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ABSTRACT 

Gender differences in muscle fatigue have shown females to exhibit a greater 

fatigue resistance in human skeletal musculature. To our knowledge, gender differences 

in the respiratory musculature have not been examined. The purpose of this study is to 

determine if gender differences are present in the magnitude and/or time course of 

recovery from respiratory muscle fatigue (RMF) following exhaustive exercise. Sixteen 

untrained (female, n=8; male, n=8) subjects performed two constant-load breathing tests 

for breathing endurance measurements (Tiim) pre- and post- an endurance exercise test 

(EET). Maximal inspiratory pressures (PImax) vv̂ ere determined pre- and immediately 

post-EET with recovery measurements taken 15 min, 25 min and 35 min post-exercise. 

Differences in Tum and PImax before and after the EET were determined with a 2-way 

repeated measure ANOVA. No significant differences were foimd in Tum between or 

within genders (p>0.05). Both genders exhibited a similar reduction in PImax following 

the EET (females 11%, males 13%, p<0.05) with females having a significantly slower 

recovery rate demonstrating greater RMF. In conclusion, findings suggest that fatigue 

resistance is not present in the respiratory musculature of females. 
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CHAPTER I 

INTRODUCTION 

Generally, the respiratory system is not considered a limhing factor to exercise at 

sea level in healthy untrained individuals. Hyperventilation diuing exercise in untrained 

individuals facilitates the maintenance of the alveolar partial pressure of oxygen (PA02) 

and the arterial partial pressure of oxygen (Pa02) close to resting levels (100 mmHg and 

95 mmHg, respectively). This is unlike some trained individuals who demonstrate 

hypoxemia and an excessive widening of the alveolar to arterial oxygen gradient [P(A-

a)02] with exercise (21). 

Along with hyperventilation, the following factors also suggest that the 

respiratory system is not a limiting factor during maximal exercise in healthy untrained 

individuals: (1) A sufficient transit time for gas exchange between mix venous blood and 

alveolar air; (2) An adequate breathing reserve reflected by the ratio of minute ventilation 

and maximal voluntary ventilation (VE/MVV) that is less than one during heavy exercise; 

(3) The increase in VE from rest (5 L/min) to maximal exercise (-190 L/min) is far 

greater than the increase in pulmonary perfusion (Q) (from 5 mL»L"̂  to 35 mL«L"'), thus 

hs ratio (VE/Q) increases during exercise and is usually not a limiting factor in exercise 

performance (12). 

Exercise-induced respiratory muscle fatigue (RMF) has been demonstrated in 

healthy untrained subjects following an exhaustive bout of exercise (6, 16, 17, 18, 20, 30, 

41, 46). RMF is characterized by a decrease in the maximum force-generating capacity 



of the respiratory musculature (1), and is a contributor to exercise intolerance, especially 

exercise of an endurance nature (7, 30, 39, 41). RMF is evidenced by the inability to 

generate maximal inspiratory pressure (PImax) at the mouth or to sustain a submaximal 

percentage of PImax over time. RMF during exercise has been shown to limh exercise 

performance (6, 9, 10, 11, 12, 21), and in individuals with respiratory muscle 

dysfunction, fatigue may precipitate or exacerbate respiratory failure (45). 

Factors that may contribute to exercise-induced RMF include an increased work 

of breathing, decreased respiratory muscle strength secondary to acidosis, decreased 

oxygen content of arterial blood, decreased respiratory muscle blood flow, decreased 

blood substrate concentration, and reduced cellular energy stores (35). It has also been 

suggested that increased H^ and lactate in the diaphragm are important contributors to 

RMF, along with increased levels of other circulating metabolites after whole body 

endiuance exercise (6, 18). Johnson et al. (29) suggest that RMF is caused by a reduction 

in available blood flow to the respiratory muscles resulting in decreased muscle cell 

oxygen content and the accumulation of metabolic by-products. Lactic acid, being one of 

these metabolites, is associated with both increased dyspnea sensation and decreased 

ability to generate force when accumulated. Thus, hypoxemia and dyspnea are 

considered to be limiting factors for whole-body endurance exercise capacity (29). 

Studies on skeletal muscle fatigue show greater fatigue resistance in females 

compared to males (28). Research on gender differences in muscle fatigue has, for die 

most part, only examined the knee extensors, the elbow flexors, the handgrip muscles, 

and the adductor poUicis muscle. However, to our knowledge, gender differences in the 



respiratory musculature have not been examined. Therefore the results of this study will 

contribute to our understanding of gender differences on the fatigability of skeletal 

muscle. 

Pumose of the Study 

The purpose of this study was to determine if differences are present between 

genders in the magnitude and recovery of respiratory muscle fatigue following exhaustive 

exercise. 

Hypothesis 

The magnitude of respiratory muscle fatigue will be greater in males following 

exhaustive exercise compared to females. Likewise, recovery from RMF will be slower 

in males following exhaustive exercise when compared to females. 

Definition of Terms 

The following terms are frequently used and are valuable to the understanding of 

this study, thus it is important to define their meanings as used in this study. 

1. Skeletal muscle fatigue - decrease in the maximum force-generating capacity 

of the respiratory musculature that recovers with rest (1). 

2. Exhaustive exercise - cycling at 80% of maximum workload (WRmax) along 

with pre- and post-exercise constant load breathing test (CLBT). 



3. Respiratory muscle endurance - length of time a participant can sustain a 

respiratory resistive load before fatigue occurs resuhing in task failure (9). 

4. Respiratory muscle strength - maximum force-generating capacity of the 

respiratory musculature. 

Assumptions 

The basic assumptions for this study were as follows: 

1. Participants refrained from intense aerobic exercise between the two testing 

sessions. 

2. Participants performed at full effort during the various testing methods and 

measurements. 

3. Participants performed breathing maneuvers with proper technique. 

4. Measurement techniques were sensitive enough to detect changes in 

respiratory muscle function. 

Limitations 

The following were limitations of this investigation: 

1. A leaming effect on the battery of respiratory tests may have confounded the 

results. 

2. Lack of motivation may have been a factor in untrained subjects. 

3. Subjects may not have been accustomed to dyspnea associated with the 

specialized breathing and exercise endurance tests. 



4. The CLBT has been shovm to produce an adequate increase in respiratory 

work needed to eUcit RMF (6, 9, 41). 

Significance 

The results of this study may contribute to our understanding of gender 

differences on fatigability of skeletal muscle along with respiratory muscle function 

during exercise. These findings could lead to improved respiratory muscle training 

methods for sport participation. 



CHAPTER II 

REVIEW OF LITERATURE 

It is not clear if respiratory muscle function differs between genders after 

exhaustive exercise in healthy untrained individuals. This literature review will discuss 

the following: (1) the anatomy and physiology of the respiratory musculature; (2) RMF 

as a limiting factor to exercise; (3) RMF in fit and unfit subjects; (4) meUiods of 

determining RMF; and (5) gender differences in skeletal muscle. 

Respiratory Muscle Anatomy and Physiology 

The anatomy of the respiratory system supports the basic function of oxygen and 

carbon dioxide exchange with the purpose of maintaining arterial acid-base status. The 

muscles of respiration consist of two major groups: inspiratory and expiratory. The 

principle inspiratory muscles include the diaphragm, parastemal intercartilaginous 

muscles, and the extemal intercostals. Accessory muscles of inspiration consist of the 

stemocleidomastoid, and scalenes, which functions to elevate the stemum and ribs, 

respectively. The muscles of expiration include the abdominal muscles, rectus and 

transversus abdominus, extemal and intemal obliques (except parastemal 

intercartilaginous part), and the intemal intercostals (4). 



Inspiratory muscles 

The major muscle of inspiration is the diaphragm, which is composed of three 

types of muscle fiber: slow oxidative (type I), fast oxidative glycolytic (type IIA), and 

fast glycolytic (type IIB). Fifty percent of the muscle fibers in the diaphragm are type I, 

while the remaining are type IIA and type IIB fibers (1, 25). Under quiet breathing 

conditions, the diaphragm performs about 70% to 80% of the work of breathing (45). 

