
University of Tennessee, Knoxville University of Tennessee, Knoxville 

TRACE: Tennessee Research and Creative TRACE: Tennessee Research and Creative 

Exchange Exchange 

Doctoral Dissertations Graduate School 

8-1999 

The effects of walking volume on blood pressure in hypertensive The effects of walking volume on blood pressure in hypertensive 

postmenopausal women postmenopausal women 

Kerrie L. Moreau 

Follow this and additional works at: https://trace.tennessee.edu/utk_graddiss 

Recommended Citation Recommended Citation 
Moreau, Kerrie L., "The effects of walking volume on blood pressure in hypertensive postmenopausal 
women. " PhD diss., University of Tennessee, 1999. 
https://trace.tennessee.edu/utk_graddiss/8887 

This Dissertation is brought to you for free and open access by the Graduate School at TRACE: Tennessee 
Research and Creative Exchange. It has been accepted for inclusion in Doctoral Dissertations by an authorized 
administrator of TRACE: Tennessee Research and Creative Exchange. For more information, please contact 
trace@utk.edu. 

https://trace.tennessee.edu/
https://trace.tennessee.edu/
https://trace.tennessee.edu/utk_graddiss
https://trace.tennessee.edu/utk-grad
https://trace.tennessee.edu/utk_graddiss?utm_source=trace.tennessee.edu%2Futk_graddiss%2F8887&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:trace@utk.edu


To the Graduate Council: 

I am submitting herewith a dissertation written by Kerrie L. Moreau entitled "The effects of 

walking volume on blood pressure in hypertensive postmenopausal women." I have examined 

the final electronic copy of this dissertation for form and content and recommend that it be 

accepted in partial fulfillment of the requirements for the degree of Doctor of Philosophy, with a 

major in Education. 

Dixie L. Thompson, Major Professor 

We have read this dissertation and recommend its acceptance: 

Edward Howley, David Bassett, Kathleen Lawler 

Accepted for the Council: 

Carolyn R. Hodges 

Vice Provost and Dean of the Graduate School 

(Original signatures are on file with official student records.) 



To the Graduate Council:

I am submitting herewith a dissertation written by Kerrie Lynn Moreau entitled “The
Effects of Walking Volume on Blood Pressure in Hypertensive Postmenopausal
Women.” I have examined the final copy of this dissertation for form and content and
recommend that it be accepted in partial fulfillment of the requirements for the degree
of Doctor of Philosophy, with a major in Education.

Dixie L. Thompso^l^ajor Professor

We have read this dissertation

and recommend its acceptance:

A. 75

Accepted for the Council:

Associate Vice Chancellor and

Dean of the Graduate School



THE EFFECTS OF WALKING VOLUME ON

BLOOD PRESSURE IN HYPTERTENSIVE

POSTMENOPAUSAL WOMEN

A Dissertation

Presented for the

Doctor of Philosophy

Degree

The University of Tennessee, Knoxville

Kerrie Lynn Moreau

August 1999



ACKNOWLEDGMENTS

First, I would like to give a special thanks to my advisor and chair of

my dissertation committee. Dr. Dixie Thompson. She is one of the best

mentors that anyone could ever have. I feel fortunate enough for having the

opportunity to work with such an energetic and enthusiastic researcher. I

would have never have made it through this process without her guidance and

constant support, and for her disregard of the two most common words coming

out of my mouth: “I Quit!”. I’ll miss the 5 am testing as I’m sure she will.

Next I would like to thank Dr. Edward Howley, a prominent partner of‘Team

Catecholamine”. Dr. Howley gave me constant support and passed on his

knowledge and insight not only in exercise physiology but life in general. I

would also like to thank him for allowing me to lead the Friday afternoon “601

B Seminar” and for getting me involved in the very quick and easy

catecholamine assay. I would also like to thank Dr. David Bassett for turning

me on to the world of pedometers and motion sensors, and for providing me

with his knowledge regarding physical activity and hypertension research. I

would like to thank Dr. Kathleen Lawler for serving on my committee and

introducing me to the psychological research.

I would like to give a special thanks to the following students who

helped me out throughout the course of this study with some of the data

collection; Julie Hetrich, Jason Langley, Eric Lockhart, Colleen McMahon,

■x



Ann Swartz, Scott Strath, Shay Riggs, Robin Boughey and Jim McMahon. I

would like to give a special thanks to Racheal DeGarmo who served as my

“right-hand” lady. Racheal took a pivotal role in helping with the screening

process, and scheduling the women for testing. She also helped out with the

dietary analyses as well as the testing procedures. This project would have

never been completed without all of your help, thanks.

I would also like to give a special thanks to Pam Andrews, our

laboratory technician, who was a great help throughout my career here at UT.

Special thanks to Dr. Tom Chen who allowed me to use his laboratory for

performing some of my assays.

I would like to express my gratitude to all the women who participated

in the study. You all are real “troopers”.

Finally I would like to thank my mom and stepfather and the rest of my

family back home in Wisconsin. Your love and support has been a constant in

my life and I would have never have made it this far with out it.

This research was supported with an American College of Sports

Medicine Foundation Research Grant by the American College of Sports

Medicine Foundation. Their support is greatly appreciated.

ui



ABSTRACT

The American College of Sports Medicine and the Centers for Disease and

Control and Prevention (ACSM-CDC) recommend that 30 minutes of accumulated

moderate intensity activity, such as brisk walking, should be performed daily for the

attainment of health benefits. However, the effectiveness of these recommendations

remain untested, particularly for their efficacy in lowering blood pressure in

hypertensive postmenopausal women. Therefore, postmenopausal women with

borderline to mild hypertension were randomly assigned to either a 16 kilometer/week

(low) walking group (N = 12), 32 kilometer/week walking (high) group (N = 12), or

sedentary control group (N = 13). The low and high groups walked an average of 13

and 22 kilometers/week respectively, above their baseline walking activity for 12

weeks, while walking activity remained unchanged for the controls. There were no

significant reductions in blood pressure with walking in either low or high group. No

significant changes were observed in variables associated with blood pressure

including body composition, insulin, glucose, insulin/glucose ratio, or caloric intake.

Also, there were no changes in depression, hostility, aggression, or self-esteeem scores

with walking. There were also no significant differences in submaximal heart rate or

blood pressure, however, the respiratory exchange ratio was significantly reduced in

the low and high groups (p < 0.05), demonstrating  a training adaptation. Women who

responded favorably (decrease in systolic or diastolic blood pressure > 10 mm Hg) to

the walking were characterized by having a greater adherence rate to the walking
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program, higher baseline levels of blood pressure, and a larger reduction in body mass

in comparison to non-responders. It was concluded that a 12 week program meeting

or exceeding the ACSM-CDC physical activity recommendations was ineffective in

lowering blood pressure in postmenopausal women with borderline to mild

hypertension. However, the strong associations between exercise adherence and blood

pressure reduction as well as between weight loss and blood pressure decline suggest

that these factors are critical to blood pressure reduction in postmenopausal

hypertensive women.
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CHAPTER I

INTRODUCTION

Hypertension is associated with increased risk for the development of

cardiovascular disease (CVD) (161, 195). An estimated 43 million US adults are

hypertensive, with the highest prevalence rates occurring in men and postmenopausal

women (27). After menopause, women are more likely than premenopausal women to

suffer from hypertension possibly due to increases in body weight, central obesity,

androgen and insulin levels, insulin resistance, and physical inactivity. Several of

these factors have been reported to be related and often cluster (62,115, 172). Obesity

can lead to insulin resistance, which can cause hyperinsulinemia  to occur

(44, 116, 172). The increased insulin levels can cause an increase in renal

reabsorption of sodium (43, 78), and can stimulate the sympathetic nervous system

(177, 179). Both of these mechanisms can cause blood pressure to increase (43, 177,

179). Physical inactivity is a behavioral factor associated with obesity, insulin

resistance, and hypertension (32, 49, 50, 91, 164, 173). In addition to physical

precursors, psychological factors including hostility, aggression, and depression have

been linked to the development of hypertension (127, 138, 202, 220).

Cardiovascular diseases, blood pressure, and associated factors can be

favorably influenced by regular physical activity. In fact, walking for 30-45 minutes, 3

times/week has been reported to decrease the risk of myocardial infarction by 50% in
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postmenopausal women (132). Epidemiological data suggest that increased levels of

physical activity are associated with a lower prevalence of hypertension

(164, 173, 225,226). Other risk factors related to hypertension such as obesity and

insulin resistance are also impacted by physical activity. For example, men and

women who are physically active have a more favorable body composition in

comparison to those who are less active (30, 101, 190,223,226). Additionally,

physical activity has been shown to be inversely related to the development of insulin

resistance (95, 139,140). Also, physical activity has also been reported to decrease

depressive symptoms and improve overall psychological well-being (141, 150). Yet,

despite the protective effects of leading an active lifestyle, 59% of US adult women

engage in little (less than 3 days/week) leisure-time physical activity (LTPA) and 27%

participate in no LTPA (35). There is general agreement that encouraging sedentary

individuals to become more active is a good first step, however, experts continue to

debate the “optimal” exercise prescription for the attainment of health benefits. The

“optimal dose” is the type, intensity, duration, frequency, and total amount of exercise

that will maximize physical and psychological benefit while minimizing risk and cost

(93).

The current recommendations from the American College of Sports Medicine

(ACSM) and the Centers for Disease and Control and Prevention (CDC) suggest that

all American adults set a goal of accumulating at least 30 minutes of moderate

intensity physical activity on most, if not all, days of the week (166). These

recommendations are derived from population based studies reporting a dose-response
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gradient between total amount of physical activity and health outcomes

(134,159, 169). From these studies, experts concluded that substantial health benefits

could be obtained with an energy expenditure of 150 kilocalories/day or 1000

kilocalories/week (166, 216). However, the use of self-reported physical activity data

to derive exercise prescriptions lacks precision. While the epidemiological data do

show a dose-response relationship across physical activity categories, the threshold of

activity needed to derive specific health benefits such as reductions in blood pressure

in hypertensive post-menopausal women remains elusive. Haskell (92, 93) reviewed

the issue of dose-response and described hypothetical curves representing the

relationship between physical activity and selected CVD risk factors. Haskell (92, 93)

described the relationship between blood pressure and physical activity as curvilinear,

with a 65% response in blood pressure at a caloric expenditure of 1000 kcal/week.

Jennings et al. (106) suggest that the relationship between exercise level and blood

pressure is sigmoidal. However, the limited number of well-designed experimental

studies makes it impossible to clearly identify the shape of the exercise and blood

pressure dose-response curve.

The minimum ACSM-CDC physical activity recommendation can be met by

performing ordinary tasks such as gardening for 30 minutes a day or brisk walking 1.5

to 2 miles (166,216). With walking emerging as the mode of choice for most adults

who exercise regularly and in those with the lowest prevalence of LTPA (188),

intervention studies have examined the blood pressure lowering effect of walking for

exercise. Some studies have shown significant improvements in blood pressure with
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walking programs that are less than the minimum physical activity recommendations

(82, 152, 186,224). Seals et al. (186) reported a significant reduction in both systolic

and diastolic blood pressure in postmenopausal women who walked an average of 44

minutes per day, 3 days per week for 12 weeks. Similarily, Motoyama et al. (152)

reported a 15 and 9 mm Hg reduction in resting systolic and diastolic blood pressures,

respectively, in elderly hypertensive patients who walked for 30 minutes, 3 to 6 days

per week. In contrast, other studies have shown no significant improvements in blood

pressure with walking programs that have induced  a caloric expenditure equivalent to

or greater than the minimum recommendations (52, 168, 171, 184). The inconsistent

findings can possibly be attributed to differences in study duration, intensity of

walking, or subject characteristics (differences in gender, age, baseline levels).

Therefore, it is difficult to reach a general consensus on the optimal dose of walking

needed to achieve normalized blood pressure

Previous walking studies (52, 82,105, 171) have examined the dose-response

relationship for blood pressure and other CVD risk factors. Hagberg et al. (82)

investigated this issue by varying walking intensities (low versus moderate intensity)

and reported significant blood pressure changes in both groups. However, this study

examined the effect of intensity dose and did not explore the issue of exercise volume,

as the total amount of exercise was held constant across the groups. Jennings et al.

(105) explored the dose-response issue by using four levels of physical activity:

extremely low, normal activity, normal activity plus biking 3 times/week for 40

minutes, normal activity plus biking 7 times/week for 40 minutes. Systolic and
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diastolic blood pressure was significantly reduced by 10 and 7 mm Hg, respectively.

with biking 3 times/week, and by 12 and 7 mm Hg, respectively, with biking 7

times/week. However, the researchers used a cross-over design in which each subject

was randomized to each of the four activity groups every four weeks. The possibility

exists that four weeks may not be long enough to demonstrate a blood pressure

lowering effect or a detraining effect where blood pressure rises back to baseline

levels. In contrast to Jennings et al.’s (105) findings, a study that investigated

different levels of physical activity through varying the weekly walking volume

demonstrated no significant improvements in blood pressure from walking either 17 or

26 kilometers/week for 24 weeks (171). The authors explained this finding by

suggesting that the women in their study may have reduced their participation in other

activities in order to compensate for the walking program or they inaccurately reported

their activity and food intake. The authors were not, however, able to support this

supposition.

The primary purpose of this study was to extend previous work and evaluate

the effectiveness of the ACSM-CDC physical activity recommendation in reducing

blood pressure in borderline to mildly hypertensive postmenopausal women. A

second purpose of the study was to examine the dose-response relationship between

walking volume and blood pressure reduction in postmenopausal hypertensive

women. The prescribed walking mileage for the study’s design was chosen so that

one group met the ACSM-CDC minimum recommendation of 30 minutes/day

(equivalent to walking 2.4 km/day or 16 km/wk), and the other group performed twice

5
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that amount. A control group which did not change physical activity was also tested.

Because blood pressure response has been reported to be associated with body

composition, insulin resistance, insulin levels, hostility, aggression, and depression, a

third purpose was to examine whether these variables were affected by dose of

walking. A fourth purpose was to identify characteristics that differentiate responders

(walkers who dropped resting systolic or diastolic blood pressure by > 10 mm Hg)

from non-responders (walkers with <10 mm Hg decline in systolic or diastolic blood

pressure).
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CHAPTER n

REVIEW OF LITERATURE

Hypertension is defined as a systolic blood pressure (SBP) >140 mm Hg or

diastolic blood pressure (DBP) > 90 mm Hg (107). Approximately 24% of the U. S.

adult population has high blood pressure, and only 47% of Americans have optimal

SBP and DBP levels (< 120 mm Hg and < 80 mm Hg, respectively)

(30, 101, 190, 223,226). The prevalence of hypertension increases with age and is

more common in Afiican Americans than Caucasians (27). Young men have a greater

risk for developing high blood pressure than young women, but after the age of 55,

women are at a greater risk for high blood pressure than similarly aged men (27). The

risk for developing hypertension is two to threefold higher in those with blood

pressure levels in the high-normal range (SBP of 130-139 mm Hg or DBP of 85-89

mm Hg) than those in the optimal range (131). Although various factors

associated with a greater risk of hypertension, the cause of 95% of the cases of

elevation in blood pressure cannot be determined (47).

High blood pressure is a major modifiable risk factor for CVD and contributes

to an increased risk for myocardial infarction, congestive heart failure, stroke,

peripheral vascular disease, and renal failure (114, 195). The risk for CVD increases

in a graded fashion with both increasing SBP and DBP (195). Systolic blood pressure

in the high-normal category is associated with two times the risk of death fi-om CVD

in comparison to blood pressure in the normal category (195). The risk for CVD

are
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morbidity and mortality is potentiated when hypertension clusters with other risk

factors such as insulin resistance, glucose intolerance, dyslipidemia, and obesity

(5,114). Several of these risk factors, such as obesity and insulin resistance, may be

responsible for the elevation in blood pressure or may work in concert with other

mechanisms to cause the elevation in blood pressure. The next section will discuss

several postulated mechanisms leading to the development of hypertension.

Mechanisms of Hypertension

Approximately 95% of hypertensive cases have no identifiable cause. This

type of hypertension is termed essential or primary hypertension. Secondary

hypertension which afflicts 5% of the population of hypertensives, is frequently due to

some defined structural or hormonal cause and is often curable (47). The onset of

essential hypertension usually occurs after young adulthood and gradually progresses

with age while secondary hypertension is rather abrupt (47). The mechanisms

responsible for the development of essential hypertension are not totally clear.

However, proposed mechanisms include obesity, insulin resistance, hyperinsulinemia,

aging, menopause, and physical inactivity. In the following pages these mechanisms

will be discussed.

Bo(fy Composition

Numerous studies havfe reported an association between measures of body

composition and blood pressure (9, 66, 115, 119, 125,222). Weight gain and
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increases in adiposity have been shown to be major contributors to the increase in

blood pressure (9, 76,115). In the Framingham Study, 70% and 61% of the

hypertensive cases observed in men and women, respectively, were associated with

excess body fat (115). Systolic blood pressure was found to increase by 4.5 mm Hg

for every 10 lb increase in body mass in this population (115). A linear relationship

between BMI and blood pressure has been observed in populations with BMI between

21 kg/m^to 29 kg/m^ (119). While consistent associations have been reported

between body composition and blood pressure, the pathophysiological mechanisms

linking obesity and hypertension are not clearly understood (124).

