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ABSTRACT 

The purpose of this study was to compare the breathing responses at rest and 

during incremental exercise in both the follicular and luteal phases of the menstrual cycle 

in healthy females that reported a normal menstrual cycle and were not using birth 

control medications. Subjects were healthy females that were 20-25 years old with no 

known history of cardiopulmonary, metabolic, or musculoskeletal disease who freely 

volunteered to participate in the study. All subjects reported a normal menstrual cycle 

during the previous 4 months and were not currently using birth control medications as 

determined from the medical/menstrual history form. Standard pulmonary function 

testing (FVC, FEV1, PF, and FEF) was performed to demonstrate normal lung function at 

rest.  Next, an incremental graded exercise test (GXT) was conducted on a cycle 

ergometer. Furthermore, the subjects performed a maximal inspiratory pressure (MIP) 

maneuver before and immediately following the GXT. Maximal flow rates and capacities 

(spirometry) showed no significant differences (p > 0.05) in the follicular and luteal 

phases. The results indicated no significant differences (p > 0.05) in resting, submaximal, 

and maximal VE across the menstrual cycle. The ventilatory equivalents, VE/VO2 and 

VE/VCO2, showed no significant differences (p > 0.05) across the menstrual cycle. No 

significant differences within or between conditions (p > 0.05) were found in MIP before 

and after exercise. In conclusion, these results suggest that menstrual cycle hormones did 

not affect breathing responses at rest, submaximal, and maximal exercise. Additionally, 

there are no differences in maximal exercise test variables between the follicular and 

luteal phases of the menstrual cycle.  
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CHAPTER I 

INTRODUCTION 
 
 

The effects of menstrual cycle hormones on exercise performance have been 

studied previously; however, the results remain controversial. Particularly, the ventilatory 

responses to progressive intensity exercise have shown inconsistent results (Sheel et al., 

2004). Several studies show higher exercise minute ventilation (VE) during the luteal 

phase compared to the follicular phase (Sheel et al., 2004; Schoene et al., 1981; 

Jurkowski et al., 1981; Williams & Krahenbuhl, 1997) while other studies show no 

difference (Sheel et al., 2004; Casazza et al., 2002; Bemben et al., 1995; Dombovy et al., 

1987; De Souza et al., 1990). The effect of cyclic variations in ovarian hormones on 

exercise VE continues to be unclear. The luteal and the follicular phase have shown 

differences for maximal VE as high as 12 L/min with no effect on VO2max (Sheel et al., 

2004; Beidleman et al., 1999). Numerous studies have also suggested the impact of 

menstrual cycle hormones on VO2max or exercise performance appears to be minimal 

(Sheel et al., 2004; Dombovy et al., 1987; Casazza et al., 2002; De Souza et al., 1990; 

Bryner et al., 1996; Hackney et al., 1991; Lebrun et al., 1995). There are inconsistent 

reports in the literature on the effect of sex on the ventilatory equivalents for oxygen 

(VE/VO2) and carbon dioxide (VE/VCO2) during exercise. Some have demonstrated no 

differences (Sheel et al., 2004; Blackie et al., 1991) and others have shown a significantly 

higher VE/VCO2 in women compared to men (Sheel et al., 2004; Habedank et al., 1998). 

Neither the Blackie et al. (1991) nor the Habedank et al. (1998) studies accounted for 

menstrual cycle phase. The differences in VE/VCO2 can be greater during the luteal phase 
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(Dombovy et al., 1987); however, this is also controversial (Beidleman et al., 1999). Only 

one study has demonstrated the effects of menstrual hormones on respiratory muscle 

fatigue (RMF) and spirometric flows and capacity (Bruno da Silva et al., 2006). The 

Bruno da Silva et. al (2006) study suggested that spirometric variables did not change 

during the menstrual cycle; however, correlations observed between sexual hormones and 

respiratory muscle function variables suggest a positive influence of sexual female 

hormones controlling the thoracic pump muscles in the luteal phase.  

Purpose of the Study 

The purpose of the study was to compare the breathing responses at rest and 

during incremental exercise in both the follicular and luteal phases of the menstrual cycle 

in healthy females that reported a normal menstrual cycle and were not using birth 

control medications.  

Hypotheses 

1) Maximal flow rates and capacities (spirometry) will be higher during the luteal 

phase as compared to the follicular phase. 

2) As menstrual cycle hormones mediate respiratory stimulation across the 

menstrual cycle, resting, submaximal, and maximal VE will be higher during the 

luteal phase of the menstrual cycle as compared to the follicular phase.  

3) The VE/VO2 and VE/VCO2 will also be elevated during the luteal phase at rest and 

during incremental exercise compared to the follicular phase. 

4) Greater RMF will occur following exercise in the luteal phase compared to the 

follicular phase. 
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Assumptions 

 The basic assumptions for the study include the following: 

1) Participants will avoid intense aerobic exercise before the testing sessions. 

2) Participants will perform at full effort during the testing procedures. 

3) Measurement techniques will be sensitive enough to identify changes in 

respiratory function throughout the menstrual phase.  

4) Participants will not ingest oral contraceptives or other birth control 

medications during the course of the study. 

Limitations 

 The limitations for the study include the following: 

1) Lack of motivation could possibly be a factor with the untrained participants. 

2) Participants may not be accustomed to performing maximal cycle 

performance tests. 

3) Effectiveness of detecting hormones from the saliva samples. 

Significance 

 The results of the study could enhance our understanding of the hormonal 

influences on breathing at rest and during exercise that occur during the menstrual cycle. 

The results could have an impact on exercise rehabilitation programs for patient 

populations, exercise prescription for disease prevention in healthy individuals, and 

training strategies for competitive athletes.  
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CHAPTER II 

REVIEW OF LITERATURE 
 
 

Normal Menstrual Cycle 

A normal menstrual cycle varies between 23 to 35 days, but an average cycle is 

approximately 28 days. The menstrual cycle is controlled by the hypothalamus, which 

produces gonadotrophin-releasing hormone (GnRH) to stimulate the pituitary hormones. 

The menstrual cycle is distinguished into the follicular phase and the luteal phase. The 

follicular phase is characterized by an increase in follicle-stimulating hormone (FSH) 

resulting in estrogen production by the ovaries. These hormones stimulate the formation 

of the primary follicle and proliferative growth of the uterine lining. The follicular phase 

ends with rupture of the follicle and release of the ovum approximately 14 days before 

the next menstrual bleed starts. The luteal phase also lasts around 14 days. The luteal 

phase is distinguished by a surge in luteinizing hormone (LH) triggered by rising levels 

of estrogen. A resulting increase in progesterone promotes maturation of the follicle and 

ovulation. If fertilization does not occur, luteal function declines and a rapid decrease in 

estrogen and progesterone leads to menstruation (Ireland & Nattiv, 2002).  

Progesterone 

 Progesterone is known to stimulate pulmonary ventilation (Jurkowski et al., 

1981). Females constantly experience a wide fluctuation in estrogen and progesterone 

levels during their menstrual cycles. Earlier studies have suggested that respiratory 

function is influenced by female sexual hormones, especially progesterone, which could 

increase ventilatory response at rest during the luteal phase (Schoene et al., 1981; White 
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et al., 1983) and at exercise (Williams & Krahenbuhl, 1997). Since the 1900s, it has been 

recognized that women hyperventilate during pregnancy. The discovery that women 

hyperventilate during the luteal phase of the menstrual cycle and that these cyclic 

respiratory changes stop after menopause suggested involvement of gonadal hormones 

(Bayliss & Millhorn, 1992; Saaresranta & Polo, 2002; Schoene et al., 1981). Bayliss & 

Millhorn (1992) suggested that the respiratory response to progesterone is due to the 

following: a central mechanism, mediated by progesterone receptors, altered by estradiol 

through an estrogen receptor-mediated mechanism, and reliant on RNA and protein 

synthesis. Moreover, animal studies provide evidence to the beneficial effect of 

progesterone on the upper airway function and breathing (Saaresranta & Polo, 2002).  