The diaphragm is innervated by the phrenic nerve (C3-C5), but different cervical roots of 

the nerve supply different portions of the diaphragm (4, 24). 

The dome-shaped diaphragm muscle consist of a flat crural portion, which is 

attached to the upper lumbar vertebrae via vertebral ligaments (24, 42), and vertical-

oriented muscles called the costal portion that runs cephalo-cadually from the lower third 

ribs (42). Fibers from all three regions of the diaphragm radiate inward, insert into a 

central tendon, which is a non-contractile part (45). The diaphragm functions as a piston 

with contraction/relaxation of the vertical muscle fibers (4). During contraction, the 

cmral portion moves downward and displaces the abdominal contents so that the 

abdomen moves outward as does the chest wall thus increasing the vertical and horizontal 

diameters of the thoracic cage. 

The scalene muscles, which function to lift and expand the rib cage during 

inspiration, originate on the transverse processes of the lower five cervical vertebrae and 

insert on the upper surface of the first and second ribs (45). The parastemal muscles 

function similar to the scalenes, but are attached to the stemum and mn between the 

costal cartilages in a downward and outward direction (45). During hyperventilation 
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these inspiratory accessory muscles are recmited, so that the anteroposterior and 

horizontal diameter of the thoracic cage is augmented (47), thus resulting in an increase 

in the volume of the thoracic cavity by enlarging the diameter of all three dimensions. 

Consequenfly, pressure in the lung becomes sub-atmospheric creating a negative pressure 

in the pleiual space and limgs allowing air to enter the lung via a pressure gradient until 

the intrapulmonary gas pressure equals atmospheric pressure (4). 

Expiratory Muscles 

Expiratory muscles, to some extent can be considered accessory muscles because 

tidal expiration is usually passive and achieved by elastic recoil of the Itmgs (45), thus 

requires no work under quiet breathing. However, during active breathing when 

ventilatory requirements are increased the muscles of expiration are recruited and become 

more energy dependent as the exercise intensity increases. The expiratory musculature 

consists of the abdominal muscles, rectus and transversus abdominus, extemal and 

intemal obliques, and the intemal intercostals. 

Transverse and rectus abdominus muscles, along with intemal and extemal 

oblique muscles are abdominal wall muscles. The contractions of these muscles cause an 

increase in intra-abdominal pressure by depressing the ribs, compressing abdominal 

contents, and consequently pushing up the diaphragm (4). This action results in a 

decreased negative pressure in the lung, relative to the atmosphere, and air is pushed out 

of the lungs (48). The origin and insertion of the intemal intercostals muscles are located 

on the ribs. The direction of the muscle fibers is obliquely downward and forward. Their 
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fimction is to pull the rib cage downward which results in a decrease in die 

anteroposterior and horizontal diameter of the thoracic cage (48). 

Respiratory Muscle Fatigue as a Limiting Factor to Exercise 

Skeletal muscle fatigue has been defined as a loss in the capacity to generate force 

and/or velocity, which is reversible by rest (1). It has been demonstrated that high 

intensity short-term or prolonged submaximal exercise can induce RMF in healthy men 

(30). A possible mechanism of RMF may be related to blood flow compethion between 

locomotor muscles and respiratory muscles and/or an acidic environment for respiratory 

muscle function (30). 

Respiratory Muscle Fatigue as a Limiting Factor to Submaximal 

Endurance Exercise 

The effects of endurance exercise on RMF have not been clear in previous 

research (31, 36, 37, 39, 41). This discrepancy may be due to a difference in the intensity 

of exercise, methods of measurement, and the time frame in which fatigue was measured. 

First, intensity of exercise may have to reach a threshold in order to elicit 

significant RMF. Johnson et al. (30) have demonstrated that exercise intensities greater 

than 85% V02max are adequate for inducing RMF. However, in highly fit individuals, 

exercise to exhaustion at 77 ± 5% V02max was shown not to elicit RMF. It was suggested 

that this exercise intensity was too low to stress the respiratory system as implied by a 

moderate VE/MVV (-0.54) (5). 



Second, the sensitivity of measurement plays an important role in detection of 

changes in respiratory muscle function. Methods of determining RMF will be discussed 

later in this review, but it should be stated that reliable and valid RMF measures are 

cmcial in the investigation of respiratory muscle function. 

Third, it is important to understand when RMF occurs relative to exercise. 

Johnson et al. (30) have shovm RMF at approximately 15 and 30 min after exhaustive 

exercise (85-95% V02max), as evidenced by a decrease in transdiaphragmatic pressure 

(Pdi). The Pdi value was lowest 10 min after exercise and was significantly different from 

the pre-exercise baseline value. The Pdi approaches baseline values by 70 min of 

recovery. Using a CLBT technique, which involves breathing against an inspiratory 

resistance at a predetermined load, pace, and duty cycle, Perret et al. (41) measured RMF 

to be greatest within the first 5 min of recovery. Therefore, it appears that the magnitude 

of RMF is greatest within the first 5-10 min of recovery but may persist for up to a hour 

following exercise. 

Respiratory Muscle Fatigue as a Limiting Factor to Maximal 

Exercise 

Discrepancies exist among studies reviewing RMF as a limiting factor to maximal 

exercise. Bye et al. (14) found that RMF, indicated by a reduction of PImax, limits 

maximal exercise performance in untrained individuals. However, Levine et al. (34) 

were unable to demonstrate RMF, as indicated by a fall in Pdi, following a maximal 

graded exercise test (GXT) in untrained participants (V02max~ 34-39 ml«kg''«min"'). 
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Other studies have also been unable to demonstrate RMF during maximal exercise in 

trained individuals (V02max 40-60 ml»kg'^-min"') while using maximal sustained 

voluntary ventilation maneuvers to assess respiratory muscle function to assess RMF (2). 

Several factors may be related to these differences in results. One factor may be 

how the PImax measurement is obtained. This procedure is effort dependent and 

motivation plays a key role in producing valid and consistent values. Thus, highly 

motivated participants are more likely to have a higher PImax value than less motivated 

individuals. A second factor is that the tests determining dynamic respiratory endurance 

may be more valid than static tests. Babcock et al. (6) demonstrated this by showing a 

significant fall in Pdi following whole body exercise to exhaustion; however, voluntary 

effort at rest resulted in no significant reduction in the tidal integral of Pdi after 

stimulating the same magnitude, frequency, and duration as those during exercise. It was 

suggested that the effects of locomotor muscle activity, such as blood flow distribution 

and acidification of the diaphragm, combined with a contracting diaphragm accounted for 

most of the exercise-induced RMF (6). 

Possible Mechanisms of Respiratory Muscle Fatigue 

Babcock et al. (6) revealed that the high requirements in pressure generation alone 

do not cause fatigue. Instead they suggested other factors to effect exercise performance, 

such as competition of blood flow between the diaphragm and otiier active skeletal 

muscles, and circulating metabolites lending to an acidic environment for the diaphragm. 

Harms et al. (27) showed the respiratory muscles attained up to 14-16% of the cardiac 
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output during maximal exercise, blood flow attained from working locomotor muscles by 

sympathetically mediated vasoconstriction. The remaining section of this review will 

focus on blood gas exchange leading to an acidic state. 

About fifty percent of fit individuals demonstrate hypoxemia during heavy 

exercise (> 80% V02max), a condition knovm as exercise-induced arterial hypoxemia 

(EIAH), which may contribute to RMF (21). Secondary to a gas exchange impairment 

and/or pump failure, hypoxia (low Pa02) and hypercapnia (high PaC02) are the main 

characteristics of EIAH and both factors can increase blood acidosis. Respiratory 

acidosis occurs when CO2 is accumulated in the blood, thus decreasing pH levels. In 

addition, during exercise, lactate production may become greater than lactate removal by 

active and non-active tissue resulting in an accumulation of blood lactate, which 

contributes to the lower blood pH. Consequently, an acidic environment of the 

respiratory musculature may result from intemal changes caused by circulating metabolic 

byproducts. 

