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ABSTRACT

This study examined the effect of gender and physical capacity on cardiovascular
control in older adults. A 60° tilt at the waist lasting two minutes, and a six-minute
walking test were administered in thirty-seven older adults aged 75 + 4 years. Carotid and
femoral blood flow, blood pressure and heart rate were measured continuously. There
was a 15 % increase in heart rate and a 60% decrease in femoral blood flow upon tilt.
Women had greater heart rate increases upon tilt. Despite a two fold range in walking
distance no relationships were found between the response to tilt and physical capacity.
In conclusion, a 60° tilt produced significant changes in carotid and femoral blood flow,
heart rate and blood pressure. Heart rate and blood pressure showed the expected gender
differences, while blood flow was not affected by gender. Physical capacity did not

influence cardiovascular responses in a healthy elderly population.
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CHAPTER 1
INTRODUCTION

Age is associated with increased incidence of cardiovascular disease.
Cardiovascular disease leads to reduced function and is the major cause of death in the
U.S., accounting for nearly 900,000 deaths each year (1) . Even in the absence of
cardiovascular disease, advanced age is associated with altered cardiovascular responses
to physiological stress such as posture, and may lead to reduced function (2-5). However,
it is important to note that these age-related changes are subject to large individual
differences depending on physical fitness, as well as nutritional, socio-economical, and
genetics (6). Thus, early detection of cardiovascular disease is critical to assure treatment,
and prevent high levels of mortality in the elderly due to cardiovascular complications.

Detection of abnormal cardiovascular responses may serve as an early sign of
cardiovascular disease. Previous studies may have missed any evidence of alterations and
missed detection of disease while looking at the delayed responses of the cardiovascular
system (7). The immediate response upon a postural stress is a sensitive measure that can
be easily missed if measurements are not continuous (8-10). Moreover, by incorporating
immediate responses as a measure upon a postural stress, the effect size will increase,
making any possible abnormalities easier to detect.

It is widely documented that posture affects resting blood pressure, heart rate and
other physiological mechanisms (2, 5, 7, 9, 11, 12). When the upright posture is assumed,

blood pools in the extremities, and cardiac filling is reduced. This is also followed by a



transient fall of blood pressure and the subsequent excitation of baroreceptors, which
leads to increased sympathetic activity, reduced vagal outflow, and acceleration of the
heart rate (7). Stimulation of catecholamines, activation of the renin-angiotensin-
aldosterone system, and increases in cardiac output, peripheral resistance, venous return
and volume expansion all function to bring about a prompt stabilization of blood pressure
(13, 14). The regulation of the cardiovascular system occurs immediately in healthy
individuals, adapting rapidly, and securing proper function after a postural stress.
Therefore, a postural stress such as tilt, elicits a complex pattern of cardiovascular
changes, and may reveal abnormalities if changes do not occur quickly (7, 14, 15).
Physical capacity is associated with increased cardiovascular function and
reduced prevalence of cardiovascular disease (15-17). Physical capacity may also lower
the reactivity of the cardiovascular system during a postural stress test (15, 18).
Furthermore, exercise has been known to ameliorate some of the effects of aging, even
though it will not slow down the aging process. For example, autonomic reflex capacity
decreases due to aging, therefore impairing control of blood flow. Regular aerobic
exercise can also prevent the age-associated loss in endothelium-dependent vasodilation
(16, 19). This loss of vasodilation may represent an important mechanism by which
regular aerobic exercise lowers the risk of cardiovascular disease and other
cardiovascular risk factors (19). Physical capacity through its positive effects on
biological processes can improve the effects of aging by regulating autonomic reflexes,
improve endothelial function and ameliorate decreased cardiovascular capacity due to

aging (20).



Gender has an important influence on cardiovascular reactivity. Barnett (21)
found that gender may have an effect on autonomic control of the cardiovascular
function. Furthermore, gender has been shown to be important in regulating blood
pressure upon a postural stress, finding larger decreases of systolic blood pressure in men
compared to women (10, 15, 22).In addition, women tend to have higher heart rates at
rest and lower blood pressure than men (15). Consequently, the existing evidence points
to possible differences between men and women during cardiovascular testing.

To summarize, aging is associated with increased cardiovascular disease and may
be associated with altered cardiovascular responses. A postural challenge test can provide
information about cardiovascular reactivity. Most importantly, the immediate response of
the cardiovascular system will reveal if the cardiovascular system is functioning properly.
In addition, various factors such as physical capacity and gender may influence
cardiovascular reactivity. The purpose of the study is to evaluate the effects of gender and
physical capacity on cardiovascular responses elicited by a postural challenge test in
older adults.

Purpose Statement:
The purpose of this study is to determine if:
1) Physical capacity levels affect cardiovascular control upon a postural challenge
2) Gender influences cardiovascular control upon a postural challenge
3) Flow in large arteries, such as the carotid artery and the femoral artery, are useful
in assessing cardiovascular control upon a postural challenge.
4) The immediate responses elicited by the cardiovascular system are a useful

measure to evaluate cardiovascular control



Hypotheses:
It is hypothesized that:
1) Higher levels of physical capacity will be associated with better cardiovascular
control:
a)  Smaller decreases in carotid blood flow upon tilt
b)  Smaller decreases in blood pressure and heart rate upon tilt
c)  Larger decreases in femoral blood flow in subjects upon tilt
d)  Faster reaction times for blood flow and cardiovascular variables upon
tilt
2) Males and females will respond differently upon a postural stress, and will be
explained by:
a)  Women will have greater increases in heart rate and will take longer to
return to baseline upon a postural stress
b)  Women will show larger decreases in blood pressure than women upon
a postural stress
c)  Women will have larger decreases in femoral blood flow upon a

postural stress

Significance of the study:

The significance of the study is to understand various factors regarding cardiovascular
function in the elderly. Specifically, to see if physical capacity helps maintain
cardiovascular control, and to determine if males and females respond differently to a

postural stress in terms of their cardiovascular system. This study could be also used to



determine if changes in carotid and femoral blood flow can be used to determine
cardiovascular control. If the study found changes in carotid and femoral blood flow are a
good predictor of cardiovascular control, it could improve the accuracy of detecting
cardiovascular disease. In addition, carotid and femoral blood flow continuous
measurements will be provided, which have been scarcely measured immediately upon a
postural stress. Typically, cardiovascular changes have been reported after a delayed
period of time (1-5 minutes). In this study, the measurements will be recorded
continuously to provide a measure of immediate and delayed responses. Examining the
immediate responses will increase the effect size, and will provide detailed information
of the cardiovascular adaptations upon tilt. Furthermore, gender and physical activity are
two important factors that cannot be ignored while studying cardiovascular health.
Studies have looked at gender, and physical capacity independently. However, physical
capacity in particular, has been ignored while looking at cardiovascular responses upon
tilt. This study, by measuring both the immediate and delayed responses upon tilt, may
provide evidence that can be critical to improve cardiovascular testing, and determine if

gender and physical capacity have an effect on cardiovascular control.



CHAPTER 2
REVIEW OF THE RELATED LITERATURE
Cardiovascular Function and Disease
Cardiovascular disease (CVD) is the nation’s leading killer for both men and
women among all ethnic groups(23). Unfortunately, almost 1 million Americans all ages
die every year of CVD, accounting for 42% of all deaths. CVD includes dysfunctional
conditions of the heart, arteries, and veins that supply oxygen to vital life-sustaining areas
of the body(23, 24). Although early medical treatment and prevention are available, and a
good portion of sudden heart attack patients are examined by a doctor 6 months prior the
heart attack, predicting such disastrous events has been difficult to identify. In a study by
Kuller (23), medical examination of 326 individuals who had received medical
examinations within 6 months period before they died (from sudden heart attack) showed
that not a single one of the 326 heart attacks were predicted by the physicians; Another
interesting fact is that 86 of those patients died within seven days of their medical
examination. Obviously, there is a need to find a more effective examination that will
give us more information about cardiovascular disease.
Physiology and Importance of Age in Cardiovascular Function
The cardiovascular system goes through stressful modifications with age, which results in
transformations in cardiovascular functions(25). An example of this is cardiovascular
disease, which is an age-associated disease and its prevalence increases with age(1). The

hardening of the arteries, or atherosclerosis is an inevitable part of the aging process.