Obesity-related hypertension is characterized by an increase in cardiac output

and a normal or slightly elevated systemic vascular resistance (124, 175). The

increase in cardiac output is due to hypervolemia resulting from an expansion of

extracellular fluid volume (84, 85,124). The increase in peripheral vascular resistance

results from a lack of adaptation of the peripheral resistance to the increase in cardiac

output (124). Under normal circumstances, intrarenal and neurohumoral mechanisms

regulate fluid balance to prevent the rise in cardiac output and blood pressure. When

blood pressure increases, sodium and water are excreted through pressure natriuresis

and diuresis. This decreases extracellular fluid volume and venous return, which in

turn decreases cardiac output and blood pressure (79). However, in obesity-related

hypertension, there is a shift in pressure natriuresis to higher blood pressure levels

(84, 85, 124). Hall et al. (124) found the marked retention of sodium and water

associated with obesity-induced hypertension in dogs was due to an increase in tubular

9



reabsorption. However, the mechanisms responsible for the increase in tubular

reabsorption and sodium retention in obesity are unclear (124).

Several mechanisms have been postulated to explain the shift in pressure

natriuresis and altered renal function observed in obese hypertensives. One

mechanism that could contribute to the increase in tubular reabsorption and decrease

in sodium excretion is activation of the renin-angiotensin system (85). The renin-

angiotensin system regulates sodium and fluid balance and subsequently blood

pressure by adjusting angiotensin 11 levels. In situations of low sodium levels or

extracellular fluid volume, angiotensin n increases tubular reabsorption to achieve a

normal level of fluid volume and blood pressure (148). Even small increases in

angiotensin n (5 ng kg'^ min'^) can cause increases in blood pressure especially with

an increase in sodium intake and fluid volume (88). In obese hypertensives, the renin-

angiotensin system may be enhanced despite volume expansion. Plasma renin activity

was increased more than two-fold in obese dogs despite an increase in sodium

retention and extracellular fluid volume (85). The authors suggested that the inability

to suppress angiotensin n levels appropriately, despite an increase in extracellular

fluid volume may be due to an underlying stimulus of renin secretion in obesity

(84, 85). One underlying stimulus of renin release may be the activation of the

sympathetic nervous system (84). However, the amount of involvement of the renin-

angiotensin system in increased pressure natriuresis in obesity-related hypertension

remains to be folly elucidated.
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An increase in sympathetic nervous system activity is another mechanism

linked to the increase in tubular reabsorption, sodium retention, and hypertension in

obese individuals (84, 85, 215). Sympathetic nervous system activity as measured via

muscle microneurography, has been reported to increase with increasing adiposity

(109,110). Increased caloric intake and weight gain have been shown to increase

sympathetic nervous system activity and blood pressure (85). The increased

sympathetic nervous system activity observed in obesity-related hypertension could

possibly be due to the insulin resistant state and elevated insulin levels that often

accompany obesity (60, 61, 112). Insulin can stimulate the sympathetic nervous

system (179) and increase sodium reabsorption (43, 78). The sympathetic nervous

system may also play a role in increasing peripheral vascular resistance particularly in

obese hypertensives who are insulin resistant (124). The relationship between insulin

resistance, hyperinsulinemia, and, hypertension will be examined in the next section.

Hyperinsulinemia and Insulin Resistance

The previous section examined the link between body composition and blood

pressure, with obesity-related hypertension being characterized by a shift in pressure

natriuresis and increased activity of renin-angiotensin and the sympathetic

system. Another mechanism that has been reported to contribute to obesity-related

hypertension is insulin resistance and the compensatory hyperinsulinemia

(21, 59, 60, 62, 112, 129, 137, 149, 221). Obesity increases the risk for becoming

insulin resistant and hyperinsulinemic (67). Elevated fasting insulin levels have been

nervous
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shown to be independently associated with hypertension (137, 149,221). Lissner et

al. (137) found that women with higher insulin levels (> 17 pUL"^) were at 3 times the

risk of developing hypertension over a 12 year period in comparison to women with

lower insulin levels (< 10 pUL'^), even after adjusting for BMI, waist to hip ratio

(WHR), and change in body mass. Ferrannini et al. (62) reported an increase in both

systolic and diastolic blood pressure by 2 mm Hg for every increase in insulin

resistance of 10 pmol min'^ kg'^ Although the previous studies (59, 62,137, 149, 221)

show a relationship between insulin resistance, hyperinsulinemia, and blood pressure,

several studies have shown weak or non-existant relationships (94, 155,212). While it

is difficult to ascertain a causal relationship from correlational evidence, several

authors have examined the mechanistic link between insulin resistance,

hyperinsuinemia, and blood pressure through experimental studies.

Arterial blood pressure has been shown to increase after administration of

insulin (21, 22, 64,177). Several mechanisms have been proposed to explain how

hyperinsulinemia elevates blood pressure. One postulated mechanism is that elevated

insulin levels cause an increase in sodium retention which can increase extracellular

fluid volume, increase cardiac output, and cause blood pressure to rise (43, 64, 175).

Finch et al. (64) observed a significant reduction in sodium excretion rates after acute

administration of pathophysiologically high levels of insulin in both h5^ertensive and

normotensive rats. While an anti-natriuretic effect was observed, there was no change

in mean arterial blood pressure in either the hypertensive or normotensive rats. The
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authors speculated that blood pressure would possibly increase under chronic

administration of insulin. However, several studies reporting an anti-natriuretic effect

during chronic hyperinsulinemia have shown no change in blood pressure (23, 86, 87).

In fact. Hall et al. (87) noticed a decrease in blood pressure during the first few days of

insulin infusion in dogs on a high sodium diet. It is possible that the anti-natriuretic

effect observed in the dogs was due to a compensatory mechanism to raise blood

pressure back up to normal levels since insulin has been shown to have a vasodilatoiy

response (4,23, 94,126). While hyperinsulinemia has been demonstrated to have an

anti-natriuretic anti-natriuretic effect, this effect does not appear to be responsible for

the increase in arterial blood pressure observed in some studies.

A second mechanism postulated to cause blood pressure to become elevated

during hyperinsulinemia is an increase in sympathetic nervous system activity

(21, 112, 129,177). Insulin infusion coupled with euglycemic clamp results in

increases in measures of sympathetic nervous system activity (177, 179). Rowe et al.

(179) reported a dose-dependent increase in norepinephrine levels along with an

increase in arterial blood pressure during a hyperinsulinemic/euglycemic clamp

technique. Similarly, Rocchini et al.(177) also showed insulin infusion to result in a

dose-dependent increase in both plasma norepinephrine and arterial pressure. Within

the same study, the authors examined whether hyperinsulinemia could augment the

renin-angiotensin-aldosterone system. They found that the insulin infusions also

increased the angiotensin H-stimulated aldosterone production and the pressor

response to angiotensin 11. The authors speculated that the increased pressor response
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of angiotensin II was probably due to the increased activation of the sympathetic

nervous system. In contrast to these findings, Anderson et al. (4) did not find a

concomitant increase in blood pressure after infusing insulin despite increases in both

muscle sympathetic nervous system activity and norepinephrine levels. Anderson et

al. (4) found that forearm vascular resistance and blood pressure decreased during the

insulin infusions, demonstrating a vasodilator response. Thus, it is possible that the

increase in sympathetic nervous system activity could be a compensatory response for

the drop in blood pressure.

A third mechanism through which hyperinsulinemia may elevate blood

pressure is its trophic effect on vascular smooth muscle growth and hypertrophy of the

vessel wall (176,200). Chronic hyperinsulinemia and insulin-induced overstimulation

of the sympathetic nervous system can lead to structural and functional changes within

the vascular smooth muscle walls (112). Hyperinsulinemia has been shown to cause

vascular smooth muscle proliferation (200). The proliferation of the smooth muscle

walls can lead to vascular hypertrophy and to the subsequent development of

hypertension.

Aging andMenopause

Arterial blood pressure and the risk of developing hypertension increases with

age and menopause (27, 56, 194,228). After menopause, women have higher

prevalence rates of hypertension than men and premenopausal women

(27, 56, 194, 228). The risk for developing hypertension is 2.2 times higher in
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postmenopausal women in comparison to premenopausal women (194). This increase

in blood pressure has a major impact on health because hypertensive women have

higher risks of coronary heart disease and stroke with relative risks of 3.5 and 2.6

respectively, in comparison to normotensive women (63). The elevation in blood

pressure observed with aging is more likely due to an increase in systemic vascular

resistance since cardiac output remains unchanged or decreases with age (102).

Factors that could possibly contribute to the increase in systemic vascular resistance

and subsequent elevation in blood pressure include endothelial dysfunction, increased

sympathetic nervous system activity, weight gain, and hyperinsulinemia.

A loss of endothelial function has been reported to occur with aging and

menopause (10,29,204,205). Several studies have shown that older individuals have

a blunted response to agonist-induced vasodilation indicating a decrease in

endothelium-dependent vasodilation (29, 204,205). In men, the age-related decline in

endothelium-dependent vasodilation occurs during the third decade and is constant

and progressive until old age (29,204). However, in women, the decline in

endothelium-dependent vasodilation does not occur until the fifth decade or after

menopause (29,204). The delayed impairment in endothelial function in women

before menopause can be attributed to the protective effect of estrogens on the

endothelium. Administration of physiological levels of estrogen potentiates

endothelium-dependent vasodilation of the brachial artery (136) and in both the large

coronary and microvascular arteries (75). The mechanism through which estrogen
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protects the endothelium may be a direct effect of estrogen on endothelial cells and

their release of vasodilators such as nitric oxide.

Another mechanism occurring with aging that can cause a rise in systemic

vascular resistance and blood pressure is an increase in sympathetic nervous system

activity (99, 109, 110,157,203). Several studies have demonstrated that aging is

associated with a marked increase in muscle sympathetic nervous system activity as

measured through microneurography (109, 110, 157,203); however, the mechanisms

responsible for this increase are not fiilly established. While it has been speculated

that cardiopulmonary and arterial baroreflexes that inhibit muscle sympathetic nervous

system activity are desensitized with age, several studies have shown that neither

cardiopulmonary nor arterial barorefiex tonic sympatho-inhibition are diminished with

age (39, 40,208). Chronic elevations of increased sympathetic nervous system

activity could potentially lead to structural changes within the vascular wall. Arterial

thickening and loss of arterial distensibility has been shown to occur with aging

(10, 209) but it is unclear if these changes can be attributed to increases in sympathetic

nervous system activity. As mentioned previously, adiposity (84, 85, 215), insulin

resistance, and hyperinsulinemia (21, 59, 60, 62, 112, 129, 137, 149, 221) have been

postulated as mechanisms responsible for the increase in sympathetic nervous system

activity and subsequent blood pressure elevation. Approximately 60% of the variance

in age-related increase in muscle sympathetic nervous system activity has been shown

to be attributed to increases in total body and abdominal adiposity (109, 110). Weight

gain, central redistribution of body fat, and a loss of insulin sensitivity often occur
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with aging and menopause (33, 56, 180). Higher prevalence rates of obesity and

diabetes have been observed in postmenopausal women than premenopausal women

(180). The body composition changes that occur after menopause have been attributed

to the aging process, however, it has been postulated that the increase in central

obesity may be due to estrogen deficiency (33). Thus, the increase in sympathetic

nervous system activity and subsequent blood pressure elevation may be in part due to

the changes in body composition and insulin sensitivity that can occur with aging and

menopause.

Psychological Factors

Chronic psychological factors including hostility, aggression, and depression

have been linked with adverse health outcomes. Depression and dimensions of

hostility have been shown to be associated with an increased risk for CVD

(14,15, 57,143, 144) and hypertension (48, 73,156,220). The increased risk for

CVD and hypertension may be attributed to excessive and chronic cardiovascular

(146, 198,202,219, 220) and neuroendocrine responses to these behavioral stresses

(156,202, 211). Hostility, aggression, and depression have been associated with

greater levels of cardiovascular reactivity (130, 146,198,202,219,220).

Hyperreactivity and altered neuroendocrine function can cause damage to the vessel

wall, and thus, can contribute to the development of atherogenesis and hypertension

(96). The next section will examine the above mentioned psychosocial factors and

their role in the development of hypertension.
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Hostility is a psychological factor characterized by various cognitive,

emotional, and behavioral traits including cynicism, anger, mistrust, and aggression

(13). As mentioned previously, traits of hostility have been linked to the development

of hypertension. Several studies have shown that individuals high in traits of hostility

demonstrate higher resting systolic and diastolic blood pressures than those low in

hostility (17, 37,48, 77, 193). An inverse relationship between anger expression and

blood pressure has been observed with both systolic and diastolic blood pressure

increasing with anger suppression (77). Dimsdale et al. (48) found resting systolic

blood pressure to increase by 2.5 mm Hg for each increment of suppressed anger in

comparison to an increase of 1.4 mm Hg for every 10% of being overweight.

However, the association between blood pressure and traits of hostility is not universal

(127, 181), and the relationship between hostility and blood pressure may be different

between men and women (37,48, 193).

Some investigators have found no relationship between hostility scores and

blood pressure in women (37, 48, 127). Davidson et al. (37) reported hostility

to be related to a higher resting systolic blood pressure in men, but a lower systolic

blood pressure in women. Davidson et al. (37) suggested that men may express

hostility more aggressively than women. In contrast, Spicer et al. (193) found higher

systolic and diastolic blood pressitres in women who were more cynically hostile.

Lahad et al. (127) reported no relationship between hostility and the prevalence of

hypertension but reported a borderline relationship between aggression and

hypertension in postmenopausal women. The differences in findings could possibly be

scores
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due to differences in the measurement of hostility. The study by Davidson et al. (37)

assessed hostility using interview-derived hostility subscales (Potential for Hostility

and its subscales), while Spicer et al. (193) measured hostility using the Cook-Medley

Hostility Scale, and Lahad et al. (127) used subscales (Hostile-Affect and Aggressive-

Responding factors) of the Cook-Medley Hostility Scale. Davidson et al. (37) states

that the structured-interview-hostility scale may reflect expressive hostility better than

other scales and may be better for predicting cardiovascular disease. They also

suggest that the structured-interview scales may measure a different construct in

women than in men. Lahad et al. (127) used subscales of the Cook-Medley Hostility

Scale because they have been shown to be stonger predictors of mortality and left

ventricular dysfimction, and like Davidson et al. (37), Lahad et al. (127) found no

relationship between hostility and hypertension in women.

Depression is another psychological factor that has been linked to the

development of hypertension. Epidemiological evidence has shown a relationship

between depression and hypertension (108, 138,227). Depressive reactions have been

shown to increase blood pressure (220), and in chronic cases may be more harmful

than traits of hostility (96). However, as is the case with hostility, research is

conflicting regarding the relationship between depression and hypertension, as some

studies have shown no relationship between depression and blood pressure response

(72,111). Friedman et al. (72) found no significant relationship between hypertension

and depression after eliminating individuals with clinical diagnoses of hypertension

depression. However, by eliminating those with hypertension and depression.

or
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relationship between the two may be less likely to be shown. Also, hypertension was

diagnosed as a diastolic blood pressure ̂ 90 mmHg, thus, it is possible that the results

would be different if systolic hypertension (SBP  > 140) was also used. In contrast.

data from the National Health and Nutrition Examination Survey (NHANES I)

showed high depression to predict the incidence of hypertension (108). Caucasians

aged 45-64 and African Americans aged 25-64 with high depression had a relative risk

of 1.80 and 2.99, respectively, for hypertension. In this study (108), hypertension was

defined as a blood pressure of 160/95 or greater, thus, like the previous study (72), the

risk for hypertension could be greater if the present criteria for determining

hypertensive status was used.

The increased risk of developing hypertension with various psychological

factors (hostility, aggression, and depression) could be due to their effects on

cardiovascular and neuroendocrine responses. Several studies have shown traits of

hostility and depression to be related to cardiovascular hyperreactivity

(130, 146, 198,202, 219,220) and higher neuroendocrine responses (156,202,211)

during laboratory-induced stress. High-renin hypertensives have been shown to

exhibit more symptoms of depression, anxiety, and hostility in comparison to low-

renin patients (211). Waked et al. (220) found diastolic responsivity to be associated

with self-reported depression but not hostility, in borderline hypertensives in

comparison to normotensives. In contrast. Miller et al. (146) found normotensive

males who expressed high neurotic hostility to demonstrate greater systolic blood

pressures, heart rate, and cardiac output responses under harrassment conditions.
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Similarly, Suarez et al. (202) expanded these findings to include greater responses in

diastolic blood pressure, forearm blood flow, forearm vascular resistance.

norepinephrine, cortisol, and testosterone during harassed conditions in individuals

exhibiting higher hostility scores than those with low hostility scores. Cardiovascular

hyperreactivity and increased neuroendocrine responses may lead to structural changes

within the vascular wall, which under chronic conditions could potentially lead to

hypertension and CVD.

