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Sixteen males and 16 females were recruited for this

study; eight of each gender were aerobically trained

athletes; the remaining eight were untrained control

subjects. Each subject performed a maximal exercise stress

test for aerobic capacity (V02max). On a separate day the

blood volume and the cardiovascular responses to progressive

(0 to -50 torr) lower body negative pressure (LBNP) were

determined. The female subjects were observed to be

significantly more tolerant of the LBNP than the male

subjects. No differences between groups were observed in

changes in leg volume, cardiac index, blood pressure, or

heart rate during LBNP. However, the females, in compari-

son to the males, maintained stroke index at a higher level,

and increased regional vasoconstriction more, during the

LBNP induced hypotensive stress. These findings suggest

that female subjects withstand LBNP to -50 torr better than

male subjects.
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CHAPTER I

INTRODUCTION

With the advent of manned space flight and the

increasing demands placed on the human physiological system

by the use of high speed aircraft, much attention has been

devoted to the study of the effects of increases and

decreases in gravitational stress on the cardiovascular

system and blood pressure control in man. Experimentally,

increases in gravity can be simulated by many methods;

these methods are referred to as orthostatic stressors.

The most popular of these methods is lower body negative

pressure (LBNP).

Generally, an orthostatic stressor will induce a

pooling of blood in the lower extremity and subsequently

reduce central venous pressure (CVP) and arterial blood

pressure (BP). Compensation for the changes in CVP and BP

result in a relative reflex tachycardia and vasoconstriction.

Subsequently, several factors have been found to effect the

cardiovascular compensation induced by an orthostatic

challenge. These include, among others, a high aerobic

capacity (VO2max) and gender.

Previous studies (Luft, Myhre, Loeppky, & Venters,

1976; Raven, Rohm-Young, & Blomqvist, 1984; Stegemann,

1
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Busert, & Brock, 1974) have utilized aerobically trained

and untrained males and subjected them to the orthostatic

stress of LBNP. In all of these investigations it was

reported that the trained subjects had a greater drop in

systolic blood pressure and a blunted tachycardiac response,

and therefore a greater incidence of syncopy occurred during

LBNP. Therefore, the aerobically trained male has been

demonstrated to have less orthostatic tolerance than the

sedentary male. This difference in the cardiovascular

reflexes is thought to be due to an alteration in the baro-

reflex during aerobic training. The mechanism of alteration

is unclear; however, a relationship between the percentage

of total blood volume shifted and the autonomic nervous

system response does appear to exist. If indeed this

relationship does exist then the female would demonstrate

a greater level of orthostatic intolerance than the male,

simply due to a smaller total blood volume at rest, and a

greater percentage of blood volume moved during a given

level of LBNP.

Montgomery et al. (1977) and Gaffney, Campbell,

Karlsson, & Blomqvist (1978) compared male and female

cardiovascular response to LBNP and observed that the

female was indeed less tolerant of the stressor and there-

fore could not maintain systolic blood pressure. These

investigators could not account for the differences in the

autonomic control of blood pressure between the sexes.
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With little or no data available comparing the cardiovascu-

lar responses of the aerobically trained and untrained

female to that of the male, such a study would enhance the

base of knowledge concerning autonomic control of blood

pressure between fitness levels and gender.

Statement of the Problem

What effects do gender and aerobic fitness have upon

the mechanisms of blood pressure control?

Hypotheses

1. There will be a difference in cardiovascular

response to LBNP between fitness groups in both the male

and the female.

2. There will be a gender related difference in

cardiovascular response attributed to a greater percentage

of total blood volume shifted in the female during progres-

sive levels of LBNP.

Limitations

The study will be limited by the following factors:

1. Small sample- sizes;

2. Blood pressure will be measured noninvasively

which limits the frequency of which measurements can be

taken;

3. Cardiac outputs will be measured noninvasively

which is less valid than an invasive technique.
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Delimitations

The study will be delimited by the following factors:

1. Only males and females between the ages of 18 and

35 will be tested;

2. Only aerobically trained and untrained men and

women will be chosen (VO2max greater than 55 ml 0 2 /kg*min~

or less than 45 ml 02/kg*min-1, but not less than 25 ml

02/kg*min ).

Definition of Terms

Baroreceptor--Sensory nerve endings in the wall of the

atriums of the heart, vena cava, aortic arch and cartoid

sinus which are sensitive to changes in pressure from

within, and act as elicitation points of central reflex

mechanisms to correct the pressure changes.

Central Venous Pressure--The pressure inside the right

atrium.

Negative Pressure--Less than that of the ambient

atmospheric pressure.

Orthostasis--Standing or the upright position.

Relative Reflex Tachycardia--An increase in heart rate

due to a decrease in arterial blood pressure.

Syncopy--Fainting, or symptoms of unconsciousness.

Vasoconstriction--Narrowing of the blood vessels.
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CHAPTER II

REVIEW OF LITERATURE

Physiological Effects of an
Orthostatic Challenge

Hydrostatic pressure is produced in fluid systems due

to a gravitational field. This pressure is characterized by

a greater pressure lower in the system due to the weight of

the fluid in the system. The human cardiovascular system is

an example of a fluid system that is affected by gravity, as

evidenced by the presence of hydrostatic pressure within the

vascular tree. Therefore, when the body changes positions

in relation to gravity the hydrostatic pressure within the

cardiovascular system is altered. Upon standing, the

vascular pressure rises in the lower portions of the body

and falls in the higher portions of the body (Edholm, 1940).

The pressure response to a standing position is termed

orthostasis. The concept of orthostatic tolerance relates

to the ability of the cardiovascular system to make appro-

priate adjustments to maintain adequate arterial blood

pressure when postural changes take place. An orthostatic

challenge can be experimentally induced in several ways,

including centrifugation, head-up tilt and lower body

negative pressure (LBNP).

6
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Centrifugation has been used exclusively to define

orthostatic tolerance with a force capability of 2 to 9 G.

Specifically, it is used as a test of pilot performance in

high speed aircraft maneuvers, and has not been used to

define the physiological responses to orthostasis. There-

fore, head-up tilt (0 to 1 G) and LBNP (0 to 2 G) are the

primary orthostatic stressors used to characterize the

blood pressure control mechanisms in man. LBNP, as opposed

to head-up tilt, is gravity independent, and thus the

subject is in a supine, resting position throughout the

procedure. LBNP also produces a more quantifiable stress

than head-up tilt. Consequently, this section will focus

and analyze only those reports using the procedure of LBNP

to ascertain differences in blood pressure control related

to aerobic capacity and gender.

Physiological Effects of Lower Body
Negative Pressure (LBNP)

The consequence of LBNP to -50 torr is a translocation

of a portion of the central blood volume from the thoracic

cavity to the lower extremities. The magnitude of the

amount of blood volume moved is directly related to the

level of negative pressure applied (Coles, 1956). Typically,

during LBNP of -40 torr, the amount of blood moved approxi-

mates 500 to 600 milliliters (Musgrave, Zechman, & Mains,

1969). Subsequent to the shift in blood volume a decrease

in venous pressure (CVP) on the order of 3 to 7 torr during
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LBNP of -10 to -60 torr (Murray, Thompson, Bowers, &

Albright, 1968; Stevens et al., 1965). This reduction in

venous return precipitates a decrease in right heart filling

and a reduction in cardiac output which ultimately reduces

arterial blood pressure. As highlighted in Wolthuis' review

(Wolthuis, Bergman, & Nicogossian, 1974) systolic blood

pressure has been observed to decrease at LBNP levels of

greater than -40 torr. Pulse pressure narrows as a conse-

quence of the decreased systolic blood pressure and a slight

rise in diastolic blood pressure.

The sensing of a reduced central blood volume by low

pressure baroreceptors (Zoller, Mark, Abboud, Schmid, &

Heistad, 1978) and reduced arterial blood pressure by the

high pressure baroreceptors (Rowell, Wyss, & Brengelmann,

1973) result in afferent input to the cardiovascular centers.

This input provides integrative efferent responses that

attempt to insure adequate brain blood flow despite the

increase in gravitational stress. Primarily, these responses

include a combination of systemic vasoconstriction and

compensatory tachycardia. Support of these proposed

responses have been presented by many investigations

(Johnson, Rowell, Niederberger, & Ersman, 1974; Murray et

al., 1968; Skagen, Henriksen, & Bonde-Peterson, 1981).