Nobody is immune to some form of hardening of the arteries; however, for some people
this process is more rapid than for others. This process occurs due to the constant passage
of blood through arteries, where fatty material containing cholesterol or calcium is
deposited in the most inner layer of the artery(26). This aging process is reflected most in
the arteries of the heart and brain, but is also commonly seen in the arteries in the neck
and legs (15). The clinical tests available to measure cardiovascular function are the
mental, and physical stress test, with the ankle-brachial index and Doppler ultrasound
used to assess the amount of blockage in the neck or legs. Unfortunately these tests may
only diagnose a small percentage of future clinical events (15). A variety of other aging
factors affect each individual differently. For instance, diet habits and physical
conditioning may ameliorate age-related changes. Physical conditioning has a major
influence on the cardiovascular system and has been found to delay or partially regress
these changes (27). A few studies found that physically fit elderly subjects had the closest
physiology to younger ones, although not quite the same, but significantly better than
sedentary adults (28-30). These studies also pointed out aging may be secondary to
deconditioning, exhibiting the major role of staying physically fit to carry a healthy
lifestyle. Diet has also been shown to indirectly affect aging related changes. Avolio (31)
found regional differences in arterial wall stiffness in populations with high salt intake
compared to low salt intake in China. These examples support the idea that other
variables can affect the cardiovascular system in positive or negative ways.

It is also important not to attribute abnormal symptoms in elderly patients as
normal because they might be secondary to normal aging. For example, a common belief

that was widely accepted for many years was that cardiac performance declined with age;



it is known now that individuals who are screened for coronary artery disease show no
age-related decline in many important measures of cardiac performance (32). Another
misconception was that the age-associated elevation of systolic blood pressure upon
standing was normal regardless of its degree. The Framingham Study found that
elevation of systolic blood pressure was associated with increased cardiovascular
morbidity and mortality (33). The Systolic Hypertension in the Elderly Program also
demonstrated that the treatment of systolic blood pressure above 160mmHg could be
beneficial and reduce the incidence of stroke by 36%, and even reduce the incidence on
non-fatal myocardial infarction by 27% (13). Since volume changes are not tolerated well
by the elderly (13, 34), due to a high reliance on the Frank Sterling mechanism to
augment cardiac output, a better knowledge of age-related cardiac dysfunction and
cardiovascular physiology is necessary to understand what the elderly body needs in
stressful situations for the cardiovascular system. Hence, age-related changes, although of
an adaptive nature, need to be watched due to their possible negative consequences for
the cardiovascular system, which can cause increased morbidity and pathologic potential
(33).
Ways to Measure Cardiovascular Function

The elderly is a very difficult group to study due to the high percentage of people
having one or more chronic diseases. Early studies often missed occult disease because
they used relatively insensitive measures such as medical history and medical
examinations to screen their patients. With the emergence of non-invasive and simpler
tests to detect cardiovascular dysfunction, more people are diagnosed early and will enjoy

a better quality of life. Autonomic function testing is used to assess clinical tests in



patients with a wide range of cardiovascular problems (35). The recognition that patients
with cardiovascular disease may have important abnormalities of autonomic function has
increased enormously the requirement for testing, both in clinical and research settings
(36). There are many ways to measure cardiovascular disease, but the questions
addressed are which test is the best and what can be improved in the existing tests.
Research tests include measuring cardiovascular response to a stressor, including the cold
pressor test, which although has been demonstrated to produce ischemia in subjects with
coronary artery disease, it will only probably work in patients with severe degrees of
coronary obstruction (6, 37); The emotional stress test has also been used, where mental
arithmetic, puzzle solving or videotape watching are used to see how a person reacts to
emotional challenges (38); Other tests have focused on exercise, postural stress or drug
tests to measure cardiovascular responses to predict cardiovascular disease (2, 8, 21, 39,
40).

Head-up tilt testing has also made the diagnosis of unexplained syncope more
accurate. It is very critical to observe the first responses elicited from the cardiovascular
system, due to its quick adaptive responses. Such testing can confirm a clinical diagnosis,
identify the pathophysiology, and aid in the selection of therapy for patients with
syncope, or patients without detectable heart disease (41). Heart rate responses to postural
changes have also provided a useful way of providing information. Minimal cardiac
acceleration (<10 beats/min) in the face of hypotension suggests impaired baroreceptor
reflexes, whereas tachycardia (>100 beats/min) may suggest volume depletion (41). Most
cardiovascular autonomic function tests involve measurements of baroreflex activity, but

unfortunately, adjustments of ongoing reflexes may modify possible hemodynamic



differences caused by all sort of stimuli. James (42) found blood pressure changes in
response to active standing in the clinic and in response to 60 degrees head-up tilt in the
laboratory were significantly correlated, and Bloomfield (11), found that autonomic
changes are nearly identical when comparing active and passive standing. Smith (43) also
reported similar heart rate changes within the first 30 seconds of head up tilt and active
standing. The upright posture acquired through the usage of these methods causes a fall
in right atrial pressure, in left ventricular end-diastolic volume, and cardiac output. In
normal subjects there might be an immediate modest fall in systolic and diastolic pressure
(0-10mmHg) followed by recovery to baseline in systolic pressure and a rise in diastolic
pressure (7-10mmHg), as well as an increase in heart rate (36).

Damaged cardiovascular control can also cause orthostatic intolerance (OH),
which is common in the elderly and is associated with hypertension and decreased
physical function (12, 44, 45). A survey conducted by Ooi (46), confirmed that more
than 50% of elderly residents of retirement and nursing homes reported OH. Orthostatic
intolerance is the development of disabling symptoms upon assuming an upright posture
that are relieved partially by resuming the supine position, and it is defined as a drop in
systolic pressure of 20mmHg or more upon assuming the upright position. Symptoms
such as lightheadedness, dizziness, weakness, blurred vision, impaired concentration, and
even loss of consciousness, may occur when cerebral perfusion is markedly impaired (6,
47).

In the elderly, it is well recognized that there is a reduced ability to adapt to
orthostatic stress (24). There are reports of an alarming significant association between

changes in systolic pressure from supine position to standing and a 4-year mortality rate,
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suggesting dose-response relationship in a cohort of Japanese American elderly men (48).
For example, heart rate does not increase in response to orthostatic stress to the
magnitude that it would in younger individuals. Patients with orthostatic hypotension also
have a significantly smaller and slower HR rise in heart rate during the first 40 seconds of
standing probably due to an autonomic reflex dysfunction. This failure of the autonomic
system causes bradycardia and does not raise the total peripheral resistance (49). The
failure of heart rate response to lowered venous return seems to be the primary event.
Thereafter, cardiac output, blood pressure, and carotid arterial blood flow are reduced in
that order (49).

