cycle (Janse de 

Jonge, 2003).  
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Though not the most highly accurate, the most popular, convenient, and affordable way 

of tracking menstrual cycle phase among the physical performance field is using BBT charts. 

This method only provides the participant a minor inconvenience of tracking body temperature 

every morning immediately upon waking and does not involve any expensive technology. 

Typically, a pattern can be noticed from plotting these BBT values along with corresponding 

days of the menstrual cycle, beginning with onset of bleeding. The average pattern of a BBT 

chart is biphasic (Buxton & Atkinson, 1948) and shows temperature as stable but relatively 

low during the follicular phase with a visible spike following the LH surge preceding 

ovulation by 36-44 hours (Barbieri, 2014). This temperature spike (around 0.3°C (Janse de 

Jonge, 2003) or 
3

5
− 1°F (Buxton & Atkinson, 1948)) is commonly used to identify ovulation 

(McClure Browne, 1973). As stated previously and represented above in Figure I, ovulation is 

also connected to an increase in progesterone, which stays elevated throughout the luteal phase 

and is said to have thermic effects on the body; therefore, in the BBT chart, temperature 

remains relatively high throughout the luteal phase compared to the follicular phase, but then 

falls prior to menses, the start of the follicular phase of the next cycle (Royston & Abrams, 

1980; McClure Browne, 1973). A study by Buxton and Atkinson aimed to identify the cause 

behind the thermic increase when using a BBT chart. This study provided 6 amenorrhoeic 

female participants with various exogenous ovarian hormones to see which produced any sort 

of thermic effect. They gave participants estrogen for 2 weeks to reach a baseline temperature 

and then administered 10-25 mg of progesterone over 7-14 days. They also injected a 

bilaterally ovariectomized female, missing the critical ovarian cells to ovulate, with exogenous 

gonadotropin to see if this hormone would cause an increase in BBT, since another study 

reported that this hormone did create an increase in BBT. Their results showed that the 
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amenorrhoeic females given progesterone had an average increase of > 0.5°F and the 

ovariectomized female showed no increase in BBT, which led to the conclusion that 

progesterone is the main ovarian hormone that produces a thermic increase, though they did 

not report any statistical results (Buxton & Atkinson, 1948). A few studies recognize the 

problems with this method including relative variability between and within each female, 

simply from one cycle to another (Buxton & Atkinson, 1948; Royston & Abrams, 1980; Janse 

de Jonge, 2003), as well as inaccuracy of monitoring progesterone levels (Janse de Jonge, 

2003; Guermandi et al., 2001). A study by Forman et al. suggests that it may not be 

progesterone alone that causes an increase in BBT, but rather the increase is due to an 

oestrogen-progesterone synergism or the action of another substance, like norepinephrine, 

which might enhance the natural thermogenic effect of progesterone (Forman et al., 1987). 

This study also recognizes that an upward shift in BBT only requires 4ng/ml of progesterone, 

but discounts that progesterone alone could be responsible for the increase in BBT since it 

does not increase linearly in proportion to progesterone levels and plateaus 48 hours post-spike 

in BBT (Forman et al., 1987). Although the concerns with using the BBT are established, this 

method remains commonly used for performing analyses across the follicular and luteal phases 

in eumenorrheic women. 

The third method, urinary LH measurement, has been shown to have strong accuracy in 

predicting when ovulation will occur, mean time of 20 ± 3 hours and a 95% confidence 

interval of 14-26 hours (Miller & Soules, 1996). A study by Guermandi et al. (2001) suggested 

that urinary analysis predicted ovulation in 97% of 101 cases, compared to BBT tracking 

which predicted 74% (Guermandi et al., 2001). This method does require purchase of a urinary 
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LH kit, such as Ovuquick, and the process of a using 24-hour sample is a bit impractical and 

may cause error, as reported by Janse de Jonge (Janse de Jonge, 2003).   

The last known method of attempting to classify menstrual phase is through saliva or 

blood serum samples and measuring hormone concentration, though the most popular of these 

in previous literature is blood serum measurements. This method may be the most accurate at 

reporting concentrations of progesterone and oestrogen, but currently, it is the most invasive 

and there is no standardized value of progesterone that correlates to a confirmation of 

ovulation (Janse de Jonge, 2003). Birch suggests that there is a thermoregulatory set point, but 

it has yet to be identified across our field (Birch, 2000). None of the methods listed above have 

been recognized and accepted as a gold standard for identifying menstrual cycle phase in 

obstetrics or exercise physiology, though some methods are inherently more reliable than 

others due to accuracy of measurement and human error.  

Physical Performance and Menstrual Cycle 

The above introduction to the menstrual cycle, the ways to distinguish between each 

phase, and methods used to examine body temperature changes suggest that hormonal 

fluctuations might cause changes to physiological function, especially during exercise. When 

considering maximal anaerobic performance, the results of most studies agree that menstrual 

cycle phase has no effect on isometric strength or anaerobic threshold parameters, though most 

of these tests are only measured during the mid-follicular and mid-luteal phases (Dibrezzo et 

al., 1988; Giacomoni et al., 2000; Petrofsky et al., 2007). The remainder of this section will 

attempt to summarize current literature regarding aerobic performance, both submaximally and 

maximally. 
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In an attempt to map how submaximal exercise variables change across all days of the 

menstrual cycle, a pair of studies by Stephenson et al. first examined VO2max in a small sample 

of active female participants (n = 6, age 19-47 years) on a bicycle ergometer and calculated 

four levels of intensity for them to complete every 6 days at different points in their menstrual 

cycle (day 2, 8, 14, 20, and 26, with day 0 corroborating to the onset of menses) (Stephenson et 

al., 1982). The researchers measured several metabolic, cardiorespiratory, and temperature 

variables at each submaximal exercise level and at rest. These variables included VO2, VCO2, 

total expiratory volume (VE), mean tidal volume (VT), respiratory rate (FB), respiratory 

exchange ratio (RER), mean skin temperature (Ts), rectal temperature (Tre), and total body 

temperature (Tb) , and RPE with a modified 9-point Borg scale and anaerobic threshold in the 

other study. The first study reported that peak O2 uptake, VCO2, VE, VT, FB, and RER were 

unchanged throughout the menstrual cycle, but thermoregulatory data did report significant 

differences. It was found that resting Tre on days 14 and 20 was significantly higher than days 

2 and 8, and that Ts and Tb were significantly lower on days 2 and 26 when compared to day 

20 (Stephenson et al., 1982). They also reported that Tre on days 2 and 8 averaged was 

significantly lower than on days 14 and 20 averaged during each exercise phase and at rest (p 

< 0.05). They attributed this 0.01°C per 100 ml· min -1 increase in VO2 rise in core body 

temperature to increased progesterone levels (Stephenson et al., 1982). The second study 

measured RPE and anaerobic threshold in the same group of participants. They performed the 

same exercise protocol, with four submaximal exercise intensities, on specific days that were 

thought to correspond with different cycle phases and reported that RPE was not significantly 

different between days, though there was an upward trend around day 20 (Stephenson et al., 

1981). The researchers attributed that RPE naturally increases with increases in heart rate (HR) 



24 

 

and does not depend on menstrual cycle phase to offer changes. The problems of this study 

include a small sample size with an incredibly large age range and failure to confirm ovulation 

in the participants. Though this study simply observed a significant rise in core body 

temperature at what they believed to be the ovulatory and luteal phase, there was no 

confirmation of menstrual cycle phase or normal ovulatory function in the participants, which 

impeded their internal validity. 

