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ABSTRACT 

An experimental study was conducted to compare the effects of exercise 

obtained from subjects exercising at a low intensity and subjects exercising at a 

moderate intensity. The convenience sample was comprised of twenty-eight women who 

were non-pregnant, physically active, non-smokers, and did not have a history of acute 

or chronic illness. The responses to acute exercise measured were heart rate, mean 

arterial pressure, respiratory frequency, sublingual temperature, and plasma volume 

shifts. A t-test was used to compare responses between the two intensity groups. 

No significant difference between the two groups was found in mean arterial and 

respiratory frequency. A significant difference was found in heart rate, core 

temperature, and plasma volume shifts. 

i x  



CHAPTER 1 

INTRODUCTION 

Overview of the Problem 

The purpose of this study was to describe the physiologic responses of acute 

aerobic stress in prepregnant women of childbearing age. The study was a preliminary 

one to establish baseline data in prepregnant womens'response to stress at a low or high 

relative intensity level. 

In studying the prepregnant woman's specific physiologic responses to exercise, the 

nurse will be able to counsel his/her client on the changes that take place in the body 

during exercise. The nurse, also, will be able to tell the pregnant woman, if these changes 

appear to be adaptive or nraladaptive to the pregnant state. If it may be assumed that the 

physiologic responses to exercise are somewhat similar during prepregnancy and 

pregnancy. It is not apparent from research at this time if this assumption is valid. 

During the past twenty years there has been a considerable increase in interest 

among health professionals regarding the effects of aerobic stress in physical health. 

Participating in aerobic activity is believed by many to decrease the number of risk 

factors associated with coronary artery disease as well as increasing cardiovascular 

fitness. Many health professionals recommend to the general population with no known 

risk factors, that they actively engage in aerobic activity of proper duration, intensity, 

and frequency (Wilson, Fardy, and Froelicher, 1981). 

Recently, due to the fitness boom, there has been considerable interest among 

health professionals and the general public in learning if aerobic exercise during 

pregnancy can be considered a safe practice. Most women participating in the 
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chtldbearing process are under the age of thirty-five and generally considered to be at 

low risk for coronary artery disease (Wilson et al., 1981), However, pregnant women may 

be viewed as a population at risk in terms of the physiologic stresses that pregnancy 

Imposes on the cardiovascular system (Lotgering, Gilbert, and Longo, 1983a). The 

pregnant woman adapts to the physiologic stress In many ways similar to the adaptations 

resulting from acute aerobic exercise, such as, increasing stroke volume, blood volunne, 

heart rate, cardiac output, and oxygen consumption (Lotgering, et a!., 1983a). However, 

unlike the populations at risk for developing heart disease, no well founded guidelines 

exist to help clinicians guide the pregnant woman to exercise safely. Aerobic exercise 

during pregnancy remains highly controversial due to the conflicting data describing the 

effects of aerobic stress on the maternal-fetal-placental unit (Lotgering, et al., 1983a). 

For many clinicians, a common guideline used is that the main determinant for 

appropriate activity levels for a pregnant woman is dependent upon her prepregnancy 

fitness and activity levels. Clinicians appear to follow the advice of Mona Shangold, M.O. 

(assistant professor of obstetrics and gynecology at Cornell University and director of the 

Sports Gynecology Center at the Cornell Medical Center) that the average pregnant 

woman can generally continue any activity at the same level of exertion that she was 

participating in prepregnancy (Shangold, 1982). However, at this time, due to conflicting 

data found in the literature, Shangold's recommendation is not supported by research. 

Research appears to indicate two problematic assumptions inherent in advising 

pregnant women to continue prepregnant exertion and activity levels. The first 

assumption is that exercise at prepregnant stress levels. If continued during pregnancy, 

would not have deleterious effects on the maternal-fetal-placental unit. Research has 

shown the body adapts to aerobic stress in several modes which may or may not ultimately 

be harmful to the pregnancy. Hyperthermia, plasma volume shifts, and a generalized 



3  

catecholamine release contributing to directional shunting of blood away from the 

splanchnic bed and into the working tissues^ are several adaptive responses of aerobic 

stress in the prepregnant and pregnant woman which could have harmful effects on the 

pregnancy. These responses have been well documented in the literature to be directly 

proportional to work intensity and duration (Shephard, 1982; Lotgering, Gilbert, and 

Longo, 1983b). Increases in core temperature causing maternal hyperthermia have 

numerous deleterious effects on the fetus (Cefalo and Hellegers, 1978). Plasma volume 

shifts, causing hemoconcentration, are also directly proportional to work intensity 

(Greenleaf,Convertino, and Mangseth, 1979). Hemoconcentration has been implied by 

Lotgering et a). (1983a) as an adaptive mechanism to supply the fetus with oxygen during 

maternal exercise. A generalized catecholamine release causes venoconstriction in 

nonactive tissues and, therefore, increases the amount of oxygen carrying blood to the 

active tissues (Shephard, 1982). In animal studies, uterine blood flow has been reported to 

decrease in variable amounts due to the shunting of blood away from the uterine bed 

(Palmer et al, 1984). It should be emphasized that all of these physiologic adaptations 

have been verified to occur as a result of maternal exercise at various stress levels in 

pregnant ewes (Lotgering et al., 1983a,b), 

Therefore, a pregnant woman's response to aerobic exercise is dependent upon the 

intensity of the stress. If the pregnant woman had been exercising prepregnancy at high 

intensity levels and continued her high activity level during her pregnancy, the effects of 

aerobic stress would be considerably different than if she had been exercising at low 

intensity levels. The clinical advice of continuing prepregnancy activity levels during 

pregnancy masks the range of adaptive physiologic responses resulting from various 

intensity levels which may increase or decrease the risk of deleterious effects on the 

pregnancy. 
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To assist the clinician in gauging the extent to which an individual will adapt to 

aerobic stress, eg., increase core temperature, it would be helpful to determine baseline 

data quantitatively describing physiologic responses to various work intensities in 

prepregnant women. Assessing data describing various physiologic responses to controlled 

work tntertsities could assist the clinician in deciding whether the woman, once pregnant 

can continue exercising at the same intensity. 

The second problematic assumption of advising a pregnant woman to continue 

exercising at prepregnant intensities is that it implies a woman's tolerance for aerobic 

stress remains the same both before and during the pregnant state. During the state of 

pregnancy, many physiologic changes take place. These changes could alter the woman's 

response to do aerobic work. A pregnant woman during the resting state has increases in 

oxygen consumption, heart rate, cardiac output, and blood volume, compared to the non

pregnant woman (Lotgering, et al., 1983a). 

Lotgering et al. (1983a) view the physiologic demands of pregnancy and aerobic 

stress as competitive, which results in restricting work capacity or compromising fetal 

oxygenation. Using pregnant ewes, they found fetal oxygenation was compromised by a 

decrease in uterine blood flow. Other investigators using pregnant animals for subjects, 

have not found a decrease in uterine blood flow (Curet et al., 1976). However, 

conflicting data may be the result of differences in the aerobic stress levels of exercising 

pregnant ewes (Lotgering et al., 1983a). 

It remains to be determined, but is beyond the scope of the present study, if the 

elevated physiologic adaptations of pregnancy in the resting state affect additional 

responses due to aerobic stress. For example, for the same relative work load, 

prepregnancy and pregnancy, what percentage will the heart rate Increase from the 

resting state? It also remains to be determined in future research what the effects of 
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aerobic stress are on the physiologic adaptations of pregnancy, eg., what are the effects 

of maternal aerobic exercise on fetal oxygenation? 

To compare the work capacity of prepregnant and pregnant women, c^ata needs to 

be collected on the response to exercise per given work load. To be accurately compared, 

work load should be expressed in physiologic terms, such as percent of maximal oxygen 

consumption or heart rate. Baseline data would then be available for future comparison 

to describe any differences in response to aerobic stress between the prepregnant and 

pregnant woman. This would help the clinician determine if a woman, once pregnant, has 

the same capacity to perform aerobic work* 

In summary, current research does not support the common clinical 

recommendation that pregnant women continue exercising at prepregnant intensities and 

durations. Two problematic assumptions with this advice are that prepregnant stress 

levels exercised during pregnancy would not have deleterious effects on the maternal-

fetal-placental unit, and that a women's tolerance for aerobic stress remains the same 

before and during pregnancy. 

Statement of the Purpose 

The study's purpose was to quantitatively determine the physiologic effects of 

acute controlled aerobic stress in twenty-eight prepregnant women of childbearing age. 

The research was a preliminary study to establish baseline data in prepregnant women that 

would allow the clinician to assess a prepregnant woman's response to exercise. 

This study served as a basis to determine changes in heart rate, mean arterial blood 

pressure, respiratory frequency, plasma volume, and core temperature to aerobic stress in 

the prepregnant woman. It provided data for future study that could be compared to 

data collected from pregnant women. 



Statenrrent of the Problem 

The specific problem identified for study was: what are the effects of acute 

aerobic stress on heart rate, respiratory frequency, rrwan arterial pressure, core 

temperature, and plasma volume In prepregnant wonnen of childbearing age? 