Physical Inactivity

A sedentary lifestyle has been linked to an increased risk for CVD mortality

and morbidity. Epidemiological studies have shown that regular physical activity

reduces the risk for CVD and CVD mortality (128, 134, 151, 159, 160, 182). Those

who are sedentary have two times the risk of coronary heart disease than those who

are active (169). With 25% of Americans being inactive and another 54% engaging in

inadequate amounts of activity, sedentary living is a major threat to the health of

Americans. Women, African Americans, Hispanics, and the elderly are the least

active groups. Physical activity appears to reduce CVD risk by altering risk factors

(body composition, blood pressure, insulin sensitivity, and blood lipids). Those who

are active have a more favorable CVD risk profile with lower blood pressure,

increased insulin sensitivity, favorable blood lipids, and lower body weight and body

fat.
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In general, physical inactivity has been associated with a higher incidence of

hypertension (164, 173). PafFenbarger et al. (164) reported a 35% higher risk of

developing hypertension in Harvard male alumni who did not engage in vigorous

exercise. Similarly, Reaven et al. (173) reported  a higher prevalence of systolic.

diastolic, and overall hypertension in older women who were inactive. The beneficial

effect of physical activity may be due in part to its effects on other health-related

factors associated with hypertension (obesity, insulin resistance, hyperinsulinemia).

As observed with hypertension, physical inactivity is associated with higher measures

of obesity, weight gain (30), insulin resistance, and hyperinsulinemia (90, 174, 192).

Physical Activity in the Treatment of Hypertension

Hypertension is difficult to treat because of its complex etiology. Different

biological and environmental aspects as discussed previously can have a significant

role in the development and subsequent treatment of hypertension. The “Sixth Report

of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment

of High Blood Pressure” (JNC VI) encourages lifestyle modification in the prevention

and treatment of high blood pressure, particularly in those with borderline

hypertension (130-139/85-89 mm Hg) and stage 1 hypertension (140-159/90-99

Hg), and in conjunction with pharmacological therapy in those with higher blood

pressure levels (107). Lifestyle modification would include weight reduction,

moderation in alcohol intake, reduction in sodium and fat intake, and participation in

regular physical activity. It has been suggested that hypertensive women may respond

mm
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better to lifestyle modifications (weight loss and increased physical activity) than men

because obesity is more prevalent among hypertensive women than hypertensive men

(117).

The American College of Sports Medicine’s 1993 Position Stand; ‘Physical

Activity, Physical Fitness, and Hypertension” recommends endurance exercise

training as a non-pharmacological approach to reducing elevated blood pressure (2).

The endurance exercise training should include large muscle activities, 3-5 days/week,

20-60 minutes in duration, at an intensity of 50-85% V02max. The ACSM also

recognizes that lower intensity (40-70 % V02max) exercises can lower blood pressure

just as much, or even greater, than higher intensity exercises. Along these same lines,

the ACSM and the CDC developed a set of physical activity recommendations geared

toward getting more people active. These “Exercise Lite” guidelines recommend that

most U.S. adults strive for at least 30 minutes of moderate intensity physical activity

on most, and preferably all, days of the week (166). The activity can be intermittent

continuous and can include occupational and nonoccupational tasks. These

recommendations are based on epidemiological studies that have shown an inverse

relationship between physical activity and CVD mortality and morbidity

(95, 139, 140). However, is this truly an optimal amount? In the next sections,

epidemiological studies reporting the association between physical activity and blood

pressure will be reviewed, and issues of optimal amount and dose-response will be

addressed.
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Epidemiological Studies

Epidemiological studies examining the relationship between physical activity

and blood pressure have reported inconsistent results. Several studies have shown a

significant relationships between blood pressure and physical activity

(54, 145, 164, 173, 199, 225,226), while others have reported no association

(3, 20, 36, 83, 123). Studies that have reported  a relationship between physical

activity and blood pressure have shown a reduced incidence of hypertension in those

who are active in comparison to those less active (164, 173). Reaven et al. (173)

reported a significant trend for prevalence of diastolic hypertension to decrease with

each increasing physical activity category in women 50-89 years of age. Even light to

moderate activities such as walking, gardening, and swimming were associated with a

reduced prevalence for overall, systolic, and diastolic hypertension. However, the

amount of activity needed to reduce the risk of hypertension is unknown as frequency

and duration of activity were not recorded in this study. Paffenbarger et al. (164)

reported an inverse relationship between vigorous exercise and incidence of

hypertension in 14,998 Harvard male alumni, with the risk of hypertension decreasing

with increasing hours of vigorous sports play per week. Low intensity activities such

as walking and stair climbing were not associated with hypertension risk.

The relationship between the amount of physical activity and blood pressure

has been investigated across a variety of activities and intensities. Williams et al.

(225) reported a significant reduction in both systolic and diastolic blood pressure with

increased weekly running distance in recreational female runners after adjustment for
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age, hormone use, menstrual status, and diet. Systolic blood pressure was reduced by

0.06 mm Hg and diastolic blood pressure by 0.028 mm Hg with each kilometer

increase in weekly running distance. Similar results were reported in male runners,

with running more than 80 km/week being associated with a 50% reduction in

hypertension and 79% reduction in the use of medications for blood pressure control.

In contrast to these studies, Kokkinos et al. (123) did not find a relationship between

blood pressure and weekly running mileage in 2906 men. The differences in findings

could be attributed to the differences in running distance. The highest category in

Kokinnos et al.’s study had a mean distance of 32 miles/week, whereas in Williams et

al.’s study, the highest category was greater than 50 miles/week. Upon careful

observation of the data fi’om Williams et al.’s studies, blood pressure is not

significantly reduced until a running distance greater than 30 miles/week in males, and

greater than 20 miles/week in females (225, 226). Thus, it is possible that a higher

running mileage is needed to exert an effect on blood pressure. Hakim et al. (83)

reported no differences in hypertension rates across increasing categories of daily

walking mileage in men participating in the Honolulu Heart Program. A significant

association has been reported between high intensity activity and systolic blood

pressure in women, and with diastolic blood pressure in men (145). However, light

intensity activity and duration of activity has also been associated with blood pressure

levels in women, but not in men (145). Bovens et al. (20) reported greater correlations

between fitness and systolic and diastolic blood pressure in women than in men and
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suggested that the blood pressure response to exercise training may be different

between genders.

Intervention Studies

As reviewed earlier, physical inactivity is associated with an increased risk of

the development of hypertension. A dose-response inverse relationship has been

demonstrated between systolic and diastolic blood pressure levels and increasing

amount of physical activity (173). Published reviews of the literature conclude an

overall blood pressure lowering effect of physical activity in both normotensive and

hypertensive individuals, with the average reduction in both systolic and diastolic

blood pressure being approximately 6-9 mm Hg, and  a greater blood pressure lowering

effect occurring in hypertensives than normotensives (8, 185). Arroll and Beaglehole

(8) report that physical activity performed daily appeared to exert a greater effect than

activity performed 3 days per week, and activities of moderate intensity showed a

reduction in blood pressure equal to that observed for vigorous activities. However,

since the publication of that review article, there continues to be debate concerning the

optimal amount (intensity, frequency, duration) of activity needed to elicit a blood

pressure lowering effect. The ACSM-CDC recommends  a minimum of 30 minutes of

moderate intensity physical activity for attaining health benefits. However, is this

amount of physical activity effective in lowering blood pressure? And is the

relationship between physical activity volume and blood pressure linear?
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The ACSM-CDC “Exercise Lite” recommendations can be met by brisk

walking 1.5 to 2 miles a day in a continuous or intermittent fashion. Several studies

have shown significant improvements in blood pressure with walking for exercise

(38, 82, 97, 152, 186, 210, 224). Seals et al.,(186) reported a significant reduction in

both systolic and diastolic blood pressure in postmenopausal women who participated

in a 12-week moderate-intensity walking program. The women who walked an

average of 44 minutes per day, 3 days per week reduced systolic blood pressure by 10

mm Hg and diastolic blood pressure by 7 mm Hg. Women who were categorized as

having stage I hypertension, reduced their blood pressure into the borderline

hypertensive range, and those with borderline hypertension reduced their blood

pressure into the normal range. The weekly mileage and caloric expenditure (~ 9

miles/week and 800 kcal/week) of the walking program was less than the current

ACSM-CDC physical activity recommendations. Other studies using walking

programs close to the ACSM-CDC guidelines (30 minutes, 5-7 days per week) have

showed similar reductions in blood pressure (97, 152, 210). The decreases in systolic

and diastolic blood pressure ranged between 7 to 15 mm Hg, and 4 and 9 mm Hg,

respectively.

In contrast to the previous findings (97, 152, 186,210), others have not found

low levels of physical activity to be effective in lowering blood pressure

(52, 133, 153, 168, 171, 183). Murphy et al. (153) examined the effects of meeting the

ACSM-CDC recommendations either intermittently or continuously on blood pressure

in women with desirable blood pressure (SBP of 125 and 124 mm Hg, respectively).
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Women participating in the study either walked for 30 minutes once per day, or 10

minutes, three times per day. Both groups increased their fitness level similarly, but

did not significantly reduce their blood pressure. Pollock et al. (168) reported similar

findings in males who walked for 40 minutes, 4 days per week. One possible

explanation for the discrepancies between studies could be that in those studies finding

no blood pressure reduction the participants all had desirable blood pressures

(52, 133, 153, 168, 171, 183), while participants in the studies that reported a

reduction in blood pressure (97, 152,186, 210) had borderline or stage I hypertension.

A greater reduction in blood pressure will occur in those with higher baseline values

since there is a greater opportunity for improvement with higher blood pressure values

(8). Thus, it appears that activities meeting the ‘'Exercise Lite” recommendations such

as walking can be an effective method for reducing blood pressure in individuals with

elevated blood pressure, but will have little if any impact on the blood pressure of

normotensive individuals.

The optimal exercise intensity for lowering blood pressure is another question

often debated. Duncan et al. (52) examined the effects of varying walking intensity

(56%, 67% and 86% H^x) on blood pressure in premenopausal sedentary women.

All 3 groups walked an average of 15 miles/week. After 24 weeks, there were no

changes in blood pressure across walking groups. These were, however, young

normotensive women. Hagberg et al. (82) also investigated the effects of varying

walking intensity (low vs. moderate intensity) on blood pressure but found differing

results. Men and women with essential hypertension walked an average of
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51 minutes/day, 3 days per week at either an intensity of 53% VO or at an2 max

intensity of 73% V02max- At the end of the 37-week walking program, diastolic and

mean arterial blood pressure were significantly reduced in both training groups.

Systolic blood pressure was significantly reduced in the low intensity walking group,

but was not significantly altered in the high intensity group. Other investigators using

intensites equivalent to the blood lactate threshold (40-60% VOj max) have shown a

similar reduction in both systolic and diastolic blood pressure in hypertensive

individuals (122,152). Kiyonaga et al. (122) reported a reduction in systolic and

diastolic blood pressure by 20 and 10 mm Hg, respectively, in 50% of the participants

after 10 weeks, and in 78% after 20 weeks of cycle training. Motoyama et al. (152)

reported a 15 and 11 mm Hg reduction in systolic and diastolic blood pressures,

respectively, in elderly hypertensive patients who walked at an intensity equivalent to

their lactate threshold (40-60 % VO :) for 30 minutes, 6 days a week. The reduction

in observed in blood pressure observed in the previous studies (122, 152) is

comparable to what Cade et al. (28) reported in hypertensive individuals participating

in an activity of higher intensity (running 2 miles a day for 3 months). Patients with

untreated hypertension decreased their systolic and diastolic blood pressure by

average of 17 and 14 mm Hg, respectively, while patients taking antihypertensive

medications experienced drops of 28 and 21 mm Hg in these variables. In general, the

findings from intervention studies demonstrate that low, moderate, and high intensity

exercise can be used successfully in lowering blood pressure. The impact of the

2 max
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exercise will be determined by both the pre-intervention blood pressures of the

participants as well as by the exercise program itself (exercise mode, frequency.

duration, and intensity).

When prescribing physical activity for the treatment of high blood pressure,

the dose-response relationship should be known in order to prescribe the optimal

amount (intensity, frequency, duration) of activity needed to elicit a blood pressure

lowering response. Physical activity meeting the minimum ACSM-CDC

recommendations has been shown to be effective in lowering blood pressure in

hypertensive individuals, however, can a greater effect be observed with doing more?

Is there a ceiling in which no greater benefit is going to occur?

Leon et al. (133) examined whether 2000 kcal/week of moderate intensity

physical activity (walking and stair climbing) could improve CVD risk factors,

including blood pressure, in normotensive men. After 12 weeks, systolic blood

pressure did not significantly change, and diastolic blood pressure rose in an

uncharacteristic fashion. In a study that specifically examined the dose response of

walking on blood pressure response, no significant improvements in blood pressure

were observed with walking either 11 or 17 miles per week (171). In both of these

studies (133,171), the authors attributed the lack of response due to a change in

dietary intake or a possible compensatory decline in other types of lifestyle physical

activity that the participants were accustomed to doing. Another reason for the failure

to demonstrate a drop in blood pressure in these studies could be that the participants

were normotensive at the onset of training. However, Jennings et al. (105), also
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investigating the dose-response relationship between volume of exercise and blood

pressure, reported a significant reduction in blood pressure in normotensive men.

Their subjects cycled at a moderate intensity (60-70% maximum work capacity) for 40

minutes either 3 or 7 days per week. They found the threshold for lowering blood

pressure to be lower than the effects of exercise on fitness or other CVD risk factors.

Exercising 3 days per week lowered blood pressure (systolic/diastolic) by 10/7 mm

Hg, while exercising 7 days per week decreased blood pressure by 12/7 mm Hg, and

thus, the authors concluded that the relationship between blood pressure and exercise

volume to be sigmoidal. In a follow-up review, Jennings al. (106) estimated that the

amount of moderate intensity exercise needed for blood pressure changes to occur to

be approximately 90 minutes/week, with only minor reductions occurring with

additional exercise. However, these findings were observed in young normotensive

individuals, thus, it is not known whether the same results would be found in older,

hypertensive individuals.

Mechanisms of Depressor Effects of Physical Activity

As observed in the previous section, physical activity has been shown to be an

effective non-pharmacological approach to lowering blood pressure in hypertensive

individuals. The mechanisms behind the depressor effects of physical activity

unclear. The decrease in blood pressure can be attributed to a reduction in cardiac

output and/or systemic vascular resistance. Total peripheral resistance has been

shown to decrease by 15% and 22% with 30 minutes of moderate intensity exercise 3

remain
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and 7 days per week, respectively (105). A reduction in sympathetic nervous system

activity has been proposed as a mechanism responsible for the reduction in cardiac

output and systemic vascular resistance observed with exercise training (7, 8,122,

217). The change in resting plasma norepinephrine after 10 weeks of exercise training

at the lactate threshold (40-60% VOjmax) has been shown to be positively correlated

(r = 0.69, p < 0.05) with the change in mean blood pressure (217). Jennings et al.

(105) reported a significant reduction in norepinephrine spillover rate (average rate at

which norepinephrine released from sympathetic activity enters the plasma) with

exercise training seven days per week, however, the response was not uniform across

the subjects even though blood pressure and total peripheral resistance responses were.

Other mechanisms proposed to cause a decrease in systemic vascular resistance and

blood pressure are changes in arterial function and structure (97,210). Tanaka et al

(210) reported a decrease in blood pressure along with an increase in peak limb

vasodilatoiy capacity in hypertensives who walked for 42 minutes/day, 3 days/week at

a low intensity. The authors speculated that that the decrease in systemic vascular

resistance and blood pressure could be due to increases in arterial wall diameter and

restructuring of the arterial walls resulting from the increase in limb blood flow.

As discussed previously, body weight and measures of Obesity have been

shown to be associated with increases in blood pressure (9, 66, 115, 119, 125, 222). A

moderate weight loss will have beneficial effects on several CVD risk factors (118).

However, weight loss may not be an important mechanism for blood pressure

reduction because some studies have shown blood pressure reduction with physical

32



activity even though body weight and body composition remained unchanged

(28, 97,105, 121, 206,210,217). In a review of the literature by ArroII and

Beaglehole, (8) they concluded that short term reductions in blood pressure may be

independent of weight loss, whereas, longer duration studies appear to have the

greatest decrease in blood pressure and also the greatest reduction in body weight. It

has been postulated that the reduction in blood pressure with weight loss is secondary

to the improvement in insulin sensitivity (201), since insulin levels and insulin

sensitivity have been associated with blood pressure response (137,149,221).

Physical Activity and Body Composition

Epidemiological evidence shows a dose-response relationship between

physical activity and selected measures of body composition (30, 101,190,223,226).

Most studies have shown that as the level of physical activity increases, BMI, WHR,

and skinfold measures decrease (30, 101, 190,223, 226), and those who remain active

decrease the risk of added weight gain later on in life (30, 70, 113). High intensity

physical activity appears to exert a greater effect on body composition

(49, 70, 113,213). However, light to moderate activities, such as walking, can result

in weight maintenance and decrease the risk of weight gain (70,113). Since there is

low cost and little risk of injury associated with walking, it may be the activity of

choice in prescribing weight reduction and weight maintenance programs.

