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ABSTRACT
Emerging evidence suggests that uninterrupted sitting has a deleterious impact on
hemodynamics, namely a reduction in blood-flow induced shear stress in peripheral
vessels, which leads to vascular dysfunction and increased arterial stiffness. Few studies
have examined the cerebrovascular response, and no studies have discerned potential
racial differences on the hemodynamic response to uninterrupted sitting. Purpose: To
examine racial differences in the hemodynamic response during an acute period (1-hour)
of uninterrupted sitting between Black/African American and White males. Methods:
Twenty-four adult males (50% Black/African American) between the ages of 18 and 35
years and relatively healthy (i.e., free of overt disease) were recruited. Measurements
were taken at four time-points—baseline, during 1-h of sitting, and post 1-hour of
uninterrupted sitting. Cerebrovascular hemodynamics, measured using duplex Dopplerultrasonography, were measured at all time-points. Arterial stiffness, using carotidfemoral pulse wave velocity (cfPWV) was measured at baseline and post 1-hour of
uninterrupted sitting. Results: Blood flow through the internal carotid artery (ICA) was,
on average, lower in Black/African American males at all time points, except post-sitting
measurement, compared with White males, though nonsignificant (p=0.27). Blood flow
through the vertebral artery (VA) did not differ by race, however there was a significant
effect for time suggesting a reduction in blood flow during the sitting period (p=0.009).
Estimated total brain blood flow did not differ by race (p=0.63), however blood flow was
significantly higher at baseline than following the hour of uninterrupted sitting (p=0.04).
Arterial stiffness did not differ by race, though Black/African American males had higher
cfPWV at both measured time-points. From baseline to post-sitting, there was a
ii

significant increase in cfPWV (p=0.01). Changes in cfPWV were not associated with
changes in total brain blood flow at baseline or following the uninterrupted sitting period
in Black/African American or White males (p>0.05). Conclusions: An acute 1-hour
period of uninterrupted sitting negatively impacts hemodynamics, an effect that appears
to be similar between Black/African American and White men. Future research should
examine the time course of change, repeated exposures to acute periods of sitting,
interrupting sitting time, and observing relationships with arterial stiffness in other
racial/ethnic population.
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CHAPTER I - INTRODUCTION

1.1 BACKGROUND

Cardiovascular disease (CVD) remains the leading cause of death in the United
States, affecting approximately 122 million people, and leading to an economic burden of
approximately $350 billion per year (1). Of the varying etiologies of CVD,
cerebrovascular disease is estimated at 2.5% of the United States population (1).
Importantly, of public health concern both CVD and cerebrovascular disease incidence
and mortality are highest among Black/African Americans in the United States (1–3).
The brain is the body’s primary organ and thus is highly perfused. Under typical
conditions, blood flow is autoregulated to maintain consistent distribution to the organ
(4,5). However, atypical conditions that impair the cerebrovasculature and reduce brain
blood flow can lead to some detrimental consequences. Reductions in cerebrovascular
hemodynamics and impaired cerebrovascular function give rise to cognitive dysfunction,
increased stroke risk, and development of neurodegenerative disorders (e.g., dementias
and Alzheimer’s disease) (6). As such, accumulating evidence suggests that increases in
central and peripheral arterial stiffness is associated with a reduction in cerebral blood
flow (7), cognitive decline (8), dementia, and Alzheimer’s disease (9).
Modifiable lifestyle behaviors (e.g. physical activity and exercise) can reduce the
risk of CVD, cerebrovascular disease, and other chronic conditions. Achieving the
recommended amount of physical activity have been shown to have an inverse
relationship with the development of chronic conditions, diseases, and risk factors, such
1

as CVD, arterial stiffness, hypertension, diabetes, and cognitive function (10,11). Current
physical activity recommendations to achieve maximum benefits include: 1) 150 – 300
minutes of moderate-intensity aerobic activity, 75 minutes of vigorous-intensity aerobic,
or a combination of both; and 2) resistance training on 2 or more days of the week (12).
As the benefits of engaging in regular physical activity are well-documented, only 22.5%
of adults reported meeting the recommending guidelines (1). However, a recent study
suggested the compliance to the 2018 guidelines ranged from 3.4% to 95.6% using
accelerometry (13).
With the trend of inactivity, individuals in the United States are increasing their
time spent engaged in sedentary behavior, defined as any waking behavior in the sitting,
lying, or reclining position with an energy expenditure ≤1.5 METs (14). The prevalence
of sedentary behavior among all adults in the United States is at approximately 27% (15),
while the prevalence is the highest among Black/African American adults with a total of
32.2% (16). The most common form of sedentary behavior is sitting, and previous
epidemiologic studies suggest a positive association between sitting and increased risk of
CVD (17,18) and mortality (18,19).
Most studies evaluating the impact of sitting have focused on the hemodynamic
response in the peripheral vasculature (20–25). These studies have found reductions in
blood-flow induced shear stress, leading to endothelial dysfunction of the lower limb.
However, fewer studies have focused on the impact of cerebrovascular hemodynamics
and arterial stiffness during sitting, as a more global measurement of vascular and
cerebrovascular health (26). Additionally, most of the literature has focused on a
homogeneous sample of healthy, white males. Thus, the purpose of this research was to
2

determine whether racial differences exist in the total hemodynamic response during an
acute period of uninterrupted sitting in health Black/African American males as
compared to White males.