Significance of the Problem 

As the physical fitness nrovenrrent attracts greater numbers of women of 

childbearing age, it has become Increasingly important to determine what levels of aerobic 

stress are advisable for the pregnant woman. Recently, several important observations 

have been noted in pregnant ewes' response to aerobic stress. Strenuous levels of 

exercise decrease blood flow to the uterus which causes oxygen levels in the fetus to fall. 

Also, exercise raises the core temperature in both the nwther and the fetus. An elevated 

core temperature and fetal hypoxia are responses which have the potential to harm the 

fetus (Jopke, 1983). 

Providing clinicians with baseline data on prepregnant women will help them assess 

to what extent women should continue exercising at prepregnant intensities, once 

pregnant. Data describing the physiologic responses per controlled work dose will help 

the clinician determine what dose to prescribe. The clinician could evaluate these 

responses in terms of their corresponding work intensities or stress doses. Responses 

evoked from specific intensity levels per controlled duration could later be compared with 

responses from pregnant women. Quantitative data on prepregnant women can also be 

compared with future data on pregnant women exercising at the same intensity levels, to 

determine if the capacity to perform aerobic work remains the same, once pregnant. 

Theoretical Framework 

The theoretical framework describes the relationships between acute aerobic stress 

and specific physiological responses. The focus for the theoretical framework is to 
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describe the range of responses to the acute stress of aerobic exercise (see Figure 1). 

Construct Level 

The construct level of the framework outlines the relationships between a 

physiological stressor and a physiological response. A stressor is defined by Selye (1956, 

pg. 64) as 'that which produces stress.' Stress, according to Selye, causes certain 

changes in the structure and chemical composition of the body, which can be accurately 

quantified. He believed the term stress is meaningful only when applied to a precisely 

defined biologic system. A stressor is a stimulus that elicits a reaction in the body or in 

one of its parts. The body adapts to the stressor by responding physiologically. The 

responses attempt to move the body back toward an equilibrium (SelyC/ 1956). 

Concept level 

The concept level of the framework outlines the relationship between a specific 

stressor, ie., acute aerobic exercise, and the resultant physiological responses which occur 

In an attempt to adapt the stressor. 

Acute Aerobic Exercise 

The specific type of physiological stressor in this study was acute aerobic exercise. 

Acute and chronic aerobic exercise are different in terms of their elicited responses. 

Acute responses occur during relatively brief periods of aerobic exercise. Chronic 

responses occur as a result of regular acute exercise over a period of time. 'Acute 

ae.robic exercise' is induced by dynamic involvement of large muscle groups imposing a 

volume load on the heart. The working muscles develop increased metabolic demands that 

are attempted to be met aerobically, ie., using oxygen to supply energy (Dehn, Blomquist, 

^^itchell, 1984). The body responds to meet the increased metabolic demands imposed by 

the working muscle groups in numerous ways. Five physiologic responses were described 
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resulting from an aerobic stressor. They were core temperature, heart rate, respiratory 

frequency, mean arterial pressure, and plasma volume shifts. These five responses were 

chosen because of their documented role in the pregnant woman's or ewe's response to 

pregnancy, while exercising or in the resting state. 

Core Temperature 

In the body, heat is produced by muscular exercise, assimilation of food, and the 

processes which contribute to the basal metabolic rate. Heat is lost via radiation, 

conduction, and evaporation of water from the respiratory passages and the skin. The 

balance between heat production and heat loss determines body temperature (Ganong, 

1983). When speaking of body temperature, one usually means the core temperature, or 

temperature of deep arteries and veins. Normal core temperature during the resting state 

is 37 o C, when measured orally, in the sublingual pocket (Blainey, 1974). Core 

temperature is accurately regulated by the hypothalamus (Canong, 1983). 

During exercise, the heat produced by muscular contraction accumulates in the 

body and temperature rises. This rise is due to two factors. Body temperature increases 

partly due to the body's inability to dissipate the greatly increased anrount of heat 

produced and partly because, during exercise, the body does not attempt to activate heat 

dissipating nrwchanisms until the core temperature is significantly increased. An increased 

core temperature may be seen as adaptive during exercise because it activates enzymes 

involved in energy production and is known to shift the oxygen hemoglobin dissociation 

curve to the right (Canong, 1983). 

Heart Rate 

In the normal human heart, each beat originates in the SA node. The heart beats 

normally between 60 and 100 beats/minute at rest. The rate Is slowed through 
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parasympathetic stimulation and increased through sympathetic stimulation (Canong, 

1983). 

During exercise, there is a generalized catecholamine release. Heart rate, stroke 

volume, and cardiac output increase due to elevated sympathetic stimulation. The heart 

rate increases promptly at the start of exercise and sometime during the anticipation of 

exercise (Ganong, 1983), 

One's ability to perform sustained physical work depends upon the ability of the 

muscle cell to transform chemically bound energy into energy for muscular work. This in 

turn depends on the capacity of the working system to deliver oxygen to the exercising 

tissues. The capacity of the system to deliver oxygen partly depends on the ability of the 

heart rate to increase significantly, helping deliver oxygen to the working tissues. Thus, 

the amount the individual can increase his/her heart is one component of work capacity. 

Individuals who train chronically have a lower resting heart rate and, thus, a larger 

margin in which to increase during aerobic stress. In this sense, they have a greater 

capacity to perform work. Conversely, individuals with a higher resting heart rate have a 

lower work capacity because they have a smaller margin in which to increase during 

exercise (Ganong, 1983). Lotgering et al. (1963a) state pregnant women have a higher 

resting heart rate, and may have a lower capacity to perform physical work. 

Respiratory Frequency 

Pregnant women have a higher resting oxygen consumption at rest than 

nonpregnant women. This is partly due to the slight increase noted in respiratory 

frequency {Lotgering et al., 1983a). Respiratory frequency mirrors heart rate in its 

response to aerobic stress. At rest, respiratory frequency is betvwen 10 and 20 

breaths/minute. During physical work, respiratory frequency is greatly increased. 
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Respiratory frequency is one component of pulmonary ventilation. The equation 

relating respiratory frequency and pulnxinary ventilation is noted Iselow. 

Pulmonary ventilation=frequency of breathing X mean expired tidal volume. 

Therefore, respiratory frequency can be considered one component used to indicate how 

many liters a minute of air an individual is expiring (Ganong, 1983). 

Pulmonary ventilation is regulated accurately to provide the gaseous exchange 

required for aerobic energy metabolism. Ventilation, measured in liters/minute of expired 

air, increases during muscular work rectilinearly. Therefore, respiratory rate, one 

component of pulmonary ventilation, can be used as one response to describe the effects 

of a specific stress level. 

Mean Arterial Pressure 

The effect of physical activity with large muscle masses on mean arterial blood 

pressure depends on the balance between an increase in cardiac output, a general 

vasoconstriction, and a local vasodilation in the working tissues. Aerobic stress induces a 

catecholamine release which causes the smooth muscles in the precapillary beds to 

contract. Local metabolites, formed from working tissues, counteract the 

vasoconstriction by exerting a vasodilating effect on the active muscles. It is the balance 

between the pressure in the active and non-active tissues which determines mean arterial 

blood pressure during exercise (Shephard, 1982). 

During exertion, mean arterial blood pressure generally slightly increases. In 

submaximal exercise, the increase is dependent on the proportion of the maximum oxygen 

intake that is utilized (Shephard, 1982). 

Since mean arterial blood pressure increases with work intensity, it is a response to 

aerobic stress that is dependent upon work level or 'dose*. Baseline data describing the 

changes in blood pressure per dose in prepregnant women could be compared to blood 
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pressure changes in pregnant wonien. This would ascertain if the increased blood voiunie 

and peripheral vasodilation in pregnancy affects blood pressure responses during aerobic 

St ress. 

Plasma Volume 

Exercise is associated with a net transcapillary movement of fluid Into the active 

tissues caused by regional tissue hyperosmolality and increased hydrostatic pressure 

(Lundvall et al, 1972). The fluid shifts consist of plasma. Red blood cells have been 

shown by Harrison, Edwards, Leitch (1975) to decrease less than 1%. Fluid accumulation 

extravascularly is related proportionally to work intensity (Lundvall et al., 1972), 

Hematocrit changes during aerobic exercise indicate plasma volume changes. 

Increases in hematocrit concentrations during exercise are proportional to decreases in 

plasma volume. Decreases in plasma volumes, recorded by increases in hematocrit values, 

occur within the first five minutes of exercise* Hematocrit values return to normal after 

fifty minutes of recovery post-exercise (Harrison^ Edwards, and Leitch, 1975). 

Hematocrit values accurately determine percentage plasma volume changes by the 

following equation: 

% PV = [100/(100-Hct pr) X 100(Hct pr-Hct po)]/Hct po, 

where FV = plasma volume, Hct = hematocrit, pr = pre sample, and po - post sample 

(Convertino et al., 1980). 