With the prevalence of obesity still rising (65), there is considerable debate

to effective strategies of inducing weight loss and preventing weight gain. Both

as

33



caloric restriction and exercise can cause a reduction in body weight (11,45, 147),

however, when severe caloric restriction alone is used, a good proportion of the weight

that is lost may come from lean muscle mass (71, 218). Exercise or exercise

combined with caloric restriction will preserve lean muscle mass and increase the of

weight loss from the fat mass (71,218), but the type and amount of exercise that will

induce a significant amount of weight loss and reduce body fat percentage is debated.

Bailor and Keesey (11) conducted a meta-analysis to examine the effects of

type, frequency, and duration of exercise on body weight and body composition. They

found energy expended during exercise, as well as the initial body fat levels, account

for most of the variance associated with changes in body weight, fat mass, and percent

body fat associated with exercise training in men and women. In women, the number

of weeks of training and the duration of exercise also predicted body composition

changes. In a more recent meta-analysis, the average weight loss through diet,

exercise, and diet and exercise was 10.7 kg, 2.9 kg, and 11.0 kg, respectively (147).

When controlling for the duration of the weight loss program, exercise alone was

associated with a weight loss of 0.2 kg/week, while diet plus exercise was associated

with a weight loss of 1.0 kg/week.

There is some debate concerning which factor is more important in inducing

weight loss - exercise intensity or exercise volume. Most studies that have used low

to moderate intensity activities such as walking have not found a significant weight

loss to occur (89, 98, 133, 171, 196). In a study conducted by Hinkleman et al. (98),

body weight and body fat percentage did not change in women who participated in a
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supervised walking program for 15 weeks. The women walked approximately 16

miles/week and expended approximately 1400 kcal/week. The total caloric

expenditure for the entire 15-week study was estimated to be 9,975 kcal. Assuming

that a net energy balance of 7700 kcal is needed to lose a kilogram of fat, and no other

adaptations are occurring, the women should have lost 1.4 kg of body weight. The

women also reported consuming fewer calories, thus, an even greater weight loss

should have occurred. These findings are consistent with Hardman et al. (89) and

Stensel (196) who conducted walking programs of longer duration. Both of these

programs were 52 weeks in duration and the weekly energy expenditure from the

walking programs should have been approximately 1000-1300 kcal/week, enough to

induce a 7-10 kg weight loss. While cardiorespiratory fitness increased in both

studies, no weight loss occurred.

Several explanations could possibly explain why body composition changes

did not occur in the previous walking programs. One reason is that the participants

could have inaccurately reported their food intake as assessed through a dietary recall.

Overweight individuals are known to underestimate their food intake when asked to

keep record of their diet (6). Another reason could be an over-reporting of the amount

of physical activity that they performed. Jakicic et al. (103) found that overweight

women had a tendency to over-report their physical activity assessed through

questionnaire in comparisons to physical activity measured with an accelerometer.

Also, the women who over-reported their exercise were found to have a poorer weight

loss in comparison to those who under-reported their exercise (103). A third

a
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possibility could be that the participants decreased the amount of daily physical

activities that they were accustomed to performing prior to the adoption of an exercise

program.

Only studies that have used more aggressive (in amount, not intensity) walking

interventions have shown a significant amount of weight loss to occur (80, 81, 135).

Leon et al. (135) reported a 5.7 kg reduction in body weight and a 5% decrease in

body fat in obese men participating in a 16 week walking program of 90 minutes/day,

5 days a week. Similarly, Gwinup (81) reported a reduction in body weight by 7.7 kg

in women walking 60 minutes/day, seven days a week for 24 weeks. They found in

this study (81) and in a previous study (80) that weight loss did not occur until

walking duration exceeded 30 minutes daily. However, the current recommendations

are for the accumulation of 30 minutes of moderate intensity activity most days of the

week. Thus, it is possible that these guidelines may not be sufficient for significant

weight loss and body composition reduction, and it may be that only exercise of high

intensity or long duration will induce a significant amount of weight loss.

Several authors have examined the issue of exercise intensity on weight loss

and body composition changes (12, 26). Bryner et al. (26) investigated the effects of

moderate (60-70% HRn,ax) versus high (80-90% HIU«) exercise intensity on body

composition, weight loss, and dietary composition. The program consisted of

walking/jogging at either a moderate or high intensity for 40-45 minutes, 4 days/week.

After 12 weeks, body weight did not change in either group, however, percent body fat

was significantly reduced in those who participated in the high intensity but not the
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low intensity exercise. The reduction in body fat percentage that was observed in the

high intensity group can be attributed to the greater energy expenditure that occurred

since exercise frequency and duration were the same. However, the fact that body

weight was not reduced in either group, especially the high intensity group, is puzzling

since both groups reported no change in their caloric intake.

Bailor et al. (12) compared the effects of energy restriction in combination

with exercising at different intensities (Low vs High) at the same caloric expenditure

on body composition changes. Both groups consumed  a diet of 1200 kcal/day, and

either cycled for 25 minutes, 3x/wk at an intensity of 80-90 % VOjpeak, or for 50

minutes, 3x/wk at an intensity of40-50 % VOjpeak- At the completion of the 8-week

program, both groups significantly reduced body mass, fat mass, percent body fat, and

sum of skinfolds, however, there were no significant differences between the groups in

these changes. Body weight was reduced by 5-6 kg and percent body fat was 3-4%

lower. While no differences were observed between the two groups in body

composition changes, the authors suggested that low-intensity exercise may be a more

appropriate for an exercise program geared at weight loss in order to increase exercise

adherence in overweight and sedentary individuals.

Physical Activity and Insulin Sensitivity

Epidemiological evidence shows that those individuals who are regularly

active have lower insulin levels and lower incidences of insulin resistance, impaired
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glucose tolerance (IGT), and non-insulin dependent diabetes mellitus (MDDM)

(95,139, 140). Exercise training benefits those who have NIDDM and IGT by

increasing insulin sensitivity, insulin responsiveness, and improving glucose tolerance

(191,214, 229). Non-insulin dependent diabetic patients have been shown to have an

increase in insulin sensitivity after several bouts of exercise of high intensity / short

duration, or exercise of low intensity / long duration (24). Long-term exercise training

can enhance insulin action sufficient to normalize glucose tolerance in some NIDDM

and IGT patients (100,191). However, the optimal amount of physical activity

needed to induce such effects are unknown.

Regensteiner et al. (174) estimated fi-om epidemiological data that brisk

walking for 1 hour a day would be adequate to induce a 10% decrease in insulin area

under the curve from an oral glucose tolerance test. Exercise interventions with

training programs of similar magnitude show comparable results in insulin reduction.

Trovati et al. (214) conducted a 6-week training study and reported a decrease in

glycoslylated hemoglobin, an increase in insulin action, and an improvement in

glucose tolerance with 1 hour of cycling exercise, seven days a week, at

in NIDDM patients. Yamanouchi et al. (229) reported an increase in

insulin sensitivity in obese NIDDM patients who walked at least 10,000 steps per day

for 6-8 weeks. A significant reduction in body weight (8 kg) was also observed and

was significantly correlated with glucose metabolic clearance rate (MCR). However,

when multiple regression analysis was performed to examine the effects of the change

in body weight and the number of steps walked on MCR, only the effect of walking

50-60% VO2 max
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was significant. The significance of these studies is that they demonstrate that low

intensity activity such as walking can bring about a significant improvement in insulin

sensitivity and glucose tolerance.

Vigorous exercise training programs have a significant effect on insulin action

and have even been shown to normalize glucose tolerance in both IGT and NIDDM

patients (191). Smutok et al. (191) compared the effects of aerobic exercise training

versus strength training in men with either NIDDM, IGT, or hyperinsulinemia. The

aerobic exercise program consisted of walking or jogging for 30 minutes on a

treadmill at an intensity of 80-85% maximal heart rate reserve, three days per week,

while the strength training group performed 11 Nautilus exercises three days per week.

Both groups significantly reduced the total plasma glucose and insulin areas under the

oral glucose tolerance test (OGTT) curve. However, the OGTT was performed within

24 hours of the last training session, thus, it is possible that the improvement in

glucose tolerance and insulin sensitivity was due to the short-term effects of the last

training. When the last bout of exercise is controlled for, exercise training has no

independent effect on insulin action and no improvement in insulin sensitivity (187).

However, all men with IGT in the Smutok et al. study (191) normalized their glucose

tolerance after completing the exercise programs.

Some of the improvement in insulin sensitivity and glucose tolerance may be

attributed to a reduction in body mass and adiposity. Obese young men decreased

insulin levels by 43% and the ratio of insulin/glucose concentrations by 36% after

participating in a vigorous walking program that expended 1100 kcal/session, five
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days per week. The men also significantly reduced their body mass by 5.7 kg and

body fat by 5% (135). However, no regression analyses were performed between

measures of insulin sensitivity and body composition changes, thus, it is not known

whether the improvements in insulin sensitivity that were observed were related to the

exercise training or to body composition changes. Holloszy et al. (100) examined the

long-term effect of exercise training on insulin action and insulin resistance in patients

enrolled in a cardiac rehabilitation program. The patients attended an average 3.7 days

per week and walked or ran 3-5 miles each session. After 12 months of participating

in the exercise program, a significant reduction in insulin levels was observed.

Several NIDDM and IGT patients normalized their glucose tolerance. This finding

was independent of body weight changes, as three patients who normalized glucose

tolerance but did not lose weight had a similar response to those who did lose weight.

The authors concluded that approximately 25-35 km (15-20 miles) per week of

running or some other comparable form of exercise is necessary to normalize glucose

tolerance. However, because of some of the dangers that are associated with NDDDM

(i.e., peripheral neuropathy, foot ulcers, gangrene, hypoglycemia), caution should be

taken when recommending running for exercise in patients with NIDDM.

Physical Activity and Psychological Factors

Physical activity has been shown to benefit various psychological factors

(18, 25, 51, 120, 141, 165). Epidemiological studies have shown that individuals who

are physically active have decreased symptoms of the depression, hostility, aggression.
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and have higher levels of self-esteem and self-efficacy than sedentary individuals

(68, 158, 162, 178, 197). Data from NHANES I showed little or no LTPA to be a

significant predictor of increased depressive symptom scores, with women being twice

as likely of having depressive symptoms if they participated in little or no LTPA in

comparison to those who were active (58). Paffenbarger et al. (162) found that male

Harvard alumni who reported participating in more than 3 hours of sports play per

week had a 27% lower risk for developing depression than those playing less than 1

hour/week. Within this same cohort, a significant dose-response inverse relationship

was observed between physical activity reported in kilocalories/week and depression.

Men with physical activity levels of 1,000-2,499 kcal/week and > 2500 kcal/week had

a 17% and 28% lower risk of developing depression in comparison to men expending

< 1,000 kcal/week. In contrast to these findings, Musante et al. (154) reported a

positive relationship between vigorous activity and measures of hostility in both men

and women. The authors speculated that individuals may use vigorous activity to deal

with their feelings of hostility and aggression.

While epidemiology studies show physical activity to be beneficial in

improving psychological functioning, the amount (type, frequency, intensity, duration)

of activity needed for improvement is unknown. Both moderate and high intensity

exercise programs have been shown to be useful in improving self-esteem and

symptoms of depression, anxiety, and hostility (18, 25, 51, 120, 141, 165). Blumenthal

et al. (18) reported an improvement in several psychological variables in men and

women who participated in a supervised walking and/or jogging program for 45
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minutes a day, 3 days/week. By the end of the program, most participants were

jogging at an intensity of 70-85% ED^nax- Those individuals who participated in the 10

week program had lower Profile of Moods State (POMS) scores for depression.

fatigue, anger, hostility, and anxiety, while the inactive controls increased their scores

for all of these measures. King et al. (120) demonstrated that vigorous exercise is not

necessary to achieve psychological benefits. They compared the effects of performing

high intensity (73-88% Hl^eak) versus low intensity (60-73% HRpeak) exercise either at

home or in a group setting, on depression, anxiety, and perceived stress. At the end of

the 12 month program, there was no difference between intensity groups on

improvement in the above variables, however greater amounts of exercise

participation was associated with lower of amounts of depressive symptoms and

anxiety. Martinsen et al. (141) showed that there was no difference between aerobic

(brisk walking or jogging) or anaerobic exercise (strength training, flexibility,

relaxation) performed 3 days/week in reducing depression scores in patients with

clinical depression. These studies provide evidence for the utility of prescribing

physical activity based on the current ACSM-CDC recommendations.

While physical activity has been shown to be beneficial to psychological

health, some have reported no effect of physical activity on some measures of

psychological health (41, 165,167). De Geus et al. (41) found no effects of intensive

exercise training (running, aerobics, soccer^asketball games) 1.5 to 2.5 hours a week

on psychological measures of depression, hostility, anxiety, or self-esteem. Similarly,

after 16 weeks of either aerobic exercise (70% VOj max) or strength training and
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flexibility, hypertensive patients in a study conducted by Pierce et al. (167) showed no

significant improvement in hostility, anxiety, or depressive symptoms. However,

those patients that participated in the exercise programs did perceive themselves as

functioning better in cognitive and psychosocial functioning. The findings of no

beneficial effect of physical activity on psychological health may be attributed to the

fact that the participants of the previous studies (41, 167) had noraial psychological

functioning (i.e., scored low on depression and hostility scales) prior to beginning the

exercise intervention. But as mentioned earlier, the participants in these studies

reported fewer psychological problems and improved self-esteem after the training

intervention (41,167).

Conclusion

In general, the data from physical activity interventions show a beneficial

effect on blood pressure in individuals with hypertension. However, because of

differences in research designs and exercise programs, its difficult to determine the

optimal amount of activity needed to lower blood pressure. Significant reductions in

blood pressure have been demonstrated with performing activities of low to moderate

intensity (82,122,152,186,210,217). The average reduction observed in systolic

and diastolic blood pressure in well designed studies is approximately 6-7 mm Hg for

both variables (8). Individuals with hypertension usually have a greater blood

pressure lowering effect and may be able to normalize their blood pressure.
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Benefits in insulin sensitivity and glucose tolerance can be observed with both

high intensity and low to moderate intensity activity. The amount of improvement is

not necessarily dependent on body weight changes, although body weight/fat changes

have been associated with improvements in insulin sensitivity. For body weight/fat

changes to occur, a negative energy balance must occur. Changes in body mass, fat

mass, and body fat percentage have been observed in studies utilizing various exercise

intensities. However, it may be more appropriate to prescribe exercise of low to

moderate intensity for weight loss in order to increase exercise adherence. In addition

to physiological changes, physical activity in general (low, moderate, and high

intensity) can improve psychological health by decreasing symptoms of depression,

hostility, aggression, and increasing levels of self-esteem.

The ACSM-CDC recommends that US adults accumulate at least 30 minutes

or more of moderate intensity physical activity most days of the week. Experts

contend that frequent short bouts of moderate intensity activity are as effective as one

continuous longer bout in attaining health benefits (166). This notion is based on

studies showing similar benefit from performing multiple bouts of activity in

comparison to one continuous bout (42, 55, 104). Within the past few years, the

effectiveness of these recommendations in eliciting health benefits, including lowering

blood pressure, has been investigated (153, 171). Murphy et al. (153) specifically

examined the effects of intermittent physical activity (three, 10 minute bouts vs one 30

minute bout) and found this type of physical activity to be ineffective in lowering
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blood pressure (153). However, one important finding of this study was that excellent

adherence was observed to shorter bouts of exercise (153).

Due to differences in study designs it is difficult to detect what the “optimal

amount of activity is to lower blood pressure and improve body composition and

insulin sensitivity. The amount of activity necessary for the improvement in blood

pressure may not be adequate to benefit body composition or insulin sensitivity. More

research needs to be conducted investigating what the optimal amount of activity is for

benefiting each of these risk factors.
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CHAPTER m

METHODOLOGY

Subjects

Sedentary postmenopausal women with elevated blood pressure were recruited

from the Knoxville, Tennessee area via advertisements to participate in a 24 week

walking study. Subject inclusion criteria were: cessation of menses for at least 1 year;

mild to moderate hypertension (systolic pressure of 130-159 mm Hg and / or diastolic

pressure 85-99 mm Hg); not participating in regular physical activity (< 2 d/wk)

within the past six months; nonsmoker; no orthopedic limitations to walking; and

absence of known cardiovascular disease. Women taking medication known to impact

blood pressure were included in the study if (1) the medication had been taken long

enough to stabilize blood pressure, and (2) neither the medication nor the dosage was

changed during the study. Each subject underwent an initial screening process in

which a consent form approved by the University of Tennessee's Institutional Review

Board (see Appendix A) was read and signed, a training and health history

questionnaire (see Appendix B) was completed, and blood pressure was measured.

Women not meeting the requirements were excluded from consideration as subjects.

After completion of the baseline testing, the subjects were assigned to one of

three groups: (1) walking 16 km/week (low), (2) walking 32 km/week (high), or (3)

control (con), i.e., no change in activity. The groups were randomly assigned as much

as possible, however, 8 women assigned to walking groups were placed into the
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control group because they did not change their level of activity from baseline.