Ventilatory Responses to Exercise (rest, submaximal, maximal) 

Multiple ventilatory responses occur during exercise. Pulmonary minute VE 

increases throughout exercise because both tidal volume (VT) and frequency of breathing 

(fb) increase. VT and fb increase during the transition from rest to maximal exercise. 

Furthermore, fb and VT increase proportionally at comparatively low exercise intensities. 

However, at high relative exercise intensities, VT plateaus and further increases in 

pulmonary VE are due to increases in fb. At the beginning of exercise, the increase in VT 

is a result of decreases in both inspiratory reserve volume (IRV) and expiratory reserve 

volume (ERV). However, as exercise intensity and VE increase, ERV stabilizes, and 

further increases in VT are due to decreases in IRV. As fb increases throughout exercise, 

both inspiratory (IT) and expiratory (ET) times must drop. However, ET decreases more 

than IT which means peak expiratory flow rates and pressures need to elevate more than 
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matching inspiratory flow rates and pressures during progressive exercise to maximum. 

As intensity increases during exercise from resting levels up through easy to moderate 

intensities, VE increases linearly. However, as the exercise intensity continues to increase 

a ventilatory threshold exists beyond which additional increments in exercise work rate or 

VO2 result in exaggerated, nonlinear increments in VE (Brooks et al., 2000).  

Gender Differences in Exercise Responses 

Essential physiological and functional differences have been recognized between 

the male and female response to dynamic exercise in the last 20 years. Notable sex 

differences have been observed in resting pulmonary function which can possibly 

influence the respiratory response to exercise. The American Thoracic Society (1991) and 

others suggest that women have smaller lung volumes and maximal expiratory flow rate 

even when corrected for standing height compared to men (McClaren et al., 1998; Sheel 

et al., 2004; Mead, 1980; Thurlbeck, 1982). Men of the same height as females have 

larger diameter airways with larger lung volumes and diffusion surfaces (Sheel et al., 

2004; Mead, 1980; Thurlbeck, 1982). Moreover, differences in resting VE throughout the 

menstrual cycle and relative to men have also been noted. Resting minute VE has been 

documented to be higher (2-3 L/min) or equivalent (7.07 vs. 6.72 L/min) during the luteal 

phase when compared to the follicular phase (White et al., 1983; Schoene et al., 1981; 

Beidleman et al., 1999; Das, 1998). Also, VT can be higher (100mL) and end-tidal partial 

pressure of carbon dioxide (PETCO2) is normally lower (2-3 mmHg) throughout the luteal 

phase (Sheel et al., 2004; White et al., 1983; Beidleman et al., 1999; England & Farhi, 

1976). Significant differences between males and females have been reported for resting 
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VE where men have a tendency to have a higher minute VE and PETCO2 than women while 

studied during the follicular phase (Aitken et al., 1986), but the larger minute VE in men 

is not likely present when corrected for body surface area. Throughout the follicular and 

luteal phases, resting minute VE values have been noted to be similar between men and 

women (Sheel et al., 2004; White et al., 1983); however, the pattern of VE was different. 

The fb was higher and VT was lower in women, which is consistent with earlier studies 

(Sheel et al., 2004; Sebert, 1893).  Moreover, females have been shown to spend a 

smaller amount of time on inspiration at rest (Sheel et al., 2004; Sebert, 1983; Sajkov et 

al., 1997). Differences throughout the menstrual cycle for resting VE are typically 

credited to the stimulatory effects of estradiol and progesterone (Sheel et al., 2004; 

Bayliss & Millhorn, 1992; Lyons, 1976). Also, the ventilatory effect of progesterone is 

seen in men when it is administered resulting in an increase in resting minute VE (Sheel 

et al., 2004; Skatrud et al., 1978; Bonekat et al., 1987).  

Breathing Patterns and Mechanics During Exercise for Males and Females 

A few studies have noted the important differences between males and females 

for breathing patterns and the mechanics of breathing. Women have smaller lung 

volumes and lower maximal expiratory flow rates which may result in an increased risk 

for expiratory flow limitation (EFL) during exercise (Sheel et al., 2004; Grimby et al., 

1971). However, EFL does not normally occur in healthy persons. A substantial reserve 

for producing VE exists during heavy or maximal exercise in the untrained male (Sheel et 

al., 2004; Grimby et al., 1971). Flow-volume and pressure-volume responses are 

normally below the mechanical constraints required by the characteristics of the airways 
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on expiration and the capacity for pressure generation by the inspiratory muscles. 

Mechanical constraints, or EFL, have been noted in the highly trained male (McClaren et 

al., 1998; Johnson et al., 1992). As the tidal exercise flow-volume loop reaches the limit 

of the maximal flow-volume loop, the tidal breath becomes more flow-limited causing an 

increase in end-expiratory lung volume (EELV), which creates a less than optimal length 

of the inspiratory muscles. As a result, the male athlete who reaches mechanical 

limitation to exercise VE has a high work of breathing. A study conducted by Aaron, 

Seow et al. (1992) and Aaron, Johnson et al. (1992)  showed the highest work of 

breathing was seen in those subjects with the greatest degree of EFL (n=7 males, n=1 

female). The solo female subject in this study had the highest work of breathing (544.1 

J/min) compared with the group mean (391.8 J/min) but did not have the highest maximal 

VE (VE female=139 vs VE group=147 L/min). The female subject’s values for respiratory 

muscle oxygen uptake (VO2RM) was higher than the group mean at 70% of VO2max 

(VO2RM=6.6% vs 4.6% of total VO2max) and 100% VO2max (VO2RM=15.4% vs 10.0% of 

total VO2max). The female subject also had a high degree of EFL (60% VT) (Sheel et al., 

2004; Aaron, Seow et al., 1992; Aaron, Johnson et al., 1992). The previous observation 

supports the investigation by McClaren et al. (1998) who showed an increased prevalence 

of EFL in women, which was more prominent in the more fit subjects. The net result of 

small FV envelope and significant EFL is most likely an increased work of breathing; 

however, this was not measured in the McClaren et al. study (1998).  

Based on work by Harms et al. (1998), it is known that a high work of breathing 

could be expected to increase respiratory muscle competition for blood flow and VO2 and 
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likely limit perfusion to exercising locomotor muscles in women to a greater extent than 

in men. It is logical to suggest that women possibly utilize different breathing patterns to 

reduce or minimize their work of breathing and this could be related to sex hormones. 

However, exercise values for minute VE, VT, and fb do not seem to be extremely different 

between men and women when given the wide range of ventilatory responses found in a 

large group of subjects (Sheel et al., 2004). Tidal volume has been reported to be higher 

in men but when corrected for baseline forced vital capacity (FVC), the difference is not 

present and fb appears to be similar at the end of exercise (Sheel et al., 2004; Blackie et 

al., 1991). McClaren et al. (1998) states that increases in VT and fb during exercise in 

women followed by a plateau in VT, is consistent with previously reported values for 

men. Men and women seem to have the same breathing reserves (VE/MVV), fb, and 

VT/FVC towards the end of exercise. Studies conducted by Blackie et al. (1991) and 

Habedank et al. (1998) agree that breathing reserves are identical between men and 

women but the absolute values are different.  