Vasoconstriction or increases in peripheral vascular

resistance, as measured by forearm blood flow or calculated

from blood pressure and cardiac output, has been observed
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during LBNP in response to decreasing arterial pressure.

Brown and colleagues (Brown, Goeri, Greenfield, & Plassaras,

1944) noted a decrease in forearm blood flow from 4.4

ml/100ml/min to 1.6 ml/100ml/min during LBNP at -60 torr.

Zoller et al. (1971) and Johnson et al. (1974) reported

vasoconstrictor responses and a decreased CVP occurring

during low level LBNP (less than -20 torr), without changes

in arterial pressure, pulse pressure or heart rate. Both

groups concluded that low pressure baroreceptors or volume

receptors were responsible for initial vasoconstrictive

reflex response.

Skagen et al. (1981) also studied reflex forearm

vasoconstriction responses to LBNP (-60 torr) with a local

nerve blockade using lidocaine in one forearm. They

observed a 43% decrease in blood flow in the control arm,

while the test arm was found to be unaffected. These

results suggest that the vasoconstrictor responses induced

by LBNP were sympathetically mediated. Furthermore, it was

apparent from the above reports that the sympathetically

mediated vasoconstriciton was a result of either high

pressure or low pressure baroreceptors acting singularly

or in combination with each other.

Many investigators of LBNP have observed a strong

reflex increase in heart rate at the higher levels of LBNP

(Murray et al., 1968; Wolthuis, Hoffler, & Johnson, 1970).

Stevens et al. (1965) noted a 39% increase in heart rate at
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-60 torr LBNP. They also noted that the greater increase in

heart rate at any given level of LBNP was related to the

individual's tolerance to LBNP. The tachycardic response to

LBNP is only observed at LBNP levels in excess of -20 torr

(Ahmad, Blomqvist, Mullins, & Willerson, 1977; Raven,

Rohm-Young, & Blomqvist, 1984). Therefore, the sympathetic-

ally mediated cardiac augmentation as well as a further

increase in the vasoconstrictor response can be attributed

to a reflex response of the high pressure baroreceptors

associated with the decreasing arterial blood pressure

(Rowell et al., 1973).

In summary, LBNP will induce a fall in CVP and arterial

blood pressure via a decrease in central blood volume.

These effects result in tachycardia and vasoconstriction in

order to maintain blood pressure. However, despite these

responses systolic blood pressure falls in relation to the

level and duration of LBNP. Subsequently, tolerance to

LBNP has been linked to many factors that appear to affect

the reflex responses described above.

Aerobic Training and LBNP

Aerobic Training Effects

The following section will focus on aerobic training,

as defined as regular participation in rhytmic, large

muscle group exercise, and the effect on man at rest. The

degree of change invoked by training is related to intensity,
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duration and frequency and has been previously reported

(Pollock, 1973); hence, a general review of these changes

in resting physiological parameters that directly related

to LBNP will be discussed.

One of the most dramatic changes that occurs with

physical training is a decrease in resting heart 
rate

(Sedgwick, Craig, Crouch, & Dowling, 1974; Tipton, Carey,

Eastin, & Erickson, 1974). This reduction in heart rate

could be due to an increase in vagal tone, a decrease in

sympathetic tone or a combination of both (Clausen 
& Trap-

Jensen, 1970; Ekblom, Kilbom, & Soltysiak, 1973). Altera-

tions in the intrinsic function of the sino-atrial 
node

could also be responsible for the slowing of the resting

heart rate (Scheur & Tipton, 1977). A reduced resting

heart rate accompanies an increased resting stroke 
volume,

consequently, cardiac output at rest does not significantly

change.

Invariably increased stroke volume has been 
associated

with an increase in left ventricular end-diastolic 
diameter

and volume, a result of the Frank-Starling effect (Bevegard,

Holmgren, & Johnson, 1983; Zeldis, Morganroth, & Rubler,

1978). Cardiac hypertrophy (enlarged chamber size) is a

common finding in aerobically trained individuals. 
This

is due to an increased blood volume at rest and the 
high

volume load associated with dynamic exercise 
that results

in the eccentric hypertrophy. This hypertrophy is usually
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accompanied by a moderate increase in myocardial mass

(Keul, Dickhuth, Lehmann, & Staiger, 1982). However,

whether cardiac enlargement is due solely to intense train-

ing or genetic predisposition has not been established.

The effects of physical training on the volume of blood

has been studied extensively, yet it is unclear whether

training increases blood volume (Convertino, Brock, Keil,

Bernauer, & Greenleaf, 1980; Dill, Braithwaite, Adams, &

Bernauer, 1974; Fortney & Senay, 1979), or has little or no

effect (Bass, Buskirk, Iampietro, & Mager, 1958; Cook,

Gualtiere, & Galla, 1969). However, the weight of current

theory suggests that blood volume is increased by physical

training.

For example, Oscai, Williams, and Hertig (1968) found a

6% increase in blood volume in sedentary males after a 16

week running program. In addition, their data suggested

that this increase in total blood volume was due to increases

in plasma volume and not increases in the volume of red

cells. Similarly, Fortney et al. (1979) reported increases

in plasma volume of 9.7% in healthy sedentary women after a

four week training program. This finding suggests that

males and females have similar hypervolemic responses to

exercise training. However, the data concerning plasma

volume changes following aerobic training in the female

are sparse.
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Convertino et al. (1983) studied possible mechanisms

of exercise training associated hypervolemia, and observed

that exercise training greatly promoted protein synthesis of

which 86% of the increase was due to an increase in albumin.

An increase in plasma albumin increases the osmolar content

of the blood and therefore stimulates release of vasopressin,

an antidiuretic hormone that facilitates the reabsorption of

water and sodium at the kidney level. Thus, the training

induced increased synthesis of albumin by the liver results

in an expansion of the plasma volume primarily as result of

increased water retention of the kidneys (Geyssant et al.,

1981; Rocker, Kirsh, & Stoboy, 1976).

Resting blood pressure following training is not sig-

nificantly altered in the normotensive individual (Ekblom,

Astrand, & Saltin, 1972; Saltin et al., 1968). However,

Conquette and Ferguson (1973) observed a. decrease in resting

blood pressures following a training program in borderline

hypertensives. In addition to little or no change in

resting blood pressures, several longitudinal studies have

demonstrated that there is no significant effect on total

peripheral resistance induced by training (Ekblom et al.,

1972; Kilbom & Astrand, 1971). Therefore, vasoconstriction

at rest in the trained individual does not seem to differ

significantly from the untrained individual.

It is apparent much of what is known concerning

exercise training effects has been obtained using male
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subjects. However, from the few reports that are available

it can be generalized that females exhibit the same modifi-

cations as males to aerobic exercise training, and that the

mechanisms of adaptations are similar (Drinkwater, 1984;

Hanson & Nedde, 1974). However, it must be emphasized here

that due to the difference of size, the trained female will

have less circulating blood volume that that of her trained

male counterpart (Astrand, 1952).

The Effect of Aerobic Training on LBNP Responses

Recently, evidence that aerobic training affects the

cardiovascular response to LBNP has been accumulating. It

has been shown in several cross-sectional studies that

endurance trained athletes have a lower tolerance to LBNP

than nonendurance trained athletes as evidenced by both

an increases incidence of syncopal reactions and a greater

drop in systolic blood pressure. The trained subjects also

display a reduced tachycardiac response during higher levels

of LBNP (Luft et al., 1976; Raven, Rohm-Young, & Blomqvist,

1984; Stegemann et al., 1974). A specific mechanism for

these differences is unclear at this time.