Thirty-seven of the original fifty-two subjects completed all phases of the study (12

low, 12 high, 13 control). Two women were moved from the high group to the low

group because of inability to meet the higher walking requirements. Seventeen women

who completed the study were taking antihypertensive medications (Table 1): 8 taking

ACE inhibitors, 5 taking diuretics, 2 taking beta blockers, 2 taking calcium channel

blockers, 2 taking a combination calcium channel blocker/ACE inhibitor drug, and 1

taking an alpha blocker. Twenty-seven women were on stable hormone replacement

therapy (Table 1). Antihypertensive medications and hormone supplements were

maintained throughout the course of the study in each of these women, and all

medications were taken at the same time of day when testing was performed. The

subject characteristics are presented in Table 1.

Walking Program

In order to control for the possible compensatory decline in other physical

activities, the subjects were given a pedometer to wear throughout the day prior to

beginning the walking program. The number of steps accumulated each day

recorded for 1-2 weeks and an average value was computed for the week and served

the baseline value for walking that was being performed within their lifestyle. The

walking intervention was designed so that one group was meeting the minimum

ACSM-CDC physical activity recommendation (166) of walking 2.4 km/day

(16km/week) while the other group was walking twice the minimum

was

as
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Table 1. Subject characteristics at baseline (mean + SE).

Variable Control

(N-13)
Low High

54.9 ±2.0

(N=12)
53.8 ±1.4Age(yr)

Body Mass (kg)

Height (cm)

Walking Activity (km/wk)

HRT

56.5 ±1.2

76.9 ±5.5 84.7 ±5.7 75.4 ±5.7

165.9 ±1.0 165.1 ±2.0 163.9 ±2.1

33.5 ±3.4 24.9 ±2.8 25.5 ±2.8

6 7 12

Antihypertensive Medications
ACE Inhibitors

Diuretics

Beta Blockers

Calcium Channel Blocker

Alpha Blocker
Combination ACE/Calcium

Channel Blocker

5 4 7

2 1 4

3

1 1

1 1

1 1

Control, control group; Low, low mileage; High, high mileage; HRT, hormone
replacement therapy.
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recommendation (4.8 km/day or 32 km/week). The control group was advised not to

make any changes in their baseline physical activity. Each subject in the walking

groups was given an Yamax SW-200 pedometer (Yamax, Inc., Tokyo, Japan) to wear

daily and a target number of steps to walk weekly in order to meet her prescribed

walking distance. Previous work conducted in our laboratory has shown a similar

Yamax electronic pedometer (DW-500) to measure walking distances with an

accuracy of ± 10% between speeds of 2 and 3.5 miles/hr (16). Women in the control

group wore the pedometer for a one-week period each month to ensure that they were

maintaining their current lifestyle habits.

Both walking groups were prescribed a distance of 9.6 km above their baseline

walking distance during week one. The distance was then increased by 3.2 km/week

until the desired walking distance was achieved by the third week in the 16 km/week

group or the eighth week in the 32 km/week group. To determine the number of steps

needed to meet the prescribed walking distance, stride length was measured in each

subject. Stride length was measured by having the subjects walk 10 steps down a

hallway at their normal walking pace and dividing the distance covered by 10. This

value was then divided into 5280 feet in order to determine the number of steps

needed to walk 1.6 km. For example, if a subject’s average stride length was 2.5 ft,

and given that 5280 feet equals 1.6 km, then approximately 2,000 steps is equal to 1.6

km. Thus, if a subject was in the 16 km/week group she needed to walk

approximately 20,000 more steps/week above her baseline weekly steps.
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The women were instructed to walk at a self-selected, comfortable pace, and

were allowed to accumulate their steps throughout the day to help them achieve their

targeted steps. Walking duration, distance, and steps were recorded on daily log

sheets along with any additional physical activities. These were collected on a

biweekly basis. Other than walking, subjects were asked not to make any changes in

their current lifestyle activities. To check this, the PafiFenbarger Physical Activity

Questionnaire (163) (see Appendix C) was administered at the beginning and at week

12 of the study. This questionnaire measures leisure time physical activity in

kilocalories per week and asks questions regarding time spent doing activities such as

walking, stair climbing, and recreation and sports play during the past year. Because

of the need to record activities completed during the past month rather than the

previous year, a modification was made to one of the questions to read; List any sports

or recreation you have actively participated in during the past month. To encourage

subject compliance and maintain contact, supervised walking sessions were held 5

days/week at the outdoor track on the University of Tennessee Knoxville campus.

The women in the walking groups were encouraged to attend at least 3 sessions per

week.

Testing Procedures

Testing procedures were performed on all subjects at baseline and 12 weeks of

the program. On each occasion, the women came into the laboratory after fasting and

abstaining from caffeine for at least 10 hours. All testing procedures were conducted
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in the morning between 0600 and 1000 h and at approximately the same time of day at

each testing period.

Blood Pressure and Heart Rate

Resting blood pressure and heart rate were measured in triplicate on all

subjects by the same technician who was blinded to the group assignment. On each

occasion the subject rested quietly in a seated position for at least five minutes prior to

measurement. Heart rate was calculated from a 15 second radial pulse rate. The blood

pressure measurements were taken according to the guidelines established by the

American Society of Hypertension (1). Blood pressure was taken in the left arm in all

subjects using a stethoscope and a mercury sphygmomanometer with at least three

minutes separating each measurement. Systolic (SBP) and diastolic (DBP) blood

pressures were recorded at the first and fifth Korotkofif sounds, respectively. Mean

arterial blood pressure (MABP) was calculated using the following equation: MABP =

DBP + 1/3(SBP-DBP). The two closest heart rate and blood pressure readings were

averaged and served as the resting values.

Blood Sampling and Analysis

Blood samples were obtained from an antecubital vein. The blood samples

were collected in tubes containing EDTA and were used for determination of plasma

glucose and insulin concentrations. Samples were centrifuged for 10 minutes, and

subsequently plasma was removed and frozen at - 20 “C. Plasma insulin
was
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determined in duplicate using a commercially available radioimmunoassay kit (ICN

Biomedicals, Inc., Costa Mesa, CA). For this assay, 100 pL each of insulin standards.

controls and subject samples were added to polypropylene tubes coated with anti

insulin serum. To all of these tubes, 900 pL of Insulin- Tracer/Insulin Buffer

Solution was added. The tubes were then vortexed and incubated at room temperature

for 18 hours. Next the free antigen was decanted from the tubes, leaving only

antibody-bound antigen. The tubes were then subsequently counted for one minute in

a Beckman Gamma 4000 counter (Beckman Instruments Inc., Fullerton, CA) for ̂ ^^I

to determine the level of antibody bound insulin ̂ ^^I.

Plasma glucose was analyzed in duplicate using the hexokinase (HK)

enzymatic method (Procedure No. 16-UV, Sigma Diagnostics, St. Louis, MO). In this

assay, 1.0 mL of Glucose (HK) reagent was added to 10 pL of the subject’s sample in

a cuvet. The Glucose (HK) reagent contains the following ingredients; nicotinamide

adenine dinucleotide (NAD), adenosine triphosphate (ATP), HK, glucose-6-phosphate

dehyrogenase (G-6-PDH), magnesium ions, and buffer. The assay is based on the

following enzymatic reactions:

HK
Glucose + ATP —► Glucose-6-phosphate + adenosine diphosphate

^ 6-phosphogluconate + NADH.

After allowing the sample and the reagent to incubate at room temperature for 5

minutes, the absorbance of NADH was read at 340 nm with a Spectronic® 21

Spectrophotometer (Milton Roy Co., Rochester, NY).

G-6-PDHG-6-P+NAD
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Body Composition

Body weight was measured to the nearest 0.01 kg using a calibrated scale and

height was measured to the nearest 0.1cm. Body mass index was calculated from the

ratio of weight (kg) to height (m^). Waist was measured at the umbilicus, and hip

circumference was measured at the maximal circumference of the buttocks with a

plastic tape fitted with a tension-handle. Sagittal diameter was measured with an

anthropometer at the level of the umbilicus (measured front to back) with the subjects

standing. Anthropometric measurements were performed on all subjects in duplicate

by the same technician at each testing period.

Body composition was assessed by air displacement plethysmography using

the BOD POD® system (LMI, Inc., Concord, CA). The subjects sat inside a sealed

chamber wearing either a lycra swimsuit or undergarments and uncorrected body

volume was measured. Body volume was corrected for thoracic gas volume using a

predicted equation based on gender, age, and height. Thoracic gas volume was

predicted instead of measured to maintain consistency between measurement periods.

Additionally, it has been reported that there are no significant differences in percent

body fat when using predicted compared with measured thoracic gas volume (142).

Body density was determined from the ratio of body weight to corrected body volume.

Percent body fat was then calculated from body density using the Siri equation (189).
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Submaximal Walking Test

Subjects completed a submaximal graded exercise test on a motorized

treadmill in order to assess changes in submaximal heart rate, blood pressure, rating of

perceived exertion (RPE), and respiratory exchange ratio (RER). The submaximal

exercise test consisted of three, 3-niinute stages in which the speed remained the same

while the elevation increased by 3% each stage. Oxygen consumption ( VOj), carbon

dioxide production (VCOj), RER, and heart rate were measured continuously

throughout the test. The subjects breathed through a two-way non-rebreathing valve

(Hans-Rudolph, Kansas City, MO) while wearing nose clips and oxygen consumption

was measured by a S-3A Oxygen Analyzer (Applied Electrochemistry, Inc.,

Sunnyvale, Ca), and VCO2 by a Beckman CO2 Gas Analyzer Model LB-2

(Sensormedics Corp., Anaheim, Ca). Oxygen consumption, VCOj, and RER were

recorded each minute using a computer-based system (Rayfield REP 200C Software,

Waitsfield, VT), and heart rate was monitored with a heart rate monitor (Polar Electro

Inc., Woodbury, NY). The VOj, RER, and heart rate during the final minute of each

stage were subsequently used in statistical comparisons. Rating of perceived exertion

was recorded at the beginning of the third minute of each stage using the Borg Scale

(19). Blood pressure was measured during the last minute of each stage of the

protocol and during recovery.
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Dietary Intake

All subjects were asked to maintain their current dietary habits for the duration

of the study. To document dietary compliance, subjects completed a three-day dietary

food record at baseline and at week 12 of the study. The food records were analyzed

for dietary composition using Nutritionist HI (N-Squared Computing, Silverton, OR),

a computerized dietary analysis program. The variables of interest included total

kilocalories, fat, carbohydrate, and protein percentages, and sodium, potassium,

calcium, and alcohol intake.

Psychological Measures

To evaluate changes in psychological factors (depression, hostility, and

aggression) associated with hypertension, the Center for Epidemiologic Studies

Depression Scale (CES-D) (170) and two sub-scales of the Cook-Medley hostility .

scale (13, 34) were administered at each testing period (see Appendix D). The CES-D

is a validated and reliable scale designed to study the relationship between depression

and other variables in the general population. The CES-D scale is comprdised of

twenty questions and measures current symptoms of depression including: depressed

mood, feelings of guilt and worthlessness, feelings of helplessness and hopelessness,

psychomotor retardation, loss of appetite, and sleep disturbances. Each answer is

scored from 0 to 3 on a scale of frequency bf occurrence of symptoms.

The Hostile-Affect (HOS) and Aggressive-Responding (AGGR) factors of the

Cook-Medley hostility scale were constructed into  a questionnaire. The HOS and
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AGGR scales have been validated and contain five and nine questions, respectively.

The HOS scale measures the experience of negative emotions associated with social

relationships, while the AGGR scale measures the tendency to use anger and

aggression as responses to problems. The questions are answered as true or false, and

are scored fi-om 0 (least hostile) to 5 (most hostile) on the HOS scale, and 0 (least

aggressive) to 9 (most aggressive) on the AGGR scale.

The subject’s self perception was also measured at each testing period using

the Physical Self Perception Profile (PSPP) and the Perceived Importance Profile

(PIP) (69) (see Appendix E). The PSPP consists of five, 6-item sub-scales measuring

how the subjects rate themselves in terms of sports competence, physical condition,

body attractiveness, strength, and overall physical self-worth. The PIP measures how

the subjects rate the above factors in assessing their physical self-worth.

Statistical Analyses

A two-way (group x trial) analysis of variance (ANOVA) with repeated

measures was used to determine the effects of the walking program on resting blood

pressure and heart rate, body composition, glucose, insulin, and psychological

variables. Exercise blood pressures, heart rates, VOj, RPE, and RER responses

during the submaximal exercise tests were statistically analyzed using a three-way

(group X time x trial) ANOVA with repeated measures. An independent t-test was

used to examine differences between responders and non-responders in resting blood

pressure and heart rate, body mass, body fat, anthropometric measusres, and fasting
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insulin and glucose levels. Pearson product moment correlations were used to

determine whether the changes in blood pressure, glucose and insulin levels observed

in the walkers and responders were related to baseline values, changes in body

composition and anthropometric measures, and changes in walking volume. In

addition, correlational analysis was conducted to observe the relationship between the

change in blood pressure and the change in glucose and insulin levels. Statistical

significance for all tests was established at p < 0.05. All analyses were performed

using SPSS® 9.0 for Windows (SPSS Inc., Chicago, IL).
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CHAPTER IV

RESULTS

Subject and Walking Program Characteristics

Fifty-two women were randomly assigned to either  a control, low or high

walking group. Women who had an adherence rate of 70% or greater were used in the

analyses. Thirty-seven of the original 52 women (13 controls, 12 low group, 12 high

group) adhered to the program and completed all phases of the study. Table 1

contains the subject characteristics for all three groups. There were no significant

differences in age, height, body mass, or the amount of walking activity.

The women in the low and high groups were instructed to walk 16 and 32

kilometers/week, respectively, in addition to their baseline daily walking activity,

while the control group was asked to maintain their baseline level of activity. Figure 1

— shows the change in weekly walking volume from baseline among the three groups.

Women in the high group had the greatest change in kilometers/week in comparison to

women in the low and control group (21.7 ± 0.9,13.4 ± 1.3, -2.8 ± 1.6

kilometers/week, respectively). The low group walked significantly more than the

control group (p < 0.05).

Walking distance was increased weekly until the participants in the low and

high groups achieved their prescribed distance by either the third or eighth week of the

walking program, respectively. The mean walking distances for each week for the low

and high groups are presented in Figure 2. The total prescribed walking distance for
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the 12 week program was 178 kilometers for the low group and 287 kilometers for the

high groups. Women in the low group walked a total of 157.3 ±7.1 kilometers

(88.4% adherence) and women in the high group walked a total of 250.5 ± 32.9

kilometers (87.3% adherence).

Resting Heart Rate and Blood Pressure

The data for resting heart rate and blood pressure are presented in Table 2. No

significant group x time interactions or group effects were observed for any of the

variables. However, significant time effects for resting heart rate, diastolic blood

pressure, and mean arterial blood pressure were observed (p < 0.05). Resting heart

rate, diastolic blood pressure and mean arterial blood pressure were lower after 12

weeks. Resting systolic and diastolic blood pressures were reduced by 0.6/1.3,

4.8/1.5, and 3.4/4.2 mm Hg, and mean arterial blood pressure by 1.1, 2.6, and

3.9 mm Hg in the control, low and high groups, respectively (Figure 3). However, the

reductions in these blood pressures were not differentially statistically significant

across groups.

Correlational analyses demonstrated that the changes in systolic (r = 0.46,

p = 0.023) and mean arterial (r = 0.42, p = 0.040) blood pressures with 12 weeks of

walking were significantly related to the change in body mass (Figure 4, Table 3).

Changes in systolic and mean arterial pressure were also related to the change in BMI.

(r = 0.43, p = 0.035; r = 0.42, p = 0.04, respectively), indicating that those women who
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Table 2. Resting heart rate and blood pressure (mean ± SE).

HighLowControl

N=13

Variable

N=12 N=12

Heart Rate (beats min'^)

Baseline

12 week

75.3+2.7

71.7 + 2.2

76.2 ± 2.7

71.0 + 2.2

75.1 ±2.6

71.4 + 2.2

SBP(mmHg)

Baseline

12 week

137.2 + 2.9

133.8 + 3.5

140.4 + 2.7

139.8 + 3.3

142.9 ± 2.9

138.1+3.5

MABP (mm Hg)

Baseline

12 week

102.4 + 1.6

101.3+2.2

102.8 + 1.7

100.2 + 2.3

101.6 + 1.7

97.7 ± 2.3

DBP(mmHg)

Baseline

12 week

83.7+1.6

82.4 + 2.2

83.1 + 1.7

81.6 + 2.3

84.1 + 1.7

79.9 + 2.3

Control, control group; Low, low mileage group; High, high mileage group; SBP,
systolic blood pressure; MABP, mean arterial blood pressure; DBP, diastolic blood
pressure.
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Table 3. Correlational analyses between changes in resting blood pressure
and selected variables.