A number of studies have reported a higher exercise minute VE during the luteal 

compared to the follicular phase (Sheel et al., 2004; Schoene et al., 1981; Jurkowski et 

al., 1981; William & Krahenbuhl, 1997) whereas other studies show no change (Sheel et 

al., 2004; Casazza et al., 2002; Bemben et al, 1995; Dombovy et al., 1987; De Souza et 

al., 1990). Moreover, the effect of cyclic variations in ovarian hormones on exercise VE 

remains controversial. Beidleman et al. (1999) has shown that peak V and submaximal 

V were not affected by cycle phase or altitude. Despite significantly increased 

progesterone levels in the midluteal phase,

E 

E 

 neither maximal nor submaximal exercise 
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performance was affected by menstrual cycle phase at sea level or acute altitude 

(Beidleman et al., 1999).  Numerous studies have suggested the impact of menstrual 

cycle phase on VO2max or exercise performance appears to be minimal (Sheel et al., 2004; 

Dombovy et al., 1987; Casazza et al., 2002; De Souza et al., 1990; Bryner et al., 1996; 

Hackney et al., 1991; Lebrun et al., 1995). Bryner et al. (1996) has demonstrated neither 

the cycle phase nor a low dose oral contraceptive adversely affected performance during 

a maximal treadmill test or endurance run. De Souza et al. (1990) observed no differences 

in oxygen uptake, V , heart rate, respiratory exchange ratio (RER), rating of perceived 

exertion (RPE), time to fatigue, and plasma lactate following maximal and submaximal 

E

exercise tests between the follicular and luteal phases in eumenorrheic and amenorrheic 

runners (De Souza et al., 1990). The De Souza et al. (1990) results suggest that neither 

the follicular or luteal phases alter exercise performance in female athletes.

Ventilatory Equivalents and the Menstrual Cycle 

The VE/VCO2 relationship can be stated as the absolute change in VE per unit 

change in VCO2 or as the y-intercept and has been used to evaluate the appropriateness 

(efficiency) of minute ventilation during exercise. There are inconsistent reports of the 

effect of gender on the exercise VE/VCO2 where some have demonstrated no differences 

(Blackie et al., 1991) and others have shown a significantly higher VE/VCO2 in women 

compared to men (Habedank et al., 1998). However, neither of the two studies accounted 

for the menstrual cycle phase, and the differences can possibly be greater through out the 

luteal phase (Sheel et al., 2004; Dombovy et al., 1987). Furthermore, Schoene et al. 
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(1981) has demonstrated that VE/VO2 during progressive exercise on a bicycle ergometer 

was significantly increased throughout the luteal phase compared to the follicular phase.  

Respiratory Muscle Fatigue, Spirometric Values and the Menstrual Cycle 

Only one study has demonstrated the effects of menstrual hormones on 

respiratory muscle function and spirometric flows and capacity (Bruno da Silva et al., 

2006). Bruno da Silva et. al (2006) evaluated the spirometric and respiratory static 

pressures of 17 young females bi-weekly for three consecutive menstrual cycles in order 

to determine if respiratory function and spirometric flow and capacity changed 

throughout the follicular, periovulatory, early-to-mid luteal, and late luteal phases. The 

menstrual cycle and individual cycles’ factors phases had a significant effect on peak 

expiratory flow (PEF) and respiratory static pressures (Bruno da Silva et al., 2006). 

Throughout the early-to-mid luteal phase, significant weak positive correlations were 

found between the progresterone:estradiol ratio and PEF and between estrogen and VT 

(r=0.37), IT (r=0.22), ET (r=0.19), maximal inspiratory pressure (MIP) (r=0.20), and for 

progesterone and MIP (r=0.32).  The results of the study suggested that parameters of 

spirometry did not change during the menstrual cycle; however, the correlations observed 

between sexual hormones and respiratory control variables and respiratory muscle 

function suggest a positive influence of sexual female hormones controlling the thoracic 

pump muscles in the luteal phase (Bruno da Silva et al., 2006). Furthermore, a systematic 

study of RMF during exercise in women has not been conducted (Sheel et al., 2004).

11 



 

CHAPTER III 

METHODOLOGY 
 
 

General Design 

Participation in the study included three visits to the Exercise Physiology Lab 

housed within the Exercise Sciences Center on the main campus. 

During the initial visit to the lab, the subject was interviewed (approximately 1 

hour), was asked to complete and sign the necessary forms, and performed a practice 

session for all testing modalities. If all inclusion criteria were met, the subject was 

scheduled for a second and third visit according to the timing of their menstrual cycle 

phase. The follicular phase was observed as days 5-10 and the luteal phase was observed 

as days 20-25. The medical/menstrual history, which was self reported by the subjects, 

was used to determine day 1 of the menstrual cycle. The salivary samples were obtained 

in an attempt to confirm if the subject was in the luteal phase (Casazza et al., 2002; 

Bonen et al., 1983). The second and third visit involved high intensity exercise on a cycle 

ergometer along with breathing tests (approximately 2 hours for each visit). The subject 

also provided a salivary sample during the two exercise test visits for the determination of 

estradiol and progesterone levels.  

Subjects

 Recruitment was limited to young (18-35 years) healthy female subjects with no 

known history of cardiopulmonary, metabolic, or musculoskeletal disease who freely 

volunteered to participate in the study. All subjects demonstrated a normal menstrual 

cycle during the previous 4 months as determined by the medical history form and were 
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not currently using birth control medications. Subjects were recruited from fitness classes 

on Texas Tech University campus and from the general Texas Tech student body. 

Subjects were recruited by oral announcements presented during lectures in class. 

Furthermore, potential subjects were contacted by e-mail and telephone. Also, individuals 

that had previously completed these classes were asked if they would like to participate in 

the study. If they were interested in participating in the study, we then read the oral script 

to them over the telephone and responded to any questions they may have had. Based 

upon previous studies, power calculations suggested a subject pool of 4 was needed to 

find significant differences in ventilatory responses (p = 0.05; power = 0.08). 

Testing Procedures 

The initial visit to the lab began with an explanation of the entire protocol. The 

subject completed and signed the necessary forms (Medical History Form and Consent 

Form). A numeric code was assigned to each subject as an identifier for statistical 

purposes. The medical history form information was kept confidential throughout the 

course of the study and after the study. If all inclusion criteria were met, the subject was 

scheduled for a second and third visit according to the timing of their menstrual cycle 

phase.  

On the second visit, the subjects provided a salivary sample (passive drool with a 

small collection vial) for the determination of progesterone and estradiol in accordance 

with the manufacturer’s collection instructions. The sample was immediately frozen at  

-80˚C for future analysis (Diagnostics Products Corporation-RIA). Next, standard 

pulmonary function testing (FVC, FEV1, peak flow-PF, and FEF) was performed in 
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accordance with American Thoracic Society Guidelines (1987) to demonstrate normal 

lung function at rest.  Next, an incremental graded exercise test (GXT) was conducted on 

a cycle ergometer. The subject warmed-up at 0 watts for 3 minutes. The workload was 

then increased to 75 watts and increased by 25 watts every 3 minutes until volitional 

fatigue to determine the cardiorespiratory fitness and ventilatory responses of each 

subject (Casazza et al., 2002). Baseline data collection for resting gas exchange values 

lasted 5 minutes. Expired respiratory gases were collected during the GXT for the 

determination of metabolic and ventilatory parameters (VO2, VCO2, VE, and other 

resultant variables). Blood pressure was monitored during the GXT via ausculatation. 

Heart rate and rhythm was monitored continuously throughout the GXT. Furthermore, 

the subjects performed a maximal inspiratory pressure (MIP) maneuver before and 

immediately following the GXT. The MIP maneuver determines the maximal sustained 

mouth pressure that can be generated from residual volume, and it is an index of global 

respiratory muscle fatigue. The MIP maneuver was determined according to the 

procedures of Black and Hyatt (1969). In order to ensure repeatable results, numerous 

trials were performed with at least 30 seconds of rest between each trial to prevent 

testing-induced resting muscle fatigue. The greatest negative inspiratory pressure 

recorded (cmH20) from at least 5 trials was used for data analysis. At the completion of 

the GXT, the subjects were monitored for approximately 10 minutes to make certain that 

heart rate and blood pressure had returned to pre-test levels. All testing was conducted in 

accordance with the guidelines of the American College of Sports Medicine (2000).  
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During the final visit, all testing was repeated in the same fashion as visit 2. Visits 

2 and 3 were randomized according to the subject’s menstrual cycle phase.  

Testing Equipment 

All exercise testing was performed on a cycle ergometer (Lode-Corvial). 

Spirometric variables, gas exchange parameters, and pulmonary flow rates and capacities 

were determined via a MedGraphics Metabolic/Pulmonary Function Cart (CPX/D) which 

uses a mass flow sensor and rapidly responding gas analyzers. An automated EKG 

machine (Quinton 4500) was used for heart rate determination.  MIP measurements were 

determined by a differential pressure transducer (Validyne). Visual feedback of the 

pressure signal was provided on a computer screen.   