Based upon animal studies, Lotgering et al. (1963a) has proposed that 

hemoconcentration during maternal exercise has an adaptive function. They propose 

decreases in plasma volume with hemoconcentration in pregnant individuals would help to 

maintain oxygen flow to the pregnant uterus during exercise despite a reduced uterine 

blood flow. 
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Pregnancy is associated with an expanded plasma volume (Lotgering et al., 1983a). 

Baseline data describing tlie changes in plasma volume during exercise in prepregnant 

women could be compared to future studies vh^ith pregnant subjects to determine 

differences in hemoconcentration between the two states. 

Hypotheses 

Five hypotheses were proposed to test the relationship between the stressor, acute 

aerobic exercise and the physiological responses, heart rate, respiratory frequency, nriean 

arterial pressure, core temperature, and plasma volume. The null hypotheses tested were: 

1. There is no significant difference in heart rate between subjects exercised at low 

intensities and subjects exercised at moderate intensities. 

2. There is no significant difference in mean arterial pressure between subjects 

exercised at tow intensities and subjects exercised at nroderate intensities. 

3. There is no significant difference in respiratory frequency between subjects 

exercised at low intensities and subjects exercised at moderate intensities. 

4. There is no significant difference in sublingual temperature between subjects 

exercised at low intensities and subjects exercised at moderate intensities. 

5. There is no significant difference in plasma volume between subjects exercised at 

low intensities and subjects exercised at nrKkderate intensities. 

Operational Level 

According to VVilnxire (1977), in order to test the functional relationship between 

exercise as a stressor, and the resulting responses of the different body systems, one must 

be able to quantify both the level of exercise and the sprecific response to the exercise. 

This was the goal of the operational level of the study. 



Acute Aerobic Exercise Performed at 50% and 80% of 
Estimated Maximal Heart Rate on a Stationary Bicycle for 20 Minutes. The dose of 

exercise was defined in terms of intensity, duration, and mode. The three variables 

served to quantify the stressor prescribed to the subject. 

Intensity 

The level of intensity prescribed was in accordance with the usual amount 

recommended by the Anierican College of Sports Medicine (1980). It appears that there is 

a minimal threshold around 50% of the participant's endurance capacity below which a 

conditioning effect will not occur. A training Intensity of 50% to 80% of one's endurance 

capacity appears to be optimal. This can be onnitored by determining the heart rate 

equivalent to the selected work intensity (Wilmore, 1977). 

According to Wilmore (1977), heart rate measures a simple physiological parameter 

which provides nrieaningful insight into the degree of metabolic and myocardial work 

resulting from work intensity. The linear relationship between heart rate and oxygen 

consumption at submaximal levels of work allows heart rate to be used to estimate the 

metabolic cost of the work. There is a high correlation (r = .89) between heart rate and 

both myocardial blood flow and oxygen consumption. By maintaining a constant Training 

Heart Rate (THR), the work of the myocardium remains constant. 

Physiological responses were monitored from two intensity levels of acute aerobic 

exercise* The first level of intensity was at 50% of the individual's estimated maximum 

heart rate; the lowest intensity known to produce a conditioning effect (Wilmore, 1977). 

This intensity was chosen because If it eventually is shown through research that pregnant 

women have a reduced work capacity, they may want to exercise at very low intensity 

levels. The effects of low intensity levels should be quantified both during prepregnancy 

and pregnancy to help the clinician ascertain if the resulting effects are indeed desirable. 
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The other intensity level was 80% of one's estimated maximal heart rate. The 

effects of this intensity were studied because it is the highest intensity. In which to 

exercise, that is recommended,to produce optimal cardiovascular effects. The effects 

from this intensity in exercising women were compared to those produced by fifty percent 

intensities. Comparing the results may allow the clinician to determine appropriate 

intensity levels based on desired outcome. 

Duration 

According to the American College of Sports Medicine (1980), the physiological 

responses of exercise are a result of the interaction between the intensity and duration of 

exercise. For exercise of moderate intensities prescribed in this study, a duration of 20 to 

30 minutes is recommended to produce conditioning effects. 

Therefore, the amount of time spent exercising was 20 minutes. Twenty minutes is 

the least amount of time known to produce a cardiovascular effect when pursued at 

nx>derate intensities. Twenty minutes is also the amount of time in which many women 

exercise aerobically when participating in local exercise classes. Consequently, the 

effects from this time period are in need of quantification. 

Mode 

In this study, the device on which aerobic work was performed was the stationary 

bicycle. The bike was operated on the principle of mechanical friction. The mechanical 

friction device was tightened or loosened, adjusting the resistance against which the 

individual pedaled. According to VVilmore (1977), the pedal rate must be accurately 

maintained to provide a constant work output. In this study, the bicycle was pedaled in 

cadence with an electronic metronome. An advantage of using a stationary bicycle was 

that the task was weight-independent,ie.,the work level could be set independent of the 
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participant's body weight. Using a weight independent nrrode of exercise allowed the 

investigator to assume the physiological responses were due to the amount of stressor 

induced by the resistance of the pedaling device, not the individual's body weight 

(Wilmore, 1977). A weight independent device allowed the investigator to control for the 

range of weights of the study's participants. The main disadvantage of using a stationary 

bicycle was that compared to a treadmill, the bicycle causes an increased amount of local 

fatigue in the working muscles (Wilmore, 1977). 

Operational Definitions 

The operational definitions were as follows: 

Acute Aerobic Exercise Performed at 50% Maximal Heart Rate On a Stationary Bicycle for 

20 Minutes. The amount of exercise performed at 50% MHR on a stationary bicycle. 

The amount of the stressor was determined by heart rate derived from the following 

equation: 

I(MHR-RHR) X .50] + RHR = THR, 

where MHR = Maximum Age Determined Heart Rate (220-age), RHR = Resting Heart Rate, 

and THR = Training Heart Rate (American College of Sports Medicine, 1980). 

Acute Aerobic Exercise Performed at 80% Maximal Heart Rate 
on a Stationary Bicycle for 20 Minutes. The anrount of exercise performed at 80% MHR 

on a stationary bicycle. The amount of the stressor was determined by heart rate derived 

from the following equation: 

t(MHR-RHR) X .80] + RHR = THR 

where MHR = Maximum Age Determined Heart Rate, RHR = Resting Heart Rate, and THR 

= Training Heart Rate (Annerican College of Sports Medicine, 1980), 

Heart Rate. The number of vertical deflections in a one minute polygraph strip. 
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Respiratory Frequency. The number of insptrations auscultated through a stethoscope in 

a one minute period. 

Mean Arterial Blood Pressure. The mean arterial pressure was calculated by the 

following equation: 

Diastolic Pressure + (.33 X Pulse Pressure), 

where the Pulse Pressure = Systolic Pressure - Diastolic Pressure. The Systolic Pressure 

was the point at which the Korotkoff sounds were initially heard. The Diastolic Pressure 

was the point at which the Korotkoff sounds first became muffled (Malasanos et al., 

1977). 

Plasma Volume. Plasma volume shifts were measured by determing hematocrit pre and 

post exercise. Hematocrit was the percentage of red blood cells in a blood sample. 

Core temperature. Core temperature was measured by using sublingual temperature. 

The digital reading on an electronic thermometer placed in the sublingual pocket 

determined sublingual temperature. 

Assumption 

Heart rate, respiratory frequency, mean arterial pressure, sublingual temperature, 

and hematocrit changes were due to the stress of exercising on a stationary bicycle and 

not from environmental or psychological stimuli. 

Summary 

A review of the literature regarding the effects of aerobic exercise on pregnant 

women indicates a need for further study to determine both how pregnancy alters work 

capacity, and the effects of aerobic stressors on the pregnancy. This study was intended 

to describe quantitatively the effects of an aerobic stresors of moderate and low 

intensities on prepregnant women of childbearing age, to establish baseline data for 
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further study. The relationship between aerobic stress and pliysiological responses was 

described following the theoretical framework of the study. 



CHAPTER 2 

LIHRATURE REVIEW 

In this chapter, previous research of heart rate, mean arterial pressure, respiratory 

rate, body temperature, and hematocrit will be surveyed. Relevance, strengths, and 

deficiences of the studies as they relate to understanding the effects of exercise on the 

prepregnant vi^oman will be discussed. The specific proposals of the present study may or 

may not have been previously reported in past studies. 

Heart Rate 

The major function of the cardiovascular system during exercise is to remove 

metabolic waste products. When exercise continues for a prolonged period of time, the 

cardiovascular system responds to help the body rid itself of excess heat (Wilmore, 1977). 

Astrand et al. (1%4} exercised 23 subjects on a bicycle ergometer at submaximal 

and maximal work loads. On 11 women and 12 nien, well-trained, twenty to thirty years 

of age, heart rate was determined at four to five different work loads up to maximum that 

could be maintained for four to five minutes. In both sexes, heart rate increased linearly 

with increasing work loads, tf subjects continued to exercise at increasingly greater 

stress loads, the heart rate reached a plateau defined as its maximum. Each individual 

had a definable maximum which was highly reproducible in both n^n and women. 