Variable ASBP

(mmHg)
AMABP

(mmHg)
ADBP

(mmHg)

Baseline SBP (mm Hg) -0.42* -0.25 -0.05

-0.41*Baseline DBP (mm Hg) -0.08 -0.32

Baseline MABP (mm Hg) -0.33 -0.35 -0.28

0.46* 0.42*A Body Mass (kg) 0.28

ABMI(kgm‘^) 0.43* 0.39 0.26

0.08ABodyFat(%) 0.67 0.04

A Waist (cm) -0.04 -0.33 -0.45*

A Hip (cm) -0.25 -0.21 -0.12

A Sagittal (cm) 0.15 -0.01 -0.13

A Walking Activity
(km/week)

-0.12 -0.32 -0.38

Total Walking (km) 0.22 0.15 0.05

Compliance (%) -0.53** -0.48** -0.32

A Insulin (plU ml'^) 0.27 0.19 0.09

A Glucose (mmol L'^) -0.30 -0.30 -0.22

A Insulin/Glucose 0.32 0.27 0.16

*Significant relationship, p < 0.05; ** Significant relationship, p < 0.01.
Control, control group; Low, low mileage group; High, high mileage group; SBP,
systolic blood pressure, DBP; diastolic blood pressure; MABP, mean arterial blood
pressure; BMI, body mass index.
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lost the most weight had the greatest reduction in blood pressure. The change in

systolic and diastolic blood pressures were related to baseline levels with r = -0.42,

p = 0.041 and r = -0.41, p = 0.045, respectively (Figure 5, Table 3). The changes in

systolic and mean arterial blood pressures were also related with adherence to the

walking program with r = -0.53, p = 0.008 and r = -0.48, p = 0.017, respectively

(Figure 6, Table 3). This indicates that those women who adhered to the walking

program had the greatest decreases in blood pressures. There were no significant

correlations between the changes in blood pressures with the change in walking

distance. However, there was a trend for diastolic blood pressure to decrease in those

who had the greatest change in walking activity from baseline (r = -0.38, p = 0.065).

Stepwise multiple regression analyses were used to determine which variables

accounted for the variances in the changes in systolic, mean arterial, and diastolic

blood pressures. For each of the dependent variables, the change in body mass, the

change in weekly walking distance, and baseline levels of either systolic, mean

arterial, or diastolic blood pressure were included into the model. For the changes in

systolic and mean arterial blood pressure only the change in body mass contributed

significantly to the predictive equations. For the change in diastolic blood pressure,

only baseline level of diastolic blood pressure was a significant predictor, none of the

other variables (change in body weight or change in weekly walking distance) added

significantly to the model.
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Measures of Body Composition

Table 4 contains the body composition variables measured at baseline and after

12 weeks. There were no significant group x time interactions or main effects for any

of the body composition variables. However, there was a trend for group x time

interaction effects for body mass (p = 0.065) and BMI (p = 0.054). No significant

correlations were observed between any of the variables and the change from baseline

in walking distance.

Insulin and Glucose Levels

Fasting insulin, glucose, and insulin/glucose ratio (I/G) data are presented in

Table 5. No significant differences between groups or changes from baseline to 12

weeks were observed in any of the variables. Correlational analyses showed

significant correlations between the change in hip circumference and the change in

glucose (r = 0.69, p < 0.0001) and the change in I/G (r = -0.53, p = 0.01) (Table 6)

after 12 weeks of walking. Those women who had the greatest reduction in hip

circumference showed the largest decreases in glucose. The change in glucose was

also related to the change in BMI (r = 0.43, p = 0.039), and had a trend to decrease

with a decrease in body mass (r=0.41, p = 0.051). Also, those women who had the

higher glucose levels at baseline showed the greatest reduction in glucose

(r = -0.68, p = < 0.0001). The change in I/G after 12 weeks of walking was also

related to the baseline level of glucose (r = 0.42, p = 0.046), and demonstrated a trend

to decrease Avith walking adherence (r = -0.411,  p= 0.051).
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Table 4. Body composition variables (mean + SE).

Control Low HighVariable

N=12 N=12N=13

Body Mass (kg)
Baseline

12 week

76.9 + 5.5

77.5 ± 5.4

84.7 + 5.7

84.0 + 5.7

75.4 ±5.7

74.8 + 5.7

BMI (kg m'^)
Baseline

12 week

28.0 + 1.9

28.2 + 1.8

30.9 + 1.9

30.6 + 1.9

28.0 + 1.9

27.8 + 1.9

Body Fat (%)
Baseline 42.8+2.0

43.0 + 2.0

45.2 + 2.1

44.9 ± 2.0

42.8+2.1

42.3+2.012 week

FFM(kg)
Baseline

12 week

43.2 + 1.9

43.4 + 2.0

44.7 + 2.0

43.6 + 2.1

43.1 ±2.0

42.7 + 2.1

FM(kg)
Baseline 33.7 + 3.9

34.1+3.8

40.0 + 4.1

39.3+4.0

32.3+4.1

32.1+4.012 Week

Waist (cm)
Baseline

12 week
96.7 + 4.6

99.8 ± 5.0

104.8 + 4.8

102.2 ± 5.2

95.9 + 4.8

95.6 + 5.2

Hip (cm)
Baseline 108.6 + 3.1

108.2 + 3.5

112.9 + 3.3

112.8 + 3.6

106.8 + 3.3

105.1+3.612 week

Sagittal (cm)
Baseline

12 week
26.3 ± 1.6

26.4 + 1.6

27.7+1.7

26.8 + 1.7

24.6 + 1.7

24.4 ± 1.7

Control, control group; Low, low mileage group; High, high mileage group; BMI,
body mass index; FFW, fat-free mass; FM, fat mass; Waist, waist circumference; Hip,
hip circumference; Sagittal, sagittal diameter.
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Table 5. Fasting insulin and glucose concentrations (mean + SE).

ControlVariable Low High

N=12 N=ll N= 12

Insulin (iilUml'*)

Baseline

12 week

13.92+1.9

15.51+2.4

15.08+2.0

14.25+2.5

11.67+1.9

10.90 + 2.4

Glucose (mmolL'^)

Baseline

12 week

5.55 + 0.29

5.46 + 0.19

5.51+0.29

5.50 + 0.19

5.72 + 0.29

5.57 + 0.19

Insulin/Glucose

Baseline

12 week
2.59 + 0.28

2.82 + 0.38

2.59 + 0.29

2.55 + 0.40

2.04 + 0.28

1.95 + 0.38

Control, control group; Low, low mileage group; High, high mileage group.
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Table 6. Correlations between changes in fasting insulin and glucose concentrations
and selected variables (values are Pearson Product Moment Correlations).

A Insulin/ducoseVariable A Glucose

(mmolL'^)
A Insulin

(^ilUml-')

-0.59** 0.26-0.01Baseline Insulin

(iilUml^)
Baseline Glucose

(mmolL'^)
Baseline I/G

-0.68** 0.42*0.22

-0.22 -0.41 0.04

A Body Mass (kg) -0.18 0.41 -0.28

A BMI (kgm'^) 0.43*-0.22 -0.31

A Body Fat (%) -0.16 0.08 0.17

A Waist (cm) 0.14 -0.24 0.12

A Hip (cm) -0.31 0.69** -0.53**

A Sagittal (cm) -0.18 -0.07 -0.17

A Walking Distance
(km/week)

-0.12 -0.09 -0.14

Total Walking
Activity (km)

0.33 -0.18 0.30

Compliance (%) -0.34 0.25 -0.41

*Significant p < 0.05; ** significant p < 0.01.
Control, control group; Low, low mileage group; High, high mileage group; I/G,
insulin/glucose ratio; BMI, body mass index; Waist, waist circumference; Hip, hip
circumference; Sagittal, sagittal diameter.
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Responders vs. Non-responders

Figure 7 shows the individual changes in blood pressure from baseline to 12

weeks for the women in the walking groups. When testing for blood pressure

changes, group x time interaction did not exist; however, 9 out of 24 women who

participated in the walking program did show large decreases (i.e., a drop >10 mm

Hg) in systolic and/or diastolic blood pressure. These women were therefore

categorized as responders to the walking program. The characteristics of the

responders and non-responders are presented in Table 7. T-tests comparison revealed

no significant differences between the responders and non-responders in walking

adherence, change in kilometers walked per week, or total kilometers walked for the

12 weeks. The data for resting blood pressure, heart rate, body composition, and

fasting insulin and glucose concentrations for the responders and non-responders are

presented in Table 8. When comparing responders and non-responders significant

group X time interactions and time effects were observed for resting systolic, mean

arterial, and diastolic blood pressure as well as for body mass and BMI (p < 0.05).

Paired t-tests with Bonferroni adjustments were used to clarify the interactions within

each group. The results showed systolic, mean arterial, and diastolic blood pressures,

and BMI, but not body mass, to be significantly reduced in the responders. There

were no significant changes in any of the variables in the non-responders. Of course,

the reduction in blood pressure for the responders was a result of group selection. In

responders, the changes in diastolic and mean arterial blood pressures were inversely

related to baseline diastolic blood pressure (r = -0.73, p = 0.027 and r = -0.71,
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Table 7. Characteristics of responders and non-responders (mean ± SE).

Non-respondersVariable Responders
(N = 9)
93.6 ±4.2

(N=15)

Compliance (%) 84.4 + 3.0

Total Distance Walked (km) 210.0 + 18.2 200.2 + 14.8

AWalking (km/wk) 18.7 + 2.0 16.8 + 1.4

Walking Group
Low (N)
High(N)

5 7

4 8

HRT(N)

AntiHTN (N)

7 11

3 8

HRT, hormone replacement therapy; AntiHTN, antihypertensive medications.
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p = 0.033, respectively). There were no group x time interaction effects or differences

between responders and non-responders in changes in heart rate, fasting insulin.

fasting glucose, I/G, body fat, waist and hip circumferences, or sagittal diameter.

However, a significant time effect was observed for heart rate (p < 0.05), with heart

rate being lower after 12 weeks in comparison to baseline in both responders and non

responders. Also, the change in waist circumference in the responders was

significantly related to the change in kilometers walked per week

(r = -0.67, p = 0.047), indicating those who walked more showed the greatest

reduction in waist circumference.

Submaximal Heart Rate, Oxygen Consumption, RER, and RPE

Heart rate, VOj, RER, and RPE responses during submaximal graded exercise

are shown in Table 9. The results of a three-way ANOVA (group x time x trial)

showed no significant interaction effects for heart rate, VOj, RER, or RPE during the

graded submaximal exercise test. A significant group x trial interaction was observed

for RER (p < 0.05). Further analyses showed that the mean RER value from baseline

was decreased in the walking groups after 12 weeks. As expected, all three variables

increased with each submaximal stage in all groups (p < 0.05). A significant trial

effect was also observed for heart rate (p< 0.05). The mean heart rate for all groups

was lower after 12 weeks in comparison to baseline.
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Submaximal Blood Pressure

No significant group x time x trial interactions were observed for systolic,

diastolic, or mean arterial blood pressure. However, significant time and trial main

effects were found for systolic and mean arterial blood pressure (p < 0.05). The mean

systolic and mean arterial blood pressures increased with each stage, and were lower

after 12 weeks in comparison to baseline (Table 10). Significant time (p < 0.05) and

trial (p < 0.05) effects were also observed for diastolic blood pressure, with the mean

diastolic blood pressure decreasing with exercise stage, and after 12 weeks.

Dietary Intake and Composition

The food intake and dietary composition at baseline and after 12 weeks for all

three groups are presented in Table 11. There were no significant differences between

groups at baseline or after 12 weeks in total calories, carbohydrate, fat, protein,

potassium, magnesium, or alcohol intake. The low group had a significantly higher

sodium intake in comparison to the control and high groups at baseline (p < 0.05).

Significant time x group interaction and time effects were observed for sodium intake

(p < 0.05). Paired t-tests revealed that the high group significantly increased their

sodium intake, but no significant differences were observed for the low and control

groups. In each of the 3 groups, there were subjects who failed to complete 3-day

dietary records. Therefore, caution should be used when interpreting these data.
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Table 11. Dietary intake (mean ± SE).

HighControl LowVariable

N = 9 N=10 N= 11

Total Kilocalories

Baseline

12 week
1786 + 178

1888 + 198

1873 + 161

1698 ±179

1774+161

2041±179

Carbohydrate (%)
Baseline

12 week

58.3 ±2.7

58.0 ±3.6

56.7 ±2.4

58.0 ±3.3

54.2 ±2.4

51.9±3.3 .

Fat (%)
Baseline 29.5 ±2.0

29.5 ±2.9

29.3 ± 1.8

28.6 ±2.7

30.8 ±1.8

32.5 ±2.712 week

Protein (%)
Baseline

12 week

Sodium (mg)*
Baseline

12 week

Potassium (mg)
Baseline

12 week

Magnesium (mg)
Baseline

12 week

Calcium (mg)
Baseline

12 week

13.9 ±1.3

14.1 ±1.6

15.2 ±1.2

16.2 ±1.4

15.2 ±1.2

16.7 ±1.4

2368 ±220

3279 ± 398

3111 ±199

2575 ± 360

2398 ±199

3176±360t

2191 ±626

2497 ±274

3472 ± 566

2655 ± 248

2439 ± 566

3029 ± 248

286 ± 63

311 ±36

329 ± 57

286 ± 32

293 ± 57

280 ± 32

612 ±69

653 ± 87

780 ± 63

674 ± 78

638 ±63

775 ± 78

Alcohol (g)
Baseline

12 week

0 1.3 ±1.8

3.4 ±1.8

4.4 ±1.8

2.6 ±1.80

Control, control group; Low, low mileage group, lEgh, high mileage group.
* Significant group x time interaction, p < 0.05;  f Significant difference between
baseline and 12 weeks, p < 0.05.
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Psychological Factors

Table 12 contains the mean scores for the measures of depression, hostility.

and aggression. There were no significant group differences in any of the variables at

baseline. The women in all the groups demonstrated low scores of depression.

hostility, and aggression. Hostility scores were shown to be significantly related to

resting systolic blood pressure (r = -0.39, p < 0.027), indicating that women who

scored higher on the hostility scale demonstrated  a lower resting systolic blood

pressures. No significant group x time interaction effects were found for scores of

depression, hostility or aggression. A significant time effect was observed for hostility.

showing the mean hostility score for all the groups to be higher at 12 weeks in

comparison to baseline (p < 0.05). No significant correlations were observed between

the change in depression, hostility, and aggression scores from baseline to 12 weeks

and the change in blood pressure or walking activity.

There were no significant interactions or main effects observed in measures of

self perception (Table 13). At the end of 12 weeks, there were no changes in how the

women in the control, low and high walking groups rated themselves in sports

competence, physical condition, body attractiveness, strength, and overall physical

self- worth. There was also no difference in how they perceived the importance of

each of the above factors in assessing their self-worth. Note that in both Table 12 and

13 the subject number is reduced. This is due to the fact that some subjects did not

provide answers or provided answers that could not be used in the analyses.
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Table 12. Depression, hostility, and aggression scores (mean ± SE).

Control Low HighVariable

N=10 N=10 N=12Depression

Baseline

12 week

14.4 +1.4

15.2±1.1

14.8 ±1.4

14.7+1.1

15.6 + 1.1

15.0 + 1.0

N=10

1.3+0.3

2.1 ±0.4

N = 8Hostility

Baseline

12 week

N = 9

1.0 ±0.4

1.3 ±0.5

1.3 ±0.3

1.4 ±0.5

Aggression

Baseline

12 week

N=ll N = 8 N = 9

2.4 ± 0.5

2.5 ±0.5

2.4 ± 0.6

2.4 ± 0.6

2.3 ±0.6

2.7 ±0.6

Control, control group; Low, low mileage group; High, high mileage group.
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CHAPTER V

DISCUSSION

Impact of Walking on Resting Blood Pressure

The current ACSM-CDC minimum physical activity recommendations for the

attainment of health benefits suggest that all US adults should strive to accumulate 30

minutes of moderate intensity physical activity on most, and preferably all, days of the

week (166). Few studies have examined the effectiveness of these recommendations

in lowering blood pressure, particularly in postmenopausal women with borderline to

mild hypertension. The present study examined this question by prescribing a 12

week walking program that met the minimum physical activity recommendations

(16 kilometers/week) to sedentary, hypertensive, postmenopausal women. A second

aim of the study was to determine whether women walking more than the current

recommendations would achieve a greater benefit. The findings from the present

investigation showed that 12 weeks of walking activity meeting or exceeding the

ACSM-CDC minimum physical activity recommendations was ineffective in lowering

blood pressure in hypertensive postmenopausal women. Although the women walkers

experienced small statistically non- significant reductions in resting systolic and

diastolic blood pressures of 5/3 and 3/4 mm Hg for the low and high groups,

respectively, these reductions translate to a decrease in coronary heart disease risk of

14% and a decrease in stoke risk of 42% (31). These reductions were smaller than the
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average reduction of 6-9 mm Hg reported for both systolic and diastolic blood

pressures in previous studies (8, 185).

The finding of a non-significant decrease in blood pressure is similar to others

who have investigated the effectiveness of the ACSM-CDC physical activity

recommendations (153, 171). Murphy et al. (153) reported no significant reductions

in systolic blood pressure with either one continuous bout of 30 minutes of walking, or

three, 10 minute bouts of walking, 5 days per week. Although the mean decreases in

systolic blood pressures were 5.4 and 2.6 mm Hg for the short and the long bout

walkers, respectively, this change was no different firom what was observed in the

controls. It is possible that the walking volume used by Murphy et al. (153) was an

inadequate stimulus for lowering blood pressure. Although their purpose was to test

the effectiveness of the ACSM-CDC physical activity recommendations (153), the

amount of walking that their participants performed (~12 kilometers/week) was less

than the minimum recommendation of ~ 16 kilometers per week. Also, the

participants in their study were normotensive, and therefore, were less likely to

significant changes in blood pressure.