Luft et al. (1976) studied five athletic and five non-

athletic males during LBNP, and found that the nonathletes

were 42% more tolerant to the LBNP than the athletes. This

assessment included a tolerance factor calculated as the

product of the amount of negative pressure applied and the
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duration of exposure (torr x min). From this data they

attributed these differences to an increase in leg compli-

ance of the athletes resulting in a greater increase in leg

volume during LBNP. In a similar study, Raven, Rohm-Young,

and Blomqvist (1984) noted an attenuation of the baroreflex

response in their trained population during LBNP. 
In

contrast to Luft et al. (1976), these investigators found

no significant differences in peripheral venous pooling and

calculated leg compliance between the high and average fit

endurance trained groups. These investigators also evaluated

a much more aerobically fit population (70.2 ml 02 /kg*minl

-l
than that of Luft's study (50.0 ml 02/kg*min ). It was

apparent from the data of Raven et al. that the trained

males had a greater peripheral vascular resistance at rest

and during LBNP. In addition, the trained group was

observed to have a blunted tachycardiac response during

LBNP. They hypothesized that high intensity endurance

training produces an alteration in the autonomic nervous

system control of blood pressure when challenged by a

hypotensive stress.

In support of an alteration in reflex response during

training, Tipton, Matthes, and Bedford (1982) observed that

trained rats had significantly greater declines in blood

pressure during LBNP than untrained rats. These differences

were abolished after the high pressure baroreceptors were

denervated. This data confirms the suggestion that a
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modification of the baroreflex occurs as a result of

endurance exercise training.

Leg compliance and baroreflex sensitivity were studied

in fit and unfit males by Raven and Smith (1984). Leg

compliance was determined by measuring leg volume changes

during leg occlusion. No difference in absolute volume per

unit of occlusion pressure was found between groups, thus

reaffirming that leg compliance is similar between trained

and untrained males, during rest as well as during LBNP. In

another study by this group (Raven, Rohm-Young, & Blomqvist,

1984), an index of baroreflex sensitivity was defined as the

change in heart rate divided by the change in blood pressure

during a hypertensive challenge induced by graded infusions

of phenylephrine hydrochloride. The index for the fit

subjects was 0.45 beats/mm Hg and 1.22 beats/mm Hg for the

unfit subjects; therefore, the fit subjects had less of a

decrease in heart rate per increase in blood pressure. This

index was also observed to be negatively correlated to

aerobic capacity (VO2max). In conjunction with previous

findings, the authors concluded that endurance training

modifies the baroreflex response to both hyper- and hypo-

tensive stresses (Raven, Rohm-Young, & Blomqvist, 1984;

Raven & Smith, 1984).

All of the previous reports are in agreement that a

difference in LBNP response of trained and untrained males

exists, although, the possible causes of the differences are
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still controversial. Recent data indicate an attenuated

baroreflex occurs as a result of endurance exercise training,

but the mechanism responsible for this change is unclear

(Raven & Smith, 1984; Tipton et al., 1982). However, it

does appear that a relationship exists between the amount of

blood volume moved and the consequent autonomic nervous

system response. Unfortunately, investigations using

trained and untrained female subjects during LBNP have not

been addressed in the literature. Furthermore, if the

linear relationship between mass and total blood volume is

valid for both males and females, it could be hypothesized,

that based upon the females' smaller mass, that the female

could serve as a model of a reduced blood volume. From this

model one would predict that regardless of fitness level,

the reflex response to a given level of LBNP would be

greater than in the male and thus they would be less toler-

ant. This logic is based upon the fact that for a given

level of LBNP a given amount of blood volume is moved which

would prove to be a greater percent of total blood volume

in the smaller massed individual.

The Effect of Gender on the Responses to LBNP

The amount of data available comparing male and female

responses to LBNP is surprisingly small. Montgomery et al.

(1977) studied the cardiovascular responses of six males and

four females during an LBNP induced orthostatic stress. All
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subjects demonstrated the typical response to LBNP, 
however,

the females exhibited enhanced heart rate and blood 
pressure

responses. At -40 torr the males increased heart rate by

30% whereas the females responded with a 48% increase from

resting values. At -60 torr the heart rate response was

even more exaggerated in the females. More significantly,

in only 2 of 12 trials did the females complete a 5 minute

-60 torr exposure without incidence of syncope, while the

male counterparts completed all trials without symptoms of

syncope. Diastolic blood pressure was seen to increase in

the males and decrease in the females. Systolic blood

pressure dropped in both sexes at all levels of LBNP, with

females exhibiting a significantly lower systolic blood

pressure at -40 and -60 torr. Consequently, pulse pressure

decreased in both groups with a greater decrease in the

females.

Montgomery et al. (1977) also measured blood flow and

the redistribution of blood to the lower extremities by

impedance plethysmography. The males had significantly

increased absolute leg volumes at all levels of LBNP, as

well as significantly increased leg blood flow as compared

to the females. Therefore, the investigators concluded that

women have a greater vasoconstrictor response to LBNP, 
and

pooled a smaller percent of their estimated total 
blood

volume than the males. The females were determined to be

less tolerant to the stress of LBNP, due to their inability
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to maintain blood pressure. However, the investigators

based the percentage of blood volume shifted on total 
blood

volume estimated from the height and weight of the subjects.

This estimation has been shown to be unreliable when compared

to actual blood volume measurements if the level of aerobic

fitness is not considered (Rocker et al., 1976). Thus the

possibility that the female does translocate a greater 
per-

centage of total blood volume remains a question.

In a similar study, Gaffney et al. (1978) did not

observe significant differences in blood pressure response

between males and females during LBNP at -40 torr. They

also noted similar changes in leg volume between males and

females with the females exhibiting a significantly greater

arterial vasoconstriction, calculated from changes in PVR

during LBNP. Gaffney also measured stroke volume and

observed that the females had a diminished stroke volume

reserve; consequently the females responded with greater

increases in heart rate to compensate for this reduced

stroke capacity. Blood volumes were not reported, thus

percent of blood volume shifted could not be calculated.

The investigators determined that the female had a diminished

tolerance to LBNP. This diminished tolerance could be

related to a greater percentage of central blood volume

pooled to the lower extremity, and thus a greater stimula-

tion of the blood pressure control mechanisms occurs.
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Obviously, the lack of data available concerning

responses of females to LBNP makes comparisons 
to male

responses difficult at best. The data that has been

presented seems to suggest a cardiovascular 
reflex differ-

ence between males and females, however much of this 
data

is contradictory. Other studies of autonomic system

stressors have also suggested reflex differences 
between

males and females.

LeBlanc, Cote, Dulac and Dulong-Turcot (1971) compared

male and female responses to a cold pressor test. During

the first minute of the cold hand test females tended 
to

increase systolic blood pressure after which pressure

decreased and continued to fall to below baseline immediately

after the test. The males responded with a significantly

greater increase in systolic blood pressure, which 
also

began to decrease during the test but only 
returned to base-

line after the test. Females were observed to have a

significantly greater rise in heart rate 
during the pressor

test with a significantly lower heart rate occurring

immediately after the test. These differences could not be

explained by the authors, however, they speculated that a

difference in sympathetic or cholinergic drive could be

responsible.

In a related investigation, Bloom (1984) considered

differences between the sexes in response to graded 
mental

stress and observed a consistently greater increase 
in
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systolic blood pressure for the males. These results could

not be explained by differences in cardiac output or

peripheral vascular resistance. However, the findings in

this study suggest that the regulation of blood pressure may

differ between males and females. When related to the

previous reports (Gaffney et al., 1978; Montgomery et al.,

1977) this difference in blood pressure regulation of the

sexes may point to a difference in autonomic nervous system

function. However, many of the reported differences could

possibly be explained by the differences in the absolute

total blood volume that exists between the sexes (Astrand,

1952).

In summary, LBNP has been shown to be a potent stressor

of the autonomic nervous system. It has also been demon-

strated that LBNP has many advantages over other orthostatic

challenges such as head-up tilt and centrifugation.

Cardiovascular and hemodynamic responses to LBNP have been

well defined and reproduced many times in the male popula-

tion. Substantial evidence has been presented that these

responses are attenuated after aerobic training in the male,

due to an alteration in the baroreflex. Whether these

attenuated responses occur in the trained female is not

known at this time. Reports concerning the aerobically

trained or untrained female response to LBNP are scarce or

nonexistent. Therefore, more work in the area of the female
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response in comparison with the male response was needed,

and formed the basis upon which this investigation was made.
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CHAPTER III

METHODS

This chapter presents the methods and procedures that

were used in this investigation. Specifically, subject

selection, techniques of measurement, experimental design

and statistical analysis procedures are described. Where

appropriate, coefficients of variation of specific measure-

ments are presented. Generally, each subject performed an

exercise test to determine his/her maximal aerobic capacity

(9O2max)I, and an orthostatic challenge via lower body nega-

tive pressure (LBNP). Subsequently, individual responses to

LBNP were related to each subject's VO2max. In addition,

comparisons across aerobic capacity and gender are

presented.