In addition, the ratio between the ankle systolic to brachial systolic blood pressure
(ankle-brachial index) can provide valuable information to determine if there is evidence
of heart disease (50). Because the ankle systolic pressure varies with the central aortic
pressure (but brachial does not), it is desirable to compare each ankle pressure
measurement with the simultaneous aortic pressure. The ankle brachial index provides a
general guide to the degree of functional disability in the lower extremity (51). In the
absence of proximal arterial occlusive disease, the ankle-brachial system is always
greater than 1, with a mean value of 1.11 £ 0.10 (52). In addition, compelling evidence
by Vogt (53) and Newman (54) show that a reduction of more than 0.9 in the ankle-
brachial index is associated with increased risk for cardiovascular disease and coronary
heart disease morbidity and mortality. However, although the ankle-brachial index
reflects overall severity of arterial occlusive disease in the lower extremity, it may

overlap among values from patients with different clinical presentations (52). Therefore,
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the ankle-brachial index should be combined with another clinical information to
determine the status of the patient’s peripheral arterial health.

In conclusion, abnormalities in cardiovascular control may be obtained from a
postural challenge test, and may help identify people at risk for stroke and other
cardiovascular deficiencies (55).

Physical Capacity and Cardiovascular Disease

Peak physiological function occurs, for the most part, between 25-40 years of age
(25). Aging affects physiological mechanisms such as cellular function, a decline in
physical capacity, and systemic regulation. Training will not slow down the process, but
will ameliorate the decline of these important mechanisms, along with increases in
physical strength, maximal oxygen consumption and decreases in body fat (25). The
capacity of the autonomic reflexes also seems to decrease, therefore impairing control of
blood flow, and letting the aging process run its course. Physical capacity has many
effects on biological processes, maximizing to full capacity all the physiological
mechanisms encountered throughout a person’s life. More important, exercise training
has positive effects on cardiovascular disease risk factors, atherosclerosis, endothelial
dysfunction, as well as improvements in body composition and plasma lipoprotein
profiles. Ultimately, physical capacity will not stop the aging process, but it can help
improve a person’s quality of life.

A study by Streicher (9) explored the hemodynamic responses in active and
inactive elderly subjects. The data was collected in the supine, sitting, standing and 70
degrees upright tilt positions over a ten-minute period (long term response). The results

indicated that physically active older men had significantly lower resting heart rates and
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higher stroke volumes than inactive older men in all four positions. However, physically
active and inactive older men reacted hemodynamically similar when looking at the long-
term response in the sitting, standing and upright tilt position as compared with the
supine. These results only looked at the long term cardiovascular responses of the elderly,
and any possible abnormalities may have had disappeared after such a long period of time
between measurements. Others have looked at the cardiovascular responses during a
mental stress test between aerobically trained and sedentary individuals (15, 17, 56).
Some studies reported that fit individuals compared to unfit ones show lesser
cardiovascular reactivity (15, 56), while others found no significant differences between
groups (17, 56).

In addition, regular exercise has also been known to lower systolic blood pressure
and to lower resting heart rate, therefore proving its beneficial applications toward
hypertension, and other cardiovascular diseases as well as improving the person’s overall
health. These conflicting results indicate that more studies need to be done to address the
influence of physical capacity in older adults during a postural stress.

The Influence of Gender on Cardiovascular Control

Gender may influence cardiovascular autonomic control, which in turn may
affect the ability to withstand cardiac events and respond to orthostatic stress (21, 57).
Since gender may have a profound influence on the risk of cardiovascular disease and
death, it is important to understand the effects of healthy aging and gender on autonomic
control of the cardiovascular function (21). Beat-to-beat blood pressure dynamics have
not been well studied, and it is not known whether changes in the autonomic regulation of

beat-to-beat blood pressure are associated with hemodynamic impairment.
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At all ages, women seem to have higher heart rates at rest but lower blood
pressure than men (15). Interestingly, there are reports of females showing greater heart
rate responses to stress than men do (57). On the other hand, men show greater decreases
in systolic blood pressure when responding to stress than women (10, 15, 22), even with
the possible attenuation of cardiovascular responses due to aging (58).

Measurements influenced by body size, such as the common carotid artery
diameter have been known to be lower in women (59). However, common carotid artery
distensibility, which reflects the properties of the arterial wall as a material, is no
different between men and women (22). Multiple factors affecting the arterial tree differ
between the two genders: estrogenic hormone levels in women affect arterial
distensibility, which may fluctuate widely; other non-hormonal differences, such as
discrepancies in body weight, heart rate, stroke volume, arterial compliance, may also
affect systolic and diastolic blood pressure (60).

Ultimately, both men and women will respond to a cardiovascular stress by
adapting their cardiovascular responses as quickly as possible. The differences in their
mechanisms may be explained by different factors such as size, hormone levels, or even
fitness. More information on the different mechanisms men and women use upon a
postural stress is critical to understand and treat cardiovascular abnormalities that lead to
cardiovascular disease.

Significance of Carotid and Femoral Blood Flow
The cardiovascular system depends on the major arteries to distribute blood that
is pumped away from the heart to the various parts of the body. The carotid artery is

responsible for carrying blood to the brain, and occlusion or irregular flow through it,
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could result in cerebral ischemia (59). Blood flow in the carotid artery is laminar,
meaning that blood cells move in parallel lines. Slower velocities along the vessel wall
and faster velocities near the lumen center may be seen in color-flow images of a duplex
ultrasound device. Laminar flow may be disturbed by bifurcations, viscosity and
tortuosity (59). The normal ranges of velocities in the common carotid artery have not
been studied extensively, and velocities may vary with physiologic differences among
individuals (61).

Femoral arterial flow is also laminar, and relatively uniform (62). Duplex
ultrasound shows the triphasic velocity waveform associated with the lower arterial
extremities. The initial high velocity, forward flow phase that results from cardiac systole
is followed by a brief phase of reverse flow in early diastole and a final low-velocity,
forward flow phase later in diastole (61). The reverse flow component is a consequence
of the relatively high peripheral vascular resistance in the normal lower extremity arterial
circulation (60). A loss of reversal flow typically occurs in normal limbs with the
vasodilation that accompanies reactive hyperemia, limb warming or occlusion (62).
Arterial lesions can also disrupt the spectral waveform by widening the spectral band, and
changing the characteristic velocity and laminar flow (60, 61).

According to Kojo (63), carotid blood flow declines due to a postural challenge.
Blood flow changes were measured every minute after tilt in children and adolescents
with orthostatic intolerance, neurally mediated syncope and epilepsy. They also found
that patients who found themselves dizzy after ten minutes of tilt also experienced longer
times to reach maximum carotid blood flow (63). A low body negative stress also

induced significant decreases in cerebral blood flow with elapsed time (49).
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Age-related progressive decreases in basal whole-limb blood flow have been reported in
various studies in a supine position (16, 64). These reductions are probably due to lower
limb vascular conductance, which can have important implications for both function and
disease risk in humans (65). These measurements were done at rest and during long
periods of time in the supine position. Our study wants to find out what happens to the
vasoconstrictors when there is a postural challenge, and if gender or physical activity
affect the way they are controlled. Imadojemu (66), found that a 40° head up tilt in
healthy subjects caused the femoral artery flow velocity to decrease (after the initial
increase in blood flow), which is the anticipated response. A study by Morgan (67) found
that after an orthostatic challenge, patients with rest pain in their legs had significant
elevations of femoral blood flow compared to normal subjects. This study is
hypothesizing similar outcomes, by expecting significant elevations of femoral blood
flow if poor cardiovascular control is present. Thus, both carotid and femoral blood flow
after tilt can provide information about the cardiovascular control in two critical areas of
the human body: the head and the legs. Blood flow in the carotid has been shown to be
abnormal if it is significantly reduced (59). In contrast, blood flow in the legs is a high
resistance system, and it is abnormal if it remains elevated due to lack of vasoconstriction

after a postural stress (68, 69).