 Many more studies have attempted to measure how different factors involved in 

endurance performance, such as heart rate, lactate concentration, time to failure, etc., may vary 

across menstrual cycle, yet the data are quite inconsistent. A study by Gordon et al. placed 16 

active females into two groups, an oral contraceptive group who had been consuming mono-

phasic contraceptives for at least 3 months prior to the study (n = 6, age = 21.7 ± 2.16 years) 

and a non-oral contraceptive group (n = 10, age = 20.6 ± 1.6 years) (Gordon et al., 2018). They 

assumed menstrual cycle phase by having participants diary menstrual cycle patterns and 

performed testing for estradoil and progesterone through salivary analysis at each visit. Testing 

involved four graded exercise tests on a cycle ergometer to measure VO2max and cardiac 

output, among other cardiorespiratory variables, during four phases of the menstrual cycle: 

menstruation (days 1-3), mid-follicular (days 9-11), mid-luteal (days 19-20), and premenstrual 

(days 27-28).  The results showed non-significant differences of VO2max, cardiac output, HR, 

and stroke volume between groups and between phases. This study also reports that a change 

in VO2max of 1.6 ± 0.85 ml/kg/min between phases is the largest observed change and that 

approximately 0.75 ml/kg/min is the minimal practically significant change, though these 

values are only reported between the luteal and follicular phases (Gordon et al., 2018).  
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Another study by Hall-Jurkowski et al. (1981) aimed to test blood lactate, O2 delivery 

and exercise performance across different menstrual cycle phases (Hall-Jurkowski et al., 

1981). Ovulation was confirmed with a 0.3°C increase in BBT and an increase of plasma 

progesterone in 9 females (age 20-24, mean VO2max = 41.8 ml/kg/min) (Hall-Jurkowski et al., 

1981). They tested these participants in the follicular and luteal phase, but not ovulatory. When 

comparing the results from the two phases, there were no differences in O2 delivery, HR, 

VCO2, or cardiac output. On the other hand, results showed significantly longer time to failure, 

higher ventilation, and significantly lower lactate levels throughout exercise and at rest during 

the luteal phase (p < 0.05) (Hall-Jurkowski et al., 1981). Though these researchers found some 

differences in cardiorespiratory parameters between the luteal and follicular phase, the most 

significant finding was that “differences in aerobic performance were not apparent between the 

two phases” (Hall-Jurkowski et al., 1981, p. 1496). This finding has been widely cited, like in 

a study done by Hackney et al. (1991), which began by attempting to confirm ovulation in 

aerobically fit eumenorrheic females (n = 6, age = 26 ± 6 years, VO2max = 44 ± 4 ml/kg/min) 

by using the BBT charting method 2-3 months prior to testing and periodically collecting urine 

and blood samples to test for an increase in LH, which elicits ovulation (Hackney et al., 1991). 

These participants were measured at three different phases – mid-follicuar (days 7-8), 

ovulatory (days 14-16), and mid-luteal (days 22-23) – which were confirmed with resting 

blood draws and hormonal analysis. They found that RER was significantly lower during the 

ovulatory phase (p < 0.03) when compared to the mid-follicular phase, and the mid-luteal RER 

approached significance when compared to mid-follicular values (p = 0.07). They also found 

that the rating of percieved exertion in the legs during exercise, or L-RPE, was significantly 

greater during the ovulatory phase (p < 0.05) and that the total-RPE was slightly higher during 
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the ovulatory phase, though not statistically significant (Hackney et al., 1991). This finding 

suggests that exercise felt more difficult to the participants during the ovulatory phase. A 

clinical assumption to name what is responsible for this phenomenon has yet to be determined; 

therefore, this elicits the need for more studies during the ovulatory phase and comparing them 

to other phases that are more commonly tested, like the mid-follicular or mid-luteal phases.  

A study by Smekal et al. (2007) recognized the difficulty of confirming ovulation and 

completing testing within this short phase prior to the luteal phase (Smekal et al., 2007). The 

majority of their results were similar to earlier studies and show no difference in power output, 

VO2, HR, lactate concentration, and RER at any exercise intensity between the follicular and 

luteal phases (Smekal et al., 2007). Despite finding only one significant difference, a higher 

ventilatory drive in the luteal phase during submaximal cycling (p < 0.01), this study makes 

recommendations for future studies to test eumenorrheic females during the ovulatory phase 

(Smekal et al., 2007). A more recent study by Godbole et al. (2016) measured weight, resting 

heart rate, and respiratory rate, and utilized the Queen’s college step test to estimate VO2max 

with a prediction equation during the premenstrual (day 20-25) and postmenstrual (day 5-10) 

time period across three consecutive menstrual cycles (Godbole et al., 2016). Results of this 

study showed statistically significantly higher weight, resting pulse rate, and respiratory rate 

during the premenstrual period compared to the postmenstrual. Their results also showed 

significantly lower VO2max prior to menses, as opposed to after (Godbole et al., 2016). 

Summary  

A variety of studies have attempted to analyze how the different phases in the 

menstrual cycle and the hormones involved may impact physical performance. There are 
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disagreements and inconsistencies in measurement and identification of menstrual cycle 

phases, and an unclear knowledge of how hormonal actions involved in the menstrual cycle 

may impact different parameters of performance. There are also several dissimilarities of 

results within studies that have similar methods and purposes to the current study. The 

majority of previous studies show non-significant changes in oxygen utilization in varying 

exercise intensities, usually in the luteal and follicular phase and in a semi-active to active 

population. A prominent problem with a number of these previous studies is a small sample 

size, which not only can be problematic statistically, but can be difficult to generalize to the 

greater population (Stephenson et al., 1981; Stephenson et al., 1982; Hackney et al., 1991; 

Hall-Jurkowski et al., 1981). Some researchers using an aerobic exercise protocol have only 

tested aerobically fit females (Hackney et al., 1991; Lebrun et al., 1994), whereas alternavtive 

researchers have used too large of an age range in which pre-menopausal symptoms could 

interfere with significant results (Stephenson et al., 1981; Stephenson et al., 1981). Another 

problem is that few researchers have attempted to perform these tests during ovulation or 

menses. Since the LH surge and small increase in BBT happen shortly prior to ovulation, it 

can be difficult for the participant and the researcher to pinpoint; however, further research of 

how metabolic and cardiovascular factors are affected during this shift in hormonal 

concentration and the increase in BBT is quite necessary in order to make conclusions for 

studies with female participants in the future. These quandaries within previous studies and 

reviews incited motivation which led to the research questions that the current study attempted 

to answer.  
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CHAPTER III: METHODOLOGY 

Introduction 

 The purpose of this study was to determine how objective and subjective outcome 

measures during aerobic exercise may differ across the menses, ovulatory, and mid-luteal 

phases of the menstrual cycle. This chapter will first aim to outline the sample of participants, 

research design for each visit, data collection procedures and instrumentation. It will then 

establish the specific objective and subjective variables that were recorded, explain data 

collection, data management, and data analyses techniques necessary for interpretation and 

further application of results.  

Sample 

 This study includes results from 21 participants, 9 males and 12 females.  The 

participants in this study were recruited with convenient recruiting materials including flyers, 

electronic mail, and word of mouth. All were students or alumni of the University of 

Oklahoma and residents of the surrounding area. Upon performing a sample size calculation in 

G*Power for a 2 ml/kg/min ΔVO2max , a 2 (group: males vs females) x 3 repeated measures 

(menstrual cycle phases) between/within ANOVA and partial η2 = 0.30 (effect size), and an α-

level = 0.05, showed that a sample size of n = 6 per group reflected statistical power of 0.80 

(Lebrun et al., 1995; Gordon et al., 2018). Therefore, we sought to recruit at least 9 

participants for both groups to account for participant attrition and compliance. Following the 

inclusion criteria listed below and sample size calculation, this study includes data from all 21 

participants.  
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The following indicate the inclusion criteria for male participants (n = 9): 

1. Between 18-24 years of age. 

2. Not using external hormonal influences (antidepressants or other medications) 

3. Free from metabolic, respiratory, neurological, or cardiovascular diseases. 

4. Free from any recent or debilitating musculoskeletal injury (within 1 year). 

5. Will maintain current activity level for the duration of the study.  

 

The following indicate the inclusion criteria for female participants (n = 12): 

1. Between 18-24 years of age. 

2. Exhibiting a normal menstrual cycle (eumenorrhea). 

3. Without hormonal oral contraceptive, intrauterine device, implant, injection or other 

hormonal birth control method. 