At the cellular level, an acidic environment can cause fatigue by the following 

mechanisms: (1) a change in excitation-contraction coupling which could inhibit Ca 

release from the sarcoplasmic reticulum; (2) a change in cell membrane conduction, and 

(3) a high oxygen defich set at the onset of exercise which may influence H"̂  production 

(27). 

Respiratory Muscle Fatigue in Trained and Untrained Participants 

Whole-body endurance training has been demonstrated to produce resistance to 

RMF (43). This effect has been found at both the cellular and systemic levels. The 
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majority of studies at the cellular level have been in animal models (35, 43), which 

clearly show that whole-body endurance exercise increase oxidative and antioxidant 

capacity of the costal diaphragm (44). Antioxidant enzymes act to decrease oxidative 

muscle injury caused by free radicals and hydroperoxides (reactive oxygen species) 

produced by muscular exercise, thus, improving contractile performance and delaying 

RMF. 

At the systemic level, studies have shovm that fitness level has a protective effect 

on RMF by delaying the onset of RMF in trained participants. Comparison of Pip 

values pre- and post-maximal exercise has been made in both highly trained and 

untrained individuals (17), and the resuhs have shown a significant reduction of PIr 

values in only the imtrained group. In addition, Martin et al. (37) have demonstrated that 

breathing endurance time, at the same relative work of breathing (80% of MVV), was 

greater in trained than in untrained individuals (11 min vs. 2 min). 

Other comparisons of highly trained and untrained participants have shown that 

the duration of high intensity running and cycling to exhaustion does not differ between 

groups (6). In addition, it has been demonstrated that the force produced by the 

diaphragm was reduced to the same degree in both groups, along with recovery time from 

fatigue being similar (60 min). However, it should be noted that trained individuals 

exercised at a higher absolute work of breathing and thus, may have increased resistance 

to fatigue if the comparison were to be made at a given workload. In summary, whole-

body endurance exercise training appears to attenuate RMF. 

13 



Methods of Determining Respiratory Muscle Fatigue 

Different methods have been suggested to have the capability to accurately elicit 

and measure diaphragmatic or RMF. Currently, bilateral transcutaneous supramaximal 

phrenic nerve stimulation (BPNS) is regarded as the most objective measure of RMF. 

This type of fatigue, specifically diaphragmatic fatigue, is indicated by a reduction of Pdi-

However, BPNS is costly, causes considerable discomfort to the subject, and is limited to 

invasive laboratories. As a result, a number of noninvasive measurements of respiratory 

muscle fatigue have been utilized. 

Perret, Pfeiffer, Boutellier, Wey, and Spengler (41) compared three different 

noninvasive respiratory performance tests used to assess respiratory fatigue. The three 

tests included a CLBT, determination of a 12-min sustained ventilatory capacity, and 

spirometric measurements, which included Pimax measurements. Results revealed a 

significant reduction in time to task failure at 5 min post exercise in the CLBT, and this 

was the only test that was affected by exhaustive cycling. Ker et al. (31) have confirmed 

these findings, and both groups foimd that after an ultra-marathon, there was a significant 

decrease in breathing endurance time (Tum) during the CLBT, but not PImax- These 

resuhs suggest that the CLBT may be the most senshive method for measuring RMF 

among the non-invasive measurements. 

Though Perret et al. (41) found PImax measurements to be a less sensitive measure 

of respiratory fatigue, h was unclear if the subjects used in this study were trained or 

untrained. There is some suggestion that the respiratory muscles of trained individuals 

have superior strength and greater fatigue resistance, thus this may have been a factor 
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related to the lack of reductions in PImax values in this study. It should be noted that use 

of PImax measurements have been used extensively to determine respiratory fatigue in 

healthy subjects (16, 17, 18, 39, 46) relative to the predictive values established by Black 

and Hyatt (8). 

It is understood that exercise-induced respiratory fatigue is attributable to an 

interaction between the work of the respiratory muscles and the independent effects 

imposed by high intensity exercise (6, 18). In addition, reductions in Pdi values post-

exercise have been shown to have significant correlation with the percentage increase in 

respiratory work and the relative intensity of exercise (30). Therefore, to elicit 

respiratory fatigue, both intensity of respiratory work and exercise must be of an effective 

magnitude. 

Perret et al. (41) demonstrated respiratory muscle fatigue with exercise to 

exhaustion on a cycle ergometer at 85% V02max, utilizing a CLBT at a pressure 

corresponding to 60% PImax- In the CLBT, expiration was unloaded and breathing 

frequency (Fb) was set by a metronome at 18 bpm. Boussana et al. (9) demonstrated 

similar findings using a threshold valve adjusted to impose 75% PImax, a duty cycle of 

0.5, and a Fb of 30 breaths per minute. 

Choukroun, Kays, Gioux, Techoueyres, and Guenard (16) also found signs of 

inspiratory muscle fatigue after exercise to exhaustion at 80% V02max in untrained 

adolescents as evidenced by decreased PImax values after exercise. However, expiratory 

muscle function was unchanged at the end of exercise suggesting the need for a higher 

diaphragmatic power output to reach significant global respiratory fatigue (6). 
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Exercise modaUties and their relation to RMF have also been studied. Toraa and 

Friemel (46) compared the effectiveness of maximal triangular exercise on respiratory 

fatigue using a treadmill and cycle ergometer in a group of healthy individuals. Results 

revealed a stronger relationship between exercise on the cycle ergometer and RMF than 

on the treadmill, reflected by a greater reduction in post-exercise PImax values. Boussana 

et al. (9) also found that cycling induced a greater decrease in respiratory muscle 

endurance when compared to miming in a group of triathletes. These results may be 

caused by increased abdominal impedance and thus greater respiratory work of breathing 

associated with cycling (9). 

In summary RMF has been demonstrated to occur with exercise to exhaustion at 

80% WRmax or 85-95% V02max (6, 16, 30, 41) and the magnitude of RMF is greater 

during cycling compared to mnning. The CLBT has been shovm to produce an adequate 

increase in respiratory work needed to elicit RMF (6, 9, 41). 

Gender Differences in Skeletal Muscle Fatigue 

Previous studies on skeletal muscle fatigue have demonstrated that females have 

greater fatigue resistance than males. Hicks, Kent-Braun, and Ditor (28) recently 

reviewed possible mechanisms for gender differences in human skeletal muscle fatigue. 

They provide evidence to suggest that muscle mass, substrate utilization, and muscle 

morphology may contribute to the observed gender differences in fatigue resistance. 

Muscle mass is a common explanation for gender differences in muscle fatigue 

because females generate lower absolute muscle forces when performing the same 
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relative work as males. Thus, oxygen demand is less in females, and at the same specific 

tension (force per mm muscle) less intramuscular vascular occlusion occurs in females 

allowing enhanced availability of oxygen and clearance of metabolic byproducts during 

exercise (28). 

Substrate utilization has also been discussed as having a role in the differences 

observed in fatigue resistance between genders. This hypothesis suggests that females 

have a greater reliance on the p-oxidation of fatty acids for metabolism than males 

reflected by a lower respiratory exchange ratio during submaximal exercise, which may 

prolong endurance. Males, on the other hand, are known to have a greater glycolytic 

capacity and a greater reliance on glycolytic pathways than females (13, 24, 28). 

Lastiy, muscle morphology has been suggested as possible mechanisms for the 

sex differences observed in human skeletal muscle fatigue. Researchers have found that 

males have higher proportions of the more fatigable type II fibers in the vastus lateralis 

compared to females; however, these differences have not been shown in other muscles 

(13, 28). Other possible contributors to the differences in muscle fatigue include 

neiuomuscular activation, and higher levels of estrogen in females which may play a part 

in enhancing blood flow, attenuating sympathetic outflow, and influencing fuel 

metabolism (as reviewed in (28)). 
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CHAPTER III 

METHODS 

Subjects 

Subjects included 8 males and 8 females (N=16) between the ages of 18-35 years. 