Heart rate, Blood pressure and Orthostatic Stress

Groedel’s investigations in the early 1900s suggested that blood volume and the
basic tone of blood vessels in man are adjusted in such a way as to ensure adequate
cardiac filling when standing erect (70). Now, almost a century later, the mechanism of

cardiovascular dynamic changes, and more specifically, heart rate and blood pressure
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regulation, are well understood. The regulation of blood pressure is usually described in
terms of homeostasis (51), where although being constantly influenced by external
stimulations, always displays the tendency to come back toward a reference set point.
With the arrival of more sophisticated and accurate experimental techniques the interest
has shifted from understanding homeostasis, to how long it takes for heart rate and blood
pressure to adjust, and if it varies in different populations, such as age, gender or ethnic
group (6, 7). Braune (71) found the minimum time to assess heart rate and blood pressure
during active standing and passive tilt was 60 seconds. Wieling (72) also reported that
analysis of the initial circulatory responses in the first 30 seconds after the onset of
standing provides almost all the information that is necessary to determine abnormalities
in orthostatic circulatory control. Furthermore, Braune (71) believed the best parameters
with the highest sensitivity to sense cardiac autonomic dysfunction were shown by the
initial increase of heart rate, and blood pressure within seconds.

Heart rate usually experiences a rapid increase upon a postural change, followed
by a decrease before stabilizing at higher levels than baseline. Different factors may
affect the rate of change and time an individual needs to adjust the cardiovascular system.
According to Braune (71), mean HR activation caused by an orthostatic stress is
attenuated with increasing age (12, 45, 71), but was unrelated to sex. The heart rate
response in relationship to gender is controversial. A few studies have reported women
have naturally higher baseline heart rates (7, 22) and significant higher heart rate
increases (73) upon a postural challenge, whereas others reported no differences between

men and women over time for heart rates (7).

17



The response of blood pressure to a postural stress has been used in
epidemiological studies as a measure of cardiovascular reactivity. A few investigators
have concluded that the difference between the supine and seated blood pressures is
positively associated with subsequent development of systemic hypertension independent
of the supine blood pressure (8, 74). For example, Sparrow (74) reported that a 10
millimeter per mercury (mmHg) or greater increase in diastolic blood pressure from the
supine to a standing position significantly modified the effect of seated systolic blood
pressure and diastolic blood pressure on the incidence of myocardial infarction in a
cohort of middle-aged white men (8). Although some studies have not found any gender
differences while looking at the cardiovascular responses due to a postural stress (75),
several experimental studies have suggested a differential response of blood pressure
upon a postural stress due to gender (22, 37, 76). In addition, physical activity and its
effect on cardiovascular responses have not been studied much in the elderly population.
Again, mixed results are encountered in the literature, where there are reports of increases
in cardiovascular control in highly trained individuals (77, 78), as well as diminished or
no effect on cardiovascular responses due to a postural stress after an endurance training
program (79, 80). In addition, most of these studies were done on young adults, and using
different stressors such as lower negative body pressure, 60-90° tilt, and standing.

In conclusion, more research needs to be conducted to elucidate differences in
reactivity between males and females. Furthermore, the research needs to consider the

effect of physical activity and gender after a postural stress test.
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Summary of the Literature

The literature provided information on why: 1) Cardiovascular control is
important 2) Cardiovascular disease has a higher prevalence with lack of physical activity
3) Physical capacity can improve regulation of the cardiovascular system 4) There may
be gender differences in cardiovascular control 5) A postural challenge is a good way to

measure cardiovascular control
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CHAPTER 3
THE EFFECT OF GENDER AND PHYSICAL CAPACITY ON

CARDIOVASCULAR CONTROL IN THE ELDERLY'

! Castellano, V., Olive, J.S., Stoner, L., Black, C., and McCully, K.K. To be submitted to Journal of
Gerontology
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ABSTRACT

Background. This study examined the effect of gender and physical capacity on
older adults by means of a postural challenge test, a six-minute walking test, and a
physical activity survey in thirty-seven older adults aged 75 + 4 years.

Methods. Participants were tilted 60° at the waist while blood flow in the carotid
artery and femoral artery, blood pressure and heart rate were measured continuously for
two minutes. A 6-minute walking test was done in a 50-meter quiet corridor at the
subject’s own pace. The subjects also completed a physical activity survey. Peripheral
vascular disease was assessed with ankle-brachial index measurements.

Results. Tilt resulted in a 20% increase in heart rate, a 22% decrease in systolic
blood pressure, a 17% decrease in carotid blood flow and a 60% decrease in femoral
blood flow. Heart rate and blood pressure responses to tilt showed the expected gender
differences, while blood flow was not affected by gender. Physical capacity did not have
a major effect on most cardiovascular responses upon tilt. A multiple regression showed
immediate (p<0.001) and delayed (p<0.05) carotid VMAX responses were affected by
physical capacity. The ankle-brachial exam showed only one subject had mild peripheral
disease (ABI <0.9), indicating the population of the study was healthy.

Conclusion. A postural challenge elicited by a 60° head-up tilt produces
significant changes in carotid and femoral blood flow, heart rate and blood pressure. In
conclusion, a 60° tilt at the waist produces significant changes in carotid and femoral
blood flow, heart rate and systolic blood pressure. Heart rate and blood pressure showed
the expected gender differences, while blood flow was not affected by gender. Physical

capacity did not influence cardiovascular responses to tilt in a healthy elderly population.
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INTRODUCTION

Age is associated with increased incidence of cardiovascular disease.
Cardiovascular disease leads to reduced function and is the major cause of death in the
U.S., accounting for nearly 900,000 deaths each year (1). Even in the absence of
cardiovascular disease, advanced age is associated with altered cardiovascular responses
to physiological stress such as posture, and may lead to reduced function (2-5). However,
it is important to note that these age-related changes are subject to large individual
differences depending on physical fitness, as well as nutritional, socio-economical, and
genetics (6). Thus, early detection of cardiovascular disease is critical to assure treatment,
and prevent high levels of mortality in the elderly due to cardiovascular complications.

Detection of abnormal cardiovascular responses may serve as an early sign of
cardiovascular disease. Previous studies may have missed any evidence of alterations and
missed detection of disease while looking at the delayed responses of the cardiovascular
system (7). The immediate response upon a postural stress is a sensitive measure that can
be easily missed if measurements are not continuous (8-10). Moreover, by incorporating
immediate responses as a measure upon a postural stress, the effect size will increase,
making any possible abnormalities easier to detect.

It is widely documented that posture affects resting blood pressure, heart rate and
other physiological mechanisms(2, 4, 7, 10-12). When the upright posture is assumed,
blood pools in the extremities, and cardiac filling is reduced. This is also followed by a
transient fall of blood pressure and the subsequent excitation of baroreceptors, which
leads to increased sympathetic activity, reduced vagal outflow, and acceleration of the

heart rate (7). Stimulation of catecholamines, activation of the renin-angiotensin-
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aldosterone system, and increases in cardiac output, peripheral resistance, venous return
and volume expansion all function to bring about a prompt stabilization of blood pressure
(13, 14). The regulation of the cardiovascular system occurs immediately in healthy
individuals, adapting rapidly, and securing proper function after a postural stress.
Therefore, a postural stress such as tilt, elicits a complex pattern of cardiovascular
changes, and may reveal abnormalities if changes do not occur quickly(7, 14, 15).

Gender has an important influence on cardiovascular reactivity. Barnett (16)
found that gender may have an effect on autonomic control of the cardiovascular
function. Furthermore, gender has been shown to be important in regulating blood
pressure upon a postural stress, finding larger decreases of systolic blood pressure in men
compared to women (9, 15, 17). In addition, women tend to have higher heart rates at
rest and lower blood pressure than men (15). Consequently, the existing evidence points
to possible differences between men and women during cardiovascular testing.