Prior to each testing session, the metabolic cart was calibrated as stated by the 

manufacturer’s specifications. The O2 and CO2 analyzers were calibrated with known 

concentrations of commercially prepared gases and flow rates against a 3.0 liter 

calibration syringe. Furthermore, the differential pressure transducer was calibrated 

before each individual session with a certified aneroid pressure gauge.   

Data Analysis 

The pre-post data was analyzed with paired t-tests (spirometric and maximal 

exercise values), and a 2 x 4 repeated measures ANOVA was used to determine the 

differences in VE, VE/VO2, and VE/VCO2 during the follicular and luteal phases at rest 

and during submaximal and maximal exercise. A 2 x 2 repeated measures ANOVA was 

used to determine differences in MIP during the follicular and luteal phases at pre and 

post exercise. If significant differences (p < 0.05) were found then a Bonferroni 
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correction would have been applied. Data were analyzed at rest, unloaded cycling, 75 

Watts, and relative maximum for VE, VE/VO2, and VE/VCO2. Relative maximum (RM)  

was the highest workload achieved for both exercise tests. All statistical analysis was 

performed utilizing SigmaStat V2.03. An alpha level of < 0.05 was considered 

significant.  
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CHAPTER IV 

RESULTS 
 
 

The purpose of the study was to compare the ventilatory responses at rest and 

during incremental exercise in both the follicular and luteal phases of the menstrual cycle 

in healthy females that reported a normal menstrual cycle and were not using birth 

control medications. Maximal flow rates and capacities (spirometry) showed no 

significant differences (p > 0.05) in the follicular and luteal phases. The results indicated 

no significant differences (p > 0.05) in resting, submaximal, and maximal VE across the 

menstrual cycle. The ventilatory equivalents VE/VO2 and VE/VCO2 showed no 

significant differences (p > 0.05) across the menstrual cycle. No significant differences 

within or between conditions (p > 0.05) were found in MIP before and after exercise. 

Subject characteristics are presented in Table 1. The subjects were college age at 

22.33 ± 2.35 years. The height of the subjects was 65.79 ± 3.6 in. The subjects’ weight 

was 59.8 ± 6.04 kg. The BSA of the subjects was 1.67 ± 0.12.  

Table 1. Subject Characteristics (n=9) 

Variable Mean  SD 
Age (yrs) 22.33 2.35 
Ht (in) 65.79 3.60 
Wt (kg) 59.80 6.04 
BSA 1.67 0.12 
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The values for estradiol and progesterone determined from salivary samples are 

presented in Table 2. The saliva samples were attempted to be used for further 

verification of the menstrual cycle; however, multiple subjects had undetectable estradiol 

and progesterone levels.   

Table 2: Menstrual Hormone Values 

 Follicular Luteal 
Subject E (pg/ml) P (ng/ml) E (pg/ml) P (ng/ml) 
1 19.4 0.15 Nd Nd 
2 Nd Nd 20.1 0.29 
3 Nd Nd Nd Nd 
4 Nd Nd Nd Nd 
5 Nd Nd Nd Nd 
6 17.5 0.17 Nd Nd 
7 Nd Nd 17.2 0.26 
8 Nd Nd Nd Nd 
9 Nd Nd Nd Nd 
E = estrogen; P = progesterone; Nd = not detectable 

The spirometry variables included in the analysis were FVC, FEV1, FEV1/FVC, 

FEF25-75, and FEF. Paired t-tests were used to determine the differences between the 

means of the spirometry variables during the follicular and luteal phases of the menstrual 

cycle. The spirometry results are presented in Table 3. No significant differences (p > 

0.05) were found between the follicular and luteal phases of the menstrual cycle. FVC for 

the subjects was 4.01 ± 0.54 L in the follicular phase and 4.00 ± 0.53 L in the luteal 

phase. FEV1 for the subjects was 3.38 ± 0.51 L for the follicular phase and 3.33 ± 0.47 

for the luteal phase. FEF25-75 for the subjects was 3.67 ± 0.93 L in the follicular phase 

and 3.48 ± 0.73 L in the luteal phase. FEF for the subjects was 6.60 ± 1.33 L/sec in the 

follicular phase and 6.71 ± 0.93 L/sec in the luteal phase. The subjects presented no 
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pulmonary impairments as indicated by the % predicted FVC (>94), % predicted FEV1 

(>88), and FEV1/FVC (>80). 

Table 3. Spirometry Variables 

 Condition 
Variable Follicular  Luteal 
FVC (L) 4.01 (0.54) 4.00 (0.53) 
FVC % pred 104.67 (10.72) 104.78 (12.60) 
FEV1 (L) 3.38 (0.51) 3.33 (0.47) 
FEV1 % pred 102.67 (12.63) 101.33 (13.11) 
FEV1/FVC 84.33 (4.58) 83.44 (4.28) 
FEF25-75 (L/sec) 3.67 (0.93) 3.48 (0.73) 
FEF25-75 % pred 94.00 (25.61) 89.22 (20.44) 
FEF (L/sec) 6.60 (1.33) 6.71 (0.93) 
FEF % pred 102.89 (19.92) 104.56 (13.92) 
Values are means ± (SD). No significant differences (p>0.05) 

 The gas exchange parameters at maximal exercise included in the analysis were 

VTh, VO2, VCO2, VT, VE, Fb, HR, RER, power output, and total exercise time. Paired t-

tests were used to determine the differences between the means of the maximal exercise 

test variables during the follicular and luteal phases of the menstrual cycle. The maximal 

exercise test results are presented in Table 4. No significant changes (p > 0.05) were 

found between the follicular and luteal phases of the menstrual cycle. VTh (%VO2max) 

was 55.78 ± 4.94 in the follicular phase and 57.00 ± 6.19 in the luteal phase. VO2max 

was 2039.00 ± 298 ml/min in the follicular phase and 2027.00 ± 411.13 ml/min in the 

luteal phase. VCO2 was 2216.78 ± 289.35 ml/min in the follicular phase and 2232.56 ± 

295.30 ml/min in the luteal phase. VT was 1730.67 ± 293.91 L/br in the follicular phase 

and 1759.56 ± 306.80 L/br in the luteal phase. VE was 85.86 ± 14.59 L/min in the 

follicular phase and 86.63 ± 14.68 L/min in the luteal phase. Fb was 50.59 ± 10.32 br/min 
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in the follicular phase and 49.87 ± 9.47 br/min in the luteal phase. HR was 187.38 ± 

11.86 beats/min in the follicular phase and 189.67 ± 7.14 beats/min in the luteal phase. 

RER was 1.08 ± 0.08 in the follicular phase and 1.11 ± 0.10 in the luteal phase. Power 

output was 152.78 ± 23.19 W in the follicular phase and 158.33 ± 21.65 W in the luteal 

phase. Total exercise time was 13.31 ± 2.44 sec in the follicular phase and 13.73 ± 2.71 

sec in the luteal phase.  