All participants were active but not aerobically trained or engaged in competitive sport, 

and demonstrated normal pulmonary function as evidenced by spirometric testing (32). 

Subjects were recmited by word of mouth (see Appendix A) and via flyers (see Appendix 

B) distributed around the campus and university community. Participants with 

orthopedic, cardiopulmonary, or metabolic conditions that may limit exercise 

performance were excluded from the study. Other exclusion criteria consisted of being a 

smoker, pregnant, an illicit dmg user, or morbidly obese. The University Institutional 

Review Board approved the project and written informed consent was obtained (see 

Appendix C) from each subject prior to the study. 

Testing Procedures 

Pre-Test Session 

All subjects completed a Modified Par-Q Questionnaire (Appendix D) to screen 

for pathological conditions that may limit vigorous exercise. Weight, height, resting 

blood pressure and heart rate were obtained by standard techniques. A Detecto scale 

(Webb City, MO) was used to measure height and weight, blood pressure was measured 

pre- and post-exercise with an aneroid sphygmomanometer and stethoscope, and heart 
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rate was monitored with a 4-lead electrocardiogram (EKG). To minimize leaming effects 

during testing, all participants were familiarized with the exercise testing and respiratory 

muscle strength and endurance test procedures. 

Maximal Exercise Test 

All subjects performed a graded exercise test (GXT) to volitional fatigue on a 

cycle ergometer (see Appendix E). Prior to the GXT, forced vital capacity (FVC) and 

associated spirometric parameters were obtained utilizing a pulmonary function 

metabolic cart. Gas exchange values were obtained breath-by-breath and averaged over 

30 sec intervals. The highest work rate achieved was reported as maximum or WRmax-

EKG was monitored continuously throughout the exercise test. Results from the 

maximal exercise test were used for the subsequent calculation of a submaximal 

workload (80% WRmax) during the endurance exercise session (see below). After the 

GXT, the participant practiced the PImax maneuver and the CLBT (see below) that was 

performed before and after the submaximal endurance exercise test to exhaustion. At 

least 48 hr elapsed between maximal exercise testing and the respiratory muscle strength 

and endiuance testing. 

Respiratory Muscle Strength and Endurance Testing 

As an index of respiratory muscle strength, PImax generated at the mouth was 

recorded starting from residual volume (19). This measurement was obtained according 

to the procedures of Black and Hyatt (8), and measured with a hand-held digital pressure 

manometer. To ensure repeatable results, numerous trials were performed with at least 30 
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sec of rest between each trial to prevent testing-induced RMF (19, 33). The greatest 

negative inspiratory pressure recorded (cm H2O) within 5% of three other trials was used 

for data analysis. 

Respiratory endurance was assessed as described by O'Kroy (40). Tum was 

determined by a CLBT (6, 9, 41). After determining the highest PImax measurement, the 

participant breathed through a commercially available inspiratory resistive device 

(Respironics, Inc., Threshold IMT) at 65-75% PImax (9, 41, 49). The IMT device was 

calibrated prior to testing with a digital pressure manometer (Micro MPM). Duty cycle 

(inspiratory time/total breathing cycle time) was maintained at 0.5 with the aid of a 

metronome. Fb was set at 20 breaths/min (9). Immediately after each minute of loaded 

breathing, a PImax measurement was obtained and the participant immediately retumed to 

loaded breathing. This procedure continued until PImax decreased by 20% from the 

baseline PImax value. The length of time required to elicit a 20% drop was recorded as 

Tjim and was used as a measurement of RMF (see below). 

After the initial CLBT was complete, the participant engaged in a submaximal 

endurance exercise test (EET) set at 80% WRmax on a cycle ergometer. The participant 

cycled to voUtional fatigue at a pace of 70 rpm. Immediately following the EET, PImax 

was obtained. PImax measurements were also obtained 15, 25, and 35 min post exercise to 

monitor recovery from RMF. At approximately 5 min post EET, the CLBT was 

repeated. 
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Instrumentation 

All exercise testing was performed on a cycle ergometer (Monark Ergomedic, 

Model 828 E). PImax measurements were obtained using a hand-held Micro Medical 

Mouth Pressure Meter (Micro MPM). The Micro MPM was calibrated against aneroid 

pressure gauges (Applied Engineering) according to manufacturers specifications. 

Spirometric variables, gas exchange parameters, and pulmonary flow rates were all 

determined using a MedGraphics Metabolic/Pulmonary Function Cart (Model CPX/D) 

which utilizes a mass flow sensor and rapidly responding gas analyzers. An automated 

EKG machine (Quinton Q4000 Stress Test Monitor/Controller) was used for 

electrocardiographic monitoring and HR determination. 

Prior to each session, the cycle ergometer and metabolic cart were calibrated as 

per the manufacturers specifications. The metabolic cart involved calibrations of both 

O2/CO2 analyzers against knovm concentrations of commercially prepared gases, and 

flow rates against a 3.0-liter calibration syringe. The hand-held digital pressure 

manometer was also calibrated before each individual session according to the 

manufactiue's speciflcations with an aneroid pressure gauge. 

Data Analysis 

Unpaired t-tests were done on age, weight, height, body surface area (BSA), 

V02max, VEA^02 (AUC), VEA^C02 (AUC), and pulmonary flow rates & capacities (FVC 

and FEVi/FVC). Differences in V E , V T , Fb, and V E / M V V during the EET, in addition 

to PImax and Tiim before and after the EET were determined with a 2-way repeated 
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measure ANOVA (gender x time). Newman-Keuls muhiple comparison tests were 

performed for post hoc testing. The statistical software program, NCSS, was used for all 

statistical analysis. Significance was set at a = 0.05, and resuhs are shown as Mean ± SE. 
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CHAPTER W 

RESULTS 

Subject Characteristics 

Data for age, body weight, height, and BSA were collected and analyzed for 

differences. The male and female subjects were of similar age, but were significantly 

different in body weight, height and BSA. Group means are presented in Table 4.1. 

Table 4.1. Anthropometric measurements. Values reported as Mean ± SE. *, 
Significantly different between genders (P < 0.05). 

Age 
Body Weight (kg) 
Height (inches) 
BSA 

Females (n=8) 
23.8 ±1.3 
67.0 ±5.3 
64.6 ± 0.9 

1.7 ±.07 

Males (n=8) 
26.1 ±1.8 
84.7 ±3.5* 
71.1 ±1.1* 
2.1 ±.05* 

Resting Pulmonary Function and GXT Measurements 

Pulmonary function and maximal exercise test values are shown in Table 4.2. All 

subjects demonstrated normal flow rates and capacities with respect to pulmonary 

function testing. The males demonstrated significantiy higher values for FVC and FEVi 

compared to the females. Data from the GXT revealed essentially normal responses to 

progressive intensity exercise. No significant differences were detected between genders 

for VO2, Fb, RER or HR at maximal exercise. Vsmax, Vimax and WRmax were significantly 

higher in males compared to females. 
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Table 4.2 Resting pulmonary function measurements and maximal GXT. Values 
reported as Mean ± SE. *, Significantiy different between genders (P < 0.05). 

Females (n=8) Males (n=8) 
FVC (L/min) 4.2 ±0.1 5.6 ±0.3* 
FVC (% predicted) 113.1 ± 2.7 97.6 ± 3.3* 
FEVi(L) 3.5 ±0.2 4.5 ± 0.7* 
FEVi (% predicted) 113.3 ± 4.8 94.1 ± 2.2* 
FEVi/FVC 83.9 ± .03 80.8 ± .02 
VOimax(ml/kg/min) 31.8 ± 3.0 36.3 ± 1.1 
VEmax (L/min) 95.7 ±4.7 134.8 ±8.7* 
VTmax(L) 1.77 ±0.1 2.34 ±0.0* 
Fb(br/min) 48 ±3.0 54.9 ±4.7 
WRmax (Watts) 205.6 ± 16.8 293.1 ± 22.9* 
RER 1.28 ±.03 1.22 ±.01 
HRmax (bpm) 187.9 ±1.8 188.1 ±2.9 
HRmax (% predicted) 95.6 ±0.8 97 ±1.2 

Endurance Exercise Test 

Endurance exercise test values at maximal exercise are shown in Table 4.3. Vsmax 

and Vimax values collected during the EET were significantiy higher in males compared 

to females. No significant differences were detected between the groups for total 

exercise time, VO2, Fb, RER or HR at maximal exercise. 
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Table 4.3. Data from EET at maximal exercise. Values reported as Mean ± SE. 
Significantiy different between genders (P < 0.05). 