Ready et al. (171) examined the issue of dose-response by varying the

fi'equency of walking. Postmenopausal women walked 57 minutes a day, either 3 or 5

days/week. The amount of walking the women did was equivalent to 16.5 and 26.3

kilometers/week, respectively, which is comparable to the amount of walking that the

women did in the present study. Systolic and blood pressures were reduced, but not

significantly, by 7 and 5 mm Hg (3 day and 5 day, respectively), findings comparable

see
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with Murphy et al.’s study (153) and the present study. The authors hypothesized that

the lack of a blood pressure lowering effect could be attributed to a decline in other

daily activities. The present study attempted to avoid this potential problem by

recording baseline activity, adding walking to this baseline, and documenting distance

walked daily. Using this approach, women reported completing, on average, 88.4%

and 87.3% of the prescribed walking distance for the low and high goups.

respectively. The subjects also completed physical activity questionnaires which were

used to screen for non-walking changes in physical activity. Although there were

documented increases in daily walking (~13 kilometers and 22 kilometers, for the low

and high groups, respectively), no significant change in blood pressure was observed.

Is it possible that allowing subjects to accumulate walking throughout the day,

rather than prescribing a set exercise duration and intensity, led to the lack of

significant blood pressure reduction? The ACSM-CDC recommendations contend

that physical activity can be accumulated throughout the day, and thus, the approach

adopted in the present study allowed the women to accumulate their walking activity

instead of performing it in one continuous bout. Dunn et al. (53) reported significant

reductions in systolic and diastolic blood pressures with this type of “lifestyle

intervention”. In the Dunn et al. (53) study, the mean decreases in systolic and

diastolic blood pressures (4 and 5 mm Hg, respectively) were similar to the reductions

observed in the previous studies (153, 171) and the present study. The significance of

their findings is due in part to their large sample size (N = 121). In the current study,

although blood pressure was not reduced, a significant shift in RER occurred in both
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walking groups during the submaximal exercise bouts. This demonstrates that the

walking was sufficient to shift substrate utilization toward a greater reliance on fats.

which is an important fitness adaptation.

Although a fitness adaptation was experienced by the women in the walking

groups, it is possible that the exercise intensity was too low to elicit a reduction in

blood pressure. The literature is contradictory on this point. A number of studies have

shown walking to be ineffective in altering blood pressure (52, 74, 133, 183).

Santiago et al. (183) reported no significant reductions in blood pressure in women

who walked at a moderate intensity (71% HRnwx) 55 minutes a day, 4 days a week.

Walking 20 kilometers/week (55% H^x) in addition to climbing 50 floors of

stairs/week (82% HR^ax) proved to be an insufficient stimulus to lower blood pressure

even though the caloric expenditure was ~ 2000 kcal/week (133). Duncan et al. (52)

found no blood pressure lowering effect with low, moderate or high intensity walking

programs. On the other hand, several studies have shown walking at moderate

intensities to be beneficial in reducing blood pressure (82, 97,152, 186,210, 224).

Seals et al. (186) reported significant reductions in systolic and diastolic blood

pressures of 10 and 7 mm Hg in postmenopausal women who walked 45 minutes a

day, 3 days per week. Similarly, Tanaka et al. (210) reported systolic and diastolic

blood pressure decreases of 7/5 mm Hg with walking at an intensity of 45% of heart

rate reserve for 45 minutes, 3 days per week in men and women with stage 1 and 2

hypertension.
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The walking program in the present study was 12 weeks in duration. Thus, it

can be questioned whether 12 weeks is long enough to see a significant reduction in

blood pressure. Short-term intervention studies may not show the same kind of

response as seen with a lifetime of regular physical activity. However, based upon the

literature, significant reductions in blood pressure can be observed with short-term

physical activity programs. The average study duration for blood pressure lowering

effects is 10-12 weeks (28, 97,121, 122,186, 206,217); however, blood pressure has

been shown to be lowered with physical activity programs as little as 4 weeks in

duration (105). Jennings et al. (105), using a cross-over design, reported significant

reductions in systolic and diastolic blood pressure of 10 and 7 mm Hg, respectively.

with 40 minutes of cycling, three days per week. No further benefit was observed

with cycling 7 days per week as blood pressure was decreased by 12 and 7 mm Hg

(systolic and diastolic, respectively). Kiyonaga et al. (122) reported reductions in

systolic and diastolic blood pressures of more than 20 and 10 mm Hg, respectiviely, in

50% of their participants after 10 weeks of cycling for 60 minutes a day, 3 days per

week. After 20 weeks, 78% of their study’s participants saw drops of 20/10 mm Hg in

systolic/diastolic blood pressure.

The discrepancies in the aforementioned studies can partially be attributed to

the differences in subject populations. Many studies showing no significant

reductions in blood pressure with walking used normotensive individuals as

participants (52,133, 153, 171,183), while those demonstrating a blood pressure

lowering effect used hypertensive individuals (82, 97, 152, 186, 210, 224). In the
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present study, postmenopausal women with borderline to mild hypertension served as

subjects. Therefore, it was anticipated that these women would experience a blood

pressure reduction. Although, no significant group x time interaction was observed.

there was a significant correlation between baseline blood pressure and change in

blood pressure with walking. Specifically, the women who had higher baseline resting

blood pressure experienced the greatest reduction in blood pressure with walking.

This finding is commonly reported (8).

Another potential confounding variable in the present study was the inclusion

of women who were taking antihypertensive medications (5 in the control, 4 in the

low, and 7 in the high), ̂ e rationale for their inclusion comes fi-om the work of Cade

et al. (28) who reported similar reductions in blood pressure in those taking

antihypertensive medications in comparison to those who were not taking medications.

To control for any medication effect, the women in the present study took then-

medications at the same time of day at each testing measurement. Additionally,

medications remained stable throughout the 12 week intervention. Statistical analyses

revealed that the blood pressure responses of the medicated subjects were not

significantly different to that of the non-medicated subjects.

Maintaining compliance and avoiding dropouts is a major concern with

intervention studies. An obvious result of low subject numbers is a drop in statistical

power. For example, the statistical power calculated for the two-way ANOVA used to

test for a significant group x time interaction for blood pressure was only 0.128.

Preliminary calculations for this study demonstrated a need for 22 participants per
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group. Although this goal was attempted, exclusion criteria and dropouts depleted the

final number of subjects to 37.

Factors Potentially Interacting with Blood Pressure

Other factors known to influence blood pressure such as body composition and

diet were assessed in order to explain any masking effect of the walking on blood

pressure. The dietary recall revealed no change in total calories or macronutrient

distribution over the course of the study, however, an increase in sodium intake was

observed. It should be noted that the amount of walking performed by the subjects

was insufficient to cause a large reduction in body mass. The women in the low group

walked a total of 157 kilometers above their baseline walking activity across 12

weeks, expending ~ 8000 kilocalories, while women in the high group walked a total

of250 kilometers above baseline, equivalent to expending 12,800 kilocalories. Since

there were no significant differences in reported food intake, one would calculate that

the women in the low and high groups should have lost ~ 1 and 2 kg, respectively.

These values are slightly higher than the 0.7 kg lost in the low and the 0.6 kg lost in

the high group. The differences between the estimated and actual amount of weight

lost could possibly be due to inaccurate reporting of dietary intake by the women.

In the present study, significant correlations were shown between the changes

in systolic and mean arterial blood pressures and the change in body mass (r = 0.46

and r = 0.42, respectively). Those women who lost weight had a tendency to have the

greatest reductions in systolic and mean arterial blood pressures. Thus, the lack of a
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group X time interaction for blood pressure could be attributed to the lack of a

significant group x time interaction for body mass or body fat. Stepwise multiple

repression analyses revealed that for systolic blood and mean arterial blood pressure

the only factor useful in explaining blood pressure change was change in body mass.

No other factors significantly improved the prediction of systolic or mean arterial

blood pressure changes.

Although we observed a relationship between the change in systolic and mean

arterial blood pressures and the change in body mass, other studies have shown blood

pressure to be lowered even though body mass and body composition remained

unchanged (28, 97,105,121, 206,207, 217). Cade et al. (28) noted that the decrease

in blood pressure observed in their study was similar between those who lost weight

and those who increased their weight. Su et al. (201) observed a significant reduction

blood pressure along with a reduction in body weight. However, correlational

analyses showed no significant relationship between weight loss and blood pressure

reduction, thus, they suggested that the reduction in blood pressure observed with

weight loss may be secondary to the improvement in insulin sensitivity. Dengel et al.

(46) reported a 39% increase in insulin sensitivity and a decrease in systolic and

diastolic blood pressures by 14 and 10 mm Hg, respectively, with aerobic exercise and

weight loss. In the present study no significant reductions in fasting insulin, glucose,

or I/G occurred with.the walking programs. Thus, it is possible that the lack of impact

on blood pressure was linked to no significant change in weight and/or measures of

insulin sensitivity. ^
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The findings of no improvement in glucose, insulin, and I/G are in contrast to

those studies which have shown an improvement in insulin sensitivity with walking

(135,229). Yamanouchi et al. (229) reported an increase in insulin sensitivity in

NIDDM patients who walked 19,200 steps/day (~ 13 kilometers/day) as measured

with a pedometer. The women in the present study walked ~ 6.7 (high group) and 5.5

(low group) kilometers/day. Therefore, it may be that the walking programs did not

provide a sufficient stimulus to cause improvements in insulin or glucose levels.

However, it must be noted that the women in the present study had normal baseline

levels of glucose and insulin, while the participants in the study by Yamanouchi et al.

(229) were NIDDM patients. The women in the present study who had higher levels of

glucose and insulin at baseline had the greatest reduction in glucose levels after 12

weeks. Also, the participants in the previous study (229) were also on a caloric

restricted diet. It is also possible that changes in insulin sensitivity may have

occurred, but were undetectable with our measure of insulin sensitivity (FG). A better

but more costly and time-consuming measure of insulin sensitivity is a oral glucose

tolerance test.

Psychological variables previously reported to be associated with the

development of hypertension were also assessed. Moderate and high intensity

physical activity programs have been shown to be beneficial in improving self-esteem

and lowering symptoms of depression, hostility, and aggression

(18,25, 51, 120, 141, 165). In the present study, there were no changes in scores of

hostility, aggression or depression after 12 weeks of walking. We also found no
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significant alterations in sub-scale scores of self-esteem. These findings are similar to

other studies which have reported physical activity to have no benefit on measures of

depression, hostility, and anxiety (41, 165, 167). The lack of a beneficial effect in the

above mentioned studies could possibly be due to the fact that the participants had

normal psychological functioning prior to beginning the physical activity intervention

(41,165, 167). The normal scores at baseline in the present study’s participants may

also have influenced the lack of change.

Responders versus Non-responders

Although walkers, in general, did not experience  a lowering of blood pressure.

5 women did normalize their blood pressure after 12 weeks of walking, and several

women responded to the walking programs by having reductions in systolic or

diastolic blood pressures >10 mm Hg. Thus, an additional purpose of this study was

to identify and compare characteristics associated with women who responded

favorably to the walking programs to those who did not respond. Responders were

defined as those women who decreased either systolic or diastolic blood pressures by

10 mm Hg or more. Five women from the low group and 4 from the high group met

these criteria. As expected, the responders to the walking program had significantly

greater reductions in systolic, mean arterial, and diastolic blood pressures than non

responders (12, 9, and 7 vs 0.7, 0.1, and 0.2, respectively) (Table 8). In the present

study, adherence to the walking programs correlated significantly with changes in

systolic and mean arterial blood pressures, meaning that those who best met their
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walking goals experienced the greatest decreases in systolic and mean arterial blood

pressures. As was observed for all of the walkers, those responders with the highest

baseline values saw the greatest reduction in diastolic and mean arterial blood

pressures. Additionally, the responders lost more body mass and lowered their BMI

after the walking program in comparison to non-responders. This suggests that in this

group of postmenopausal hypertensive women the loss of body mass was linked with

lowering blood pressure.

Conclusion

In conclusion, the present study found that 12 weeks of meeting or exceeding

the ACSM-CDC minimum physical activity recommendations through walking was

ineffective in lowering blood pressure in postmenopausal women with borderline to

mild hypertension. The modest reduction in blood pressure observed in the walking

groups was not significantly different from changes in the control group. It was

demonstrated, however, that among walkers those who adhered most closely to their

prescribed walking program experienced the largest reduction in systolic and mean

arterial blood pressure. The overall lack of a blood pressure lowering effect with

walking could possibly be attributed to non-significant changes in body composition,

insulin levels, I/G, or psychological variables frequently linked with hypertension. We

found that adherence to the walking program was associated with the greatest

reduction in systolic and mean arterial blood pressures in all walkers.
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Even though there were no statistically significant group x time interactions for

blood pressure, some women responded favorably to the program by either

normalizing their blood pressure or by decreasing their blood pressure from

hypertensive to borderline levels. Those women who responded to the program were

characterized by having better adherence to the walking program, higher baseline

levels of blood pressure, and greater reductions in body mass.

The effectiveness of ACSM-CDC recommendations needs further study to

determine if accumulated amounts of moderate intensity physical activity can be

beneficial in lowering blood pressure. The continuation of this study for an additional

12 weeks will indicate if 24 weeks is more effective for lowering blood pressure.

Other studies which document exercise intensity, as well as exercise volume are

critical.
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INFORMED CONSENT

TITLE OF STUDY: The Dose Effects of Walking on Blood Pressure in Post-Menopausal Women

PURPOSE
You are invited to participate in a research project examining the effects of a 24 week walking

program on several measures of health and fimess. This study will begin in the Summer of 1998 and
will conclude in the Winter of 1998 or Spring of 1999. This study will provide information on the
relationship between walking and specific health benefits.

PROCEDURES
If you choose to participate in this study you will report to the Applied Physiology

Laboratory, room 310 in the Health, Physical ̂ ucation and Recreation (HPER) building on three
separate occasions: baseline, 12 weeks, and 24 weeks. On each occasion, you should expect to spend
between 1-2 hours. Prior to any testing you will complete a questionnaire regarding your medical
history, exercise training habits, and menstrual cycle history. These forms will be used to insure that
the testing is safe for you. You will be asked to report to the laboratory in a rested condition not
having consumed food 10-12 hours prior to testing. You will also be asked to refrain from alcohol
consumption and exercise for 24 hours prior to the test.

On each of your visits, you will report to the laboratory between 6:30 and 8:00 a.m. after a
10-12 hour overnight fast Your blood pressure and heart rate will be measured three times while
you are sitting in a chair after you have rested quietly for five minutes. A needle will then be inserted
into your forearm and a 5-ml (about 1 teaspoon) blood sample will be taken to be later analyzed for
glucose and insulin levels. Your body composition will be assessed by measuring your height,
weight waist and hip circumferences, and body fat percentage. Your height and weight will be
measured on scales like those typically found in  a doctor’s office. Next your body fat will be
measured as you sit for approximately 3 minutes in a sealed chamber. While in the chamber you will
be able to breathe normally and see your surroundings. Following the body fat test, you will perform
an exercise test on a motorized treadmill to evaluate your cardiorespiratory fitness. During the
exercise test you will breathe through a mouthpiece while wearing noseclips. The treadmilf test will
begin at a low level of exertion and the speed and incline will be increased every three minutes for 9
minutes.

You will be given an electronic pedometer to wear throughout the day and record the number
of steps shown on the pedometer output for two weeks. This information will allow us to determine
your current average weekly walking distance. You will also be given psychological and physical
activity questionnaires, and a three day dietary recall form and will be asked to record the food and
dnnk that you consume for the three days. This information will allow us to measure psychological
variables related to blood pressure as well as physical activity stams and dietary intake.

WALKING PROGRAM
After completion of all the baseline testing measures, you will be randomly assigned to one of

three groups: (1) walking 16 km/week (10 miles/wk), (2) walking 32 km/week (20 miles/wk), or (3)
mactive control group. Supervised walking sessions will be held 5 days/week at the University of
Tennessee's outdoor track or on a premeasured level course. Initially, both walking groups will walk
16 km /week. The 32 km/week group will increase their walking distance by 3.2 km/week (2
nules/wk) until they reach their prescribed distance by the fifth week. You will be asked to walk at a
self-selected, comfortable pace. Your heart rate will be monitored by counting your pulse and
occasionally with a heart rate watch. Prior to and following your walking session, you will do warm
up and cool-down exercises to help prevent any muscle or joint injury and soreness. You will be
encouraged to attend at least 3 supervised sessions/week, and will be given a target number of steps to
walk daily and weekly in order to meet your prescribed walking distance. Those in the 16 km/week
group will need to walk an additional 20,000 steps/week, and those in the 32 km/week group will need
to wdk approximately 40,000 more steps/week above your baseline average weekly steps. Your
wallang duration, distance, and heart rate will be recorded in a daily log b^k, along with additional
physical activities that you may have done that day. Those in the inactive control group will be asked
not to make any changes to your current lifestyle habits. You will be given a pedometer to wear for
one week each month, and will record the number of steps taken each day in a log book
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POTENTIAL RISKS OF PARTICIPATION
The potential risks that may occur while participating in this study are those associated with

any type of exercise: injury to muscles and / or joints, dizziness, headache, and in rare instances heart
attack (one in 10,000). However, these risks are minimal in healthy individuals, and the investigators
are trained to conduct these types of experiments. You may experience some local bruising,
tenderness and / or an infection at the area where blood samples were taken. Trained technicians will
perform the blood sampling technique and sterile procedures will be used to minimize this risk.
There is also the risk of your blood pressure response to become exaggerated during walking since
you already have high blood pressure. However, exercise is recommended as the initial treatment of
mild to moderate high blood pressure due to the exercise-related  health benefits. Also, you will be
walking at a self-selected pace which would not put you at any more risk than your normal every day
walking. In the unlikely event that physical injury occurs as a result of participating in this study,
financial compensation is not automatically available and medical treatment will not be provided free
of charge. If physical injury should occur through the course of the study immediately notify Kerrie
Moreau or Dr. Thompson (see below for phone and office numbers).