Subjects

Thirty-two healthy male and female volunteers between

the ages of 18 and 35 were recruited from the campuses of

Texas College of Osteopathic Medicine, Texas Christian

University, North Texas State University, and the surround-

ing Dallas/Fort Worth metroplex. Each subject was informed

of the purpose and the experimental procedures of the study,

and provided a signed consent. Prior to acceptance into the

study, each subject underwent a preliminary screening

28
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examination which included a health history questionnaire,

a 12-lead electrocardiogram, resting blood pressure and

heart rate measurements in the supine, seated and standing

positions, and a maximal exercise treadmill stress test for

the determination of VO2max. Only those subjects presenting

as asymptomatic for cardiopulmonary disease, orthopedic

problems, and exhibited a VO2max greater than 55 ml

02 /kg*min-1 or less than 45 ml 02 /kg*min-1, but 
not less

than 25 ml 02 /kg*min1 (Drinkwater, 1984) were accepted into

the investigation.

Procedures

Measurement of Maximal Aerobic Capacity

Aerobic capacity (YO2max) was determined on all

subjects using the Bruce treadmill stress test protocol

as described by Dehn and Bruce (1972). During the test,

averaged inspired ventilation volumes were determined at 30

second intervals using a computer (MINC 23 D.E.C.) assisted

integration and averaging of inspired flows using a pneumo-

tachograph (Fleisch). The pneumotachograph was connected

to the inspiratory side of a breathing valve (Hans-Rudolph)

via a breathing hose (1-1/2" I.D. Collins Co.).

A continuous measurement of the fractional content of

carbon dioxide (C02 ) and oxygen (02) of the expired air was

made by sampling from a 10 liter plexiglass mixing chamber

connected to the expiratory side of the breathing valve.
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The gas concentration was determined using a respiratory gas

analyzer-mass spectrometer (Perkin-Elmer model 1100AB)

calibrated against known standard gases. The CO2 and 02

concentrations were averaged over a 30 second period and

recorded by the laboratory minicomputer (MINC 23 D.E.C.).

All variables were manipulated using a customized software

package to account for differences in delay and response

time. Calculated 02 uptake (V02) with corrections for

standard temperature pressure (STPD) were displayed on-line

(CRT-VT125 D.E.C.) and printed out "post-hoc" on a line

printer (LA50 D.E.C.).

Auscultatory blood pressure measurements were obtained

at 3 minute intervals during the test and at test termina-

tion. An electrocardiogram (ECG) multiple lead system

enabling the recording of standard, augmented limb and V5

lead provided a continuous monitor on an oscilloscope. A

10 second recording of the ECG was obtained at 1 minute

intervals during the test, at termination of the test, and

during a 5 minute walking recovery period. Heart rate was

determined from the mean of four consecutive R-R intervals.

The test was terminated when the subject could no longer

continue or if abnormal physiological responses occurred.

Achievement of maximal heart rate, plateauing of VO2

during the final stages of the test, and the appearance of

the subject were used as qualitative and quantitative

criteria of maximal effort (Astrand & Rodahl, 1970).
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Blood Volume Determination

On a separate day following determination of V02max 
and

immediately prior to the determination 
of the subject's

cardiovascular responses to LBNP blood 
volume measurements

were made after a 15 minute supine bed 
rest. This procedure

utilized the carbon monoxide (CO) method as described by

Myhre, Brown, Hall, and Dill (1968). This method calculates

blood volume (VBL) from the red blood cell volume (VRBC)

and the hematocrit (Hct). VRBC was determined using a CO

dilution technique, and calculated from 
knowing the amount

of CO administered (VCO) corrected for STPD and the differ-

ence between volumes percent of carboxyhemoglobin 
(COHb)

before and after the administration of the CO 
(COHb1 and

COHbF respectively). COHb1 and COHbF were determined from

the pre- and post-percent COHb and 
Hct measurements as

outlined in the following calculation 
scheme:

COHb1 (CO/ml RBC) = % COHb pre / Hct pre

COHbF (CO/ml RBC) = % COHb post / Hct post

VCOHb (CO/ml RBC) = COHbF - COHb1

VRBC (ml) = VCO / VCOHb 
(1)

VBL (ml) = VRBC / Hct

VPL (ml) = VBL VRBC

Vkg (ml) = VBL / kg
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Blood volume was further separated into total body plasma

volume (VPL) and blood volumer per kilogram of body weight

(Vkg), as noted above. The coefficient of variation of six

blood volume measurements was determined to be 3.2% around

a mean value of 6.26 liters. The coefficient of variation

of the plasma volume for the same measurements was deter-

mined to be 2.5% around a mean of 3.91 liters indicating

minimal variation in the COHb and Hct measurements.

The administration and equilibration of the CO was

performed by having the subject lie supine and breathe into

a closed system containing a CO2 scrubbing compartment.

During the first minute of breathing, a predetermined

amount of CO was injected into the system. The subject then

continued to breathe into the system for an additional 10

minutes to allow for equilibration of the CO. Five milli-

liters of blood was collected form the antecubital vein

before and after the breathing procedure. The blood samples

were analyzed for hematocrit using the microhematocrit

method in duplicate and correcting by 4% for trapped plasma

(Chaplin & Mollison, 1952). Total hemoglobin and carboxy-

hemoglobin was measured spectrophotometrically using a

Co-oximeter (Instrumentation Laboratories model 282),

within one hour of collection.

Lower Body Negative Pressure (LBNP)

On a separate day following determination of VO2max'

each subject was exposed to progressive levels of LBNP.
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Fig. 1--LBNP Protocol

All observations during LBNP were made at ambient room

temperature (24 1 and 55t5* relative humidity). Subjects

were instructed not to exercise or inject stimulatory agents

for 8 hours prior to LBNP. Females were not tested during

menses.

Measurements During LBNP

Cardiac Output (Q)

Cardiac output was measured using an indirect Fick

method based upon the rebreathing technique described by

Klausen (1958). Carbon dioxide (CO2) was used as the marker
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substance in the Fick equation:

Q = VCO2 / venous CO2 content - arterial CO2 content.

CO2 production (VCQ2 ) was calculated from the ventila-

tion volume (VE) and the average mixed expired CO2 value

obtained during a 30 second collection prior to the

rebreathe procedure. Arterial CO2 was determined using

end-tidal alveolar CO2 values which, as verified by Bates,

Boucot, and Dormer (1955), are known to be in equilibrium

with the partial pressure of CO2 within arterial blood.

The partial pressure of CO2 within venous blood was

extrapolated form the alveolar CO2 measurements obtained

during rebreathing as described by Defares (1958). Subse-

quently, venous and arterial contents of CO2 were

extrapolated from the normalized data of Comroe, Forster,

DuBois, Briscoe, and Carlsen (1962). The cardiac output

value was then normalized for body weight by dividing by

the surface area.of the individual.

Ventilation volumes (yE) were measured over 30 seconds

and expanded to minute ventilation immediately prior to the

cardiac output determination using a turbine spirometer

(Pneumoscan model S-301). Percentages of expired and

inspired CO2 and oxygen were determined using an infrared

(Beckman LB-2) and an oxygen cell (Beckman OM-li) analyzers

respectively. These values were recorded on a six channel

recorder (Soltec model 1286) at a paper speed of 10 cm/min.

A semi-automated Jones rebreathing valve-bag system was
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utilized to assist in performing the rebreathe. This

entailed an air-driven switching system to set the mouth-

piece for either inspiring room air or rebreathing into a

bag at tidal volume. The coefficient of variation for

resting measurements in a pilot study as determined from 10

serial measurements in a 68 kilogram male was 2.4% around a

mean value of 4.93 liters/min.