4. Not using external hormonal influences (antidepressants or other medications) 

5. Free from metabolic, respiratory, neurological, or cardiovascular diseases. 

6. Free from any recent or debilitating musculoskeletal injury. 

7. Will maintain current activity level for the duration of the study.  

 

Research Design 

 This study utilized a repeated measures design, across three specific time points – 

menses (M), ovulation (O), and the mid-luteal phase (L). Males were treated as the control 

group in this experiment, due to the absence of fluctuations in progesterone and estradiol, 

which are responsible for phase changes throughout the menstrual cycle (Barbieri, 2014). 
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Using males as a control group was intended to increase the internal validity of this study and 

eliminate any problems that would arise from the absence of a control group. 

The female group was monitored to determine menstrual cycle phases and data 

collection sessions corresponded to menses, the ovulatory phase, and the mid-luteal phase. All 

participants received and completed an informed consent, physical activity readiness 

questionnaire (PAR-Q), medical history questionnaire, International Physical Activity 

Questionnaire (IPAQ), Profile of Mood States (POMS), and a Health Insurance Portability and 

Accountability Act (HIPPA) form. Females also received a menstrual cycle history 

questionnaire. Additionally, the remainder of the first visit included a familiarization with the 

exercise protocol and equipment. Upon completion of this familiarization visit, all participants 

were provided a thermometer for BBT tracking and sent text messages directly to the 

researcher reporting BBT for each morning throughout their enrollment in the study. Further 

visits for data collection were scheduled depending on whichever phase occurred following the 

familiarization visit, according to the menstrual cycle questionnaire and BBT tracking method. 

Participants were informed that their participation in the study is entirely voluntary and can be 

self-terminated at any point, even prior to finishing all visits. This study received funding from 

the Graduate Student Senate and the Robberson Research Grant, both from the University of 

Oklahoma, to cover the cost of necessary equipment. 

Measurement Procedures 

 This study consisted of four visits which included the informed consent and 

familiarization during the first visit, followed by three additional data collection visits 

corresponding to menses, the ovulatory phase, and the mid-luteal phase. The length between 
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visits was variable due to the range of phases when female participants could come in for 

familiarization and variability of cycle timing from female to female (Barbieri, 2014).  Visits 

for males were randomly generated to assign a phase their first exercise visit and the following 

visits paralleled the length of time between visits for the average female 28-day cycle, 

according to estimated menstrual cycle phase changes. For example, if a male was assigned 

visit M first, his visit O occurred about 14 days after visit L was about 6-10 days later.  

In order to randomize testing across the menstrual cycle, the time at which a female 

participant enrolled in the study set the track for her following visits. For example, a female 

participant that enrolled prior to menses (bleeding day 0-3) had visit M as her first exercise 

visit. Conversely, if a female participant enrolled during the early luteal phase (day 16-20), the 

first exercise session would serve as her visit L. Therefore, the visit number corresponding to 

menses, ovulation, and mid-luteal phase was relatively randomized across female participants, 

which served to eliminate any chances of accumulating a learning effect. Data measured from 

male and female participants over the course of these three visits also aimed to reflect the 

reliability of the protocol and measurement of VO2max stability over a wide time frame.  

Since the participants engaged in a graded exercise test (GXT) until volitional fatigue, 

they were asked to refrain from vigorous exercise for 48 hours and not have eaten 3 hours 

prior to data collection (Macfarlane, 2001). Participants were also encouraged not to consume 

any caffeine on the day of testing or within 6 hours prior to testing to ensure proper control of 

ergogenic aids throughout testing. Additionally, prior to any data collection, the TrueOne® 

2400 Metabolic Measurement System (ParvoMedics Ind., Sandy, UT, USA) was properly 

calibrated following the operator’s manual instructions. The Lactate Plus Meter (Nova 

Biomedical Corporation, Waltham, MA, USA) was also calibrated before data collection per 
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instructions of the operator’s manual. Following the familiarization trial, all testing visits were 

scheduled to control for time of day (within a 2-hour start range).  

Visit 1 

All participants were thoroughly informed of the study protocol and possible risks prior 

to any measurement. If the participant wished to continue with participation, he/she voluntarily 

signed an informed consent form, which was approved by the local Institutional Review Board 

at the University of Oklahoma Norman campus (IRB # 11034). Following confirmation that 

the participant met all inclusion criteria and was approved for further participation, 

demographic information of each participant, including age, sex, mood, and physical activity 

level, were collected from these questionnaires and recorded. Participants were assigned a 

personal participant identification (ID) number, which they were referred to as for the 

remainder of the study to maintain confidentiality of each participant. Following the 

assignment of a participant ID, the participant began familiarization. Baseline measurements 

for the following characteristics were then taken – height, weight, current menstrual cycle 

phase (females only), and temperature at the time of visit, heart rate (HR), blood pressure 

(BP), and resting blood lactate concentration. Height was measured to the nearest 0.5 

centimeter with a Stadiometer (Seca Model 242, Chino, CA, USA), weight was measured to 

the nearest 0.1 kilogram on an electronic scale (Tanita Model BWB-800, Tokyo, Japan), and 

blood pressure was measured using an automatic occlusion cuff (BP742 HEM-7200-Z, 

OMRON Healthcare Inc., Lake Forest, IL, USA). Basal body temperature each morning and 

temperature at time of testing were measured to the nearest 0.1°C with a digital thermometer 

(iProvèn Model BBT-113Ai, Beaverton, OR, USA) and blood lactate concentration was 

measured to the nearest 0.1 mmol/L using the Lactate Plus Analyzer and test strips (Hart et al., 
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2013). Participants were fitted with a Polar Heart Rate Sensor and elastic band (Polar Inc. 

Model H1, Bethpage, NY, USA) that measures heart rate via Bluetooth sensor on the bike. The 

participants were also fitted to the Excalibur Sport Lode Cycle Ergometer (Lode BV, 

Groningen, NED) and seat and handlebar height and location were recorded on his/her data 

sheet to insure comfortable consistency between visits. Next, participants were shown a 

laminated copy of a modified Borg scale ranging from 0 indicating “no exertion at all” to 10 

indicating “maximal exertion” (Haddad et al., 2017). They were instructed to point to numbers 

corresponding to their overall RPE rating then instructed to “zoom in and really focus on how 

their lower limbs are feeling” to report localized RPE rating of the lower limbs. Dunbar et al. 

(1992) found this method of collecting RPE to be more reliable in maximal GXTs using a 

cycle ergometer compared to a treadmill and stated that this method can provide a valid 

method of regulating exercise (Dunbar et al., 1992).  

Participants were then fitted with a mouthpiece, two-way non-rebreathing valves (Hans 

Rudolph Inc. Series 2700, Shawnee, KS, USA), noseplugs, and appropriately sized headgear. 

Participants were then informed of the cycle protocol used in this study – a ramp protocol that 

originated at 0.5 watt per kilogram of the participant’s body weight and increased every 60 

seconds by 0.5W/kg body weight (Larson et al., 2015). Participants were instructed to 

maintain a comfortable cadence around 60 rpm, but no lower than 40 rpm. This protocol is 

normally used to establish VO2max, but the participants completed only a portion of the 

protocol at this familiarization visit and stopped once his/her overall RPE using the modified 

Borg scale (0-10) score was 5-6. This gave them the ability during this first visit to adequately 

grasp the physical demand of the future visits. HR, VO2, RER, overall RPE, and localized RPE 

were collected at the end of each phase, and participants were told that lactate concentration 
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will be measured via a finger prick at the end of the cycle protocol on regular testing days. 