Physical capacity is associated with increased cardiovascular function and
reduced prevalence of cardiovascular disease (15, 18, 19). Physical capacity may also
lower the reactivity of the cardiovascular system during a postural stress test (15, 20).
Furthermore, exercise has been known to ameliorate some of the effects of aging, even
though it will not slow down the aging process. For example, autonomic reflex capacity
decreases due to aging, therefore impairing control of blood flow. Regular aerobic
exercise can also prevent the age-associated loss in endothelium-dependent vasodilation
(21, 22). This loss of vasodilation may represent an important mechanism by which
regular aerobic exercise lowers the risk of cardiovascular disease and other

cardiovascular risk factors (22). Physical capacity through its positive effects on
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biological processes can improve the effects of aging by regulating autonomic reflexes,
improve endothelial function and ameliorate decreased cardiovascular capacity due to
aging(23).

The purpose of the study was to evaluate the effects of gender and physical
capacity on cardiovascular responses elicited by a postural challenge test in older adults.
A 60° tilt at the waist was used to elicit cardiovascular responses including carotid and
femoral blood flow, heart rate and blood pressure. Immediate (5-30 seconds) and delayed
(2 minutes) responses to tilt were examined.

METHODS
Subjects

Thirty-seven older subjects volunteered to participate in the study between the
ages of 69 and 82 years. Nineteen subjects were male and eighteen subjects were female.
All subjects reported being Caucasian except for one female, who was an African-
American. The subjects reported to the laboratory after eating a low fat meal, and did not
take any medications the morning of the test. Eleven out of thirty-seven subjects took
high blood pressure medication regularly, but did not take it the morning of the test. Only
one subject was a smoker and eleven more reported being ex-smokers. Subjects were
excluded from the study if they had a pacemaker, suffered from severe back pain, were
under alpha blocker medication or were diagnosed with heart disease six months prior to
participating in the study. The subjects were recruited from the Athens, Georgia
community area through newspaper advertisements. All subjects participated in the study
under their physician’s consent. The study was conducted with the approval of the

Institutional Review Board at the University of Georgia.
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Protocol

The study included one testing session. The test was done at the University of
Georgia Department of Exercise Science located in the Ramsey Student Center between
8:00-11:00 am in a quiet, comfortable room (temperature 20-22°C). An informed consent
form was signed and a medical history questionnaire used. Height and weight of the
subjects were taken to calculate BMI. The subject rested for at least 10 minutes to allow
stabilization, and then the testing procedure proceeded as follows:
Postural Challenge Test. The subject was placed in a supine position while preparations
were made. Blood pressure and heart rate were measured continuously in the wrist by use
of'a Colin 7000 (Colin, Inc.). The Colin 7000 was not used in 12 subjects due to technical
difficulties. In those subjects, automated blood pressures were taken every thirty seconds
throughout the test with an Accutor 3 device (Datascope), and heart rate was measured
continuously by an electrocardiogram using three electrodes placed carefully on the chest
provided by the Biopac 1100 (Biopac, Inc). Blood flow measurements of the right carotid
and the right femoral artery were measured continuously by use of a quantitative Doppler
Ultrasound (Logiq 400 CL, General Electric). A linear array transducer was used with
frequencies of 6-9 MHz. The imaging sites were located 2-3 centimeters distal to the
carotid bifurcation in the right common carotid artery, and on the upper third of the thigh
in the right superficial femoral artery. Resting diameter was measured in the axial view
during diastole. Pulsed Doppler ultrasound was recorded in the longitudinal view using
an insonation angle of 60°. The velocity gate was set to include the entire arterial
diameter. Measurements were made continuously and averaged over one heartbeat. All

data were saved to magnetic optical disks and a computer software program (Ammons
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Engineering, Inc.) connected to a video signal and especially designed to collect
continuous velocity data for storage and analysis. Baseline measurements were obtained
for carotid blood flow, heart rate, and blood pressure during 5 minutes of quiet rest,
followed by a quick rise (1.5-2 seconds) of the tilt table at the level of the waist to 60
degrees to elicit hemodynamic changes in blood flow, heart rate and blood pressure. The
subject was in this position for 2 minutes while all measurements were being collected.
The subject was then placed in the supine position until all measurements stabilized
(>5minutes). When all the variables were stable, the subject was tilted at the level of the
waist again, and this time the femoral artery blood flow was measured along with heart
rate and blood pressure responses to the postural challenge. The order of carotid and
femoral artery blood flow measurements were alternated throughout the whole
experiment. Preliminary studies showed no order effect in repeated tilts.

Physical Capacity and Physical Activity. The distance covered during a six-minute
walking test was a measure for physical capacity (24, 25). Physical activity was recorded
in two different ways: Kilocalories spent during a typical week in the past month, and a
frequency score of daily activities. The subjects completed a standard validated physical
activity questionnaire for the elderly(26). The subjects were asked to recall the amount of
physical activity they do in a typical week of the past month that were a part of their
regular work and leisure routines. Two scores are reported in the Yale Physical Activity
Survey: Total calories per week and a frequency of activity score computed from the
amount of time they spent doing those activities. After completing the questionnaire, the
subjects performed a six-minute walk test in a quiet corridor. The subjects walked back

and forth in a 50-meter corridor for six minutes at their own pace, and distance walked
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was calculated. Uniform encouragement was provided throughout the six-minute walking
test.

Ankle-Brachial Index: An Ankle-Brachial Index (ABI) test was performed with a PVL
device (Biomedix, Inc.). The subject rested on a supine position for five minutes. While
lying down, segmental pressures were recorded in the right arm (brachial artery) and both
ankles (posterior tibial artery) with an 8Mhz probe. The ankle SBP was divided by the
brachial SBP to calculate the ankle-brachial index (ABI<0.9 was used to indicate the
presence of peripheral vascular disease) (27).

Statistics: Data are expressed as mean+SD. Independent samples t-test indicated that
there were significant differences between males and females based on physical activity
(p=0.001). Based on this, a repeated measures analysis of covariance (ANCOVA) were
conducted using SPSS (version 10.0) to characterize the response of the subjects to tilt
(baseline-peak-two minutes), and to control for differences in physical activity between
groups. Bonferroni pairwise comparisons were conducted for post-hoc analyses with
familywise error set at 0.05. The assumption of sphericity was tested for and if violated
was corrected by the Huynh-Feldt method. When it was appropriate, independent t tests
were conducted to compare the means of the male and female groups. A regression
analysis was also conducted, where gender and physical activity were entered directly,
followed by the gender x physical activity interaction, to determine their independent
effects on the dependent variables. When the interaction was not significant, it was
removed and the main effects of gender and physical activity were tested. Pearson
product moment correlations were conducted to determine relationships between

variables. Differences were considered significant at values of <0.05.
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RESULTS

Fifty-two older adults responded to a newspaper advertisement. Of those fifty-two, forty-

six fit the criteria to be in the study. A doctor’s consent was received for forty-one

subjects, and thirty-seven older subjects (19 men and 18 women) with a mean age of 75 +

4 years were tested. The physical characteristics, physical activity scores and ankle-

brachial values of the subjects are shown in Table 1.

Table 1. Population Description, Physical Activity and Ankle-Brachial

Index in Men and Women. (*p<0.05)

Men Women P value
(n=18) (n=17)

Age (yrs) 75.1+4.2 74.9 + 4.1 0.876
Height (cm) 1746 +7.3 161.4+6.2 p<0.001*
Weight (kg) 81.9+11.5 70.9 £10.5 0.005*
BMI 269+3 273+£5 0.732
Six-Minute Walk 589 + 83 490 + 86 0.001*
(m)
Total energy spent 5157+ 1791 4285 £ 1702 0.138
(kcal/wk)
Frequency 70 £ 19 54+£19 0.012*
Activity Score
Lowest ABI 1.25+0.16 1.17£0.15 0.147
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Six-Minute Walk and Physical Activity Questionnaire. Males walked, in an average,
99 meters longer than females, and spent 20% more total energy expenditure than
females (Table 1). The frequency score of leisure and physical activities in men was 16
points higher than in the females (Table 1).