Heart Rate and Blood Pressure

The ECG lead V5 was recorded continuously on a Narco

physiograph model DMP-6B. A 10 second recording of the ECG

was obtained at rest and at each stage of LBNP (Cambridge

model S-4). Heart rate was calculated from four consecutive

R-R intervals. Indirect blood pressure measurements were

obtained every minute during negative pressure by means of

a semi-automatic device (Narco-biosystems model 700 electro-

sphygmomanometer). Mean arterial blood pressure was

estimated as diastolic pressure plus one-third pulse

pressure.

Calculated Cardiovascular Parameters

Stroke volume (SV) was calculated from the cardiac out-

put and the heart rate (HR ) obtained during the rebreathe

procedure where,

SV (ml) = Q / HR-.

The SV was normalized for body mass by dividing by surface

area (SI). Total peripheral resistance (TPR) was derived
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from the cardiac output and the mean arterial blood pressure

obtained during the Q determination where,

TPR (torr/l/min) = mean blood pressure / Q.

This calculation provided information on changes in vasocon-

strictor responses occurring during LBNP.

The change in heart rate per change in systolic blood

pressure ( HR/ASBP) was calculated for the entire LBNP

procedure from rest to -50 torr. This calculation was used

as an index of baroreflex sensitivity during the hypotensive

stress of LBNP.

Electromyography

Two electromyographs (EMG) (American Biofeedback Corp.

model A-7 Inner Tell) were used to monitor muscle activity

of the lower extremities, and the abdominal area. One set

of electrodes was placed on the inner calf of each leg.

This placement allowed for peak to peak integration of the

lower extremity musculature, but did not monitor the

musculature of the chest, shoulders or arms. The other set

of electrodes was placed on either side of the umbilicus

to monitor the abdominal area. The EMG was monitored

throughout the LBNP procedure to insure that the subject

was in a relaxed state. Previously, Smith, Hudson, and

Raven (in press) has shown that moderate muscle tension

interferes with the obtaining of true, accurate data

during LBNP.
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Changes in Leg Volume

Immediately prior to LBNP and during supine bed rest

the resting leg volume of both legs (excluding the foot) was

determined by measurement of 12 well defined points using

Simpson's rule (Johnson, Nicogossian, Bergman, & Hoffler,

1976). This technique utilized the formula for a truncated

cone to determine the volume of each measured segment

(Calculation 2). The summation of each conal volume was

used as the total leg volume (VL).

VL (ml) = E(Cn2 + Cn+12) * H / 8 11
where:

Cn = Proximal circumference measure (2)

Cn+l = Distal circumference measure

Hn = Height of the cone

During LBNP, changes in the right calf circumference

(LgC) were measured by a dual loop mercury-in-silastic

Whitney strain gauge plethysmograph (Whitney, 1953). The

gauge was placed in midcalf position with spacers to main-

tain a 1 centimeter distance between the loops. The output

of the gauge was amplified (Parks Electronics model 271) and

recorded on the physiograph. A calibration curve was

obtained before and after each LBNP procedure. Leg volume

(LgV) was calculated as follows:

LgV (ml) = LgCx - LgCr / LgCr * VL (3)
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where:

LgCx = Calf circumference under the gauge during

LBNP stage "x"

LgCr = Calf circumference under the strain gauge at

rest

The change in leg volume (LVC) was calculated as LgCx -

LgCr.

Forearm Vascular Resistance

Forearm blood flow (BF) was determined using the

plethysmographic technique described previously (Whitney,

1953). The strain gauge was placed in a mid-forearm posi-

tion. The forearm girth (Gf) at the location of the strain

gauge was determined to the nearest millimeter. The strain

gauge was connected to the pre-amplifier and the output was

recorded on the Narco physiograph. For each measurement a

pressure cuff, placed around the wrist, was inflated to 250

torr to occlude the arterial supply to the hand. Subse-

quently, the blood pressure cuff was inflated to 60 torr to

induce a venous occlusion, and a 10-second recording was

made on the chart recorder. The venous occlusion was

released and then repeated twice to obtain a triplicate

measurement. An average of the rate of change in girth

(Gc) for the three measurements was determined in mm/min.

The blood flow was then calculated as follows:

BF (ml/100 ml*min) = (Gc / Gf) * 100
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The forearm vascular resistance (FVR) was then calculated as

follows: FVR = MBP / BF.

Experimental Design and Statistical Analysis

Thirty-two volunteer subjects were separated into four

groups according to fitness level and gender with each group

consisting of eight subjects. The fit group had a mean

-l
YO of greater than 55 ml O 2 /kg*min while the unfit

2max2

group had a mean VO2max of less than 45 ml 02 /kg*min .

An equal number of males (n=16) and females (n=16) were used

in this investigation.

A three-way (2x2x6) factorial analysis of variance

(ANOVA) with repeated measures was used to analyze the

differences of gender and fitness across baseline measure-

ments and all levels of LBNP (see Figure 2). When main

effect differences were observed, a post-hoc analysis

using the Student-Newman-Keuls multiple range test was

employed with an alpha value of < 0.05 considered statis-

tically significant. Statistical analysis was performed

with the aid of various statistical packages, and utilizing

the North Texas State University NAS 8043 computer system.
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CHAPTER IV

RESULTS

The purpose of this study was to determine if gender

and aerobic fitness affected the mechanisms of blood pressure

control during the hypotensive stress of progressive lower

body negative pressure. In this section the subject groups

will be described with respect to age, fitness levels,

height, weight and blood volume. Subsequently, each group's

physiological response to lower body negative pressure

(LBNP) will be described and significant interactions

between gender, fitness and LBNP will be indicated.

Finally, specific main effects related to gender and fitness

level are identified. A confounding fact became apparent

during the analysis of data. Four trained males and two

untrained males were unable to complete the -50 torr portion

of the LBNP protocol. This resulted in reduced degrees of

freedom for these groups of subjects in the -50 torr cell.

In addition, other reductions of degrees of freedom in

specific cells are related to nonphysiologic results due to

poor subject compliance.

Subjects

The demographic and physiological description of the

subjects are presented in Tables I and II. The subjects
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ranged in age from 19 to 35 years with a mean age of 25.2

1.4 years. There were no significance differences in age

between the groups. The trained subjects demonstrated a

significantly higher VO2max (X = 60.5 1.2 ml 02/kg*min~ )

than the untrained subjects (x = 40.80 1.7 ml 02/kg*min-l).

In addition, the trained subjects had significantly larger

blood volumes and plasma volumes per kilogram of body weight

than the untrained subjects. However, the untrained

subjects had greater absolute blood volume and plasma

volumes than the trained subjects. In addition, the

untrained subjects had significantly larger body masses

which was evident in the leg volume and surface area

measurements where they were 21% and 7.7% greater than the

trained subjects, respectively. Furthermore, the male

subjects, regardless of training status, were significantly

taller, heavier and had larger blood volumes than the

female subjects (see Tables I and II).

Physiological Responses to Lower Body
Negative Pressure

General Effects

The expected qualitative physiological responses to

LBNP were found in all groups of subjects. Leg volume

increased significantly (F (5,173) = 146.5, p < .001) in

all subjects with concomitant decreases in stroke index (SI)

and cardiac index (CI) (F (3,96) = 17.9, p < .001).
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Systolic and mean arterial blood pressure decreased

significantly across all stages of negative pressure

(F (5,179) = 21.4, 2 < .001), while diastolic blood pressure

rose slightly. In response to the falling arterial pressure,

forearm vascular resistance (FVR), and peripheral vascular

resistance (PVR) increased significantly (F (3,114) = 12.1,

p < .001) across all stages of LBNP, while HR increased at

levels of LBNP below -8 torr (F (5,173) = 11.3, 2 < .05).

Oxygen consumption (VO2) did not change significantly from

rest across all levels of LBNP and was reflective of the

absence of intramuscular tension during the procedure. The

male subjects had a significantly greater VO2 than the

females at rest, -16 and -40 torr (F (1,27) = 13.8, 2 < .05).

At -50 torr no differences were observed.

Surprisingly, all 16 female subjects completed the LBNP

protocol without clinical symptoms of syncopy, whereas only

four of the untrained males and six of the untrained males

completed the LBNP protocol to -50 torr. Analysis of this

data with the chi-square test showed that the females were

significantly (X2 (1, N = 32) = 5.1, 2 < .03) more tolerant

of LBNP than the males, regardless of fitness level.