This second measure of lactate concentration was omitted during the familiarization visits 

since the value would not be representative of a true maximal effort and to minimize any 

unnecessary discomfort from another finger stick.  

Post-Visit 1 

Both male and female participants were instructed to take their BBT measurements 

using the provided thermometer each morning immediately after waking and prior to 

performing any other actions in order to ensure the most accurate reading. BBT was tracked 

between 1-4 weeks before data collection begun, depending upon the menstrual cycle phase 

that the participant was currently experiencing at the time of enrollment in the study. This 

process established a baseline of BBT values for each individual and aided in the confirmation 

of ovulation in the eumenorrheic female participants (McClure Browne, 1973).  

Visit 2, 3, and 4 

The next three visits were dependent on the BBT reading and determination of 

menstrual cycle phase per each individual from the menstrual cycle questionnaire. Each visit 

was identical in protocol but corresponded to each identified menstrual cycle phase of interest. 

The female participants were asked to come in during menses (day 0-3), the day of or within 

24 hours of the spike in BBT ≥ 0.3°C indicating ovulation, and around 7 days following 

ovulation to indicate the middle of the luteal phase, entitled in this study mid-luteal 

(approximately day 20-24). Male participants were randomly matched to come in on 

analogous days according to a predicted 28-day cycle.  
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Upon arrival, participants completed the IPAQ and POMS-B questionnaires. Then, the 

participant’s height, weight, resting HR, temperature, BP, and resting blood lactate 

concentration were measured. The female participants’ BBT morning measure and menstrual 

cycle phase was recorded. Next, the mouthpiece, headgear, and cycle ergometer seat and 

handlebars were fitted to the participant. Participant ID and characteristics were input into the 

metabolic cart software. The cycle protocol consisted of the same ramp protocol that was 

demonstrated at Visit 1 which begins with 0.5 watt per kilogram of the participant’s body 

weight for a 2-minute warm-up and increases every 60 seconds by 0.5W/kg body weight 

(Larson et al., 2015). Overall RPE, localized RPE, VO2, RER, and HR were measured and 

recorded at the conclusion of each 60-second exercise stage. Participants were instructed to 

cycle against the increasing resistance until he/she reached volitional fatigue, or the cadence 

fell below 40 rpm. Motivational music and encouragement from the researcher were given to 

each participant evenly throughout each test. Maximal lactate concentration was measured and 

recorded as soon as the participant reached volitional fatigue. It was assumed that this graded-

exercise test protocol will reflect a true VO2max according to the American College of Sports 

Medicine. The standardized criteria for confirming a true VO2max include most importantly, 1) 

a plateau in VO2 with an increase in work load, 2) an RPE > 17 on the original Borg scale (~ 8 

on the modified scale), 3) HR reaching 90% of age-predicted max using the calculation 220 – 

age, 4) RER > 1.15, and/or 5) blood lactate levels > 8 mmol/L (ACSM, 2010). Following 

volitional fatigue from the participant, measurements for maximal lactate concentration, 

overall RPE, localized RPE, VO2, HR, and time to failure were collected and recorded before 

the participant entered a cool-down period at 25 watts. The participant cycled comfortably 

(cadence around 30-50 rpm) until his/her HR was ≤ 130 bpm. Then the researcher removed the 



36 

 

headgear and mouthpiece at this time for comfort. To ensure participants did achieve a 

maximal test the researcher then started a 20-minute period for the participant to rest before 

administering a verification test on the cycle ergometer. The load was set at the wattage 

corresponding to the final stage the participant had just completed when their maximal GXT 

concluded. The verification test began with a 10-second warm-up at 0.5 watts per kilogram of 

the participant’s body weight and increased in every 5 seconds to ensure that the participant 

has reached the maximal set load (W) within 30 seconds of cycling. If the participant 

maintained a cadence of at least 40 rpm for 5 minutes or the majority of 5 minutes, or if the 

participants VO2 value visibly exceeded the previous measure, then the participant’s previous 

maximal graded exercise test was deemed invalid and the visit was rescheduled. If these 

criteria were not met and the participant stopped cycling or cycled at a cadence < 40 rpm 

within 5 minutes, then the original maximal test was considered valid and all measured 

parameters during both the maximal and verification test were recorded. The participant 

entered a similar cool down protocol at 25 watts and was instructed to dismount the bike when 

his/her HR measured ≤ 130 bpm and he/she felt comfortable to walk and exit the lab safely. 

Following this verification test, the researcher removed the mouthpiece, headgear, and heart 

rate monitor to begin cleaning and sterilizing the equipment according to manufacturer 

recommendations.  

Post-Visits 2, 3, and 4 

 Twenty-four hours after each visit, the participant was asked to complete a Perceived 

Recovery Status (PRS) scale. This involved the participant reporting a single value back to the 

researcher to attempt to assess how recovered he/she felt 24 hours following the visit. Optional 

answers for this scale range from 0 indicating “very poorly recovered and extremely tired” to 
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10 indicating “very well recovered and highly energetic” (Laurent et al., 2011). The researcher 

recorded this value and instructed the participant to continue to collect and report accurate 

BBT in the mornings as well as to complete the PRS questionnaire the day following every 

data collection visit. Following the final visit (Visit 4 – M, O, or L), the participant was no 

longer required to monitor BBT and returned the thermometer to the laboratory, but the 

recovery questionnaire was still completed the next day and reported to the researcher.  

Data Management 

 Once participant information and questionnaires were completed during the 

familiarization visit (Visit 1), the participant ID was assigned, and this ID was the only way to 

identify the participant for the remainder of his/her involvement. Completed questionnaires 

and forms were labeled with participant ID and kept in a locked file cabinet within the Body 

Composition and Human Performance Laboratory. Following the measurement of all variables 

after each visit, the data was input into a password-protected Microsoft Excel file on a 

password-protected desktop computer. Only the primary researcher and secondary data 

collectors acknowledged on the IRB form had key access to the locked file cabinet, and only 

the researcher and primary investigator had knowledge of the passwords to the desktop and the 

separately locked file. This password protected the confidentiality of each participant and 

followed HIPPA, CITI, and IRB guidelines. 

Data Analyses 

 Statistical analysis for this study was performed using IBM SPSS Statistics (Version 

26). The alpha level of significance will be set at α = 0.05 for all tests. First, descriptive 

statistics were run to calculate demographic characteristics of the sample, and evaluate 
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objective and subjective parameters, which will further be expressed as mean ± standard 

deviation (SD). Then, an analysis of variance (ANOVA) with repeated measures for time 

between the sexes [2 x 3] was utilized to analyze the differences in height, weight, maximal 

HR, the difference between resting and maximal blood lactate concentration, absolute and 

relative values for VO2max, difference in VO2max between the maximal test and the verification 

test for both relative and absolute values, RER, time to failure, maximal load, maximal overall 

RPE, maximal localized RPE, and recovery rating between visits M, O, and L. Results from 

the “vigor” and “fatigue” categories from the POMS mood questionnaire were analyzed to 

screen for changes in mood prior to exercise using the same 2 x 3 ANOVA. Results from the 

ANOVA included main effects of phase and sex and a phase*sex interaction. Then, the file 

was split between the sexes and a repeated-measures ANOVA for the three phases was run to 

further identify differences. If the p-value from the ANOVAs were significant, pairwise 

comparisons using a Bonferroni post-hoc test compared each phase time point to pinpoint 

where significant differences were shown – both in the whole sample file and the split file 

version of the data. Effect size for each variable were calculated using partial eta squared (η2) 

in order to quantify the statistical results. A small effect size was considered 0.01-0.05, 

medium effect size is 0.06-0.13, and a large effect size is ≥ 0.14 (Lakens 2013). 
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CHAPTER IV: RESULTS 