Females (n=8) Males (n=8) 
Time (sec) 398.6 ±73.0 447.9 ±68.3 
V02max (ml/kg/min) 32.6 ± 4.2 34.5 ± 1.4 
VEmax (L/min) 94.8 ±8.4 128.1 ± 8.9* 
Vimax (L/min) 1.85 ±.08 2.56 ±0.1* 
Fb(br/min) 53.1 ±4.4 51.3 ±4.7 
RER 1.14±.05 1.15 ±.03 
HRmax (bpm) 186.1 ±2.3 181.5 ±3.9 
HRmax (% predicted) 94.6 ±1.2 93.5 ±1.9 

Constant Load Breathing Test 

There were no significant differences (p>0.05) in Tum from pre- to post-EET 

within or between genders (see Figure 4.1; Appendix F). T̂ m decreased by 63% in 

females and 49% in the males after the EET, compared to pre-exercise values. 

Maximal Inspiratory Mouth Pressure 

No significant differences were present between genders at pre-EET. Both males 

and females demonstrated significant decreases in PImax from pre- to immediate post-EET 

(p<0.05). PImax decreased by 11% in females and 13% for die males. The magnitude of 

change was not significantly different between groups immediately post-EET. As shown 

in Figure 4.2, the rate of recovery was slowed for females compared to males. Females 

demonstrated significantiy decreased PImax values from baseline at 15 min, 25 min, and 

35 min of recovery (p<0.05). Significant differences were also present between genders 

at 15 min, 25 min, and 35 min of recovery (see Figure 4.2; Appendix F). 
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Figure 4.2. Maximal inspiratory pressure (PImax) measured at pre- and immediate post-
exercise and 15 min, 25 min, 35 min into recovery. *, Significant difference from Pre 
exercise value. 0 , Significant difference between genders. Values reported at Mean ± 
SE. 
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Ventilation during the EET 

As expected, the higher absolute WR achieved during the GXT and EET for die 

males was associated with a higher VEmax (Tables 4.2 and 4.3). To better review the 

subject's ventilatory response throughout the EET, duration of exercise is expressed as a 

percentage of his or her maximal time for each subject. The analysis demonstrated 

significant differences in VE between genders at 20-100% of their maximal exercise time 

(p<0.05) (see Figure 4.3). 

To determine if there was a difference in how the two groups achieved their 

ventilatory response, Fb and VT were analyzed as described above. Results revealed no 

significant difference in Fb between genders (p>0.05), but males did have a significantly 

higher Vj than females throughout the EET (p<0.05)(see Figure 4.4). Lastly, VE was 

expressed as a function of maximal volimtary ventilation (MVV) for each subject to see if 

either group was ventilating at a higher percentage of their MVV during the EET. No 

significant difference between genders was present for VE/MVV (p>0.05) (see Figure 

4.5), and both groups reached - 70% of there breathing capacity which represents a 

normal use of breathing reserve for untrained healthy individuals (30%). 
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Figure 4.4. Breathing frequency (Fb) and tidal volume (VT) compared between genders 
across percentages of the subjects maximal exercise time. No significant difference was 
found in Fb. 0, Significant difference between genders. Values reported as Mean ± SE. 
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Figure 4.5. The relationship of ventilation (VE) to maximal ventilatory capacity (MVV) 
as a percentage of the subjects maximal exercise time. No significant difference was 
found between genders. Values reported as Mean ± SE. 

Ventilatory Equivalents 

The area imder the curve (AUC) was calculated for VE, VO2, and VCO2 for the 

entire collection period during the EET to estimate the total amount of ventilatory work 

performed relative to the metabolic rate in males and females. Ventilatory equivalents 

were then calculated to determine if the ventilatory response, relative to the metabolic 

rate, was different between the genders, which could have an effect on the subsequent 

magnitude of decrease in PImax and recovery rate. Analysis demonstrated no significant 

difference between genders (see Figure 4.6), suggesting that the ventilatory response, 

relative to the metabolic work was similar for women and men. 
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Figure 4.6. Area under the curve (AUC) analysis of ventilatory equivalents. No 
significant differences were seen between genders. Values reported as Mean ± SE. 
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CHAPTER V 

DISCUSSION AND CONCLUSIONS 

Discussion 

Although, the respiratory system is not generally considered a limhing factor to 

exercise in healthy individuals, RMF has been demonstrated in healthy untrained subjects 

following exhaustive endurance exercise (6, 17, 20, 21, 25, 35, 45, 50). Factors tiiat may 

contribute to RMF include increased metabolite circulation, including an accumulation of 

lactate, increased work of breathing (WOB), reductions in O2 content of arterial blood, 

reductions in cellular energy stores and blood substrate concentration. Although previous 

studies have shovm females to have a greater skeletal muscle fatigue resistance when 

compared to males (33), it is not clear if gender differences are present in the respiratory 

musculature of humans. Therefore, the purpose of this study was to determine if 

differences are present between genders in the magnitude and recovery of RMF following 

exhaustive exercise. We hypothesized that the magnitude of RMF would be greater in 

males following exhaustive exercise compared to females, along with recovery from 

RMF being slower in males compared to the females. To the best of our knowledge, this 

is the first study to compare the magnitude of respiratory muscle fatigue between 

genders. 

In our group of healthy age-matched males and females, we demonstrated that high 

intensity exercise elicits RMF in both genders, as evidenced by a significant drop in PImax 

from pre- to post-exhaustive exercise (p<0.05) (Figure 4.2). The decrease in Tum 
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(females 63%, males 49%) was not statistically significant within or between genders 

(p>0.05) (Figure 4.1). The magnitude of decrease for P W immediately following 

endurance exercise was 11% for females and 13% for males. Recovery from RMF 

differed between genders with females having a depressed rate of recovery compared to 

that of males. Therefore, in contrast to our hypotheses, our findings demonstrated greater 

RMF in the females compared to the males, ft should be noted that both groups 

performed identical maneuvers and both genders were actively encouraged to make 

maximum efforts at all times throughout the study. 

Perret et al. (41) has recently shown the CLBT to be the most sensitive of the non

invasive measurements available for detecting RMF in human subjects. However, 

numerous studies have also shown that the PImax maneuvers are an effective tool for 

measuring RMF in both trained and untrained subjects (8, 14, 16, 17, 18, 19, 39). In 

addition, previous studies have shovm that exercise performed at 80% WRmax to 

volitional fatigue elicits RMF in normal, healthy individuals (6, 14, 36). In the present 

study no significant difference was present in PImax values at pre-EET between the 

genders. Males tended to have a greater resting value. Both groups demonstrated resting 

values in accordance with the normal values reported by Black and Hyatt (8). 

The question now arises as to why the females demonstrated greater RMF in 

response to exhaustive exercise compared to the male subjects? Previous studies have 

investigated the relationship between the WOB and RMF (6, 18). In an attempt to 

explain our resuhs, we have evaluated several indices of ventilatory work as possible 

mechanisms that might explain the gender difference we observed in the present study. 
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The first variable we reviewed was VE during the EET. Results revealed that the 

males had a significantiy higher VE than females throughout the EET (see Figure 4.3) 

when VE is expressed as a function of percent maximal exercise time. Oiu next step was 

to determine how VE was achieved between genders. Previous studies have shovm that 

the breathing pattem is altered in response to RMF (36). With ensuing fatigue, a higher 

breathing frequency is adopted and tidal volume falls (i.e., a tachypnic breathing pattem 

is adopted). Breathing frequency was not significantiy different during the EET between 

genders; however, the males demonstrated a significantly greater VT compared to the 

females throughout the EET (see Figure 4.4). This can be explained in large part to 

males having a larger chest wall than females, which would allow greater lung volumes 

per breath. Taken collectively, these findings suggest that the WOB was higher for the 

male subjects and does not explain the greater degree of RMF in the female subjects. 