Table 4. Maximal Exercise Test Variables 

 Condition 
Variable Follicular Luteal 
VTh (%VO2max) 55.78 (4.94) 57.00 (6.19) 
VO2 (ml/min) 2039.00 (298.00) 2027.00 (411.13) 
VCO2 (ml/min) 2216.78 (289.35) 2232.56 (295.30) 
VT (L/br) 1730.67 (293.91) 1759.56 (306.80) 
VE (L/min) 85.86 (14.59) 86.63 (14.68) 
Fb (br/min) 50.59 (10.32) 49.87 (9.47) 
HR (beats/min) 187.38 (11.86) 189.67 (7.14) 
RER 1.08 (0.08) 1.11 (0.10) 
Power Output (W) 152.78 (23.19) 158.33 (21.65) 
Total Exercise Time (sec) 13.31 (2.44) 13.73 (2.71) 
Values are means ± (SD). No significant differences (p>0.05) 
 

A 2 x 4 repeated measures ANOVA was used to determine the differences in VE, 

VE/VO2, and VE/VCO2 during the follicular and luteal phases at rest and during 

submaximal and maximal exercise. A 2 x 2 repeated measures ANOVA was used to 

determine the differences in MIP during the follicular and luteal phases at pre and post 

exercise. No significant differences (p > 0.05) were found between the follicular and 

luteal phases of the menstrual cycle at rest or during exercise for VE, VE/VO2, and 

VE/VCO2. No significant differences (p > 0.05) were found before or after exercise for 

MIP. Figure 1 illustrates VE at rest and exercise during the follicular and luteal phases of 

20 



the menstrual cycle. Resting VE for the follicular and luteal phases was 11.07 ± 1.80 

L/min and 11.39 ± 3.25 L/min, respectively. VE during unloaded cycling for the follicular 

and luteal phases was 17.33 ± 2.30 L/min and 18.57 ± 3.12 L/min, respectively. VE at 

75W for the follicular and luteal phases was 35.03 ± 3.10 L/min and 35.9 ± 3.32 L/min, 

respectively. VE at RM for the follicular and luteal phases was 85.49 ± 14.56 L/min and 

81.18 ± 13.89 L/min, respectively. Figure 2 shows VE/VO2 at rest and exercise during the 

follicular and luteal phases of the menstrual cycle. Resting VE/VO2 for the follicular and 

luteal phases was 39.29 ± 7.29 and 40.69 ± 9.94, respectively. VE/VO2 during unloaded 

cycling for the follicular and luteal phases was 29.79 ± 4.19 and 32.97 ± 5.20, 

respectively. VE/VO2 at 75W for the follicular and luteal phases was 31.42 ± 4.05 and 

32.67 ± 4.18, respectively. VE/VO2 at RM for the follicular and luteal phases was 41.98 ± 

4.78 and 42.09 ± 4.27, respectively. Figure 3 demonstrates VE/VCO2 at rest and exercise 

during the follicular and luteal phases of the menstrual cycle. Resting VE/VCO2 for the 

follicular and luteal phases was 41.43 ± 6.45 and 43.00 ± 8.60, respectively. VE/VCO2 

during unloaded cycling for the follicular and luteal phases was 36.41 ± 3.33 and 37.09 ± 

5.40, respectively. VE/VCO2 at 75W for the follicular and luteal phases was 31.44 ± 2.58 

and 32.05 ± 3.08, respectively. VE/VCO2 at RM for the follicular and luteal phases was 

38.56 ± 4.50 and 37.75 ± 3.64, respectively. Figure 4 illustrates MIP values before and 

after exercise during the follicular and luteal phases of the menstrual cycle. MIP before 

exercise for the follicular and luteal phases was 119.79 ± 27.87 cmH20 and 117.11 ± 

35.00 cmH20, respectively. MIP after exercise for the follicular and luteal phases was 

123.79 ± 24.62 cmH20 and 111.44 ± 29.93 cmH20, respectively. 
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Figure 1.  Minute ventilation (VE) at rest and exercise during the follicular 
and luteal phases of the menstrual cycle. Values are means + SD. R = rest; 
0L = unloaded cycling; 75 Watts; RM = relative maximum. No significant 
differences between conditions (p>0.05).
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Figure 2.  Ventilatory equivalents for oxygen consumption (VE/V02) at 
rest and exercise during the follicular and luteal phases of the menstrual 
cycle.  Values are means + SD.  R = rest; 0L = unloaded cycling; 75 Watts;
 RM = relative maximum. No significant differences between conditions
 (p>0.05).
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Figure 3. Ventilatory equivalents for carbon dioxide production (VE/VCO2)
at rest and exercise during the follicular and luteal phases of the menstrual
cycle. Values are means + SD. R = rest; 0L = unloaded cycling; 75 W atts;
RM  = relative maximum. No significant differences between conditions
(p>0.05).
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Figure 4. Maximal sustained inspiratory mouth pressure (MIP) values 
before and after exercise during the follicular and luteal phases of the 
menstrual cycle.  Values are means + SD.  No significant differences 
within or between conditions (p>0.05).
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CHAPTER V 

DISCUSSION AND CONCLUSION 
 
 

The major finding of this study suggests that menstrual hormones did not affect 

breathing responses at rest, submaximal, and maximal exercise. Additionally, there were 

no significant differences in gas exchange variables during a maximal graded exercise 

test between the follicular and luteal phases of the menstrual cycle. Respiratory muscle 

fatigue as assessed by MIP, showed no significant differences within or between 

conditions before and after exercise. 

Respiratory values from spirometry were not affected by the follicular nor luteal 

phases of the menstrual cycle. Bruno da Silva et al. (2006) had comparable results which 

suggested FVC, FEV1, FEV1/FVC, and FEF25-75 were not affected by phases of the 

menstrual cycle. However, PEF was reduced during the luteal phase in this study. Other 

studies have also reported that FVC and FEV1 do not change during the menstrual cycle 

phases, despite elevated progesterone levels in the luteal phase (Das, 1998; Beidleman et 

al., 1999). However, Williams and Krahenbuhl (1997) results showed variation in 

respiratory function during the menstrual cycle. Resmi et al. (2002) showed a significant 

decrease in FEV1/FVC and FEF75%, and a significant increase in peak expiratory flow 

rate (PEF) in subjects using oral contraceptives as compared to controls.  This 

discrepancy in results could be due to experimental design; whereas Williams and 

Krahenbuhl (1997) divided the cycle into 5 phases and the current study divided the cycle 

into 2 phases. Another possible explanation for the lack of variation of results in the 

different phases could be associated with both inter-subject hormonal variations among 
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the cycles and intra-subject variation when taking into account the same menstrual cycle 

phases (Bruno da Silva et al., 2006).  

The Casazza et al. (2002) study showed, in the absence of oral contraceptives, that 

menstrual cycle phase did not affect peak exercise capacity or cardiorespiratory factors. 

Hall et al. (1981) concluded that aerobic performance and cardiorespiratory adaptations 

to exercise are not affected by menstrual cycle phases, but high-intensity exercise 

performance is enhanced and lactate production is decreased during the luteal phase. 

Furthermore, the Dean et al. (2003) study is similar to our study in which they showed 

lactate threshold as a %V02max did not significantly differ across the menstrual cycle. 

Also, VO2max, HRmax, final workload, time to exhaustion, and RER did not significantly 

change across the menstrual cycle (Dean et al., 2003). Schoene et al. (1981) observed no 

difference between the follicular and luteal phases in the onset of the anaerobic threshold. 

However, Dombovy et al. (1987), Williams et al. (1997), Bemben et al. (1995), and 

White et al. (1983) results disagreed with our findings. Bemben et al. (1995) found that 

VTh occurred at a higher percentage of VO2max in the early follicular phase compared to 

the late follicular and mid-luteal phases.  White et al. (1983) demonstrated a significantly 

(p < 0.05) higher resting VT and lower PETCO2 in the luteal phase as compared to the 

follicular phase. Moreover, the results of the White et al. (1983) study suggested females 

have higher ventilatory responses in the luteal phase than in the follicular phase without a 

change in VO2. As mentioned in the literature review, progesterone is a known 

respiratory stimulant. Progesterone levels are low during the follicular phase; however, 
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no relationship could be found between VO2 and menstrual cycle phases in the White et 

al. (1983) study and in our study.  

Menstrual cycle hormones did not affect respiratory stimulation across the 

menstrual cycle at rest, submaximal, and maximal VE. Our results are in agreement with 

Beidleman et al. (1999), Casazza et al. (2002), Hall et al. (1981), Dean et al. (2003), 

Bemben et al. (1995), De Souza et al. (1990), Hackney et al. (1991), Stephenson et al. 