Participant Characteristics 

 Descriptive data for the entire sample – including age, height, and weight – as well as 

length of participation are reported below in Table 1 as mean ± SD. Results of the 2 x 3 

repeated measures ANOVA for sex and three phases showed that there were no statistically 

significant main effects from phase or sex, but that there was a significant phase*sex 

interaction for weight (p = 0.026). There was also a significant difference in height between 

the sexes (p = 0.009) indicating that males were taller, but no significant differences for phase 

or a phase*sex interaction were found. Results of the 2 x 3 ANOVA showed no significant 

differences for the “fatigue” or “vigor” categories when scoring the POMS mood status 

questionnaire, which signifies that there were no alterations in mood prior to exercise between 

cycle phases. For visit order, three males and three females completed the visits starting with 

Visit M, then O, and Visit L last. Four males and two females completed the order Visit O, L, 

and M. Two males and six females completed the order starting with Visit L, M, then O. One 

female participant completed the visits out of order, beginning with Visit M, then L, then O 

due to out-of-state travel during her spike in BBT. Female participants were tested between 

day 0-3 of menses (mean = 2.08 ± 1.16 days) and had an average gap between of 14.67 ± 2.57 

days between Visit M and Visit O. Females had an average BBT of 36.21 ± 0.25°C on the 

morning of Visit M and 36.27 ± 0.38°C the morning of Visit L. On the morning of Visit O, 

females had an average BBT 36.62 ± 0.32°C with an average spike in BBT of 0.41 ± 0.07°C 

from the previous day’s morning temperature recording, which exceeds the standard of 0.3°C 

from prior literature. Male BBT recordings on the mornings of Visit M, O, and L were 36.18 ± 

0.21°C, 35.99 ± 0.34°C, and 35.92 ± 0.29°C, respectively.   
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Table 1: Participant Characteristics  

Variable 
Whole Sample 

(n = 21) 

Females 

(n = 12) 

Males 

(n = 9) 

Age 

(years) 
21.38 ± 1.32 21.25 ± 1.06 21.56 ± 1.67 

Height 

(cm) 
172.05 ± 8.50 167.88 ± 5.99* 177.61 ± 8.38* 

Weight ϯ
 
 

(kg) 
76.05 ± 16.06 70.93 ± 15.80  82.89 ± 14.47 

Length of  

Participation  

(days) 

42.71 ± 9.95 45.92 ± 11.33 38.44 ± 5.94 

Values are displayed as mean ± SD. 

(*) indicates a significant sex difference (p < 0.05). 

(ϯ) indicates a significant phase*sex interaction (p < 0.05).  
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Figure III:  Weight (kg) ± SD across visits for females (n = 12) 

 
 

 

Figure IV: Weight (kg) ± SD across visits for males (n = 9) 
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Objective Parameters 

 Results for absolute VO2max (L/min), absolute VO2 difference (value from maximal test 

– verification test) (L/min), relative VO2max (ml/kg/min), relative VO2 difference (maximal test 

– the verification test) (ml/kg/min), HR max (bpm), RER, lactate increase from resting to 

maximal (mmol/L), time to failure (seconds), and maximal load (watts) are separated by sex 

and are displayed below – females in Table 2-A, and males in Table 2-B. No significant 

differences were found for any of these variables as phase differences within-subjects. In 

regard to sex differences, males showed statistically significantly higher values than females 

for absolute VO2max (p < 0.001), relative VO2max (p = 0.026), and maximal load in watts (p = 

0.001). Since there were no phase differences for relative VO2max (ml/kg/min), stability 

between the maximal GXT and the verification test are visually represented below for females 

(Figure V-A) and males (Figure V-B) between Visit M, Visit O, and Visit L. 

Effect sizes using partial eta squared (ƞ2) are reported for the sex differences below in 

Table 3. Effect sizes for these sex differences were considered large for absolute VO2max, 

relative VO2max, maximal workload (ƞ2 = 0.49, 0.24, and 0.47 respectively). Large effect sizes 

for sex differences were also found for weight, absolute VO2 difference, and time to failure (ƞ2 

= 0.14, 0.16 and 0.19). Relative VO2 difference, maximal HR, and lactate difference exhibited 

a medium effect size for sex differences (ƞ2 = 0.13, 0.13, and 0.11). A large effect size was 

shown for the phase*sex interactions of weight (ƞ2 = 0.17). Moderate effect sizes were seen in 

relative VO2max, lactate difference, and time to failure (ƞ2 = 0.06, 0.08, and 0.10).   

Once the file was split between the sexes, there were still no apparent statistically 

significant differences in these variables between the three phase time points. Reported in 
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Table 2-A, large effect sizes for phase differences were seen in females for maximal HR and 

RER (ƞ2 = 0.18 and 0.16). Moderate effect sizes between phase differences were found in 

females for the following variables: absolute VO2max (ƞ
2 = 0.13), absolute VO2 difference (ƞ2 = 

0.11), relative VO2max (ƞ
2 = 0.10), relative VO2 difference (ƞ2 = 0.10), and lactate difference 

(ƞ2 = 0.12), though there were no statistically significant phase differences of these objective 

parameters. Similarly, in Table 2-B, males had large effect sizes for phase differences in 

maximal HR and time to failure (ƞ2 = 0.14 and 0.18), while medium effect sizes were shown in 

relative VO2max, relative VO2 difference, and lactate difference (ƞ2 = 0.08, 0.10, and 0.08), 

though none exhibited statistical significance.   
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Table 2-A: Female VO2 data (n = 12) 

Variable 
Visit M 

(Menses) 

Visit O 

(Ovulation) 

Visit L 

(Luteal) 

Phase 

Effect Size 

(ƞ2) 

Absolute VO2max 

(L/min) 
2.05 ± 0.39* 2.09 ± 0.43* 2.12 ± 0.45* 0.13 φ 

Absolute VO2 

Difference 

(L/min) 

0.02 ± 0.11 0.11 ± 0.24 0.12 ± 0.15 0.11 φ 

Relative VO2max 

(ml/kg/min) 
29.59 ± 6.26* 30.23 ± 6.80* 30.42 ± 6.95* 0.10 φ 

Relative VO2 

Difference 

(ml/kg/min) 

0.20 ± 1.52 1.49 ± 3.62 1.53 ± 2.09 0.10 φ 

HR max 

(bpm) 
175.96 ± 9.04 179.63 ± 7.18 179.42 ± 7.63 0.18 ¥ 

RER 1.23 ± 0.08 1.26 ± 0.07 1.22 ± 0.09 0.16 ¥ 

Lactate Difference 

(mmol/L) 
8.34 ± 1.59 8.83 ± 1.54 9.08 ± 2.08 0.12 φ 

Time to Failure 

(seconds) 
521.50 ± 68.75 526.08 ± 69.15 521.67 ± 75.02 0.03 

Maximal Load 

(watts) 
202.42 ± 40.68* 206.67 ± 38.27* 201.25 ± 41.41* 0.05 

Values are displayed as mean ± SD. “Lactate Difference” indicates value from maximal lactate value – resting 

value. “Absolute VO2 Difference” and “Relative VO2 Difference” indicate values from maximal GXT – 

verification test. Positive values indicate that the maximal GXT was higher than the verification test.  

(*) indicates a significant sex difference (p < 0.05). 

(φ) indicates medium effect size (0.06 – 0.13). 