Another factor that could affect the WOB is the intensity of work performed 

during the EET as VE correlates highly with exercise intensity (30). To normalize the 

data between genders we calculated the area under the curve for VE, VO2 and VCO2 for 

each subject. Ventilatory equivalents were then determined to estimate the ventilatory 

response relative to the metabolic rate during the EET for each gender. No differences 

were present between genders for VE/V02 and VE/VC02 (see Figure 4.6), which suggests 

that the relative exercise intensity for the females was comparable to that of the males. 

The maximal volimtary ventilation has been used as an estimate of the ability of 

the lungs to generate ventilation and as a marker of RMF. Bender and Martin (7) 

demonstrated RMF after maximal exercise by measuring decrements in MVV. In the 
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present study, MVV was used to determine the amount of breathing reserve present 

during the EET. A low amount of breathing reserve would suggest a mechanical 

ventilatory constraint that may induce RMF. No significant differences were present 

between genders in VE/MVV expressed as a function of percent exercise time. Both 

groups demonstrated ~ 30% breathing reserve at 100% maximal exercise tune (Figure 

4.5). One may argue that RMF did not occur since neither gender reached their maximal 

ventilatory capacity, however, it should be noted that the MVV was calculated as FEVi * 

40 in the present study which may have lead to an overestimation of their true MVV. 

As suggested above, h is possible that the RMF in our female subjects was the 

result of a mechanical airflow limitation (AFL) secondary to smaller lungs and chest 

wall. McClaran et al. (38) found 10% AFL in a group of untrained females at maximal 

exercise who obtained similar VEmax values when compared to the females in the present 

study. In addition. Harms et al. (27) have demonstrated competition for blood flow 

between leg muscles and the respiratory muscles during exercise. The findings of this 

study suggested that blood flow to the respiratory muscles is shunted from the locomotor 

muscles by increased WOB at maximal exercise. The presence of an AFL could result in 

increased WOB and the subsequent cardiovascular consequences, which may lead to an 

additional rise in WOB caused by an increased oxygen demand of the locomotor muscles. 

Another possibility that may explain the greater RMF observed in the females 

following the EET is the addhion of rib cage or accessory muscle fatigue due to the 

position of the thorax while cycling. Boussana et al. (9) suggest that a crouched position 

of cycling increases abdominal impedance that may increase inspiratory work. Increased 
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impedance coupled with a smaller thorax in female subjects would restrict their ability to 

increase tidal volumes and would require greater inspiratory work to maintain the 

ventilatory demands during exercise. 

Our findings are in agreement with those of Coast et al. (18) tiiat suggest some 

factor inherent to the exercise bout, in addition to the WOB, causes RMF. One such 

factor that has been studied widely is the association between lactate accumulation during 

exercise and RMF. Fregosi and Dempsey (23) have demonstrated progressive increases 

in lactate acciunulation during heavy exercise in the rat diaphragm. Fitzgerald et al. (22) 

have shovm that metabolic acidosis independentiy depresses diaphragm function. 

Although speculative, circulating metabolites could have played a significant role in the 

recovery rates of the females in the present study. Harms et al. (26) have demonstrated 

exercise-induced hypoxemia (EIAH) in healthy active females. Though the female 

subjects in the study by Harms et al. (26) were more fit (40-50 ml/kg/min) than the 

subjects of the present study, they demonstrated greater EIAH than their male 

coimterparts. The presence of EIAH in the female subjects of the present study could 

result in increased lactate accumulation and subsequently greater RMF. 

Differences in cardiovascular responses between genders may also have been an 

influencing factor present in this sttidy. Carter, Watenpaugh, and Smith (15) have shown 

females to have a greater decrease in mean arterial pressure during recovery from 

exercise due to a greater decrease in stroke volume and a lower total peripheral resistance 

when compared to males. Although their subjects only exercised for a short duration of 

time (3 min) at a moderate intensity, which likely did not cause a great thermoregulatory 
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response, in contrast to the subjects in the present study who exercised to exhaustion. A 

lower mean arterial pressure after exercise suggests depressed blood flow post-exercise, 

which may enhance RMF and prolong the females' ability to recover from fatigue. Other 

possible mechanisms that may give further insight into the females response to RMF that 

are outside the purpose and measurements of this study include antioxidant activity, 

diffusion limitations, and effects of menstmal cycle phase. 

Limitations of this study involve the lack of FVC measurements taken post-EET to 

observe possible lung volume changes after maximal exercise. Cordain et al. (20) have 

shovm RMF to increase residual volume by reducing the maximal expiratory effort and 

Coast and Weise (19) have shovm PImax values to decrease with lung volumes as little as 

0.5 L above residual volume. Therefore, it could be argued that the reduced PImax values 

measiued post-EET in the present study may have been the result of lung volume changes 

rather than reflecting tme RMF. However, this is unlikely, as Coast et al. (18) has also 

shown FVC to retum to baseline 5 min post-exercise while PImax remained depressed 15 

min after cessation of exercise. In the present study, FVC measurements were obtained 

in four subjects after the EET. Results demonstrated an insignificant 172 mL (- 4.25%) 

decrease pre- to post-EET in FVC. Another limitation of this sttidy may have been 

related to the CLBT performed after the EET, which was a difficult task to perform after 

an exercise bout to exhaustion. Bye et al. (14) have suggested that after maximal 

exercise, subjects may be unable to suppress die drive to breathe long enough to perform 

at a set duty cycle with an added inspiratory resistance. However, O'Kroy et al. (40), 

Perret et al. (41) and Williams et al. (49) have successftiUy used the CLBT in a similar 
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fashion to the present sttidy. Although Tu^ did not reach statistical significance in the 

present study, females decreased breathing endurance time by 63% post-EET and males 

dropped by 49%, which certainly suggests some degree of RMF. 

Conclusions 

In conclusion, both genders exhibited a similar reduction in the force-generating 

capacity of the respiratory muscles following an exhaustive exercise bout. Females 

appeared to have greater RMF as demonstrated by their slower recovery rate. These 

findings suggest that fatigue resistance, as demonstrated in skeletal muscle, is not present 

in the respiratory musculature of females. It also suggests and confirms previous findings 

that RMF is not simply a function of the WOB. 

Directions for Future Research 

Additional studies directed at elucidating the mechanisms of RMF with respect to 

females should examine the relationship and possible gender differences in airflow 

limitation and lactate production during exercise. It is possible that our female subjects 

infringed upon their maximal flow-volume envelope during the EET and thus 

experienced a greater degree of AFL than the male subjects. Greater AFL could result in 

increased inspiratory WOB, which may contribute to RMF. In addition, lactate 

production and accumulation in the diaphragm may differ between genders leading to 

greater decreases in Ca^^ transients, which may contribute to RMF. Lastly, diffusion 

limitations and EIAH may be a significant factor when comparing genders. A reduced 
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diffiision capacity during exercise could limh the availability of oxygen and in tum alter 

ventilation and induce RMF. 
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APPENDIX A 

RECRUITMENT SCRIPT 

Hello, my name is Joaquin Gonzales. I am a graduate assistant in tiie Department of 
Health, Exercise and Sport Sciences. Dr. Jim Williams and I are conducting a study for 
which we are seeking volunteers. The purpose of this study is to determine if gender 
influences the magnitude of respiratory muscle fatigue following exhaustive exercise. 
The resuhs of this study will contribute to our understanding of the influences of gender 
on fatigability of skeletal muscle. 