Further analysis failed to demonstrate any significant

difference in tolerance between the subject groups with

regard to fitness.
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Blood Volume Effects

The untrained subjects had significantly larger leg

volumes than the trained group at rest regardless of gender,

and translocated a larger amount of their total blood volume

through -32 torr (Figure 3). However, at -40 and -50 torr

no significant differences were found in percent pooled

blood volume (%BV) between groups. In addition, the trained

female subjects had smaller absolute leg volume changes

(LVC) through -32 torr (F (1,27) = 5.3, p < .03) than the

other three subject groups, however, at -40 and -50 torr no

between group differences were found.

At rest, and regardless of gender, the SI of the

trained subjects was significantly larger than the untrained

subjects (F (1,24) = 5.2, 2 < .04) (see Figure 4). Further-

more, a significant interaction between the level of LBNP

and gender (F (3,75) = 3.5, 2 < .03) was observed. All

interaction effects are summarized in Table III (p. 52).

Specifically, this interaction effect was found to be

between -16 and -40 torr LBNP where the females averaged a

decrease in SI of 15 ml/m2 while the males averaged a 22.5

ml/m2 drop in SI. All subject groups were observed to

reduce CI from rest to -50 torr, however, no main effect

differences of fitness or gender were present (see Figure

5).
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TABLE III

INTERACTION EFFECTS

G F P GxF GxP FxP GxFxP

LVC *

%BV * *

CI * *

SI * *

YO2
SBP * * * * *

DBP * * *

MBP * * *

HR *

FVR * * *

PVR * *

G = Gender, F = Fitness Level, P = LBNP

Changes in Blood Pressure

As shown in Figure 6A, the male subjects had signifi-

cantly higher resting systolic blood pressures (F (3,28) =

11.7, p < .02) regardless of fitness level. However, the

SBP fell more in the trained males from -16 to -50 torr

than was observed for all other subject groups. The signifi-

cantly greater decrease in SBP of the trained males resulted

in a demonstrable three-way interaction between LBNP, gender

and fitness level (F (5,125) = 6.0, 2 < .001). This inter-

action was primarily related to a 22.5 reduction in systolic

blood pressure of the trained males that occurred from 0 to

-50 torr LBNP, while the mean decrease in the other three
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subject groups was 15.8 torr. Similarly this interaction

effect was present for both mean (MBP) and diastolic blood

pressures (DBP) (see Figure 6B and 6C). However, no signifi-

cant main effect differences between groups (gender or

fitness) was present through -40 torr for both MBP and DBP,

while at -50 torr the untrained subjects had significantly

greater MBP and DBP than those of the trained subjects

(F (1,21) = 5.0, 2 < .04).

Reflex Responses

The increase in heart rate associated with the decrease

in arterial blood pressure was observed in all subjects. As

expected, the trained subjects had significantly lower

resting heart rates (F (3,27) = 4.7, p < .05) than the

sedentary subjects. As can be seen from the data presented

in Figure 7, a gender difference (F (3,27) = 4.9, 2 < .04)

was present at -16 torr, due to a greater increase in HR of

the male subjects from 0 to -16 torr. However, throughout

the remainder of the LBNP protocol no significant differences

were observed in HR response, yet, between -40 and -50 torr

the HR response of the female subjects continued to rise

whereas the male HR response achieved a plateau (see Figure

7).

Average forearm vascular resistance (FBR) values of the

female subjects tended to be higher at rest than the male

subjects, although the differences were not significant.
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During LBNP the female subjects had a consistently greater

FVR (F (3,25) = 7.2, P < .04) than the males (see Figure 8).

However, peripheral vascular resistance (PVR) was not

significantly different at rest or throughout LBNP between

each of the groups.

The calculated index of baroreflex sensitivity,

AHR/ASBP, an estimate of the gain of the system, is presented

in Table IV. Because of the decreases in subject number at

-50 torr within the male groups, comparison between groups

from 0 to -40 and -50 torr LBNP are presented. No signifi-

cant group differences were observed in this index at -40 or

-50 torr. However, the female subjects tended to have a

greater index, and therefore a more sensitive baroreflex, or

an increased gain of the system.
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TABLE IV

INDEX OF BARORECEPTOR SENSITIVITY
AT -40 AND -50 TORR
(GROUP MEANS SEM)

AHR/ASBP

-40 torr -50 torr

Males

trained 1.02 0.14 n = 8 1.19 0.34 n = 3

untrained 1.62 0.04 n = 8 1.52 0.23 n = 6

Females

trained 2.05 0.55 n = 8 1.67 0.36 n = 8

untrained 1.65 0.44 n = 7 1.81 0.35 n = 7

No differences between gender or fitness level.



CHAPTER V

DISCUSSION

The purpose of this discussion will be to evaluate the

results of this investigation in relation to the main

effects of fitness and gender and to delineate the inter-

actions between the two main effects. Also in this section,

implications of this study with respect to differences in

autonomic nervous system function due to fitness and gender

will be identified. Subsequently, recommendations for

future investigations are presented.

Subjects

The trained subjects in this investigation were all

regular aerobic exercisers, with most being competitive

runners or cyclists. This regularity of exercise was

evidenced by a significantly higher VO2max and lower resting

heart rate (HR) than the sedentary subjects. In addition,

the trained subjects had a much larger blood volume per

kilogram of body weight than the untrained. This expansion

of blood volume was apparently due to an increase in plasma

volume. The trained individuals were found to have a mean

plasma volume of 66.6 ml/kg while the untrained subjects had

a mean plasma volume of 53.3 ml/kg. Total blood volume for

the trained and untrained subjects was 100 ml/kg and 82.4
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ml/kg respectively. These findings are in agreement with

the previous finding of Dill and co-workers (1974) who

reported blood volumes of 103.5 mk/kg for male endurance

runners while sedentary males had a mean of 85.4 ml/kg.

Kilbom (1971) reported blood volumes for sedentary young

females (VO2max = 36.3 ml 02 /kg*min
1 ), using a radioactive

albumin-bound isotope, to be 76.3 ml/kg which was similar

to the reported blood volumes of the untrained females in

the current investigation. The untrained individuals had a

greater blood volume and plasma volume than the trained

subjects. This finding was due to the significantly greater

body mass of the untrained subjects. Therefore, when com-

paring the blood volume or plasma volume of subject groups

of different body masses, the volumes should be normalized

for body weight. For example, the male subjects in this

investigation were observed to have a 30% greater absolute

blood volume than the females, however, no difference in

blood volume per kilogram of body weight between sexes was

observed.

In addition, VO2max was observed to be lower in the

females with the trained females being 10% lower than their

male counterparts while the untrained females were 7% lower

than the untrained males. This difference in VO is a2max

common finding when comparing fitness levels between males

and females. A difference in VO2max of 10% or less is

considered acceptable for matching fitness level (Cureton,
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1981); therefore, the subject population .of the present

study was considered matched for fitness. This difference

in YO2max between the sexes can be partly attributed to the

lower hemoglobin concentration and the smaller muscle mass

to weight ratio of the female as compared to that of the

male (Drinkwater, 1984).

Tolerance

Orthostatic tolerance in this investigation was related

to those subjects that completed the negative pressure

protocol (5 minutes at -50 torr, or a cumulative stress of

618 torr/min) without symptoms of syncopy. In the present

subject population, four of eight trained males and two of

eight untrained males were intolerant of the LBNP stress,

while none of the 16 females displayed syncopal reactions

through -50 torr LBNP. The chi-square analysis identified a

gender difference which indicates that females were more

tolerant than males to the LBNP stress. This finding is in

contrasat to Montgomery et al. (1977) and Gaffney et al.

(1978) who reported that females were less tolerant to LBNP

than males. Gaffney et al. (1978) did not describe the

criterion for tolerance that was used, therefore it was not

possible to use this study for comparison of LBNP tolerance

as defined previously. Montgomery et al. (1977) stated that

subject apprehension was a criterion for termination of

LBNP, and that a greater apprehension during LBNP was

observed in the female subjects. Furthermore, a study by
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Lofving (1961) has demonstrated that stimulation of the

limbic cortex can produce sympatho-inhibitory responses

resulting in hypotension. Consequently, LBNP-induced appre-

hension could produce a rapid-onset sympathetic withdrawal,

thereby triggering syncopal responses. Thus it was possible

that the female subjects in Montgomery's investigation

displayed a decreased psychological, rather than physiologi-

cal tolerance to LBNP. Unquestionably, LBNP is a procedure

which can produce psychological distress. Therefore, it is

imperative that subjects be familiarized with the procedure.