Ankle-Brachial Index (ABI) Test. ABI ranged from 0.88 to 1.72. Ten subjects had
ABIs of 1.4 or higher, and only one subject was <0.9. There were not any systemic
differences in response to tilt in people with values above 1.4. The men had higher values
than females in both right (1.32 £0.16 vs. 1.23 £ 0.15 respectively) and left legs (1.28 =
0.16 vs. 1.18 £ 0.15 respectively), but these differences were not significant. The lowest
ABI of the subjects were not significantly correlated to the cardiovascular responses upon
tilt. The values of the lowest ABI between the two legs are reported in Table 1.

Heart Rate and Blood Pressure Responses to Tilt. A repeated measures ANCOVA
was conducted to determine between males and females differences and within group
differences for heart rate. The heart rate was significantly different between males and
females, as well as significantly different within groups after tilt. The statistics were as
follows: The ANCOVA indicated that there was a significant interaction between gender
and HR for between group differences (F (1.2, 37.2) =4.461, p = 0.035) indicating that
males and females were different (Figure 1). Sphericity was tested and violated (¢ =
0.600). Because there was an interaction main group effects were analyzed for males and
females. Main group effects for women indicated that there were significant differences
across time points and were corrected for sphericitiy (¢ = 0.573) (F (1.6, 17.2) = 34.219,

p <0.001). Bonferroni post hoc analyses indicated that peak HR was significantly higher
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than baseline (p < 0.001) and 2 minute (p < 0.001) (Table 2). Main group effects for
men indicated that there were significant differences across time points and corrected for
sphericity (¢ = 0.559) (F (1.12, 19.02) = 17.225, p <0.001). Bonferroni post hoc analyses
indicated that peak HR was significantly higher than baseline (p = 0.001) and 2 minute (p
=0.005), and baseline was significantly lower than 2 min (p = 0.010), but baseline and 2
minute only approached significance (p = 0.072) (Table 2).

A repeated measures ANCOVA was conducted to determine between and within group
differences for systolic blood pressure. Systolic blood pressure was not significant
between males and females, but was significant within groups. The statistics were as
follows: Although approaching significance, the ANCOVA indicated that between group
Table 2. Heart Rate and Blood Pressure Tilt Response Values. *p<0.05 between peak

and baseline, **p<0.05 between peak and 2 minutes, * p<0.05 between 2 minutes and
baseline, $p<0.05 between men and women.

Men Women P value Number of
subjects
(male/fem)

Heart Rate 0.035°
Variables

Baseline 61+9 68 +7 0.001* 19/18
(bts/min)

Peak (bts/min) 70+ 11 87+ 14 0.005** 18/16

2-min 63+9 69 +9 0.010" 19/18
(bts/min)
SBP Variables 0.062

Baseline 129+ 16 146 +£27 <0.001* 15/13
(bts/min)

Peak (bts/min) 102 +£21 96 +20 <0.001** 8/4

2-min 122+ 18 136 + 24 0.499 16/14
(bts/min)
DBP Variables 0.930

Baseline 70+9 76 £ 15 0.224 15/13
(bts/min)

Peak (bts/min) 56+ 8 56+8 0.224 8/6

2-min 63+ 13 63+ 13 0.224 15/13
(bts/min)
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differences were not significant, indicating that males and females had similar systolic
blood pressure responses (F (1, 9) =4.539, p = 0.062). Within group analyses indicated
that there was a significant difference across time intervals (F (2,20) =27.481, p <
0.001). Post hoc analyses indicated that peak systolic pressure was significant lower
when compared to baseline (p <0.001) and at 2 minutes (p <0.001), but was not
significant between baseline to 2 minutes (p = 0.499) (Table 2).

A repeated measures ANCOVA was conducted to determine between and within
group differences for diastolic blood pressure. Diastolic blood pressure was not
significant between males and females, nor significant within groups. The statistics were
as follows: The ANCOVA indicated that between group differences were not significant
indicating that males and females had similar diastolic blood pressure responses (F (1,
12) = 0.008, p = 0.930). Within group analyses indicated that there were not any
significant differences across time intervals during the tilt (¢ = 0.787) (F (1.573, 18.881)
=1.622, p=0.224) (Table 2).

Timed Responses of Heart Rate and Blood Pressure. Table 3 shows time to peak
values evaluated with an independent t test. Men showed significantly longer time than
women to reach peak heart rate and diastolic blood pressure upon tilt. Blood flow values
were not significant.

The Effect of Physical Capacity on Heart Rate and Blood Pressure Responses upon
Tilt. Physical capacity by means of the six-minute walking test did not have an effect on
the immediate (t =-0.40, p = 0.692) or delayed (t=-1.435, p=0.163) heart rate

responses (Figure 3). Blood pressure was only affected by physical capacity in the
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delayed response, although the effect was only significant when gender was not entered

in the equation (t = -2.369, p = 0.027).

Table 3. Time to Peak Values upon 60° tilt in Men and Women. $p< 0.05 between men

and women.

Time to Peak Men Women P Value Number of
(sec) subjects
(male/fem)
HR 8.6+6.3 6.9+9.0 0.001° 18/16
SBP 8.0+3.7 9.1+5.8 0.66 8/7
DBP 10.6 £5.5 56+22 0.028° 9/8

Blood Flow Responses to tilt. A repeated measures ANCOVA was conducted to
determine between and within group differences in blood flow.

Carotid Blood Flow Responses. The ANCOVA indicated that between group differences
were not significant indicating that males and females had similar carotid blood flow
responses (F (1, 33) = 1.620, p = 0.212). Within group analyses indicated that there was
a significant difference across time intervals during the tilt (F (2, 68) = 50.176, p <0.001).
Post hoc analyses indicated that peak blood flow was significantly lower than baseline (p
<0.001) and at 2 minutes (p <0.001), and approached significance between baseline and 2
minutes (p = 0.088) (Table 4).

An ANCOVA was conducted to determine differences between and within for carotid
maximum velocity (VMAX). The ANCOVA indicated that between group differences
were not significant indicating that males and females had similar VMAX responses (F
(1,31)=0.790, p = 0.381). Within group analyses indicated that there was a significant

difference across time intervals during the tilt (¢ = 0.516) (F (1.032, 33.033) = 81.359, p
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<0.001). Post hoc analyses indicated that peak VMAX was significantly higher than
baseline (p = 0.000) and at 2 minutes (p <0.001), and baseline was significantly lower
than at 2 minutes (p <0.001) (Table 4).

Femoral Blood Flow Responses. The ANCOVA indicated that between group differences
were not significant indicating that males and females had similar blood flow responses
(F (1,28)=0.071, p=10.792). Within group analyses indicated that there was a
significant difference across time intervals during the tilt (F (2, 58) = 45.844, p <0.001)
(Figure 2). Post hoc analyses indicated that peak blood flow was significantly lower than
baseline (p = 0.002) and at 2 minutes (p = 0.002), as well as baseline being significantly
higher than at 2 minutes (p = 0.001) (Table 4).

An ANCOVA was conducted for femoral VMAX, and indicated that between group
differences were not significant indicating that males and females had similar blood flow
responses (F (1, 27) = 2.955, p = 0.097). Within group analyses indicated that there was
a significant difference across time intervals during the tilt (¢ = 0.748)(F (1.496, 41.879)=
89.371, p <0.001). Post hoc analyses indicated that peak femoral VMAX was
significantly lower than baseline (p <0.001) and at 2 minutes (p <0.001), as well as
baseline significantly higher than at 2 min (p <0.001) (Table 4).