Ekelund and Holmgren (1964) exercised subjects at continuous work loads for 

periods greater than one hour. They found the steady-state heart rate to change 

relatively little between 5 and 10 minutes of exercise, but if exercise continued for one 

hour at 75% of maximum oxygen intake, there was a 15 to 20% increase in heart rate. 

Cardiac output was found to remain unchanged as heart rate increased, so it was 
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suggested that stroke volume decreased and heart rate increased to maintain cardiac 

output. Ekelund and Holmgren used young men as their subjects and measured the amounts 

of stress in absolute terms. 

Vokac, Bell, and Rodahl (1975) found a linear relationship between absolute work 

load and heart rate. Correlations betweeen heart rate was, again, not described in terms 

of relative work loads which are currently shown to be more meaningful (Lotgering et 

al.,1983a}. Vokac et al. also used male subjects in their study. 

Recently, Vander et al. (1984) studied women subjects exercising aerobically using 

either their arms or legs comparing maximal heart rate responses to work loads expressed 

in absolute and relative terms. They found heart rate to increase linearly resulting from 

increased work load in terms of both relative percentage of oxygen consumption and heart 

rate. Vander et al. (1984) also performed regression equations between percentage of 

relative oxygen uptake and relative heart rate. They found no difference between arm 

and leg exercise in women, 

Astrand and Rodahl (1977) state that for women, at the age of twenty-five, the 

50 percent oxygen uptake is attained at a heart rate of about 140 beats/minute. Astrand 

and Rodahl were stating heart rate responses to aerobic stress in terms of age instead of 

fitness level. 

In summary, heart rates increase with increasing work loads linearly, when work 

load is expressed in relative terms. If the work load is kept constant, the heart rate will 

plateau in several minutes. The heart rate will remain at a steady state until stroke 

volume starts to decrease and core temperature rises, at which point, heart rate will drift 

upward. 

This study described heart rate changes in women exercising for twenty minutes, 

which, according to the literature, is a long enough period to study the continuing effects 

of exercise, after a steady state has been reached (Wilmore, 1977; Ekiund and Holmgren, 
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1964). The work prescribed was expressed in relative terms. 

Mean Arterial Pressure 

Astrand et al. (1965) studied blood pressure changes during exercise with different 

muscle groups. There were thirteen subjects in the study, one female and thirteen male. 

The results were not differientiated nor analyzed in terms of sex, although most of the 

data were obtained from male subjects. The study found nrtean blood pressure to increase 

linearly with increasing loads. The study also found a significantly higher arterial blood 

pressure during arm than during leg work when exercising at the same relative work loads. 

The average mean arterial pressure for exercise performed at 30% maximum during leg 

work was 96 + - 4.9 nvnHg. Mean arterial pressure increased to III +- 6.6 mmHg when 

the subjects exercised at maximal capacities. The authors concluded the higher mean 

blood pressures noted in arm versus leg work was caused by a more pronounced elevation 

of peripheral resistance due to venoconstriction in the legs during upper extremity 

exercise. 

In the same study, Astrand et al. (1%5) found a linear increase in systolic pressure 

with increasing levels of work, the peak values reaching slightly higher than 200 mmHg 

during arm work. Diastolic pressure changed little from resting values, even when work 

was performed up to maximal levels. Thus, the increases noted in mean arterial and pulse 

pressures are a result of increasing systolic pressures. 

Stenberg, Astrand, and Ekblom (1967) studied the effects of aerobic stress on 

blood pressure and differientiated the results between male and female subjects. They 

found higher blood pressure in arm versus leg work. During exercise performed at 25% of 

maximal oxygen uptake, the difference in systolic pressure was 25, diastolic 17, and mean 

18 mmHg, and on 50% the differences were 40, 30, and 32 mmHg, respectively. However, 

the data collected was from 4 subjects and the authors stated they had a small number of 
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In summary, mean arterial blood pressure increases during aerobic stress. Btood 

pressure was noted to increase more in upper extremity work due to the larger relative 

area of venoconstriction in non-active lower extremities. 

Hie present study assessed blood pressure changes, Including systolic, diastolic, and 

mean arterial in prepregnant women subjects of childbearing age during work loads of 50% 

and 80% estimated maximal heart rate capacity. 

Respiratory Frequency 

Milic-Emili, Petie, and Oeroanne (1960) collected data from three subjects, one 

female and two males. They stated that respiratory frequency at each level of ventilation 

corresponded to the frequency which was spontaneously chosen by the subject. The upper 

limit for the respiratory frequency was determined by the rate at which the 

neuromuscular system could generate alternating movements. The individual 

spontaneously balanced the depth and frequency of respiration to utilize a minimal amount 

of energy by the respiratory muscles. Milic-Emili et al., however, collected their data 

using a small number of subjects and did not differientiate the responses between the 

sexes. 

Bevegard, Freyschuss, and Strandall (1966) studied respiratory rate and its 

relationship to aerobic stress using six male subjects. They found respiratory rate to 

increase linearly with increasing work loads. The normal resting respiratory rate was 14 

breaths/minute. Respiratory rate increased to 30 breaths/minute as work loads 

increased. Work load was not increased to maximal capacity. There appeared to be no 

significant differences between resiratory rates in arm and teg ergometrlc work. 

Kilborn (1971), using all female subjects, with a mean age of 24, stated the 

response of the cardiorespiratory system mirrors that of men, if work intensities are 
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controlled. The study found ventilation to increase linearly with increasing work loads. 

Respiratory adaptations were stated in terms of liters/minute versus stress load which 

cannot be compared to the present study. 

In summary, respiratory frequency increases linearly with work intensity. 

The present study described respiratory frequency between the intensities of 50% 

and 80% maximal heart rates to study if there was a significant difference between 

respiratory frequencies at low and moderate intensities. 

Core Temperature 

Saltin and Hermansen (1%6) did a classic study describing the effects of exercise 

on esophageal, rectal, and muscle temperature during submaximal work in five males and 

two females. They measured temperature changes at three different work loads, 

26%,51%, and 69% of maximal oxygen uptake. In all subjects, there was an increase in 

rectal, esophageal, and muscle temperatures for each work load expressed in percentage 

of aerobic capacity. This agrees with the data found in several other studies (Nielsen, 

1976; Broucha et al., 1961). There was no difference between female and male subjects in 

temperature response. 

Wells (1980) studied the responses of physically fit women to exercise. She found 

rectal temperatures to Increase linearly with time spent exercising and not to level off 

after twenty minutes of exercise. All subjects performed at 50% of maximal oxygen 

capacity. 

Araki et al. (1981) findings were consistent with the study done by Wells. They 

found rectal temperature to increase linearly with the time spent exercising by female 

subjects. Rectal temperature did not plateau after an initial rise, when work intensity 

was held constant. They suggested training affects rectal temperature by increasing 

sweat rates for maintenance of internal homeostasis. 
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In summary, body temperatures increase linearly with increasing relative work 

loads. Conflicting data was found on body temperature changes after twenty minutes of 

exercise at constant work loads. 

The present study compared sublingual temperatures between estimated work 

intensities of 50% and 80% maximal heart rates for an exercise period tasting 20 minutes. 

Plasma Volume 

Astrand et al. (1964) found plasma to decrease in nineteen male subjects by 15 to 

20% during heavy work with large muscle groups. Astrand concluded the resultant 

hemoconcentration was adaptive to the exercising subjects because the oxygen capacity 

of the arterial blood was about 10% higher during maximal exercise than at rest. 

Lundvall et al. (1971) studied what happened to the plasma volume during heavy 

work. They found total fluid loss into the active muscle mass was calculated to be about 

1100 ml during heavy work. The concomitant decrease of plasma volume was 600 ml and 

in addition to the plasma, 600 ml entered the circulatory system of the working muscles. 

Plasma volume was shown to decrease up to 17%, The study indicated this compensatory 

fluid gain was accomplished by absorption of the extravascular fluid from tiie inactive 

tissues. 

Harrison, Edwards, and Leitch (1975) exercised six male subjects for 50 minutes at 

25% and 55% of their estimated aerobic capacities. They consistently found hematocrit 

and henxiglobin concentrations to increase and plasma volumes to decrease. All 

concentrations returned to normal preexercise levels In the recovery period. They found 

during moderate exercise (55% capacity) there was a 1% decrease in red cell volume. 

The authors concluded that exercise accelerates the rate of protein movement from 

extravascular to intravascular compartments, leading to elevated plasma levels during 

recovery which favor the return of water to the intravascular space. Harrison et al. 
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supported the fact that hematocrit is generally regarded as a reliable indicator of change 

in blood volume because all available evidence suggests the circulating red celt volume 

remains relatively constant during exercise and thermal stress. The study used all male 

subjects and did not expose the subjects to stress levels greater than moderate intensities. 

In summary, hematocrit was supported by the literature as an accurate indicator of 

plasma volume change during aerobic stress. Plasma volume decreases during exercise and 

hemoconcentration occurs. Red blood cell volume does not decrease during aerobic 

exercise. Plasma volume has not been shown to decrease nxjre than 20% during acute 

aerobic stress. 