This was standard in the present study, and special care was

taken to insure that the subjects were not anxious about the

procedure.

Previously, it has been shown (Luft et al., 1976) that

endurance exercise trained males were less tolerant of LBNP

than sedentary males (2 < .02). This is in contrast to the

findings of the current study for which no significant

differences in tolerance between trained and untrained males

was observed. Due to the small subject number and to the

fact that not all subjects were taken to syncopal symptoms,

it was difficult to state conclusively that the insignificant

chi-square analysis represents no difference in tolerance

between the trained and untrained males. It was interesting

to note, however, that there were fitness-related differences

in blood pressure control during LBNP. These points will be

addressed in detail in the subsequent discussion.
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Cardiovascular Responses to LBNP

Maintenance of SBP during LBNP is normally associated

with tolerance (Stevens et al., 1965); therefore, those

subjects who maintain blood pressure more effectively are

more tolerant of a hypotensive stress. In the current

investigation the trained males did not maintain systolic

blood pressure, as well as the other groups. A greater

decrease in SBP of trained male subjects was observed by

Raven, Rohm-Young, and Blomqvist (1984). However, the

magnitude of decrease in SBP was less in their subjects,

regardless of fitness, than the subjects of this study. The

greater SBP decrease in the current subjects could be due

to controlling for a pressor response by insuring that all

subjects had minimal muscular tension (5% of maximal con-

traction) of the lower or upper extremities during LBNP,

significantly confounded the cardiovascular responses. The

authors concluded that muscle tension must be controlled if

valid observations are to be made during procedures such as

LBNP.

The diminished systolic blood pressure of the trained

males could be explained by a greater translocation of

central blood volume to the legs, and consequently a greater

decrease in venous return. However, no difference in percent

blood volume pooled in the legs or change in leg volume (LVC)

was observed at -40 or -50 torr between groups. Furthermore,

this finding of non-fitness or gender related differences in



63

leg volume pooling has been substantiated previously between

males and females (Gaffney et al., 1978, Montgomery et al.,

1977), and between fitness levels (Raven, Rohm-Young, &

Blomqvist, 1984). However, Luft et al. (1976) did observe

differences in percent increase in leg volume in the athlete

subjects, and attributed this difference to a greater

calculated leg compliance. Subsequently, Raven and Smith

(1984) demonstrated that measured leg compliance using a

passive method of assessment was not different between

trained and untrained males. Thus, the findings of the

current investigation are in agreement with previous reports

of no differences in blood shifted during LBNP, regardless

of training or gender.

The fitness related difference observed at -50 torr

LBNP for both MBP and the DBP have been reported for MBP

previously (Raven, Rohm-Young, & Blomqvist, 1984); however,

no previous reports support the differences observed for the

DBP. The decrease in MBP and DBP of the trained subjects

may indicate that the cardiovascular systems of the trained

groups were beginning to fail, and probable presyncopal

symptoms would occur if the negative pressure had been pro-

longed. It could be suggested from this finding that a

training difference would become evident if the trained

subjects were stressed at a greater level of LBNP.

The fall in CI observed in all subject groups probably

occurred as a consequence of a decrease in venous return.
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Therefore, a decrease in SI of approximately the same magni-

tude would be expected if cardiac contractility and venous

return were unchanged. However, in this study the female

subjects did not decrease their SI in the expected manner,

while the SI of the male subjects appeared to mimic the

attenuated venous return. These findings are in contrast to

Gaffney et al. (1978) who observed equal decreases in SI in

males and females. However, in Gaffney's investigation

muscle tension was not controlled and as been shown earlier

by Smith et al. (in press), the presence of a small intra-

muscular tension will markedly influence cardiovascular

responses of subjects challenged by LBNP. A maintenance of

SI raises the question of a possible increase in contractil-

ity or an increase in venous return in the female subjects.

Previous investigators have reported that an increased

contractility during LBNP to -60 torr was not present

(Nixon, Murray, Leonard, Mitchell, & Blomqvist, 1982;

Nutter, Hurst, & Murray, 1969). From the data of the

present study and the studies previously referenced it would

appear that females maintain a greater venous return during

LBNP compared to their male counterparts. This suggestion

could in part explain the greater tolerance to LBNP and the

improved maintenance of stroke index observed for the female

subjects in this investigation.

Another possible explanation for the greater decrease

in blood pressure in the trained males could be an attenuated
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baroreflex (Raven, Rohm-Young, & Blomqvist, 1984; Tipton

et al., 1982). The calculated baroreflex index (AHR/ASBP),

an assessment of system gain, was not significantly differ-

ent between groups from 0 to -40 or from 0 to -50 torr.

However, the trained males tended to have a lower index and

therefore appeared to be less responsive to the fall in

blood pressure than the other three groups. Conversely, the

female subjects were more sensitive to the fall in blood

pressure than the males as evidenced by a greater tachycar-

diac and vasoconstrictive response. Although no statistical

differences were observed in this index it was possible that

small subject groups and large variability of the data,

confounded the results of this measurement. The observation

of the greater female sensitivity to changes in blood

pressure complements previous reports that suggest that a

difference in blood pressure regulation exists between males

and females (Bloom, 1984; LeBlanc et al., 1978).

Maintenance of blood pressure can be accomplished by

tachycardia, vasoconstriction or a combination of both.

In an early study, Stevens et al. (1965) noted that high

heart rates during LBNP correlated with a tendency for

syncopy. More recently (Raven, Rohm-Young, & Blomqvist,

1984), it was demonstrated that a blunted, rather than

enhanced, HR response to LBNP was related to syncopal

symptoms. In addition, the investigators attributed this

response to an attenuated baroreflex as measured by LHR/ASBP.
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In the current investigation, an increase in HR of approxi-

mately the same magnitude was observed in all groups. The

trained males increased the least with an average HR

increase of 19.2 beats/min, while the untrained females

augmented their HR the most with an average increase of 25.1

beats/min from rest, however, no significant differences

were observed. The trends of this data seem to complement

current studies in respect to a blunted HR response of the

trained male subjects. However, because no significant

differences were observed between fitness levels in HR, SBP,

or AHR/ASBP, this hypothesis of an attenuated baroreflex

cannot be confirmed. As stated previously, this lack of

significant differences may be attributable to small subject

groups and high variability. The female HR response of

previous studies (Gaffney et al., 1978; Montgomery et al.,

1977) has been observed to be significantly greater than

the male response at higher levels of LBNP (-40 to -60 torr).

However, because of the lack of control of a low level

somato-pressor reflex the reported greater HR response for

the female in these studies could be explained by the

presence of muscular tension of the subjects.

Regional vasoconstriction, measured by FVR, was

observed to increase by over 130% in the female subjects

while the male subjects increased by 75% from 0 to -50 torr.

This measurement indicates that the female subjects, regard-

less of fitness level, respond to LBNP with a dramatic



67

regional vasoconstriction that was not paralleled by the

male subjects. At rest, the females were also observed to

have a greater vasoconstriction (p < .053) than the males.

Greater FVR at rest and during a total body cold exposure

was found by Wagner and Horvath (1985) in their female sub-

jects. Both cold exposure and LBNP stimulate the autonomic

nervous system (ANS). Therefore, the observed difference in

vasoconstrictor response between males and females suggest

a difference in the vasomotor element of the ANS.

Clinically, females have a much greater incidence of

peripheral vascular diseases, such as Raynaud's disease and

acrocyanosis. These diseases are characterized by vasospasm

of the arterioles of the extremities and an abnormally high

peripheral vascular tone (Spittell, 1972). This greater

incidence of peripheral vascular disease seems to confirm

that a difference in ANS function of males and females does

exist. The manifestation of this difference seems to be in

the presence of a greater regional vasoconstrictive capacity

of the female. The sympathetic nature of this vasoconstric-

tion during LBNP (Skagen et al., 1981) supports the sugges-

tion that females may have a greater sympathetic drive

during LBNP and therefore would tolerate an orthostatic

challenge better than males.