The Effect of Physical Capacity on Carotid and Femoral Blood Flow Responses
upon Tilt. Physical capacity did not affect the immediate (t = 1.367, p=0.181) or
delayed blood flow responses upon tilt (t = 0.228, p = 0.778). However, there were
effects on carotid VMAX responses upon tilt. Physical capacity had an effect on

immediate carotid VMAX responses upon tilt when (t=3.629, p=.001). There was also a
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correlation of physical capacity to the immediate carotid VMAX responses (r = 0.558, p

<0.001) (Figure 4). When gender was not entered in the equation, physical capacity had

an effect on the delayed carotid VMAX responses (t=2.039, p=.050). Physical capacity

was also correlated to the delayed carotid VMAX responses(r = 0.334, p = 0.025). The

immediate or delayed femoral blood flow response was not affected by physical

capacity(t=1.11, p=10.277 and t = -0.436, p = 0.666 respectively).

Table 4. Carotid and Femoral Blood Flow Variables. *p<0.05 between peak and
baseline, **p<0.05 between peak and 2 minutes, * p<0.05 between 2 minutes and baseline

Men Women P value Number of
subjects
(male/fem)

Carotid Blood
Flow Variables 0.212

Rest (m/s) 0.136 + 0.04 0.114 +0.03 p<0.001* 18/18

Peak value 0.114 £ 0.03 0.093+£0.03 p<0.001** 18/18
(m/s)

2-min value 0.1314 0.03 0.110 +0.03 p<0.001" 18/18
(m/s)
Carotid VMAX
Variables 0.381

Rest (m/s) 0.747+0.15 0.644+0.16 p<0.001* 19/18

Peak value 0.957+0.23 0.785+0.02 p<0.001%** 19/17
(m/s)

2-min value 0.792+0.17 0.660+0.18 p<0.001# 19/18
(m/s)
Femoral Blood
Flow variables 0.792

Rest (m/s) 0.024 +0.01 0.023 £ 0.01 0.002* 17/15

Peak value 0.010 £ 0.01 0.009 £0.01 0.002** 17/14
(m/s)

2-min value 0.021 £ 0.01 0.018 +0.00 0.001" 17/14
(m/s)
Femoral VMAX
variables 0.097

Rest (m/s) 0.773+0.13 0.788+0.28 p<0.001* 18/15

Peak value 0.568+7.78 0.566+0.19 p<0.001%** 18/14
(m/s)

2-min value 0.651+0.13 0.663+0.22 p<0.001# 18/14
(m/s)
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Figure 1. Tilt Response Values. *p<0.05 between peak and baseline, **p<0.05 between
peak and 2 minutes, * p<0.05 between 2 minutes and baseline, $p<0.05 between men and
women.
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Figure 2. Femoral blood flow changes upon tilt. *P <0.05 between peak and baseline,
**p< (.05 between peak and 2 minutes, "p< 0.05 between 2 minutes and baseline
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Figure 3. The regression analysis (t =-2.369, p = 0.027) and correlation between the six-
minute walk and the delayed systolic blood pressure response (r = -0.443, p =0.013)
were statistically significant.
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Figure 4. The regression analysis (t =3.629, p = .001) and correlation between the six-
minute walk and immediate response of carotid VMAX (r = 0.558, p<0.001) were
statistically significant.
DISCUSSION
The results indicated that there were significant differences in heart rate between

males and females upon tilt. Females had a significantly higher heart rate increase and

higher heart rate values at baseline. These findings are consistent with the literature,
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where in general, females tend to show larger resting heart rates than males (28), and
larger increases in heart rate due to a postural stress (28-31, 32, 33). These changes in
heart rate may leave females more susceptible than men to larger changes in blood
pressure in situations in which the autonomic function may be compromised (34, 35).
Many female-differences in cardiovascular responses, even after menopause, have been
shown to be estrogen-related, mediated through the endothelium-dependent factor nitric
oxide (34-36). Although not significant, this study also found gender differences upon
tilt in systolic and diastolic blood pressure. Females had larger decreases than males in
both systolic and diastolic blood pressure. However, the low number of subjects in the
blood pressure measurements may have prevented this study from finding any significant
results reported in other studies (7, 28, 33, 37). Interestingly, differences between males
and females were also found in heart rate and diastolic pressure time to peak. Males took
25% longer time than females to peak, whereas diastolic blood pressure took 48 % longer
than females to peak. These faster responses shown by females may be explained due to
previous reported smaller vasoconstriction in women during a postural challenge. Neither
carotid or femoral blood flow experienced differences between males and females.
Measurements of carotid or femoral blood flow regarding gender differences immediately
after a postural stress have been scarce (6, 38). Other factors, such as carotid diameter or
pulsatility have been known to differ between males and females (30). However, the
results of this study indicate that there are not carotid or femoral blood flow differences
upon tilt between males and females. Therefore, blood flow regulation through the
carotid and femoral arteries ultimately adjusts swiftly to a postural challenge regardless

of gender.
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Contrary to what the study hypothesized, physical capacity of the subjects did not
have a major effect on blood flow, blood pressure or heart rate immediate or delayed
responses. However, physical capacity had a moderate significant effect on carotid
VMAX immediate and delayed changes. VMAX is a potentially important but
understudied hemodynamic parameter according to (39). Its increase may reflect the fast
response of the cardiovascular system to adjust blood flow regulation after a postural
challenge or larger heart rate contractility due to higher levels of physical capacity, but
the carotid VMAX significance is still unknown. Furthermore, it is possible that even
after a wide range of physical capacity, the population studied was not directly affected
by physical capacity due to their normal health status. However, this relationship between
physical capacity and cardiovascular responses may be different in well-trained or
diseased populations in the elderly.

Heart rate, systolic blood pressure, carotid blood flow and femoral blood flow
significantly changed upon tilt. As expected, heart rate experienced a significant increase
in heart rate upon tilt (28, 30-33, 37). Males showed a 15% increase and females showed
a 26% increase upon tilt. The study demonstrated tilting at the waist was a useful measure
provoking heart rate responses that were significant, regardless of lower absolute
numbers than previously reported in other studies (7, 37). Furthermore, systolic blood
pressure significantly decreased (22 £ 11mmHg) upon tilt, providing very similar
numbers reported by previous studies (16, 33, 40) (41). Diastolic blood pressure did not
significantly decrease upon tilt (7, 42). However, the low number of subjects (14) used
due to technical difficulties during testing may have inhibited the expected changes in

diastolic blood pressure found by many others (6-8, 30, 33, 40). In addition, carotid blood
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flow significantly decreased an average of 6 % immediately after tilt (26 seconds). In
contrast, carotid VMAX took an average of 10 seconds to reach VMAX after tilt, which
was 25% higher than at baseline. Carotid blood flow upon tilt has only been studied after
long periods of tilt and in diseased populations (38, 43). Therefore, it is hard to compare
these results with past ones since immediate responses may happen within the first 30
seconds after tilt. Femoral blood flow and femoral VMAX significantly decreased
immediately after tilt (20% and 16 % respectively), slowly recovered, and stabilized at
lower levels than baseline (44, 45). Femoral flow reached its lowest blood flow at 58
seconds, while femoral VMAX reached it sooner at 35 seconds. The decrease in femoral
blood flow is due to an activation of the vasoconstrictor response caused by the initial
rush of femoral blood flow immediately after tilt, preventing blood pooling after a
postural stress (44, 46).