(¥) indicates large effect size (≥ 0.14). 
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Table 2-B: Male VO2 data (n = 9) 

Variable 
Visit M 

(Menses) 

Visit O 

(Ovulation) 

Visit L 

(Luteal) 

Phase 

Effect Size 

(ƞ2) 

Absolute VO2max 

(L/min) 
3.21 ± 0.82* 3.17 ± 0.73* 3.20 ± 0.71* 0.03 

Absolute VO2 

Difference 

(L/min) 

0.26 ± 0.22 0.25 ± 0.44 0.21 ± 0.21 0.02 

Relative VO2max 

(ml/kg/min) 
39.77 ± 11.64* 38.99 ± 10.57* 39.79 ± 11.68* 0.08 φ 

Relative VO2 

Difference 

(ml/kg/min) 

3.01 ± 2.50 2.84 ± 5.15 2.64 ± 2.65 0.10 φ 

HR max 

(bpm) 
175.56 ± 12.88 172.89 ± 8.29 170.06 ± 6.34 0.14 ¥ 

RER 1.23 ± 0.08 1.23 ± 0.05 1.23 ± 0.05 0.00 

Lactate Difference 

(mmol/L) 
10.00 ± 1.76 9.43 ± 1.42 9.68 ± 1.34 0.08 φ 

Time to Failure 

(seconds) 
607.33 ± 113.80 592.00 ± 92.90 607.44 ± 109.22 0.18 ¥ 

Maximal Load 

(watts) 
288.78 ± 65.90* 290.00 ± 54.77* 292.44 ± 56.82* 0.02 

Values are displayed as mean ± SD. “Lactate Difference” indicates value from maximal lactate value – resting 

value. “Absolute VO2 Difference” and “Relative VO2 Difference” indicate values from maximal GXT – 

verification test. Positive values indicate that the maximal GXT was higher than the verification test. 

(*) indicates a significant sex difference (p < 0.05). 

(φ) indicates medium effect size (0.06 – 0.13). 

(¥) indicates large effect size (≥ 0.14). 
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Table 3: Objective variables effect size for sex differences and phase*sex interactions for 

whole sample (n = 21) 

Variable Sex Effect Size (ƞ2) 

Weight  
(kg) 

0.14 ¥ 

Absolute VO2max   

(L/min) 0.49 ¥ 

Absolute VO2 Difference  
(max – ver) 0.16 ¥ 

Relative VO2max  
(ml/kg/min) 

0.24 ¥ 

Relative VO2 Difference  
(max – ver) 

0.13 φ 

HR max  
(bpm) 

0.13 φ 

RER 0.00 

Lactate Difference  
(mmol/L) 

0.11 φ 

Time to Failure  
(seconds) 

0.19 ¥ 

Maximal Load  
(watts) 

0.47 ¥ 

“Lactate Difference” indicates value from maximal lactate value – resting value. “Absolute VO2 Difference” and 

“Relative VO2 Difference” indicate values from maximal GXT – verification test.  

(φ) indicates medium effect size (0.06 – 0.13). 

(¥) indicates large effect size (≥ 0.14). 
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Figure V-A: Stability of relative VO2max (ml/kg/min) for females (n = 12) at each visit (mean 

± SD) 

 

 
Figure V-B: Stability of relative VO2max (ml/kg/min) for males (n = 9) at each visit (mean ± 

SD)  

No significant phase difference (p > 0.05). 

No significant phase difference (p > 0.05). 
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Subjective Parameters 

The subjective parameters measured during this study, which were overall rating of 

perceived exertion (RPE), localized RPE of the lower limbs, and rating of recovery the 

following day according to the perceived recovery scale (PRS) (Laurent et al., 2011). These 

values are displayed below for females (Table 4-A) and males (Table 4-B) as mean ± SD, 

along with effect size for phase differences of these subjective variables. Results of the 2 x 3 

ANOVA for overall RPE in the whole sample (n = 21) showed that there was a statistically 

significant phase difference (p = 0.039) and phase*sex interaction (p = 0.039), but there was 

not a significant sex difference, seen in Figure VI. Overall RPE showed a small effect size for 

sex differences (ƞ2 = 0.02). Pairwise comparisons using a Bonferroni correction showed that 

when comparing Visit M to O, M to L, and O to L no significant differences were present 

between the phases for overall RPE even though there were significant phase differences and a 

phase*sex interaction. Localized RPE (Figure VII) showed no significant differences between 

the sexes or the phases. Recovery rating, however, showed that males had statistically higher 

ratings than females for recovery 24 hours post-test at p = 0.031 with a large effect size (ƞ2 = 

0.22), and phase differences and a phase*sex interaction both at p < 0.001. Pairwise 

comparisons for recovery rating in the whole sample showed that Visit M was significantly 

lower than both Visit O and Visit L (p < 0.001), but visit O was not different from visit L, seen 

below in Figure VIII.  

Once the data file was split for sex, pairwise comparisons showed that the female 

sample had phase differences for several subjective parameters (Table 4-A). Results from 

overall RPE exhibited that Visit M was significantly higher than Visit O (p = 0.005) and Visit 

L (p = 0.007) and Visit O and L were not different from one another. These phase differences 
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for overall RPE exhibited a rather large effect size at ƞ2 = 0.46. Localized RPE of the lower 

limbs was significantly higher on Visit M compared to Visit O (p = 0.038) but not Visit M to 

Visit L or Visit O to Visit L. These differences also exhibited a large effect size at ƞ2 = 0.31. 

Recovery rating was also significantly lower during Visit M compared to Visit O and Visit L 

(p < 0.001) and not between Visit O and Visit L, with a rather large effect size of ƞ2 = 0.79 

(Table 4-A). The male sample had no significant phase differences and small effect sizes for 

each of these subjective parameters (Table 4-B). 
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Table 4-A: Female subjective parameters (n = 12) 

Variable 
Visit M 

(Menses) 

Visit O 

(Ovulation) 

Visit L 

(Luteal) 

Phase Effect 

Size (ƞ2) 

Overall RPE€ ϯ 8.92 ± 0.79 7.67 ± 1.23 7.75 ± 1.06 0.46 ¥ 

Localized RPE€ 9.25 ± 0.75 8.58 ± 0.99 8.83 ± 1.03 0.31 ¥ 

PRS Rating€ ϯ 6.83 ± 0.94* 8.83 ± 1.12*  8.67 ± 0.65*  0.79 ¥ 

Values are displayed as mean ± SD. 

(*) indicates a significant sex difference (p < 0.05). 

(€) indicates a significant phase difference (p < 0.05).  

(ϯ) indicates a significant phase*sex interaction (p < 0.05).  

(¥) indicates large effect size (≥ 0.14). 

 

 

 

Table 4-B: Male subjective parameters (n = 9) 

Variable 
Visit M 

(Menses) 

Visit O 

(Ovulation) 

Visit L 

(Luteal) 

Phase Effect 

Size (ƞ2) 

Overall RPE ϯ 8.33 ± 1.23 8.33 ± 1.00 8.33 ± 1.00 0.00 

Localized RPE 9.11 ± 1.36 9.33 ± 0.50 9.22 ± 0.67 0.02 

PRS Rating ϯ 9.00 ± 1.00* 8.89 ± 0.78* 9.00 ± 1.12* 0.02 

Values are displayed as mean ± SD. 

(*) indicates a significant sex difference (p < 0.05). 

(ϯ) indicates a significant phase*sex interaction (p < 0.05).  
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Figure VI: Comparison between females (n = 12) and males (n = 9) for overall rating of 

perceived exertion (RPE) on a 10-point scale (mean ± SD) 

 

 

Figure VII: Comparison between females (n = 12) and males (n = 9) for localized rating of 

perceived exertion (RPE) on a 10-point scale (mean ± SD) 
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Figure VIII: Comparison between females (n = 12) and males (n = 9) for perceived recovery 

rating (PRS) on a 10-point scale (mean ± SD) 
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CHAPTER V: DISCUSSION 

 The purpose of this study was to use a maximal graded-exercise test to determine if 

there were differences in objective and subjective aerobic performance parameters across three 

time points in the menstrual cycle – menses, ovulation, and the mid-luteal phase. The objective 

variables tested in this study include height, weight, absolute and relative VO2max, difference 

from resting to maximal blood lactate concentration, maximal HR, RER, time to failure, and 

maximal load. The subjective variables measured during and after exercise testing included 

RPE of the body as a whole, localized RPE of the lower limbs, and recovery rating twenty-

four hours post-test. It was hypothesized that menstrual cycle would impact the measured 

variables and that there would be differences in all the measured objective and subjective 

parameters between the three exercise visits. Specifically, it was predicted that the ovulatory 

phase may positively impact performance variables by increasing VO2max, decreasing ratings 

of perceived exertion, and increasing recovery rating due to an increase in hypothalamic 

activity and basal body temperature during this phase.  