Previously (Gilbert & Stevens, 1966; Samueloff, Browse,

& Shepherd, 1966), it was shown that an increase in FVR was

associated with an increase in venous tone of the forearm
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during LBNP. If forearm venous tone is indicative of

central venous tone, then one could assume that the greater

the FVR the greater the central venous tone. In addition,

an enhanced venous tone or venoconstriction would augment

venous return. This mechanism of enhanced venous return

would explain the maintenance of SI and SBP by the female

subjects via a pronounced central and peripheral regional

vasoconstriction. However, a calculated measure of whole

body resistance of the cardiovascular system (PVR) was not

found to be different between males and females. This was

in contrast with the finding of Gaffney et al. (1978) who

observed that PVR was greater for females compared to males

both at rest and during LBNP to -40 torr. The results from

the present study suggest that the greater tolerance and

thus more effective maintenance of blood pressure, observed

in the female was not due to an augmented PVR response.

Instead, it appears that this more effective maintenance of

SBP and therefore greater tolerance of LBNP was due to a

greater regional vasoconstriction accompanied by a greater

cardiac effect or a more effective maintenance of stroke

output. Raven, Rohm-Young, and Blomqvist (1984) found that

the PVR response to LBNP of trained males was attenuated

when compared to untrained males. This was in agreement

with the current findings which demonstrated a greater PVR

response of both the untrained males and untrained females

as compared to their trained counterparts. The untrained
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subjects increased PVR by an average of 11 units while the

trained averaged a 4.4 unit increase; however, this differ-

ence in response was not statistically significant.

In summary, the female subjects tolerated LBNP by more

effective regional vasoconstriction and an enhanced cardiac

effect, that was not observed in the male subjects. The

male subjects responded to LBNP with an increase in HR, but

only a mild increase in vasoconstriction. This diminished

vasoconstriction does not seem to be able to compensate for

the fall in arterial blood pressure during LBNP. The

apparent difference in blood pressure control between males

and females is probably due to a complex central decision

making process, that can only be speculated at this time.

No statistically significant differences in tolerance were

observed between fitness level in the males or in the female

subject groups. Although differences were observed in

selected variables (MBP, DBP) that could suggest a change

occurs in autonomic nervous system function with exercise

training, it could not be substantiated in the current

investigation.

Conclusions

Based on the findings and limitations of this investiga-

tion, all of the hypotheses were rejected, and the following

conclusions appear to be warranted.
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1. The female subjects appear to respond with a

greater regional vasoconstriction at rest and during

autonomic nervous system stimulation when compared with male

subjects. Therefore, a difference in blood pressure regula-

tion seems to exist.

2. Exercise training in the female does not appear to

lessen the tolerance to LBNP or alter blood pressure

control.

3. An exercise training induced decrease in tolerance

to LBNP or an attenuated baroreflex sensitivity could not be

demonstrated in the male subjects. However, trends were

observed that support the occurrence of such phenomena.

Recommendations for Future Research

Future research should extend the current investigation

to include more subjects with the addition of invasive

measurement of central venous pressure to determine venous

return. In addition, direct arterial blood pressures would

greatly enhance physiological interpretation by giving the

investigator a more sensitive beat by beat measurement of

pressure changes. Furthermore, future research involving

LBNP should utilize a ramping protocol until presyncopal

symptoms occur, which is an unfortunate limitation of the

current investigation.

To complete the cycle of blood pressure control between

males and females a hypertensive stress should be imposed to
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determine if females do indeed control blood pressure

differently. This stress could be imposed by infusing an

alpha-agonist such as phenylephrine hydrochloride. The

action of this drug is direct stimulation of the alpha

receptors, causing peripheral vasoconstriction, and thus

raising arterial blood pressure. Furthermore, a phenyl-

ephrine challenge would further delineate differences in

FVR between males and females via direct stimulation of

the alpha receptors, as opposed to reflex stimulation by

LBNP. The many questions of possible mechanisms of differ-

ences in blood pressure regulation can only be speculated

at this time, and will require more additional research.
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APPENDIX I

LAY SUMMARY AND CONSENT FORM

The aim of this investigation is to determine the volume of
blood that is moved from the central part of your body into
your legs during a gravitational stress stimulated by using
lower body negative pressure. This shift in blood volume
is similar to that which occurs when you arise in the morn-
ing and stand-up from a lying down position. By monitoring
heart rate and blood pressure and leg circumference changes
during this procedure, we hope to relate your physiologic
responses (heart rate and blood pressure) to the amount of
blood moved and hence determine the functional ability of
your blood pressure control system. Analysis of the results
will be based on your fitness level and gender. In order to
participate, you must be clear of any pre-existing disease
of the heart, circulation, lungs or blood.

You will undergo an initial screening procedure requiring an
interviewed medical history questionnaire, a 12-lead electro-
cardiogram, and resting blood pressure determination, which
will be followed by a maximum exercise stress test on a
treadmill. During the stress test, inspired air will be
monitored for volume and expired air will be collected for
oxygen percentage and carbon dioxide production. These
measures allow us to calculate your maximal oxygen consump-
tion (VO2max). Your electrocardiogram and blood pressure
will be monitored on an oscilloscope during the test and
recovery period.

If no history or indication of a disease state are found you
will be asked to return a second time for the following
procedures:

A small blood sample will be taken from an arm vein
utilizing sterile procedures. You will then be asked
to breathe oxygen from a system while a small amount
of carbon monoxide is injected into the system. After
10 minutes of breathing into the system, a second blood
sample will be withdrawn from a vein in the other arm.

Next, you will be asked to enter a wooden box in the
lying down position. The box will be sealed around
your waist and will enclose your legs. The air will be
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sucked out of the box in a step-wise fashion producing
a negative pressure in the box up to a level of -50
mmHg. His negative pressure draws some of your blood
volume from upper body into your legs. It is possible
during the application of negative pressure that you
will feel light-headed. If you feel this, we will stop
the decrease in pressure and return you to normal
atmospheric pressure. If you have no feelings of
fainting, we will continue for 5 minutes at -50 mmHg,
and this concludes the decreased pressure test.

If you do not fully understand this explanation of the objec-
tives and risks involved in this technique, please ask
questions to make the procedure clear.

I have read and understand the description of the technique,
including the possible risks involved. I have been given
the opportunity to ask questions and discuss the study and
its potential risks and benefits. I understand that I may
withdraw from the procedure at any time, that I will receive
no reimbursement, and that I will be able to request and
receive all information pertinent to me.

I hereby give my consent to the study.

Date Subject's Signature

Witness to Subject's Consent



APPENDIX II

HEALTH HISTORY QUESTIONNAIRE FORM

Name Date

PAST HISTORY
(have you ever had?)

Rheumatic Fever
Heart Murmur
High Blood Pressure
Any Heart Trouble
Disease of the Arteries
Varicose Veins
Lung Disease
Operations
Epilepsy

PRESENT SYMPTOMS
(have you ever had?)

Chest Pain
Shortness of Breath
Heart Palpitations
Cough on Exertion

WOMEN ONLY
(have you ever had?)

Menstrual Problems
Abnormal Pap Smear
Childbirth Problems

FAMILY .HISTORY
(have any family members had)

(
(
(
(
(
(
(
(
(

)
)

Heart Attacks
High Blood Pressure
High Cholesterol
Diabetes
Congenital Heart Disease
Heart Operations

Coughing of Blood
Back Pain
Painful Joints

(
(
(

(

(4
)

( )
( )
( )

Number of Children
Day of Last Menstrual

Period

RISK FACTORS

1. Smoking

Do you smoke
Cigarettes
Cigar
Pipe

(
(
(
(

Y N

)
))

(
(
(
(

)
) How many? ___ Years

How many? ____ Years

how many times per day? -

How old were you when you started?
If you have stopped smoking, why?
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2. Exercise

Do you engage in sports?
What? How often?

How long do you exercise?
Is your occupation: Sedentary ( ) Active (

Inactive ( ) Heavy Work ( )
Do you have discomfort, shortness of breath, or pain
with moderate exercise? Specify

Were you a high school or college athlete?
Specify
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