The present study researched the effects of two intensities on plasma volume shifts 

to detern^ine if different doses of exercise produced significantly different plasma volume 

responses. 

Summary 

Many of the classic and current studies have been done using male subjects. Also, 

many studies were done comparing and describing the effects of acute aerobic stress from 

absolute work levels performed by subjects with varying fitness levels. The results of 

these studies are difficult to compare because absolute levels of work impose varying 

amounts of stress on the participating individual. 

In general, heart rate, blood pressure, respiratory rate, body temperature, and 

hematocrit all increase with increasing relative work intensities. Since these responses 

are dependent on work intensity, they need to be described in terms of relative work 

intensity to be meaningful to the clinician in terms of prescribing various work intensities 

to the client. 
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In this study, the responses to exercise were the result of 50% and 80% estimated 

maximal heart rate intensity levels. The subjects were all female since the results may be 

used as a comparison for further study in pregnant subjects. 



CHAPTER THREE 

METHODOLOGY 

The study was designed to investigate the effects of acute aerobic exercise of a 

low or moderate intensity on heart rate, mean arterial blood pressure (MAP), respiratory 

rate, core temperature, and hematocrit in prepregnant women of childbearing age. The 

methods used to accomplish this purpose in data collection and analysis are described in 

this chapter. 

Research Design 

An experimental design was employed to study the effects of acute aerobic stress 

on prepregnant women of childbearing age. Subjects were assigned to either a low or 

nrroderate intensity group. Subjects were recruited by convenience sampling. Subjects, 

regardless of fitness level, were randomly assigned to either a low or moderate exercise 

intensity level. 

Study Setting 

The study was conducted in the behavioral studies laboratory of a southwestern 

college of nursing. The laboratory was quiet and generally free from distractions that 

could possibly alter physiological responses. 

Study Sample 

A convenience sample of twenty-eight volunteers was recruited from the 

undergraduate and graduate classes of a southwestern college of nursing. The criteria for 

inclusion were; 

27 



28 

1. Female 

2. Not pregnant 

3. Age 18-35 

4. No history of acute or chronic physical Illness 

5. Non-smoker 

6. Physically active 

7. Able to speak, write, and understand English. 

Rationale for Selection Criteria 

The sample was lin:\ited to females because the data could possibly later be 

compared to data collected from pregnant subjects. Since the study focused on the 

effects of exercise on prepregnant women, it was necessary that the subjects were not 

pregnant. Pregnancy would be a confounding variable. Age affects maximal heart rate 

responses to aerobic exercise. Maximal heart rate responses have been found to decrease 

with age (Astrand and Rodahl, 1977). Systolic blood pressure responses also increase with 

age per given relative work load (Astrand and Rodah. 1977). Also, importantly, 

individuals over the age of thirty-five should consult a physician before exercising 

(American College of Sports MecScine, 1980). Therefore, participants were limited to 

females between the age of eighteen and thirty-five. The subjects also need to be 

physically active and nonsmoking to belong to "Category A" In the recommendations of 

the American College of Sports Medicine. Individuals belonging to this category require 

'little supervision if the current type, intensity, and duration of physical activity is 

maintained* (American College of Sports Medicine, 1980, p. 2). The subjects need to 

speak, write, and understand English to understand and sign the subject's consent form. 

Individuals with a history of chronic illness or disease were excluded from the 

study. The intent of the study was to investigate changes occuring during aerobic 
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exercise throughout prepregnancy to later be compared in a further study to data 

collected during pregnancy. Individuals with a history of chronic disease may not be 

encouraged by clinicians to exercise during pregnancy, and, perhaps, prepregnancy (Jopke, 

1983). 

The sample selection criteria were presented to potential subjects at the time of 

recruitment. Selection criteria were validated by self report from the subjects. The 

subjects were asked at the time of data collection to state their age, any acute or chronic 

illnesses, smoking and activity fatterns, and compliance to fasting requests. 

Protection of Human Subjects 

The study was approved by the University of Arizona Human Subjects Committee 

(see Appendix A). Subject recruitment and data collection began after approval was 

obtained. The subjects were given a consent form (see Appendix B) which explained the 

purpose and methodology of the study. In the consent, it was explained that subjects had 

the right to withdraw from the study at any time without incurring ill will. All subjects 

were encouraged to ask any questions prior to, throughout, and during the data collection 

process. Subjects were kept anonymous by assigning a code number to each subject. The 

only individual with access to subject name and code number was the investigator. 

Data Collection Protocol 

Subjects were recruited by posting signs on the undergraduate and graduate 

student bulletin boards. If interested, the subject was given an appointment time by the 

primary investigator for data collection in the behavioral studies laboratory. 

All subjects were requested to fast, with the exception of water, for two hours 

prior to data collection. The subjects were asked not to drink water one half hour before 

exercise was performed. The fast was necessary to minimize any effects resulting from 

the ingestion of food or caffeinated beverages. Water was excluded one half hour before 
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the study to allow for an accurate sublingual temperature measurement. 

Initially, the subjects were given a time before data collection began in which to 

ask questions about the study and data collection protocol. Subject age and usual 

physical activity level were recorded. After the subjects had been resting quietly in an 

upright position for ten minutes, blood pressure, respiratory rate, heart rate, and 

sublingual temperature were recorded. 

Blood pressure was auscultated from the antecubital space with the use of a 

Certified Tycos Sphygmomanometer, The systolic pressure was the point at which the 

Korotkoff sound first became audible and the diastolic pressure the point at which the 

Korotkoff sounds first became muffled (Malasanos et al., 1977). 

Respiratory rate was measured by auscultating breath sounds through a stethoscope 

placed supraclavicularly and was counted for one minute using a sweeping second hand. 

IHeart rate was measured with a pulse probe on the subject's second finger 

connected to a Crass Instruments Model 7D Polygraph. Heart rate was measured by 

counting the number of vertical deflections printed on precallbrated paper for one minute. 

Sublingual temperature was measured using a IVAC Electronic Thermometer. The 

probe was placed in the sublingual pocket and the digital reading was recorded. 

After the above vital signs were recorded, a digital puncture was performed using 

a micro lancet. The blood was collected in a small glass capillary tube internally coated 

with heparin, an anti-coagulant. One end of the tube was sealed with plastic clay. The 

capillary tube was placed in a micro-hematocrit centrifuge and rotated at high speeds for 

5 minutes. The hematocrit was read per company instructions after the exercise period 

had terminated. A band aid was placed around the puncture site and the subject was 

positioned on the stationary bicycle with the seat adjusted so there was a 10° flexion at 

the knee. 
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While the subject was getting comfortable on the bicycle, her work load was 

randomly selected at either 50% or 80% of her estimated maximal heart rate. The Target 

Heart Rate was derived using the equation stated previously. 

The subject was instructed to pedal the bicycle at 60rpm measured by a Seth 

Thomas Metronome. Resistance was increased to obtain the precalibrated Target Heart 

Rate plus or minus five beats/minute. At two, four, and six minutes of the exercise 

period, heart rate was measured by the previously described method and the resistance 

was adjusted if necessary. During the ninth and tenth minute, respiratory rate, blood 

pressure, heart rate, and temperature were measured using the previously described 

methods. After twenty minutes, respiratory rate, blood pressure, heart rate, and 

sublingual temperature were measured. The subject was instructed to stop exercising and 

digital puncture was repeated. 

The data collection protocol is graphically summarized in Appendix C* 

Demographic Data Sheet 

A demographic data sheet was used to record general information about the 

subject's age, health, and physical activity history (see Appendix D«} 

Physical ^leasurement Sheet 

Physical measurements of the variables under study were recorded on the Physical 

Measurement Sheet (see Appendix E). 

Study Instruments 

An I EC Model MB Hematocrit was used to measure hematocrit pre and post 

exercise. A snnall glass capillary tube internally coated with heparin was partially filled 

with blood obtained from a digital puncture. One end of the tube was sealed with plastic 

clay and the tube was placed in the micro-hematocn't centrifuge and rotated for five 
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minutes. After centrifugation the blood sample was separated into two fractions, a 

column of packed cells and a column of clear plasma. For hematocrit determination, the 

length of the column of packed cells was measured and compared to the total length of 

the blood sample on a precalibrated scale. The I EC Model was calibrated per company 

instructions before each data collection session (Damon/IEC Manual, 1975). 

Heart rate was measured using a Crass Instruments Model 7DA Polygraph. The 

driver of the polygraph was calibrated at 50mv/cm per manual instructions (Hopkins, 

1976}. The subject's digital pulse caused a vertical deflection in millivolts measured by 

pre-ca libra ted ptaper. 

Blood pressure was measured using a Certified Tycos Sphygmomanometer which is 

an aneroid sphygnxxnanometer. The sphygmom.inometer was calibrated according to 

instructions by the American Heart Association before each data collection session. The 

aneroid sphygmomanometer was connected to a standard nf^ercury sphygmomanometer with 

the use of a three-way stopcock. The aneroid sphygmomanometer was then calibrated 

against the mercury and the results were plotted against each other to produce a perfect 

linear calibration curve. 