BENEFITS OF PARTICIPATION
This study will provide information on the dose-response relationship between walking and

specific health benefits. You will benefit by acquiring valuable information on your current health
status including: blood lipid profile, glucose tolerance, insulin sensitivity, body composition, fitness
level, and resting and exercise blood pressure responses. If you participate in the walking programs,
you may obtain some health and fitness benefits, and after comp etion of the study you will be given
information to help improve or maintain your current level of health and conditioning. Those who
are assigned to the sedentary control group will be able to participate in a walking program at the end
of the 24 week study.

CONFroENTIALITY
Only you and members of the research team will have access to your results. All data will be

coded by a subject number rather than by name and will be kept in a locked file cabinet by Kerrie
Moreau. The results of the research will be published; however, no publication will contain
information that will allow you to be identified.

RIGHT TO ASK QUESTIONS AND/OR TO WITHDRAW FROM THIS INVESTIGATION
If you have any questions or concerns at any time during the course of this investigation or

after you complete this study, you may contact Kerrie Moreau or Dr. Thompson at (423) 974 -
1271. Kerrie Moreau and Dr. Thompson’s offices are located in the HPER Building in rooms 305
and 347, respectively. If at any time during this study events occur that will impact your ability to
participate (e.g., you sustain a training injury, you are ill etc.), you should inform Kerrie Moreau
Dr. Thompson imme^ately. As a volunteer in this study, it is your right to withdraw from this
investigation at any time. If you decide to withdraw from this study, you will in no way be penalized.

CONSENT
By signing this form, I am indicating that I have read the above information and agree to

participate in this project. I have had the procedures and potential risks explained to me and my
questions have been answered to my satisfaction.  I understand that I will receive a copy of this
consent to keep.

or

Participant’s Signature Date

Investigator’s Signature, Date
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SURVEY OF EXERCISE TRAINING, MEDICAL HISTORY AND MENSTRUAL HISTORY

DATENAME

DATE OF BIRTH

ADDRESS

.(work).PHONE #s (home).

Please answer the following questions. This information will only be used for research purposes and will not be
made public. Please answer these questions based on physical exercise in which you regularly engage. This
should not include dally work activities such as walking from one office to another.

If yes, please describe.1. Do you regularly engage in exercise?

2. On the average, how many times per week do you engage in exercise training?
0  1 2 3 4 5 6 7

3. On the average, how long are your workouts?
0-19 minutes 20-40 minutes more that 40 minutes

4. Describe the type of exercise or physical activities in which you participate on a weekly basis.

5. How long have you been exercising at this level?
less than 6 months
6-12 months
1-2 years
3 or more years

MENSTRUAL HISTORY

1. At approximately what age did you begin menstruating?

2. Do you currently have regular menstrual cycles (i.e., regularly spaced periods of menstrual bleeding)?

If you answered NO to question #2;

a. Have your menstrual periods stopped completely?

b. When did you have your last period?

c. If you still occasional have menstrual bleeding, describe the pattern.

3. Are you taking hormone replacement medication such as estrogen or progesterone?.
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MEDICAL HISTORY

Past History:

Have you ever been diagnosed with the following conditions? Please check the appropriate column.
Don't KnowNoYes

(  ) (  )(  )Free or easy bleeding
(hemophilia)

Rheumatic fever

Heart murmur

High blood pressure
Any heart problem
Varicose veins

Lung disease
Seizures

irreguiar heart beat
Bronchitis

Emphysema
Diabetes

Asthma

Kidney Disease
Liver Disease

Severe Allergies
Orthopedic problems

Hyper- or Hypothyroidism
Hepatitis
AIDS

Heparin Sensitivity

(  )(  )

{  ) (  )

(  )(  )

(  )
(  )(  ) (  )
(  )(  ) (  )

(  )

(  )

(  )

(  )

(  ) (  )

(  ) (  ) (  )

(  )(  ) (  )

(  ) (  )

(  ) (  ) (  )

(  )

(  ) (  )

(  ) (  ) (  )

(  ) {  )

Present Symptoms Review:

Have you recently had any of the following symptoms'^ Check "X" if yes.

Chest pain

Shortness of breath

Heart palpitations
Leg or ankle swelling
Coughing of blood
Low blood sugar

Feeling faint or dizzy
Leg numbness

Frequent urination
Blood In urine

Burning sensations
Severe headache

Blurred vision

Difficulty walking
Weakness in arm

Significant emotional problem ( )

(  )

(  )

(  )
(  )

(  )

(  )

(  )

(  )

(  )

(  )

(  )

(  )

Do you smoke?
Are you taking any medications'^

If yes, how many per day'^.

.If yes. please describe:

OTHER INFORM A-nON

Whom .should we notify in case of an emergency?
Name ^ '

Addre-s.";

Phone #

I have been given the opportunity to ask questions about any of the above items that were unclear, and I have
answered all questions completely and truthfully to the best'of my knowledge.

SIGNATURE DATE
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Physical Activity Questionnaire

Name

1. How many city blocks or their equivalent do you normally walk each day?
(Let 12 bloclm = 1 mile)

B leeks' dav

2. What is your usual pace of walking? (Please check one.)
Casual or strolling (less than 2 mph)
Fairly brisk (3 to 4 mph)

b.a. A
c. d.

verage or normal (2 to 3 mph)
Brisk or striding (4 mph or faster)

3. How many flights or stairs to you climb un each dav? flighis/day (Let 1 flight = 10 steps.)

4, List any spons or recreation you have actively participated in during the past month?
Average

Time'Pnisode

Sport, Recreation, or Other Physical Activity Number of j
Times/month I(other than walking)

Hours Minutes Years ;

Paracinarion i
a.

b.

c.

d.

5. Which of these statements best expresses your view'? (Please check one.)
a. I do enough exercise to keep healthy, b. I oushi to do more exercise, c. .Don’t know

6. At least once a week, do you engage in regular activirr akin to brisk walking , jogging, bicvclins,
swimming etc. long enough to work up a sweat, get your heart thumping or set out of breath?

No Why not? :
Yes How many times per week? Activity:

128



0  0.J I :
s0 9 101 I I f

I

I i I I I i INtmzl V«7 vwy v«7 IWok Wooeraie Somewnai

3Uonq

CiCrenq
(Tiowj

'^ay

itrenq
VcTi' •'erv«cu G’ua woe

jrmnn uimo^i 'wiAiimji

•na-ximai)
(lOUCCMlo)

8. On a usual weekday and a weekend day, how
Total for each day should add to 24 hours.

much time do you spend on the following activities'^

L'suci '.Vei.tnny Lsua] '.Vei.- 1C -SV

HeU^'S/’CaV ncun:.Di
i Vigorous acnvity (oiggmg in tbs gcice.T. scenuous

sports, joggme. aerobic dancing, sustained

swimming, brmk waifcing, heavy caipemr,',
bicyciing on hiik erej

a. .Vtode.-ate activirr (house-.vorx. lig-tt
waiktng, goif. yarn work, lawn mowm

scores, iwguicr

g, painnns,

ropaiiing, lignt catpentr,-, bailroom

bicychng on level grounc. )

c. La vir/ (oruce wont, d:;vtng car, strollma,

.ceroonal care, scmcing with lithe tnonon. 1

0. Sinang vir/ (i r, .roacnig, cesk wont

watcaiag TV, listeamg :o mdio. etc.^

e. ileepmg or rociiinng
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APPENDIX D

Psychological Surveys
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PSYCHOLOGICAL SURVEY

Below is a list of the ways you might have felt or behaved. In the space
before each item, write the number that corresponds with how often you
have felt this way during the past week.

1 = Rarely or None of the Time (Less than 1 Day)
2 = Some or a Little of the Time (1-2 Days)
3 = Occasionally or a Moderate Amount of Time (3-4 Days)
4 = Most or All of the Time (5-7 Days)

During the past week:

1 - I was bothered by things that usually don’t bother me.
2. I did not feel like eating; my appetite was poor.
3. I felt that I could not shake off the blues even with help from my
family or fiiends.
4. I felt that I was just as good as other people.
5. I had trouble keeping my mind on what I was doing.
6. I felt depressed.
7. I felt that everything I did was an effort.
8. I felt hopeful about the future.
9. I thought my life had been a failure.
10. I felt feaiftiil.
11. My sleep was restless.
12. I was happy.
13. I talked less than usual.
14. I felt lonely.
15. People were unfriendly.
16. I enjoyed life.

I had crying spells.
18. I felt sad

19. I felt that people dislike me.
20. I could not get “going”.

17.
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Please answer the following questions by circling  T for true
for false.

or F

T  F It makes me impatient to have people ask my aovice or
otherwise interrupt me when I am working on something imporiant.

Some of my famiiy have habits that bother and annoy me veryT  F

much.

People often disappoint me.F1

c l-am not easiiy ange.'-ed.I  .

There are certain people whom I dislike so much thai I  a.m
inwardly pleased when they are oatching it for something they have
done.

FI

When someone does me wrong, I fee! I should pay them back if I
can, just for the principle of the thing.
F

i  don't blame anyone fcr m/ing to grac everything they can get
in this world.

FI

F I  can be friendly with people who co things whic.n I  consicer
wrono.

I do not blame a pe.mon for taking acvantage of someone who
lays himself open to it.
F

I would certainly enjoy beating a crooK at their own came.h

F I  have at times.had to be rough with peccle who were ruce crI

annoying.

I am often inclined to go out of my way to win a point with
someone who ocoosed me.

r

I do not try to cover up my poor opinion or pity of a person so
that they won't know how I feel.

FI

F I  strongly defend my own opinion as a rule.I
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APPENDIX E

Physical Self Perception Profile and

The Percieved Importance Profile
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THE PHYSICAL SELF PERCEPTION PROFILE (PSPP)

WHAT AM I LIKE?

These are staternents which allow people to describe themselves.
There are no right or wrong answers since people differ a lot.

Rrst. decide-which one of the two statements best describes you.

Then, go to that side of the statement and check if it is just
"sort of true" or "really true" FOR YOU.

Really Sort of
True True
for Me for Me

Sort of Really
True

for Me

EXAMPLE I rue

for Me
Some people are
very competitive

Others are not quite
BUT so competitive X

REMEMBER to check only ONE of the four boxes

1. Some people feel that
they are not very
good when it comes
to playing sports

Others feel that they
are really good at
just about every sportBUT

2. Some people are not
very confident about
their level of physical
conditioning and fitness

Others always feel
confident that they
maintain excellent

conditioning and fitness
BUT

Some people feel that
compared to most, they
have an attractive body

Others fee! that compared
to most, their body is
not quite so attractive

o.

BUT

4. Some people feel that
they are physically
stronger than most
people of their sex

Others feel that they
lack physical strength
compared to most others
of their sex

BUT

5. Some people feel
extremely proud of who
they are and what they
can do physically

Others are sometimes

not quite so proud of
who they are physioallyBUT

6. Some people feel that
they are among the
best when it comes

to athletic ability

Others feel that they
are not among the most
able when it comes to

athletics

BUT
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Really Sort of
True True
for Me for Me

Sort of Really
True True

for Me for Me

7. Some people make certain
they take part in some
form of regular vigorous BUT regular vigorous

physical exercise

Others don't often

manage to keep u

physical exercise

p

8. Some people feel that
they have difficulty main
taining an attractive
body

Others feel that they
are easily able to keep

BUT their bodies looking
attractive

9. Some peopie feel that
their muscles are much

stronger than most
others of their sex

Others feel that on the

whole their muscles are

BUT not quite so strong as
most others of their sex

10. Some people are some
times not so happy with
the way they are or what BUT of person they are
they can do physically

Others always fee

physically

!
happy about the kind

11. Some people are not
quite so confident when
it comes to taking part
in sports activities

Others are among the
most confident when

BUT it comes to taking part
in sports activities

12. Some people do not Others always maintain
usually have a high level BUT a high level'of stamina
of stamina and fitness and fitness

13. [ Some people feel
embarrassed by their
bodies when it comes
to wearing few clothes

Others do not feel

embarrassed by their
bodies when it comes

wearing few clothes
BUT

14. When it comes to situat
ions requiring strength
some people are one of
the first to step forward

When it comes to situat

ions requiring strength
some people are one of
the last to step forward

BUT

15. When it comes to the
physical side of them
selves some people do
not feel very confident

Others seem to have a
real sense of confidence

in the physical side of
themselves

BUT

16. Some people feel that
they are always one of the
best when it comes to
joining in sports activities

Others feel that they
are not one of the best

when it comes to joining
in sports activities

BUT
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Really Sort of
True True
for Me for Me

Sort of

True
for Me

Really
True
for Me

17. Some people tend to feel
a'little uneasy in fitness
and exercise settings

Others feel confident
"BUT-and at ease at all times

in fitness and exercise
settings

18. ] I I Some people feel that they
are often admired because
their physique or figure
is considered attractive

] [ I Some people tend to lac.k Others are extremely
confidence when it comes BUT confident when it
to their physical strength

]  I I Some people always Others sometimes do
have a really positive not feel positive about
feeling about the physical BUT the physical side of
side of themselves themselves

Others rarely feel that

com

 .
they receive admiration

BUT for the way their body
looks

19.

es

to their physical strength

20.
1

21. ] Some people are some
times a little slower than
most when it oomes to
learning new skills in a
sports situation

Others have always
seemed to be among the
quiokest when it oomes

BUT to learning new spons
skills

22. ] Some people feel ex
tremely oonfident about
their ability to maintain
regular exercise and
physical condition

Others don't feel quite [
so confident about their ^
ability to maintain n

BUT regular exercise and
physical condition

23. ] Some people feel that
compared to most, their
bodies do not look in
the best of shape

Others feel that com
pared to most their

BUT bodies always look in
excellent physical shape

24. J Some people feel that they Others feel that they
are very strong and have are not so strong and
well developed muscles BUT their muscles are not
compared to most people very well developed

'] Some people wish that they
could have more respect
for their physical selves

] Given the chance, some
people are always one
of the first to join in
sports activities

Others always have
BUT great respect for their

physical selves

Other people sometim

25.

26.
es

hold back and are not
BUT usually among the first

to join in sports
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Really Sort of
True True
for Me for Me

Sort of Really
True
for Me for Me

I rue

27. Some people feel that
compared to most they
always maintain a
high level of physical
conditioning

Some people are
extremely confident
about the appearance
of their body

Others feel that compared
'to most their level of
physical conditioning
not usually so high

IS
BUT

28.
Others are a little
self-cbnsc.'ous about
the aopearance of
their bodies

BUT

29. Som.e people feel that
they are not as good as
most at dealing with
situations requiring
physical strength

Some people feel ex
tremely satisfied with
the kind of person
they are physically

B

Others feel that they
are among the best at
dealing with situations
which require physical
strength

BUT

30.
Others sometimes
feel a little dissatisfied
with their physical
selves

UT
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HOW IMPORTANT ARE THINGS TO YOU?

Really
True

for Me

Sort of

True
for Me

Sort of Really
I rue I rue

for Me for Me

1. Some people feel that
being good at sports is
vitally important to them

Others feel that being
BUT good at sports is not

so important to them

2. Some people do not
feel that maintaining a
high level of physical
conditioning is very
important to theiri

Others feel that main- ^
taining a hign level L

BUT of physical conditicning
is extremely important
to them

3. Some people believe
that having an attractive
physique or figure is
vitally important to
them

Others believe that
having an attractive
physique or figure is
not all that imcortant

in their lives

BUT

4. Some people believe that
being physically strong
is not so important to
them

Others feel that it is

extremely important to
them to be physically
strcng

BUT

Some people feel that
having very good sports
ability and skill is not
so important to them

o. Others feel that having
a high level of sports
ability IS really impor
tant to them

BUT

6. Some people feel that
maintaining regular
vigorous exercise is
vitally Important to them

Others feel that keeping n
up reguiar vigorous
exercise is not of prime
importance to them

BUT

Some people do not feel
it so important to them to
spend a lot of time and
effort maintaining an
attractive body

/. Others think that it is
vitally important to
spend time and effort
maintaining an
attractive body

BUT

8. Some people feel that
being strong and having
well developed/toned
muscles is vitally
important to them

Others feel that being
strong and having well
developed/toned
muscles is not so

important to them

BUT
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