Objective Parameters 

 Despite testing across three specific time points within the menstrual cycle including 

ovulation and menses, our results were in agreement with several previous studies for the 

objective parameters measured (Gordon et al., 2017; Bemben et al., 1995; Smekal et al., 2007). 

This study found that each of the aerobic performance and cardiovascular factors in healthy, 

college-aged eumenorrheic females were unchanged across the three menstrual cycle phases 

that were tested. These results are conflicting with the finding from Lebrun et al. (1994), 

whom reported absolute VO2max was lower in the luteal phase than in the follicular phase and 
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Godbole et al. (2016) whom reported that VO2max was significantly decreased during the 

premenstrual phase compared to the postmenstrual phase due to a decreased efficiency of the 

cardiorespiratory system during this time (Lebrun et al., 1994; Godbole et al., 2016). These 

findings were, however, consistent with previous findings from Gordon et al. (2017), 

Stephenson et al. (1982), Bemben et al. (1995), and Smekal et al. (2007), even though each of 

these studies examined different menstrual cycle phases and used different maximal aerobic 

exercise testing protocols opposed to the ones used in this study (Gordon et al., 2017; 

Stephenson et al., 1982; Bemben et al., 1995; Smekal et al., 2007). Hall-Jurkowski et al., 

(1981) did not examine VO2max, but did find that other objective variables, such as blood 

lactate, maximal HR, and RER were unchanged during maximal graded-exercise tests across 

the menstrual cycle, as did Lebrun et al. (1994) (Hall-Jurkowski et al., 1981; Lebrun et al., 

1994).   

Results showed that there were significant sex differences with large effect sizes for 

absolute VO2max, relative VO2max, and maximal load, each of which males recorded higher 

values. This finding is not unexpected according to similar findings from Kaminsky et al. 

(2015), who established average values for relative VO2max (ml/kg/min) in males and females 

across six age groups, separated by decade (Kaminsky et al., 2015). Results of our study 

showed that male and female participants ages 19-24 years obtained lower relative VO2max 

values compared to Kaminsky et al.’s recommended findings of average 20-29-year old’s, 

though the average for both sexes was within the average range reported. This study showed 

that males achieved a relative VO2max of 39.5 ± 10.9 ml/kg/min, compared to 47.6 ± 11.3 

mLO2/kg/min, and that females achieved a relative VO2max of 30.1 ± 6.5 ml/kg/min, compared 

to 37.6 ± 10.2 mLO2/kg/min (Kaminsky et al., 2015). This lower finding is likely due to the 
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fact that we performed graded-exercise tests on a cycle ergometer, whereas Kaminsky et al. 

used a different protocol on a treadmill, which usually elicits a higher VO2max.  

 Results for maximal HR in this study for males and females were found to be reliably 

and noticeably low throughout the exercises test compared to the age-predicted maximal value. 

This is a reasonably common finding in maximal GXTs that utilize a cycle ergometer 

compared to a treadmill and is consistent with findings from Tanaka et al. (1991) and Larson 

et al. (2015), who established the protocol used in this study (Tanaka et al., 1991; Larson et al., 

2015). 

Subjective Parameters 

 The important findings from this study include how overall RPE, localized RPE, and 

recovery in the female participants significantly varied across the menstrual cycle, each with 

rather large effect sizes. Results showed that females presented significantly lower scores 

across all visits for recovery rating compared to males, though this finding may not be relevant 

according to Figure VIII. It was also interesting to see that females reported significantly 

higher maximal overall RPE scores during the menstrual visit, when compared to the 

ovulatory and mid-luteal visits. Females also exhibited a significantly higher localized RPE 

score of the lower limbs during the menstrual visit compared to the ovulatory but not the luteal 

visit, and the ovulatory and luteal visits were not significantly different. Lastly, females 

reported significantly lower PRS (recovery) values during the menstrual visit compared to 

both the ovulatory and luteal visits. These results imply that during menses, females felt as if 

they were exerting more during the maximal graded-exercise test and felt less recovered 

twenty-four hours following their maximal aerobic exercise bout. This finding contrasts the 
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findings of Stephenson et al., (1981), Lara et al. (2019), and Bailey et al. (2000) who each 

claimed there were no changes in RPE related to different testing days during the menstrual 

cycle, though they each measured different exercise intensities and menstrual cycle phases 

(Stephenson et al., 1981; Lara et al., 2019; Bailey et al., 2000). These results also contradict 

the findings of Hackney et al. (1991) which determined that RPE of the lower limbs, or L-

RPE, was significantly greater during the ovulatory phase compared to the follicular and luteal 

phases (Hackney et al., 1991). On the other hand, these findings are analogous to results found 

by Caldwell Hooper et al. (2011), who measured RPE and perceived pain during a treadmill 

exercise protocol at 65% of measured VO2max in regularly menstruating females (Caldwell 

Hooper et al., 2011). These authors concluded that RPE and perceived pain ratings were higher 

in females during the early follicular phase when compared to the late follicular and luteal 

phases. In an attempt to rationalize findings from the current study, a deeper look into 

physiology of the sex hormones is required.  

A study by Tousignant-Laflamme and Marchand (2009) claims that only inhibitory 

mechanisms of pain fluctuate throughout the menstrual cycle and operate more effectively 

around the time of ovulation (Tousignant-Laflamme & Marchand, 2009). Similarly, 

Veldhuijzen et al. (2013) found that lower pain thresholds were found in the mid-follicular 

phase compared to the ovulatory and mid-luteal phases (Veldhuijzen et al., 2013). They also 

measured activation in different areas of the brain associated with pain using functional brain 

imaging and believe that fluctuations in pain sensitivity across the menstrual cycle, specifically 

the follicular phase, are due to cognitive pain and higher bodily awareness (Veldhuijzen et al., 

2013). Another study by Teepker et al. (2010) tested pain using several different stimuli – 

cold, pressure, and electrical – and found that each had higher threshold levels outside of 
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menses, specifically on days 14 or 22 of the menstrual cycle (Teepker et al., 2010). However, 

results from a study by Choi et al. (2006) conflict with each of these findings, claiming that 

pain and unpleasantness ratings were significiantly higher during the luteal phase, not the 

follicular phase, while Ring et al. (2009) reported that pain ratings were unchanged between 

the luteal and follicular phases (Choi et al., 2006; Ring et al., 2009). The findings from 

Tousignant-Laflamme and Marchand (2009), Veldhuijzen et al. (2013), and Teepker et al. 

(2010) are minimally akin to results from this study, due to the obscurity of comparing 

different physiological expressions of discomfort, like comparing “pain” to “exertion”.  These 

results may not be fully comparable to the results of this study, but they may provide some 

possible explanations of the current results. These authors suggest that the justification for 

higher discomfort ratings, may be due to increased sensitivity, decreased effectiveness of the 

inhibitory pathways, or a higher awareness to any kinesthetic discomforts during menses, or 

the early follicular phase (Tousignant-Laflamme & Marchand 2009; Veldhuijzen et al., 2013; 

Teepker et al., 2010). The previously mentioned study by Caldwell Hooper et al. (2011) which 

measured RPE and perceived pain during treadmill exercise concluded that RPE and perceived 

pain ratings were higher in females during the early follicular phase, and attributed this change 

to a drop in concentrations of both the sex hormones, estradiol and progesterone, during this 

phase (Caldwell Hooper et al., 2011). This suggestion provides a reasonable explanation in 

congruence with the finding of Teepker et al. (2010) and may support claims of varying 

menstrual cycle physiology impacting rating of perceived exertion and recovery rating in this 

study and previous other studies; however, the cause of this finding is still widely 

undetermined and elicits a need for more comprehensive research. In actuality, there may be a 

more complicated interaction of physiological elements and hormonal function that may be 
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responsible for the influence behind this finding (Caldwell Hooper et al., 2011; Teepker et al., 

2010).  