The IVAC Electronic Thermometer was calibrated before each data collection 

session by using a Hewlett Packard 2802A as the standard. The Hewlett Packard is 

reported to be accurate to the ,01 degree by the Biomedical Engineering Center at the 

University of Arizona. The IVAC Electronic Thermometer and the Hewlett Packared were 

compared by submerging their electronic probes into water baths with the same 

temperature range as sublingual temperatures normally recorded during rest and exercise. 

The results were plotted against each other to produce a perfect linear calibration curve 

up to 39.0 C. 



33 
Statistical Analysts 

Descriptive and inferential statistics were used to analyze the collected data. The 

mean, standard deviation, and range were obtained for the demographic data and the 

measured variables: heart rate, mean arterial blood pressure, respiratory frequency,and 

sublingual temperature. The plasma volume changes were calculated from the pre and 

post exercise hematocrit values. They were also described in terms of mean, standard 

deviation, and range. Responses from both work loads of 50% and 80% were also 

described in terms of 'percentage changed from resting levels.* 

Inferential statistics, using a t-test, were employed to ascertain if a significant 

difference was observed between the variables nrieasured from the two different groups 

exercising at a low or at a nrtoderate workload. 

Limitations 

1. The physiological stressor was acute aerobic exercise performed at two work 

levels, 50% and 80% of the individual's estimated maximal heart rate. The study 

was limited because the dose of exercise prescribed was based upon the 

individual's estimated maximal heart rate instead of their actual maximal heart 

rate or maximal oxygen uptake in ml/kg/minute. This caused a decrease in the 

accuracy of the 'dose* of stressor from which the responses were measured. 

2. The measured responses are physiological but have the potential to be altered by 

stress other than 'acute aerobic exercise*, ie., the effect of the researcher on the 

subject. Therefore, it must be assumed that the changes of the measured 

responses were caused by the aerobic stress and not by other external stimuli. 

3. The measurements made were only as precise as the instrumentation used. 

4. The sample was a convenience sample which prevents truely random sampling, a 

design known to equally distribute any significant variable which could possibly 

alter the physiological variable under study. 
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Summary 

The research design employed was experimental. Subjects included in the study 

were prepregnant women of childbearing age. Data were collected in the behavioral 

sciences laboratory in the College of Nursing at a southwestern university. The methods 

and instruments used to accomplish the purpose of the study were described. The 

statistical analysis of the data, once collected was described. 



CHAPTER 4 

RESULTS OF DATA ANALYSIS 

This chapter describes the results of the data analysis. A description of the sample 

characteristics and comparisons of the physiological responses between the two intensity 

groups are included. 

Description of the Sample 

The entire sample consisted of twenty-eight females obtained from the 

undergraduate and graduate classes of a large southwestern university. Data were 

collected over a span of three weeks in fifteen separate collection periods. 

The mean age of all the subjects was 24.36 years with a standard deviation of 4.07 

years and a range of 15 years (see Table 1). The mean age of the subjects in the low 

intensity group was 23.64 years with a standard deviation of 3.85 years and a range of 12 

years. The mean age of the subjects in the moderate intensity group was 25.07 with a 

standard deviation of 4.3 years and a range of 16 years. A t-test revealed no significant 

difference between the two groups (see Table 2). 

None of the subjects had smoked cigarettes consistently in the past. All of the 

subjects stated they were not pregnant and did not have a history of acute or chronic 

physical illness. The subjects reported that they usually exercised aerobically at least two 

times a week. 

Hypothesis Testing 

The null hypotheses were tested by measuring responses at ten and twenty minutes 

of exercise. The responses were also analyzed in terms of change from resting values. In 
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Table 1. Description of Subjects' Age for Entire Sample 

36 

Entire Sample 
N = 28 

Variable X S. D. Range 

Age in Years 2k .36  k .07  15 

Table 2. Comparison of Age Between Low and Moderate 
Intens i ty Groups 

Low Intensity Group Moderate Intensity Group 
N = Jii N = lA 

t 
Variable X S.D. Range X S.O. Range Value 

Age in Years 23.6'j 3.85 12 25.07 A.30 16 -1.43-

* Not significant 



Table 3- Comparison of Heart Rates (MR) Between Low and Moderate Intensity Groups 

Low Intensity Group 
N = 14 

Moderate Intensity Group 
N = 14 

Variable 
(Beats/Minute) "x S.D. Range X S.D. Range 

t 
Val ue 

Resting HR 73.93 3.61 22 69.21 8.17 26 +1.64 

HR after ]0 

Minutes of Exercise 136.29 4.29 16 168 5.76 20 -16.51 — 

HR after 20 
Minutes of Exercise 136.71 3.38 12 170 6.42 20 -17.15"" 

Increase in HR 
after 10 minutes of Exercise 62.36 6.15 24 98.79 9.33 34 -12.21^'^ 

Increase in HR 
after 20 Minutes of Exercise 62.78 5.15 14 100.79 9.09 36 -13.60-^* 

"" Significant when P ̂  .05. 



Table Comparison of Mean Arterial Pressure (MAP) Between Low and 
Moderate Intensity Groups 

Low Intensity Group 
N = m 

Moderate Intensity Group 
N = 14 

Variable 
(mm Hg) S.D. Range S.D. Range 

t 
Value 

Resting MAP 83.10 7 . 2 2  28 Sii .yo 8.81 26 - .53 

MAP after 10 Minutes 

of Exercise 86.13 5.58 3.61 90.60 10.31 36.7 - I  .h2 

MAP after 20 Minutes 
of Exercise 85.90 3.61 21.37 88.38 10.07 31.3 - .80 

Increase in MAP after 
10 Minutes of Exercise 3.57 6.82 22 5.89 5.19 23.3 - 1 . 0 1  

Increase in MAP after 

20 Minutes of Exercise l i .Ztt  h.56 11.97 3.67 7.36 23.3 - ,2h6 

KaJ 
CO 
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all cases, the change was an increase in responses from previous resting levels. 

Hypothesis One 

The null hypothesis tested was: there is no significant difference in heart rate 

between subjects exercised at low intensities and subjects exercised at moderate 

intensities. No significant difference was found between the two groups resting heart 

rate. A t-value of 1.64 was not significant. Significant differences between the two 

groups were found in both heart rate responses after 10 and 20 minutes of exercise with 

t-values of -16.51 and -17.15, respectively. A significant difference was also found 

between the increase from resting values at 10 and 20 minutes of exercise with t-values 

of -12.21 and -13.60, respectively (see Table 3). Therefore, the null hypothesis for heart 

rate responses was rejected. 

Hypothesis Two 

The null hypothesis tested was: there is no significant difference in n^an arterial 

pressure between subjects exercised at low intensities and subjects exercised at moderate 

intensities. No significant difference (t = -.53) was found between the two groups Mean 

Arterial Pressure (MAP) during rest (see Table 4), Mean arterial pressure after 10 and 20 

minutes of exercise was not significantly different between the two intensity groups with 

t-values of -1.42 and -.80, respectively. Increases in MAP from resting levels did also 

not differ significantly between the two groups with t-values of -1,01 after 10 minutes of 

exercise and -,246 after 20 minutes of exercise (see Table 4), Therefore, the null 

hypothesis was accepted for all of the mean arterial pressure responses. 

Hypothesis Three 

The null hypothesis tested was: there is no significant difference in respiratory 

frequency between subjects exercised at low intensities and subjects exercised at 



Table 5. Comparison of Respiratory Frequency (RF) Between Low and 

Moderate Intensity Groups. 

Low Intensity Group 
N = l^i 

Moderate Intensity Group 
N = li» 

Variable 

(Breaths/Minute) S.D. Range X S.D. Range Value 

RF Resting 16.1^1 10 \k.S7 2.1A 1.85 

RF after 10 Minutes 
of Exercise 29.64 5.28 18 3K71 4.85 22 -1.08 

RF after 20 Minutes 

of Exercise 30.43 5.83 18 34.86 6.11 20 -1.96 

Increase in RF after 

10 Minutes of Exercise 13.5 4.89 16 17.16 5.47 20 -1.85 

Increase in RF after 

20 Minutes of Exercise 14.29 5.10 18 20.29 6.41 22 -2.73^ 

"" Significant when p < .05. 



Table 6. Comparison of Sublingual Temperature (T) Between Low and 
Moderate Intensity Groups 

Low Intensity Group 
N = lit 

Moderate Intensity Group 
N = 14 

Variable 

CO X S.D. Range X S.D. Range 
t 

Val ue 

Resting T 36.71 .33 1 36.73 .20 .6 -.195 

T after 10 Minutes 
of Exercise 36.89 .30 1.1 37.13 .22 .8 -.2141^^: 

T after 20 Minutes 
of Exercise 3€>,3k .32 l.l 37.3A .29 1.0 -3.48 

Increase in T after 
10 Minutes of Exercise .179 .18 ,hO .14 .4 -3.66 

Increase In T after 

20 Minutes of Exercise .221 .20 .6 .61i» .21 1.0 -4.96 "" 

" Significant when p ̂  .05. 