Participation in the study will require two vishs to the Applied Physiology Laboratory 
housed within the Exercise Sciences Center, or the building formerly known as the Men's 
Gym, on the main campus. The two visits will be 48hrs apart from one another, and each 
visit will average ~2 hours in duration. Both sessions will involve high intensity exercise 
on a cycle ergometer along with performing some specialized breathing tests before and 
after the cycle ride. 

Recmitment of this study is limited to young (18-35 yrs) male and female subjects who 
are active but not engaged in competitive sports. In order to participate, you must be free 
of any knovm disease, not currently using any illicit dmgs, and not pregnant. As a 
participant of this study you will receive information regarding your current level of 
cardiorespiratory fitness and the results will provide practical information regarding the 
efficacy of specific respiratory muscle training on exercise performance. There is no 
monetary compensation or "extra credit" provided for participation in this study. 

Thank you for your attention and time. I will now respond to any questions you may 
have conceming this study and your interest in participating. 

44 



APPENDIX B 

RECRUITEMENT FLYER 
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Research Subjects Needed 

We are conducting a study to determine the influence of 
gender on respiratory muscle function after exhaustive 
exercise. Male and female subjects between the ages of 18 
and 35 years are needed. In order to participate, you must 
be free of any known disease, a non-smoker, not currently 
using any illicit drugs, and not pregnant. Participation 
requires tŵ o visits (~ 2 hours per visit) to the Applied 
Exercise Physiology Laboratory housed within the Exercise 
Sciences Center (formerly known as the Men's Gym) on 
the TTU main campus. There is no monetary 
compensation for participation but you will gain valuable 
information about your current level of cardiorespiratory 
fitness. 

For more information contact: 

Joaquin Gonzales 
742-3375 

WalkDarien@j uno. com 
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APPENDIX C 

INFORMED CONSENT 

I hereby give my consent for my participation in the project entitied: Respiratory Muscle 
Function following Exhaustive Exercise: Influence of Gender. I understand that the 
peoplejesponsible for this project are: Dr. Jim Williams, Principal Investigator-Assistant 
Professor in the Department of Health, Exercise and Sport Sciences, Telephone number 
(806) 742-3371, and Joaquin U. Gonzales, Graduate Student, Department of Health, 
Exercise and Sport Sciences, Telephone number (806) 793-5380. Dr. Williams or 
Joaquin Gonzales has explained that this study has the objective of providing information 
about gender differences in respiratory muscle fatigue following exercise. 

I. Purpose and explanation of test 

I hereby consent to voluntarily engage in an exercise test to determine my 
cardiorespiratory fitness. I also consent to the taking of samples of my exhaled air during 
exercise to properly measure my oxygen consumption. I also consent to the performance 
of an endurance exercise ride on a bicycle at 85% of the exercise intensity I completed on 
the maximal test. I understand that standard lung function tests will be obtained before 
and after the endurance exercise ride to determine the absence or presence of respiratory 
muscle fatigue and I consent to this as well. 

Before I undergo any exercise testing, I certify to the program that I am in good health. It 
is my understanding that I will be interviewed by trained professionals prior to my 
undergoing the test who will in the course of interviewing me determine if there are many 
reasons which would make it undesirable or unsafe for me to take the test. Consequently, 
I understand that it is important that I provide complete and accurate responses to the 
interviewer and recognize that my failure to do so could lead to possible unnecessary 
injury to myself during the test. 

The exercise testing I will undergo will be performed on a bicycle. As I understand it, 
my personal understanding of effort will continue until I feel and verbally report to the 
operator any symptoms such as fatigue, shortness of breath, or chest discomfort which 
may appear. It is my understanding and I have been clearly advised that it is my right 
and obligation to request that a test be stopped at any point if I feel unusual discomfort or 
fatigue. I have been advised that I should immediately upon experiencing any such 
symptoms, or if I so choose, inform the operator that I wish to stop the test at that or any 
other point. My wishes in this regard shall be absolutely carried out. 1 have also been 
advised that I may withdraw from participation in this study at any time. 
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It is fiu^her my understanding that prior to beginning the maximal exercise test, I will be 
connected by electrodes and cables to an electrocardiogram recorder, which will enable 
the program personnel to monitor my cardiac (heart) activity. It is my understandmg tiiat 
during the test itself, a trained observer will monitor my responses continuously and take 
frequent readings of blood pressure, the electrocardiogram, and my expressed feelings of 
effort. I realize that a tme determination of my exercise capacity depends on continuing 
the test to the point of feeling my fatigue or reaching a pre-determined exercise stopping 
point. ^ ^ 

II. Risks 

I understand and have been informed that there exists the possibility of adverse changes 
during the actual test. I have been informed that these changes could include abnormal 
blood pressure, fainting, disorders of heart rhythm, stroke, and very rare instances of 
heart attack or even death. I may also experience muscle soreness following the test. I 
have been told that every effort will be made to minimize these occurrences by 
precautions and observations taken during the test. I have also been informed that 
oxygen and trained CPR personnel will be available on site during all aerobic exercise 
training. I understand that there is a risk of injury, heart attack, or even death as a result 
of my performance of this test, but knowing those risks, it is my desire to proceed to take 
the test as this form describes h. Furthermore, I understand that if this research project 
causes me any physical injury, treatment is not necessarily available at Texas Tech 
University or the Student Health Center, nor is there necessarily any insurance carried by 
the University or hs personnel applicable to cover any such injury. Financial 
compensation for any such injury must be provided through my own insurance program. 
Further information about these matters may be obtained from Dr. Robert M. Sweazy, 
Senior Associate Vice President for Research, (806)742-3884, Room 203 Holden Hall, 
Texas Tech University, Lubbock, Texas 79409-1035. 

III. Benefits to be expected 

The results of this test may or may not benefit me. Potential benefits relate mainly to my 
personal motives for taking the test, that is, knowing my exercise capacity in relation to 
the general population, understanding my fitness for certain sports and recreational 
activities, planning my physical conditioning program, or evaluating the effects of my 
recent physical activity habits. 

IV. Confidentiality and us of information 

I have been informed that personal information (name, height, weight) obtained in this 
exercise test will be treated as privileged and confidential and will consequently not be 
released or revealed to any person without my express written consent. I do, however. 
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agree the use of any data recorded for research or statistical purposes so long as it does 
not provide facts that could lead to my identification. Any other information obtained, 
however, will be used only by the program staff to evaluate my exercise status or needs. 

V. Inquiries and freedom of consent 

I further understand that there are also other remote risks that may be associated with this 
procedure. Despite the fact that a complete accounting of all these remote risks has not 
been provided to me, I still desire to proceed with the test. 

I acknowledge that I have read this document in its entirety or that it has been read to me 
if I have been unable to read some. 

I consent to the rendition of all services and procedures as explained herein by all 
program persoimel. 

Date 
Participant's signature 

Date 
Witness's signature 

Date 
Project Supervisor's Signature 
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APPENDIX D 

MODIFIED PAR-Q QUESTIONNAIRE 

Name: Date 

Modified Physical Activity Readiness Questionnaire (PAR-Q) 

For most people, physical activity should not pose any problem or hazard. PAR-Q has 
been designed to identify the small number of adults for whom physical activity might be 
inappropriate or those who should have medical advice conceming the type of activity 
most suitable. 

1. Has your doctor ever said you have heart trouble? Yes N̂o 
2. Do you frequently suffer from pains in your chest? Yes N̂o 
3. Do you often feel faint or have spells of severe dizziness? Yes N̂o 
4. Has a doctor ever said your blood pressure was too high? Yes No 
5. Has a doctor ever told you that you have a bone or joint problem such as arthritis 

that has been aggravated by exercise, or might be made worse with exercise? 
Yes N̂o 

6. Is there a good physical reason not mentioned here why you should not follow an 
activity program even if you wanted to? Yes N̂o 

If a person answers yes to any question, vigorous exercise or exercise testing should be 
postponed. Medical clearance may be necessary. 