Summary of Key Findings   

 The aim of this study was to observe if there are differences in objective and subjective 

parameters of a maximal graded-exercise test between phases of the menstrual cycle. The 

results of this study demonstrated no significant differences for the objective variables 

collected from the maximal exercise test between the phases; therefore, the first null 

hypothesis failed to be rejected. An interesting finding from this study, which strays from the 

original purpose, but is still worth noting, is the stability of VO2max values for both males and 

females across 3-6 weeks of exercise testing. Though there were no significant changes across 

the testing days for males or females, it is important to note that the average relative VO2max 

values for males and females only fluctuated about 1.0 ml/kg/min. This is a smaller value than 

a study by Katch et al. (1982), which claimed that total within-subject variation was around 

3.2 ml/kg/min (Katch et al., 1982). When comparing the difference of VO2 values from the 

maximal GXT and the verification test (max – ver), the average change was 0.15 ± 0.25 L/min 

(min = -0.16 L/min) for absolute VO2 and 1.83 ± 3.11 ml/kg/min (min = -2.15 ml/kg/min) for 

relative VO2.  

 Female participants exhibited significant differences between the phases for the 

subjective parameters during and following the maximal exercise tests. Results showed that 

females had statistically higher ratings of perceived exertion during the menstrual phase, both 

overall and for the lower limbs, and a statistically lower recovery rating corresponding to the 

menstrual phase as well. Explanations for this finding are still unknown but could be attributed 
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to variation of perceived physical symptoms related to premenstrual syndrome, higher 

kinesthetic awareness in the brain, decreases of inhibitory pathway action, drop in sex 

hormone concentration and basal body temperature, or other physical phenomena that may 

happen during menstruation that is not known to the scientific community yet. The null 

hypothesis is rejected in this case, but the research hypothesis was partially correct. This 

hypothesis stated that Visit O would be higher in each variable due to the subsequent 

thermogenic activity of the hormones involved during this phase. Results of this study found 

that Visit M was significantly different from Visit O for all three subjective parameters 

measured; however, Visit O was not significantly different from Visit L for any of the 

subjective parameters.  

Limitations 

 This study included several limitations before being able to generalize the results to 

other healthy, college-age eumenorrheic females. The most pressing limitation may be the 

method of tracking basal body temperature (BBT) to distinguish ovulation in the female 

participants. This method does not directly measure hormone concentration and therefore, 

cannot technically confirm the presence of ovulation in this group of participants, like assays 

of blood and urine collection would be able to do. This methodology raised the assumption 

that ovulation was accurately being tested following the spike in BBT. As mentioned 

previously in Chapter I, there are many things that could malfunction in regard to the 

hormonal and physiological actions of the menstrual cycle that may not be disclosed by using 

this BBT method; therefore, some of the participants in the current study may suffer from 

irregular menstrual function and timing or hormonal interaction, which may have impacted the 

current findings. It has been articulated that BBT tracking may not be the most reliable method 
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of tracking menstrual cycle and estimating ovulation, according to Guermandi et al. (2001); 

however, the cost and practicality of this method reinforced its selection of use to schedule the 

ovulatory visit in this study (Guermandi et al., 2001).  

Another limitation is the methodology used in this study. The ramp cycle protocol used 

may not be a popularly used ramp protocol, but it provided work rates relative to body weight 

of each individual participant instead of absolute work rates, and Larson et al. (2015) 

previously studied and established these guidelines for recreating the protocol (Larson et al., 

2015). It was recommended that this study utilize the 20-minute verification protocol to 

distinguish VO2max from VO2peak during each GXT. This may not be the most popular 

methodology to do so, but in congruence, VO2max was also confirmed using ACSM’s 

recommendations to establish a plateau of VO2 values within 2 ml/kg/min on average within 

the last 30 seconds of testing.  

The measurement of RPE is another controversial matter. Haddad et al. (2017) reported 

that measures of RPE may be influenced by gender, age, fitness level, and familiarity with the 

testing equipment and protocol (Haddad et al., 2017). Psychological factors possibly including 

leadership, psychological resistance, and endurance level were previously found to have 

influences on RPE rating (Coquart et al., 2012). This study did attempt to control for 

psychological impacts on the measured parameters, including perceived exertion rating by 

using the POMS-B mood questionnaire as a screening tool. Another small limitation may 

include that one female participant did not complete all visits in the correct order based off of 

her enrollement in the study due to out-of-state travel. Though she completed all three visits 

and her results were not significantly different, this stray from the correct scheduling is 

important to mention.  
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 The results of this study can only be generalized to a small population of healthy 

college-aged, eumenorrheic females and healthy, college-aged males, due to the strict 

inclusion criteria. This criteria omitted participants who used external hormonal influences, 

participants who were highly endurance trained to eliminate a training effect, participants older 

than 24 years of age, and females that may be using hormonal contraceptives or have irregular 

menstrual cycles.  Each of these conditions may further influence maximal exercise 

performance outside of menstrual cycle effects and should be considered when referencing 

results from this study.  
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CHAPTER IV: CONCLUSION 

 The results of this study concluded that measures of maximal oxygen utilization 

(VO2max), maximal heart rate (HR), respiratory exchange ratio (RER), lactate difference 

(maximal – resting), time to failure, and maximal work load were not significantly influenced 

by menstrual cycle phase – specifically menses, ovulation, and the mid-luteal phase – in 

normally menstruating, college-aged female participants. This could be attributed to possible 

stability of stroke volume and peak heart rate during vigorous aerobic exercise overcoming 

hormonal influences of menstrual cycle to keep performance stable. The parameters measured 

in this study also did not significantly vary across the three time points for college-aged males, 

indicating that maximal aerobic performance is relatively stable across 3-6 weeks in 

participants with this specific inclusion criteria.  

The results also illustrate that during maximal aerobic exercise, female participants 

currently experiencing menses (the earliest portion of the follicular phase of the menstrual 

cycle where female sex hormone concentrations have declined and bleeding occurs) percept 

that exercise feels more rigorous and that recovery following testing takes longer compared to 

aerobic exercise testing directly following ovulation and during the luteal phase. This could be 

due to an increase in kinesthetic awareness during the follicular phase, as suggested by 

Veldhuijzen et al. (2013), a decrease in inhibitory activity during menses, as suggested by 

Tousignant-Laflamme and Marchand (2009), a dramatic drop in estradiol and progesterone as 

suggested by Caldwell Hooper et al. (2011), an interaction of each of these influences, or 

something unknown (Veldhuijzen et al., 2013; Tousignant-Laflamme & Marchand, 2009; 

Caldwell Hooper et al., 2011). These findings warrant more in-depth study of neural and 

hormonal physiology of the menstrual cycle, especially during menses.  
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This study recommends controlling for menstrual cycle phase in exercise research and 

periodization of exercise practice and training. Testing methods that could initiate physical 

discomfort for the participant may be elucidated during menses for eumenorrheic female 

participants; therefore, it is recommended that further studies should track, account for, and 

schedule visits based on menstrual cycle phase and particularly use caution or avoid testing 

during menses since the participant may experience a higher level of discomfort and need a 

longer amount of time to recover during this time period. It is also recommended that a time 

trial, or endurance test, with a similar protocol is used in the future to see if changes between 

the phases become apparent across the phases of interest in this study.  
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