Table 7. Comparison of Plasma Volume Shifts (^) Between 
Low and Moderate Intensity Groups 

Low Intensity Group Moderate intensity Group 
N = lA N = Tt 

Variable _ 

(I) X S.D. Range X S.D. Range Value 

•6 3.13 15.15 -13.69 6.17 21.18 

C ? Significant when p £ .05. 
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moderate intensities. No significant difference (t = 1.85) was found between tiie two 

groups in respiratory frequency. The t-values comparing differences between respiratory 

frequencies at 10 and 20 minutes of exercise were also not significant with t = -1,08 and 

-1.96, respectively (see Table 5). The increase in respiratory frequency from resting 

values between the two groufs after 10 minutes of exercise was not significant with a t 

of -1.85. The increase in respiratory frequency from resting values was found to be 

significant with a t-value of -2.73 (see Table 5), Therefore, the null hypothesis was 

accepted for respiratory responses after 10 and 20 minutes of exercise. The null 

hypothesis was also accepted for Increases In respiratory frequency after 10 minutes of 

exercise. The null hypothesis was rejected for the respiratory frequency increase fronri 

resting levels after 20 minutes of exercise. 

Hypothesis Four 

The null hypothesis tested was; there is no significant difference in sublingual 

temperature between subjects exercised at low intensities and subjects exercised at 

moderate intensities. V/hen the means of the resting sublingual temperatures were 

compared by using a t-test, no significant difference was found. The t-value for the two 

groups was -.195 (see Table 6). Sublingual temperatures were found to be significantly 

different between the two groups after 10 and 20 minutes of exercise with t-values of 

-2.41 and -3.48, respectively. Increases in temperature from resting levels were also 

found to be significant between groups with t-values of -3.66 and -4.%, respectively 

(see Table 6). Therefore, the null hypothesis was rejected for sublingual responses. 

Hypothesis Five 

The hypothesis tested was: there Is no significant difference in plasma volume 

shifts between subjects exercised at low intensities and subjects exercised at moderate 

intensities. Plasma volume decreased by an average of 6% in the low intensity group and 



13.69% in the high intensity group. A t-test found the means of the two groups to be 

significantly different with a t-value of 4,15 (see Table 7), Therefore, the null 

hypothesis was rejected. 

Summary 

In summary, a comparison was made of physiological differences between one 

group exercising at low intensity levels and the other at nwderate intensity levels. The 

means of the two groups were compared statistically by t-tests. The null hypotheses 

were accepted for mean arterial blood pressure and respiratory frequency responses to 

acute aerobic exercise. The null hypotheses were rejected for heart rate, core 

temperature, and plasma volume shifts. 
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DISCUSSION OF RESULTS 

Conclusions drawn from the results of data analysis are discussed. Implications for 

nursing practice and limitations of the study are presented. Suggestions for further study 

are recommended. 

Conclusions 

The null hypotheses tested were: there are no significant differences in heart 

rate, mean arterial pressure, respiratory frequency, sublingual temperature, and plasma 

volume between subjects exercised at a low or nrKxterate intensity. 

Heart Rate Responses from Low and Moderate 
Exercise Intensity 

The first null hypothesis was rejected because the findings indicated a significant 

difference between subjects exercised at a low or moderate intensity. Therefore, subjects 

in this study were exercised at different intensities for the same duration and different 

heart rate responses occured. Subjects exercised at higher intensities consistently had 

higher heart rates than those exercised at lower intensities. Astrand et al. (1964) found 

heart rate to increase linearly with increasing work toads. 

Vokac, Bell, and Rodahl (1975) found a positive linear relationship between work load 

and heart rate. Recently, Vander et al. (1984) found heart rate to increase linearly from 

increasing work loads both in temis of relative percentage of oxygen consumption and 

heart rate. This study substantiates the previous studies* finding of heart rate responses 

to exercise. 
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Mean Arterial Pressure Responses from Low and 
Moderate Exercise Intensities 

The second null hypothesis was accepted because the findings indicated no 

significant difference between the two intensity groups. Therefore, data analysis 

indicated that blood pressure responses to low and nioderate intensities of exercise do not 

differ when the subjects were performing exercise using lower extremity muscle masses. 

Astrand et al. (1965) found rr>ean blood pressure to increase linearly with increasing work 

toads. Stenberg, Astrand, and Ekblom (1967) found mean blood pressures to increase with 

increasing work loads. The findings of the current study did produce an increase between 

Mean Arterial Pressure (MAP) between the two groups, but the increase did not prove to 

be significant. Therefore, the results of this study did not concur with the previously 

cited findings. Perhaps, if a larger sample size had been used a significant difference 

would have been found between the two groups. 

Respiratory Frequency Responses from Low and Moderate 
Exercise Intensities 

TTie third null hypothesis was accepted for responses at 10 and 20 minutes of 

exercise and from the increase in respiratory frequency from baseline values at 10 minutes 

of exercise. The increase in respiratory frequency from baseline values at 20 minutes of 

exercise was found to significantly differ Ijetween the two groupe. It can be concluded 

from the results of the current study that subjects exercised at tow and moderate 

intensities did not have differing respiratory frequencies but did have a different increase 

in frequency from resting levels at twenty minutes of exercise. Mitic-Emili, Petie, and 

Oeroanne (1%0) found respiratory frequency to correspond to the frequency which was 

spontaneously chosen by the subject during exercise. The present study appears to agree 

with this finding because the only significant difference was found when the subject's 

response was compared to her own resting level. Bevegard, Freyschuss, and Strandall 
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(1966) and Kilborn (1971) found respiratory frequency to increase linearly with increasing 

work loads. The current study found respiratory frequencies to be higher during nnoderate 

exercise, but the differences were not found to be statistically significant. 

Sublingual Responses from Low and Moderate Exercise Intensities 

The fourth null hypothesis was rejected for temperature responses at 10 and 20 

minutes of exercise. The sublingual temperatures were found to be significantly higher 

from subjects exercised at moderate intensities. Therefore, subjects who exercised at 

higher Intensities had higher sublingual temperatures when compared to those exercising 

at lower intensities. Saltin and Hermansen (1%6) found increases in rectal, esophageal, 

and muscle temperatures for each increase in work load. The studies performed by 

Nielsen (1976) and Broucha et al. (1961) agreed with the findings of Saltin and Hermansen 

(1966). The present study substantiates previous studies' findings. 

Plasma Volunrre Shifts from Low and Moderate Exercise Intensities 

The fifth null hypothesis was rejected for plasma volume changes at 10 and 20 

minutes of exercise. Plasma volume was found to significantly decrease to lower levels at 

a moderate intensity of exercise when compared to a low intensity of exercise. It was 

shown that there was a difference in plasma volume responses between subjects exercising 

at different intensities with identical durations. Plasma volume decreased an average of 

6% after 20 minutes of exercise at a low intensity and 13.7% after the same period of 

exercise at a moderate intensity. Lundvall et al (1971) found plasnra volume to decrease 

17% with heavy work. Harrison, Edwards, and Leitch (1975) consistently found hematocrit 

to increase and plasma volume to decrease with increasing work loads of exercise. The 

present study agrees with the previous studies'findings. 
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Implications for Nursing Practice 

As previously stated in the introduction, clinicians are recommending to their 

clients that they participate in regular aerobic exercise. However, a specific 

recommendation must be made to ensure the client that the amount of exercise prescribed 

is the correct dose. Dose is prescribed in terms of intensity, duration, and mode. The 

prescription needs to fall within the range recommended by the American College of 

Sports Medicine to ensure that the client receives a 'training effect' yet, does not 

become injured from over exertion. 

Nurses are frequently involved in prescribing and monitoring exercise to both low 

and high risk populations. Nurses are quite familiar with nxmitoring and assessing the 

effects of drug therapy in terms of frequency, dosage, and mode. It is well known that 

different doses of drugs produce different responses. The results of this study have shown 

that different doses of exercise also produce different physiological responses. When 

physiological responses were compared between low and moderate intensities of exercise, 

a nxtderate intensity produced a greater response from resting levels in all cases. 

Responses differed significantly between the two intensities in heart rate, sublingual 

temperature, and plasma volume shifts. Respiratory frequency differed significantly 

between the two intensities in terms of an increase in frequency from resting levels at 

twenty minutes of exercise. Mean arterial pressures and respiratory frequencies did not 

differ statistically between the two intensities. Therefore, when prescribing exercise 

programs for clients the client needs to know that different doses produce different 

responses. The client who exercises at a moderate intensity may become more dehydrated 

than the client exercising at a low intensity. The client who exercises at a moderate 

intensity may also beconne more hyperthermic than one exercising at a low intensity. This 

study has shown that the dose of exercise prescribed dictated the client's heart rate. 
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plasma volume shift, and sublingual temperature. However, nrore work is necessary before 

the results can be generalized due to the small sample size. If similar results are 

obtained from future studies this information may be used by the clinician to determine 

what exercise intensity to prescribe, based on the desired physiological response. 

ft was shown in this study that different doses of exercise produced different heart 

rates, core temperatures, and plasma volume shifts. Additional research needs to done 

using pregnant women as subjects to determine if the same dose of exercise both before 

and during pregnancy produces the same responses and if the resultant responses can be 

considered desirable during the pregnant state. 