•Reference: PAR-Q VaUdation Report, British Columbia Department of Health, June 
1975 (Modified Version). 
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APPENDIX E 

GRADED EXERCISE TEST PROTOCOLS 

Table E.l: 
Stage 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 

Female GXT Protocol 
Resistance 
630 kgm/min 
840 kgm/min 
1050 kgm/min 
1260 kgm/min 
1470 kgm/min 
1680 kgm/min 
1890 kgm/min 
2100 kgm/min 
2310 kgm/min 
2520 kgm/min 

Work 
105W 
140W 
175W 
210W 
245W 
280W 
315W 
350W 
385W 
420W 

Setting 
1.5kp 
2.0kp 
2.5kp 
3.0kp 
3.5kp 
4.0kp 
4.5kp 
5.0kp 
5.5kp 
6.0kp 

Duration 
2min 
2min 
2min 
2min 
2min 
2min 
2min 
2min 
2min 
2min 

Warm up done at 0.5kp for 5 minutes prior to Stage I. Participant must keep a pace 
of 70rpm throughout protocol. 

Table E.2: Male GXT Protocol 
Stage Resistance 
I 840 kgm/min 
II 1050 kgm/min 
III 1260 kgm/min 
IV 1470 kgm/min 
V 1680 kgm/min 
VI 1890 kgm/min 
VII 2100 kgm/min 
VIII 2310 kgm/min 
IX 2520 kgm/min 
X 2730 kgm/min 

Work 
HOW 
175W 
210W 
245W 
280W 
315W 
350W 
385W 
420W 
455W 

Setting 
2.0kp 
2.5kp 
3.0kp 
3.5kp 
4.0kp 
4.5kp 
5.0kp 
5.5kp 
6.0kp 
6.5kp 

Duration 
2min 
2min 
2min 
2min 
2min 
2min 
2min 
2min 
2min 
2min 

Warm up done at 1 .Okp for 5 minutes prior to Stage I. Participant must keep a pace 
of 70rpm throughout protocol. 
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APPENDIX F 

MEAN VALUES FOR MAJOR VARIABLES 

Summary Section of PImax 

Count 
8 
Summary Section of PImax 

Count 
8 
Summary Section of PImax 

Count 
8 
Summary Section of PImax 

Count 
8 
Summary Section of PImax 

Count 
8 
Summary Section of PImax 

Count 
8 
Summary Section of PImax 

Count 
8 
Summary Section of PImax 

Count 
8 
Summary Section of PImax 

Count 
8 
Summary Section of PImax 

Count 
8 

when Gender=Females,Time=Pre 
Standard 

Mean Deviation 
140.375 26.30012 

when Gender=Females,Time=Post 
Standard 

Mean Deviation 
124.625 17.77589 

when Gender=Females,Time=15min 
Standard 

Mean Deviation 
121.125 20.53177 

when Gender=Females,Time=25min 
Standard 

Mean Deviation 
130.375 21.6527 

when Gender=Females,Time=35min 
Standard 

Mean Deviation 
130.375 25.07097 

when Gender=Males,Time=Pre 
Standard 

Mean Deviation 
147.75 27.09112 

when Gender=Males,Time=Post 
Standard 

Mean Deviation 
128.125 29.25473 

when GendeT=Males,Time=15min 
Standard 

Mean Deviation 
143.25 26.40752 

when Gender=Males,Time=25min 
Standard 

Mean Deviation 
148.75 25.33067 

when Gender=Males,Time=35min 
Standard 

Mean Deviation 
149.625 29.39843 

Summary Section 

Count 
8 
Summary Section 

Count 
8 
Summary Section 

Count 
8 
Summary Section 

Count 
8 

of Tiim (sec) when Gender=Female,CLBT=Before 
Standard 

Mean Deviation 
360 143.4274 

of Tiim (sec) when Gendei=Female,CLBT=After 
Standard 

Mean Deviation 
135 76.9044 

of Tiim (sec) when Gender=Males,CLBT=Before 
Standard 

Mean Deviation 
262.5 84.47316 

of Tiim (sec) when Gender=Males,CLBT=After 
Standard 

Mean Deviation 
135 53.18431 

Standard 
Error 
9.298497 

Standard 
Error 
6.284725 

Standard 
Error 
7.259077 

Standard 
Error 
7.655385 

Standard 
Error 
8.863927 

Standard 
Error 
9.578156 

Standard 
Error 
10.34311 

Standard 
Error 
9.336469 

Standard 
Error 
8.955745 

Standard 
Error 
10.39392 

Standard 
Error 
50.70926 

Standard 
Error 
27.18981 

Standard 
Error 
29.86577 

Standard 
Error 
18.8035 

Minimum 
112 

Minimum 
100 

Minimum 
98 

Minimum 
108 

Minimum 
104 

Minimum 
118 

Minimum 
96 

Minimum 
116 

Minimum 
118 

Minimum 
118 

Minimum 
180 

Minimum 
60 

Minimum 
120 

Minimum 
60 

Maximum 
180 

Maximum 
162 

Maximum 
169 

Maximum 
174 

Maximum 
178 

Maximum 
201 

Maximum 
188 

Maximum 
198 

Maximum 
203 

Maximum 
207 

Maximum 
540 

Maximum 
300 

Maximum 
360 

Maximum 
180 
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APPENDIX G 

SESSION ONE DATA FORM 

Name: ^^^^ 

Data Collection for Respiratory Fatigue Study 
Practice Session # 1 

PImax Values (cmH20): Digital Manometer 

Trial 1: Trial 2: Trial 3: Trial 4: 

Trial 5: Trial 6: Trial 7: Trial 8: 

Constant Load Breathing Test: 

70% PImax: cmH20 75% PImax: cmH20 80% PImax: cmHzO 

20% drop from PImax: cmH20 

Time to Fatigue at 20bpm: min sec 

PImax Values (cmH20) during CLBT; determined every minute of CLBT. 

' / 

2 

8 

/ 

/ 

3 

9 

/ 

/ 

4 

10 

/ 

/ 

5 

11 

/ 

/ 

6 

12 

/ 

/ 
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APPENDIX H 

SESSION TWO DATA FORM 

Name: Date 

Data Collection for Respiratory Fatigue Study 
Session #2 

PImax Values (cmH20): Digital Manometer 

Trial 1: Trial 2: Trial 3: Trial 4: 

Trial 5: Trial 6: Trial 7: Trial 8: 

Constant Load Breathing Test: 

70% PImax: cmH20 75% PImax: cmH20 80% PImax: cmH20 

20% drop from PImax: cmH20 

'_!__ ^_l ^ _ / _ 

7 / 8 / 9 / 

" / 

.0 1 

sec 

min 

' / 

" / 

sec 

6 

12 

/ 

/ 

Time to Fatigue at 20bpm: min 

Duration of 80% WRmax exercise: 

80% WRmax = k̂p 

Immediate Post-Test Measurements: 

PImax Values (cmH20): 

Trial 1: Trial 2: Trial 3: Trial 4: 
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PImax Values (cmH20) during CLBT; determined every minute of CLBT. 

' _ / _ _ ' / ' I 

^ / ^ I ^ I ^^ I '̂  / '2 

4 

10 

/ 

/ 

sec 

5 

11 

/ 

/ 

/ 

/ 

Time to Fatigue at 20bpm: min 

15min Post-Test Measurements: 

PImax Values (cmH20): 

Trial 1: Trial 2: Trial 3: Trial 4: 

25min Post-Test Measurements: 

PImax Values (cmH20): 

Trial 1: Trial 2: Trial 3: Trial 4: 

35min Post-Test Measurements: 

PImax Values (cmH20): 

Trial 1: Trial 2: Trial 3: Trial 4: 
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In presenting this thesis in partial ftilfUlment of the requuements 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 shaU make it freely avaUable for 
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granted by the Duector of the Library or my major professor. It is understood that 

any copying or publication of this thesis for financial gain shaU not be aUowed 
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