(1982), and Lebrun et al. (1995). The Beidleman et al. (1999) study showed that peak VE 

and submaximal VE were not affected by menstrual cycle phase. However, other studies 

have shown significant differences in exercise VE during the luteal phase of the menstrual 

cycle (Sheel et al., 2004; Schoene et al., 1981; Jurkowski et al., 1981; William & 

Krahenbuhl, 1997). The varying results between these studies and the current study could 

be related to individual responses and differences in progesterone receptor sensitivity 

(Beidleman et al., 1999). In addition, it is widely accepted that ventilatory measures 

demonstrate large within-subject daily variability.  

The ventilatory equivalents (VE/VO2 and VE/VCO2) were not elevated during the 

luteal phase at rest and during incremental exercise compared to the follicular phase. Our 

study is one of the few studies to account for menstrual cycle phase for these variables. 

Beidleman et al. (1999) and Bemben et al. (1995) had similar findings that showed no 

significant differences (p > 0.05) in the ventilatory equivalents in the follicular and luteal 

phases of the menstrual cycle. Nonetheless, Shoene et al. (1981) results showed VE/VO2 

was significantly greater at all levels of exercise in the luteal phase. However, the study 

by Shoene et al. (1981) did not show a significant correlation between respiratory 
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variables and plasma progesterone. It is not surprising that VE/VO2 and VE/VCO2 were 

not elevated in the current study as neither VE, VO2, or VCO2 were different between 

menstrual phases at submaximal and maximal levels of exercise.  

MIP values before and after exercise during the follicular and luteal phases of the 

menstrual cycle did not significantly (p > 0.05) change. Bruno da Silva et al. (2006) and 

Chen and Tang (1989) showed similar results. The evaluation of the MIP pressures 

directly estimates the maximal sustained mouth pressure that can be generated from 

residual volume, and it is an index of global respiratory muscle fatigue (Black & Hyatt, 

1969).  The literature on static respiratory pressure ovarian hormone measures is limited. 

The study by Bruno da Silva et al. (2006) demonstrates a weak (r=0.32) yet significant 

association between MIP and menstrual hormones. This suggests that the menstrual 

hormones affect thoracic pump muscles during the luteal phase. However, this correlation 

was weak and does not suggest cause and effect.  

It is worth considering whether our lack of ability to detect progesterone and 

estradiol values during the follicular and luteal phases had an impact on our results. 

Multiple subjects in the current study showed undetectable estradiol and progesterone 

levels during the follicular and luteal phases. It is possible that the exercise tests were not 

conducted in the appropriate phase of the menstrual cycle in the current study. This could 

certainly affect the ventilatory parameters and overall conclusions of the study. However, 

our testing procedures were completed in accordance with menstrual histories provided 

by the subjects. 
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In conclusion, these results suggest that the menstrual cycle phase did not affect 

breathing responses at rest, or during submaximal, and maximal exercise. Additionally, 

there are no differences in maximal exercise test variables between the follicular and 

luteal phases of the menstrual cycle. Furthermore, RMF showed no significant 

differences within or between conditions before and after exercise. These results provide 

additional data suggesting that the timing of the menstrual cycle phase may not be as 

critical as once thought when designing future exercise ventilation studies. 

Recommendations for Future Research

 Future studies may benefit by looking at spirometry in a large population at rest 

and exercise. This study only used 9 subjects and a larger population may yield opposing 

results. In addition, the association between menstrual hormones and thoracic pump 

muscle control should be investigated before and after exercise in a large cohort. 

According to our results, saliva samples were not a useful tool in measuring estradiol and 

progesterone. Future research should be based upon the measurement of menstrual 

hormones from serum samples. 
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Proposal for Activity Using Human Subjects 
 
Title:  Effects of Menstrual Cycle Phase on Ventilatory Parameters in Young Health Females 
 
James S. Williams, Ph.D., Associate Professor, PI   
Tracie Akerhielm, Graduate Student, CoI 
Megan Parsons, Graduate Student, CoI 
 
Department of Health, Exercise, and Sport Sciences 
 
I. Rationale: The effects of menstrual cycle phase on exercise performance have been studied 
previously however, the results remain controversial. In particular, the ventilatory responses to 
progressive intensity exercise have shown mixed results. It is thought that the higher levels of 
circulating estrogen and progesterone are the stimuli for altered ventilatory responses during the 
luteal phase of the cycle (4). Our purpose is to compare the ventilatory responses to progressive 
intensity exercise during the follicular (days 5-10) and luteal phases (days 20-25) of the menstrual 
cycle.     
 
II. Subjects:  Recruitment will be limited to young (18-35 yrs) healthy female subjects with no 
known history of cardiopulmonary, metabolic or musculoskeletal disease who willingly volunteer 
to participate in this study. Subjects willing to participate should not be pregnant, should not be a 
smoker, and in accordance with the medical history form, be deemed a suitable candidate for 
participation based on the judgment of the interviewer. If the potential subject answers “yes’ to 
any of the listed items on the medical history form (section B), the interviewer will probe for 
more information from the participant as to her medical history. Symptoms such as recent 
blackouts, recent changes in speech pattern, chest pain/pressure that is suggestive of angina, and 
recent heart palpitations will automatically exclude the subject from participation. All subjects 
will have demonstrated a normal menstrual cycle during the last 4 months and not be currently 
using birth control medications. Subjects will report the length of their menstrual cycle on the 
medical history form (section A). Subjects will be recruited from fitness classes on the campus at 
Texas Tech, from the general population of students at Texas Tech and we will also solicit 
participation from local running and cycling clubs. Subjects will be recruited by oral 
announcements (Attachment A) presented during lectures for those students enrolled in these 
classes and during training sessions for the club athletes. We also will contact, by email and 
telephone, individuals that have previously completed these classes and they will be asked if they 
would like to participate in the study.  If they respond that they are interested in participating in 
the study, we will then read the oral script to them over the telephone and respond to any 
questions that they may have.     
 
III. Procedures:  Participation in the study will require three visits to the Exercise Physiology 
Lab housed within the Exercise Sciences Center on the main campus.      
 
Visit 1: The entire protocol will be explained to the subject and the necessary forms completed 
and signed (Medical History Form and Consent Form-Attachments B and C). Only initials or a 
numeric code will be used as an identifier for statistical purposes and these will be deleted upon 
completion of the analysis. All information contained in the medical history form will be 
maintained with complete confidentiality during the course of the study and destroyed upon 
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completion of the study. If all inclusion criteria are met, the subject will be scheduled for a 
second and third visit according to the timing of their menstrual cycle phase as described above.  
 
Visit 2: All subjects will provide a salivary sample (passive drool with a section of straw and a 
small collection vial) for the determination of progesterone and estradiol in accordance with the 
manufacturer’s collection instructions (Appendix D). The sample will be immediately frozen for 
later analysis (Salmetrics-Enzyme Assay Kit). Standard pulmonary function testing (forced vital 
capacity-FVC, FEV1, peak flow-PF, and maximal voluntary ventilation-MVV) will be performed 
in accordance with American Thoracic Society Guidelines (2) to demonstrate normal lung 
function at rest. A graded exercise test (GXT) on a cycle ergometer will then be performed to 
volitional fatigue to determine the cardiorespiratory fitness and ventilatory responses of each 
subject. Expired respiratory gases will be collected during the GXT for the determination of 
metabolic and ventilatory parameters (oxygen consumption-VO2, carbon dioxide production-
VCO2, minute ventilation-VE, and other derived variables). Pulmonary function and expired gas 
analysis will be determined with the aid of an automated metabolic measurement cart. Blood 
pressure will be determined prior to and during the GXT via auscultation. Heart rate and rhythm 
will be monitored during the GXT via electrocardiography. Oxygen saturation (SaO2) will be 
monitored continuously during the GXT by pulse oximetry with the oxygen sensor place on the 
forehead. In addition, the subjects will perform a maximal inspiratory pressure (MIP) maneuver 
prior to and immediately following the GXT. This involves the determination of maximal 
sustained mouth pressure that can be generated from total lung capacity and is an index of global 
respiratory muscle fatigue (3). Following the GXT, the subjects will be monitored for 
approximately 10 minutes to insure that heart rate and blood pressure have returned to pre-test 
levels. All testing will be conducted in accordance with the guidelines set forth by the American 
College of Sports Medicine (1).       
      