This study wants to point out that, due to the difficulties, a postural challenge test
has been rarely assessed while looking at the carotid or femoral arterial blood flow
immediately after tilt (47). Specifically, very few studies have measured carotid blood
flow upon tilt. To our knowledge, blood flow has only been measured after a delayed
period of time, and never immediately after tilt like in this study (38, 43). This study
found the immediate response to tilt showed a bigger effect size then delayed responses.
Furthermore, the carotid and femoral VMAX significantly increased and decreased
respectively immediately upon tilt. As pointed out before, the significance of VMAX is
not well understood, but it is clear that there were significant changes in VMAX velocity

upon tilt and physical capacity had an effect on it.
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Physical Capacity. The study collected three different physical activity measures: The
six-minute walk test, total kilocalories per week, and a score of leisure and recreational
activities reported by the subjects. The six-minute walk was used to be compared to
blood flow, heart rate and blood pressure measures. The six-minute walk was chosen
because reflects the physical capacity of the subjects more closely than the other two
measures, and ultimately provides a measure of physical function (24, 25). In addition,
the 6-minute walking test has been validated by high correlation with workloads, heart
rate, and oxygen saturation when compared with standard bicycle ergometry and
treadmill exercise (24, 25, 48). Furthermore, the 6-minute walking test improves testing
effectiveness to assess capacity in an elderly population because it can be administered in
all ability levels (25, 48). However, the physical activity survey by (26), indicated males
and females spent a similar amount of kilocalories per week although their physical
activity score were significantly different. This study believes self-reported activities did
not reflect past physical activity and may have been bias toward the interviewer.
Therefore, the six-minute walking distance was selected to be compared with the rest of
the measures.

A multiple regression analyses revealed that the distance covered during the six
minute walking test had an effect on delayed systolic blood pressure changes upon tilt.
Higher levels of physical capacity were related to the recovery of back to baseline levels
of systolic blood pressures after two minutes of head-up tilt. Thus, these results indicated
systolic blood pressure recovered back to normal after being exposed to two minutes of a
postural stress. Others have also indicated that physical capacity may affect blood

pressure and postural tolerance in adults of all ages (6, 20, 28). In contrary to what we
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had expected, carotid blood flow or femoral blood flow were not directly affected by
physical capacity upon a postural stress. The study encountered difficulties recording
changes in blood flow immediately after tilt in some subjects, and whether that may be a
factor or not, it may have helped understand in more detail the nature of blood flow
dynamics upon tilt more in depth. Future studies should take this factor in consideration
while measuring blood flow changes after a postural test. Instead, this study found that
physical activity had a moderate effect on immediate and delayed VMAX responses.
Fitter individuals recovered by immediately increasing VMAX carotid blood flow to the
head showing a good adaptive response which led to proper blood irrigation after a
postural challenge (Figure 5). The significance of VMAX has yet to be studied in more
depth, but this interesting relationship between physical capacity and VMAX may
provide more useful information in the future.

Even though the subjects had a range of physical capacity values, the study did
not find major effects of physical capacity on cardiovascular responses to tilt. Others
have found exercise training positively affect orthostatic tolerance and baroreflex control
(49, 50). The lack of effect in our study may be explained by the normal health status of
the population of this study. Future research is necessary in diseased or trained/untrained
populations to reveal the significance of physical capacity in different elderly populations
regarding blood flow and other cardiovascular responses upon tilt.

Ankle-Brachial Index and Race. The ankle-brachial index was used to provide a
measure of peripheral vascular disease (51, 52). Only one subject had recordings lower
than 0.9 (ABI of 0.88), indicating the population of the study was free of any major

peripheral vascular disease. Ten subjects had an ABI > 1.4, indicating possible hardening
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of the arteries. However, our observations did not reveal a different pattern from these
subjects in the other cardiovascular measurements. This study also included an African
American female. Although race has been known to be a factor in cardiovascular
responses to a postural stress (7), the subject was included in the study because her results
did not change the outcome of the cardiovascular responses upon tilt.

The results of this study showed significant changes occur in the cardiovascular
system upon tilt at the waist. Heart rate and blood pressure showed the expected gender
differences, while blood flow was not affected by gender. Physical capacity did not
influence cardiovascular responses in a healthy elderly population. Furthermore, physical
capacity did not have an effect on blood flow measures, but did have a moderate effect on
VMAX blood flow responses upon tilt. More information on carotid and femoral blood
flow immediate responses would clarify if there are any differences between different
populations upon tilt.
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CHAPTER 4
SUMMARY AND CONCLUSIONS

According to Smith (43), the currently difficult task of measuring carotid blood
flow or cerebral blood flow during a postural change would be physiologically very
useful to understand and possibly diagnose cardiovascular disease. This study attempted
to assess arterial blood flow changes, as well as heart rate and blood pressure upon a
postural change in the elderly. In addition, gender differences and physical capacity
measured by a six-minute walk test were closely analyzed.

Thirty-seven men and women participated in this study. A postural stress test
measured by a 60° tilt at the level of the waist lasting 2 minutes was performed to
determine if carotid and femoral blood flow, heart rate and blood pressure experienced
any changes. A six-minute walking test, and physical activity survey for the elderly were
administered. Lastly, an ankle-brachial index test was given to the participants.

The results indicated that there were significant differences in heart rate between
males and females upon tilt. Females had a significantly higher heart rate increase and
higher heart rate values at baseline. These findings are consistent with the literature,
where in general, females tend to show larger resting heart rates than males (81), and
larger increases in heart rate due to a postural stress (37, 39 , 60, 81-83). These changes
in heart rate may leave females more susceptible than men to larger changes in blood
pressure in situations in which the autonomic function may be compromised (68, 84).

Many female-differences in cardiovascular responses, even after menopause, have been
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shown to be estrogen-related, mediated through the endothelium-dependent factor nitric
oxide (68, 69, 84). Although not significant, this study also found gender differences
upon tilt in systolic and diastolic blood pressure. Females had larger decreases than males
in both systolic and diastolic blood pressure. However, the low number of subjects in the
blood pressure measurements may have prevented this study from finding any significant
results reported in other studies (7, 37, 73, 81). Neither carotid or femoral blood flow
experienced differences between males and females. Measurements of carotid or femoral
blood flow regarding gender differences immediately after a postural stress have been
scarce (6, 63). Other factors, such as carotid diameter or pulsatility have been known to
differ between males and females (60). However, the results of this study indicate that
there are not carotid or femoral blood flow differences upon tilt between males and
females. Therefore, blood flow regulation through the carotid and femoral arteries
ultimately adjusts swiftly to a postural challenge regardless of gender.

Physical capacity of the subjects did not have a major effect on blood flow, blood
pressure or heart rate immediate or delayed responses. However, physical capacity had a
moderate significant effect on carotid VMAX immediate and delayed changes. VMAX is
a potentially important but understudied hemodynamic parameter according to (85). Its
increase may reflect the fast response of the cardiovascular system to adjust blood flow
regulation after a postural challenge or larger heart rate contractility due to higher levels
of physical capacity. Further studies are needed to understand the importance of carotid
VMAX significance upon tilt. Furthermore, it is possible that even after a wide range of
physical capacity, the population studied was not directly affected by physical capacity

due to their normal health status. However, this relationship between physical capacity
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and cardiovascular responses may be different in well-trained or diseased populations in
the elderly.

In conclusion, a 60° tilt at the waist produces significant changes in carotid and
femoral blood flow, heart rate and systolic blood pressure. Heart rate and blood pressure
showed the expected gender differences, while blood flow was not affected by gender. In
addition, physical capacity did not affect any of the main variables indicating the
cardiovascular response to tilt may not be affected by physical capacity. Future
experiments should look at the significance of VMAX and its relationship to physical
capacity. In addition, more information is needed on continuous measurements of carotid
and femoral blood flow in all populations. Specifically, to determine if diseased and

healthy populations react differently after a 60° tilt at the waist.
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