Limitations 

The following limitations have been identified by the author: 

1} A sample sample size was used which limits generalizability. 

2} The intensity levels were prescribed in terms of estimated maximal heart rate 

instead of actual maximal heart rate or oxygen consumption determined 

experimentally. 

3) Resting heart rates were recorded from the subject after they had been resting for 

approximately 10 minutes in the laboratory instead of when the subject first woke 

up in the nwrning, a more accurate method (VVilnx>re, 1977). 

4) A convenience sample was used instead of a random sample. 

Suggestions for Further Study 

Suggestions for further nursing research include: 

1) Replication of the study with a larger sample size. 

2) Replication of the study with subjects who are pregnant. 

3} Replication of the study using expterimentally determined maximum heart rates. 
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Summary 

In summary, the study examined the differences in physiological responses between 

subjects exercising at a low or moderate intensity. Heart rate, sublingual temperature, 

and plasma volume responses differed significantly between the two groups. The findings 

of this study substantiated the findings of previous research on heart rate, sublingual 

temperature, and plasma volume shift responses. Mean arterial blood pressure and 

respiratory frequency responses did not differ statistically between the two groups. The 

results of study did not concur with the previously cited findings on mean arterial pressure 

and respiratory frequency responses. The implication for nursing practice is that the 

clinician wilt be able to prescribe to the client the appropriate dose of exercise based 

upon the desired resultant physiological response. 
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THE UNIVERSITY OF ARIZONA 

HEALTH S<"IENCES CENTER 
TL"CSON. ARIZO!"'IA 1<~7:~ 

HI. M"II; SL•IUFCIS CO-..MITTFE 

1110'1 ' WARRE'ol 18UII .l>I:'IIG Z201. ROOM 11: 

Cindy G. Olbright, R.N. 
College of Nursing 
Arizona Health Sciences Center 

Dear Ms. Olbright: 

5 November 1984 

We are in receipt of your project, "The Effects of Acute Aerobic Stress 
on Prepregnant Women of Childbearing Age", which was submitted to this 
Committee for review. The procedures to be followed in this study pose no 
more ,than minimal risk to the participating subjects. Regulations issued by 
the U.S. Department of Health and Human Services [45 CFR Part 46.110(b)) 
authorize approval of this type project through the expedited review procedures, 
with the condition that subjects' anonymity be maintained. Although full 
Committee review is not required, a brief summary of the project procedures 
is 'submitted to the Committee for their information and comment, if any, after 
administrative approval is granted. This project is approved effective 5 Novem
ber 1984. 

, Approval is granted with the understanding that no changes or additions 
will be made to either the procedures followed or the consent form(s) used 
(copies of which we have on file) without the knowledge and approval of the 
Human Subjects Committee and your College or Departmental Review Com
mit tee. Any physical or psychological harm to any subject must also be 
reported to each commit tee. 

A university policy requires that all signed subject consent forms be 
kept in a permanent file in an area designated for that purpose by the 
Department Head or comparable authority. This will assure their accessibility 
in the event that university officials require the information and the principal 
investigator is unavailable for some reason. 

Sincerely yours, 

"'1J1..J.A-., ~~---
Milan Novak, M.D., Ph.D. 
Chairman 
Human Subjects Committet> 
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APPENDIX B 

SUBJECT'S CONSENT 

The Effects of Acute Aerobic Stress on 
Prepregnant Women of Childbearing Age 

The purpose of this study is to measure the physical responses of a period of 
exercise in prepregnant women of childbearing age. This will allow your clinician to 
assess a prepregnant woman's response to exercise. The study will measure the changes 
in plasma volunne, temperature, heart rate, blood pressure, and breathing rate which occur 
during exercise. The study is a preliminary study to establish data to be compared later 
with data collected from pregnant women. 

Women who are between the ages of eighteen and thirty-five, who do not have a 
history of acute or chronic illness, are non-smokers, physically active, not pregnant, and 
able to speak, write, and understand English are being recruited to participate in the 
study. 

The project will take place in the Behavioral Sciences Laboratory in the College of 
Nursing. 

The study will begin by describing procedures that will take place while data is 
being collected. Your blood pressure will be taken by using a standard blood pressure cuff 
wrapped around your arm. Your respirations will be counted for one minute. Your heart 
rate will be measured by an electronic probe attached to your second finger. Your 
temperature will be measured by inserting a thermometer for a short period of time under 
your tongue. Your hematocrit will be measured by pricking the end of your finger and 
collecting a few drops of blood in a glass tube. You may feel a slight amount of 
discomfort with the finger prick. The amount of blood you lose from the finger prick will 

be less than a teaspoon. You will be asked to exercise for twenty minutes on a 

stationary bicycle after these measurements have been taken once. During the exercise 
period you may feel out of breath, start to perspire, and may feel fatigued. 

Your blood pressure, respiratory rate, and temperature will be measured two times 
over a period of 20 minutes while you exercise. Your heart rate will be measured five 
times while you are exercising. The entire measurement period should take no more than 
45 minutes. 

To protect your confidentiality, you will be assigned a code number. The results of 
the study will be in a published form but your identity will not be revealed In any way. 
The results will be used only by the investigator of this study. 

The possibility of certain changes occurring during the exercise session exists. 
These include abnormal blood pressure, fainting, increased temperature, and in rare 
instances, a heart attack. Trained personnel are available to deal with unusual situations 
which may arise. No cost will be incurred by you by participating in this study. If you 



55 

are injured in someway during the study, you will not be reimbursed for the injury in any 
way by the investigator or the College of Nursing. 

The benefits to you by participating in this study include that you will be told your 
hematocrit, blood pressure, and heart rate changes during an exercise period. 

If you decide not to participate in this study, it will in no way incur ill will toward 
you. You are free to withdraw from this study and to ask questions at any time. 

I have read the above 'Consent.' The nature, demands, risks, and benefits of the study 
have been explained to me. I understand that I may ask questions and that 1 am free to 
withdraw from the project at any time without Incurring ill will. I also understand that 
this consent form will be filed in an area designated by the Human Subjects Committee 
with access restricted to the principal investigator or authorized representatives of the 
particular department. 

Subject Date 

Witness Date 
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APPENDIX C 

DATA COLLECTION PROTOCOL 

MINUTES MEASUREMENTS/PROCEDURES 

-15 
-1^1 
-13 
• 1 2  
-11 
• 1 0  

•09 
-08 
-07 
-06 

-05 
-0^ 
-03 
-02 
- 0 1  

00 
1 
2 
3 

5 
6 
7 
8 
9 

10 

11 
1 2  
13 
14 
15 
16  
17 
18 

19 
20 
2 1  
22 

(iuestlons answered; general history of age, chronic illness 
and exercise patterns taken. Subject resting in a sitting 
upright position. 

Blood pressure, respiratory rate, heart rate, temperature 
measurements taken. Determine target heart rate. Draw 
hematocrit. 

Start exercising at 60 rpm. 

Check heart rate and adjust resistance. 

Check heart rate and adjust resistance. 

Check heart rate and adjust resistance. 

Blood pressure, respiratory rate, heart rate, and 
temperature measurements taken. 

Blood pressure, respiratory rate, heart rate, and 
temperature measurements taken. 
Exercise stops. 
Hematocrit drawn. 
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APPENDIX D 

DEMOGRAPHIC DATA SHEET 

Subject code number. 

Age: 

Medical history of acute or chronic illness; 

Smoking history: 

Non snrwker Smoker 

If non smoker, has subject ever smoked? 

When? 

How much? 

Physical Activity History; 

Frequency: 

Duration: 

Intensity: 

Compliance to fasting requests: 

Yes 

No 
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APPENDIX E 

PHYSICAL MEASUREMENT SHEET 
Subject code no. 

MINUTES VARIABLE MEASUREMENTS VALUES 

-5 
-A 
-3 
- 2  
- 1  
0 
1 
2 
3 
i i  
5 
6 
7 
8 
9 

10 
1 1  
1 2  
13 
U 
15 
16 
17 
18 
19 
20 
21 
22 

blood pressure 

resplratory rate 
heart rate 
temperature 
hematocri t 
THR=((MHR-RHR) x .50) + RHR 

heart rate 

heart rate 

heart rate 

temperature, blood 
respiratory rate 
heart rate 

pressure 

temperature, blood 

respiratory rate 
heart rate 
hematocri t 

pressure 

bp_ 
rr_ 
p_2 
t 
h 

P_ 

P_ 

rr_ 
P " 

rr_ 
pj 
h 

bp_ 

bp_ 
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