Visit 3: Repeated as described for visit 2.  
 
IV. Adverse Events and Liability: Injuries to young healthy subjects during exercise testing are 
uncommon.  However, the chance for injury is acknowledged and precautions will be taken to 
prevent injuries and for handling injuries if they occur. Standard precautionary measures as set 
for forth by the American College of Sports Medicine (1) will be strictly adhered to during all 
testing.  All subjects will complete a medical history form prior to any testing. All subjects will 
have had a physical exam within the past 5 years in order to be eligible for participation in this 
study. An adequate warm-up and cool-down period will be provided prior to the maximal 
exercise test. There are no significant risks associated with pulmonary function testing or the 
collection of salivary samples. The incidence of a significant cardiac event occurring during a 
maximal exercise test is very low in young, healthy individuals. In the largest experience to date 
(3), morbidity, mortality, and total complication rates of 0 in over 350,000 exercise tests 
performed on athletes were reported. There is the possibility of dizziness and nausea immediately 
following the GXT that is usually prevented by an adequate “cool down” period.  The subjects 
may experience dyspnea during the conduct of the GXT and leg muscle soreness may be present 
for 24-48 hours following the GXT. As precautionary measures, heart rate, heart rhythm, and 
blood pressure will be monitored during the GXT. All subjects will complete a medical history 
form and will have demonstrated normal pulmonary function on spirometry prior to entrance into 
the study. Oxygen saturation levels (pulse oximetry) will be monitored during the post-exercise 
period as well. Oxygen and AED/CPR trained personnel will be available on site during all 
testing. Emergency telephone numbers are posted within the laboratory and they are easily 
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accessible in the case of an emergency. The PI of the proposal has over 25 years of exercise 
testing experience utilizing both athletes and clinical populations. The GXT will be terminated 
immediately in response to an abnormal blood pressure response, heart irregularities, chest pain 
suggestive of angina, or ST-T wave changes suggestive of ischemia on the electrocardiogram. 
Subjects will be informed of their right to withdraw at any time during the course of the study. 
Arrangements for handling liability for unexpected injuries are addressed in the consent form. 
 
V. Consent Form: see attached 
 
Attachments: 
 

A. Oral Announcement 
B. Medical History Form  
C. Written Informed Consent  
D. Saliva Sample Collection 

 
References: 
 
1. American College of Sports Medicine, Guidelines of Exercise Testing and Prescription, 6th ed., 
Lippincott Williams & Wilkins, Philadelphia, PA, Chapter 4, pages 57-90. 
 
2. American Thoracic Society. Standardization of spirometry--1987 update. Am.     
Rev. Respir. Dis. 136: 1285-1298, 1987. 
 
3. Black and Hyatt, Am. Review Respir. Dis. 99: 696-701, 1969. 
 
4. Sheel et al., Sex differences in respiratory exercise physiology. Sports Med. 34: 567-579, 2004. 
 
5. Scherer et al., Frequency of life-threatening complications associated with exercise testing.  
Dtsch. Med. Wochenschr. 104:1161-1165, 1979. 
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Script to be used to recruit volunteers for this study 
 

Dr. Jim Williams and I are conducting a study for which we are seeking volunteers. The 
purpose of this study is to determine the effects of menstrual hormones on breathing 
during exercise.   
 
Participation in this study will require three visits to the Exercise Physiology Laboratory 
housed within the Exercise Sciences Center on the Texas Tech campus.  During the first 
visit you will be interviewed (approximately 1 hour) and asked to complete a medical 
history form. The last two visits will be scheduled according to different phases of your 
menstrual cycle and will involve high intensity exercise on a cycle ergometer along with 
breathing tests (approximately 2 hours for each visit). We will also ask that you provide a 
salivary sample during the two exercise test visits for the determination of your estrogen 
and progesterone levels.  
 
Recruitment for this study is limited to young (18-35 yrs) subjects who are active but not 
engaged in competitive sports.  Anyone willing to participate should not have a history of 
cardiopulmonary, metabolic, or musculoskeletal disease, not be pregnant, be a non-
smoker, have had a normal menstrual cycle for the last consecutive 4 months, and not 
currently using oral birth control pills. You must have had a physical exam within the last 
5 years. As a participant of this study you will receive information regarding your current 
level of cardiorespiratory fitness. There is no monetary compensation or “extra credit” 
provided for participation in this study and there is no penalty for not participating.   
 
Thank you for your attention and time.  I will now respond to any questions you may 
have concerning this study and your interest in participating. 
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Medical History Questionnaire 
Demographic Information 
Last Name  _________________  
First Name   _________________ 
Middle Initial  _________________ 
Date of Birth  _________________  
Gender   ____________ 
Home Phone_________________ 
Address   _________________ 
City   _________________ 
State    _________________ 
Zip Code  _________________ 
Work Phone  _________________ 
Family Physician _________________ 
 
Section A 
1. When was the last time you had a physical examination? 
 
 
2. If you are allergic to any medications, foods, or other substances, please name them. 
 
 
3. If you have been told that you have any chronic or serious illnesses, please list them. 
 
 
4. Have you experienced a normal menstrual cycle during the last 4 months? What is the  
typical length of your cycle?  
 
 
5. Do you use birth control medications?  
 
 
6. Give the following information pertaining to the last three times you have been hospitalized. 
Note: Women, do not list normal pregnancies. 

 Hospitalization 1 Hospitalization 2 Hospitalization 3 
Reason for 
hospitalization 

   

Month and year 
of hospitalization 

   

Hospital    
City and State    

 
 
7. Are you affected with hemophilia? 
 
Section B 
During the past 12 months... 
1. Has a physician prescribed any form of medication for you? Yes__No__ 
    If yes, list the medication, the reason it was prescribed and when you stopped  
    using the medication. ____________________________________________ 
     _____________________________________________________________  
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2. Has your weight fluctuated more than a few pounds?    Yes__No__ 
If yes, did you attempt to bring about this weight change through diet or exercise? Yes__No__ 
3. Have you experienced any faintness, light-headedness, or blackouts?   Yes__No__ 
4. Have you occasionally had trouble sleeping?      Yes__No__ 
5. Have you experienced any blurred vision?      Yes__No__ 
6. Have you had any severe headaches?      Yes__No__ 
7. Have you experienced chronic morning cough?     Yes__No__ 
8. Have you experienced any temporary change in your speech pattern, 
    such as slurring or loss of speech?      Yes__No__ 
9. Have you felt unusually nervous or anxious for no apparent reason?   Yes__No__ 
10. Have you experienced unusual heartbeats such as skipped beats 
or palpitations?         Yes__No__ 
11. Have you experienced periods in which your heart felt as though it were 
racing for no apparent reason?        Yes__No__ while walking with 
others 
At present... 
1. Do you experience shortness or loss of breath while walking with others 
your own age?         Yes__No__  
2. Do you experience sudden tingling, numbness, or loss of feeling in your 
arms, hands, legs, feet, or face?       Yes__No__ 
3. Have you ever noticed that your hands or feet sometimes feel cooler than 
other parts of your body?        Yes__No__ 
4. Do you experience swelling of your feet and ankles?    Yes__No__ 
5. Do you get pains or cramps in your legs?      Yes__No__ 
6. Do you experience any pain or discomfort in your chest?    Yes__No__ 
7. Do you experience any pressure or heaviness in your chest?    Yes__No__ 
8. Have you ever been told that your blood pressure was abnormal?   Yes__No__ 
9. Have you ever been told that your serum cholesterol or triglcyeride level 
was high?         Yes__No__ 
10. Do you have diabetes?        Yes__No__ 
If yes, how is it controlled? (Check One) 
 _Dietary means _Insulin injection _Oral medication _Uncontrolled 
11. How often would you characterize your stress level as being high? (Check One) 
 _Occasionally _Frequently _Constantly 
12. Have you ever been told that you have any of the following illnesses?   Yes__No__ 
 _Myocardial infarction  _Arteriosclerosis  _Heart disease 
 _Coronary thrombosis  _Rheumatic heart  _Heart Attack   
 _Coronary occlusion  _Heart failure  _Heart murmur   
 _Heart block    _Aneurysm   _Angina  
 _Heart arrhythmia 
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Section C 
1. Participants must be physically active women between 18 and 45 years of age.  Do you meet 
these study inclusion criteria?  Yes__No__  
2. If not, which criteria in #1, above, does not apply to you: ___________________________ 
__________________________________________________________________________ 
3. Individuals who currently smoke, are pregnant, are overtly obese, have a history of known  
cardiac, respiratory or metabolic disease or musculoskeletal disease that would limit exercise  
participation, are currently experiencing a major physical or mental illness, or are currently  
taking medication for a major physical or mental ailment will be excluded from participating. 
Do any of the criteria in the list apply to you?  Yes__No__  
4. If yes, please specify which criteria in #3, above: _________________________________ 
__________________________________________________________________________ 
 
From Vivian H. Heyward, 2002, Advanced Fitness Assessment and Exercise Prescription,  
4. ed. (Champaign. IL: Human Kinetics). 
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Informed Consent 
        

You are being asked to participate in the research project entitled: Effects of Menstrual 
Cycle Phase on Ventilatory Parameters in Young Healthy Females.   The people 
responsible for this research project are: Dr. Jim Williams and Megan Parsons of the 
Department of Health, Exercise and Sport Sciences at Texas Tech University, (806) 742-
3371.  
 
I.  Purpose and explanation of test      
 
The purpose of this research is to determine the effects of menstrual cycle phase on 
breathing before, during and after exercise. Accordingly, you will be asked to provide 
information about the timing of your menstrual cycle.  
 
You will be asked to perform the following battery of tests during each testing session. 
You will perform these tests on two separate occasions that will be scheduled during 
specific phases of your menstrual cycle.   
 

a. maximal graded exercise test on a bicycle while outfitted with a breathing 
valve, an oxygen sensor, electrocardiogram electrodes and a blood pressure 
cuff.  

b. maximal breathing capacity tests performed before, during and after the 
bicycle test  

c. salivary sample from a passive drool 
 
During the course of this study you will complete an exercise test to determine your 
cardiorespiratory fitness. Samples of your exhaled air during exercise will also be 
collected to properly measure your oxygen consumption and breathing capacity. You will 
also perform a maximal breathing test to determine the strength of your breathing 
muscles both before and after the bicycle test. You will also provide a salivary sample for 
the determination of your menstrual hormone levels (estrogen and progesterone). This 
salivary sample will be collected through a straw from a passive drool. You will be given 
instructions on the steps to follow before this sample is taken.    
  
Before you undergo any exercise testing, you must certify to the program that you are in 
good health and to the best of your knowledge, not currently pregnant or currently using 
birth control medication.  You must also certify that you have had a physical exam within 
the last 5 years. You will be interviewed by trained professionals prior to undergoing the 
tests who will in the course of interviewing you, determine if there are any reasons which 
would make it undesirable or unsafe for you to take the test.  Consequently, it is 
important that you provide complete and accurate responses to the interviewer and 
recognize that your failure to do so could lead to possible unnecessary injury during the 
test. 
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The exercise testing you will undergo will be performed on a bicycle.  You should 
immediately report to the investigators any symptoms such as fatigue, shortness of 
breath, or chest discomfort which may appear during the test. You may request that a test 
be stopped at any point if you feel unusual discomfort or fatigue or at any point if you so 
choose.   
 
Prior to beginning the maximal exercise test, you will be connected by electrodes and 
cables to an electrocardiogram recorder which will enable the program personnel to 
monitor your heart activity.  A trained observer will monitor your exercise responses 
continuously during the course of the test and take frequent readings of blood pressure, 
the electrocardiogram, and your expressed feelings of effort. Full participation in this 
protocol will require approximately 5 hours of your time (2 hours for each exercise test 
session and 1 hour for the interview visit).   
 
II. Risks 
There exists the possibility of adverse changes during the bicycle test. These changes 
could include abnormal blood pressure, fainting, disorders of heart rhythm, stroke, and 
very rare instances of heart attack or even death. You may also experience muscle 
soreness following the bicycle test. Every effort will be made to minimize these 
occurrences by precautions and observations taken during the test. Oxygen and trained 
CPR personnel will be available on site during all exercise bouts.   
 
If this research project causes injury (physical, psychological, financial, etc), Texas Tech 
University or the Student Health Center, may not be able to treat your injury. You will 
have to pay for treatment from your own insurance. The university does not have 
insurance to cover such injuries.  More information about these matters may be obtained 
from Dr. Kathleen Harris, Associate Vice President for Research, (806)742-3884, Room 
203 Holden Hall, Texas Tech University, Lubbock, Texas 79409.   
 
III. Benefits to be expected 
 
The results of this test may or may not benefit you.  Potential benefits relate mainly to 
your personal motives for taking the test, that is, knowing your exercise capacity in 
relation to the general population, understanding your fitness for certain sports and 
recreational activities, planning your physical conditioning program, or evaluating the 
effects of your recent physical activity habits. 
 
IV. Confidentiality and use of information 
All information obtained from these testing procedures will be treated as privileged and 
confidential and will consequently not be released or revealed to any person without your 
express written consent.  By signing this form, you are agreeing to the use of any data 
recorded for research or statistical purposes so long as it does not provide facts that could 
lead to your identification. Your initials or a numeric code will be used as an identifier 
for statistical purposes and these will be deleted upon completion of the analysis. The 
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information contained in the medical history form will be maintained with complete 
confidentiality during the course of the study and destroyed upon completion of the 
study. Any other information obtained, however, will be used only by the program staff 
to evaluate your exercise status or needs. 
 
V. Inquiries and freedom of consent 
 
Dr. Williams or Ms. Megan Parsons will answer any question that you may have 
about this study.  For questions about your rights as a subject or about injuries 
caused by this research, you should contact the TTU Institutional Review Board for 
the Protection of Human Subjects, Office of Research Services, Texas Tech 
University, Lubbock, Texas 79409.  Or you can call (806) 743-3884.   
 
Participation in this research project is voluntary and refusal to participate involves 
no penalty or loss of benefits to which you may be entitled and you may discontinue 
participation at any time without penalty or loss of benefits.    
 
By signing this form, you are acknowledging that you have read this document in its 
entirety and that the investigator reviewing this document has made certain that you 
understand it.   
 
 
______________________  Date __________ 
Participant’s signature 
 
This consent form is not valid after XXXXX.    
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Name___________________ Date___________________  F or L 
 
Exercise Test Data: 
 
Minutes Stage HR BP Time 

 Rest    

1-3 0 Load    

3-6 75 W    

6-9 100 W    

9-12 125 W    

12-15 150 W    

15-18 175 W    

18-21 200 W    

21-24 225 W    

24-27 250 W    

27-30 275 W    

30-33 300 W    

 
Recovery Data: 
 
Minutes HR BP 

0-2   

2-4   

4-6   

 
 
100% predicted MaxHR: __________________ 
 
85% predicted MaxHR: ___________________ 
 
Post GXT FVC: _______________ 
 
Comments: 
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MIP Trials: 
 
 Before After 
1   
2   
3   
4   
5   
6   
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PERMISSION TO COPY 
 
 
 

 In presenting this thesis in partial fulfillment of the requirements for a master’s 

degree at Texas Tech University or Texas Tech University Health Sciences Center, I 

agree that the Library and my major department shall make it freely available for research 

purposes.  Permission to copy this thesis for scholarly purposes may be granted by the 

Director of the Library or my major professor.  It is understood that any copying or 

publication of this thesis for financial gain shall not be allowed without my further 

written permission and that any user may be liable for copyright infringement. 

 

Agree  (Permission is granted.) 

 

     Stephanie Megan Parsons                      07/06/2006
 Student Signature      Date 
 
 
 
Disagree  (Permission is not granted.) 
 
 
 
_______________________________________________         _________________ 
 Student Signature      Date 
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