1.2 SPECIFIC AIMS

This dissertation addressed the following aims:
1. The first aim was to examine the impact of uninterrupted sitting on
cerebrovascular hemodynamics in Black/African American males compared to
White males. Specifically, the objectives were to:
a. Quantify blood flow through the extracranial arteries— internal carotid
(ICA) and vertebral (VA) arteries
b. Estimate total brain blood flow using blood flow through the ICA and VA.
2. The second aim was to determine the impact of uninterrupted sitting on arterial
stiffness in Black/African American males compared to White males.
3. The third aim was to evaluate whether changes in arterial stiffness were
associated with changes in cerebrovascular hemodynamics, particularly total brain
blood flow.

3

1.3 HYPOTHESES

1. We hypothesized that cerebrovascular hemodynamics would decline during an
acute period of uninterrupted sitting in both Black/African American males and
White males with the greatest reduction occurring in Black/African American
males.
a. We expected blood flow through the extracranial arteries to decline with
the greatest reduction occurring in the extracranial vessels of
Black/African American males compared to White males.
b. We also expected total brain blood flow, mediated by the reduction in
ICA, to decline in both Black/African American and White males with the
largest reduction occurring in total brain blood flow occurring in
Black/African American males.
2. We hypothesized that arterial stiffness—measured by carotid-femoral pulse wave
velocity—would exhibit a similar response as to cerebrovascular hemodynamics
such that both Black/African American and White males will show increases in
arterial stiffness with the greatest change occurring in Black/African American
males.
3. We hypothesized that changes in cerebrovascular hemodynamics will be inversely
associated with the change in arterial stiffness.

4

1.4 CONCEPTUAL FRAMEWORK

Figure 1.1 depicts the objectives and aims of the study which determined whether
racial differences effect the cerebrovascular hemodynamic (AIM 1) and arterial stiffness
response (AIM 2) to an acute period of uninterrupted sitting. Additionally, this study
determined the bivariate relation between changes in arterial stiffness and
cerebrovascular hemodynamics (AIM 3).

Figure 1.1 Conceptual Framework of the Acute Impacts of Uninterrupted Sitting

1.5 SIGNIFICANCE AND GAPS IN THE LITERATURE

Black/African Americans exhibit a disproportionately greater incidence of CVD,
hypertension, and heightened CVD-related mortality rates as compared to other racial and
ethnic groups. Of importance to this, Black/African Americans engage in more sedentary
time and less physical activity. However, the underlying mechanisms mediating the
response for these disparities are unclear. Closing this gap will aid in the implementation
5

of interventions which may influence a change in policy regarding sedentary behavior
guidelines amongst varying populations.
The current dissertation addressed whether sedentary behavior, particularly
uninterrupted sitting, can acutely impact hemodynamics (i.e., total brain blood flow and
arterial stiffness) in Black/African American males with hopes of understanding the
relation between brain health and vascular health. We examined brain health measured by
estimated total brain blood flow, quantified using extracranial arteries (i.e., internal
carotid and vertebral arteries) and vascular health using carotid-femoral pulse wave
velocity.
These results provided insight into whether total brain blood flow and arterial
stiffness both respond acutely to uninterrupted sitting. Additionally, we evaluated
potential associations between brain blood flow and arterial stiffness. Further, subjective
measures of sedentary behavior were assessed at baseline to explore racial differences in
habitual sedentary behavior across different domains—transport, sleeping and napping,
meals, child and elder care, leisure activities, and work/study/volunteering (27).
If acute, uninterrupted sitting has negative effects on cerebrovascular
hemodynamics, these results will strengthen the growing body of literature emphasizing
the deleterious impact of sitting on cerebrovascular health, as well as supporting the 2nd
edition of the Physical Activity Guidelines for Americans to reduce the amount of time
spent engaged in sedentary behaviors. If our hypotheses are correct, this could inform
sedentary interventions aimed at improving cerebrovascular health in this group of
individuals.

6

This study serves as a foundation for a future line of research. Future studies
could investigate the impact of chronic, habitual exposure to sedentary behavior in
Black/African Americans. Additionally, future studies could explore implementation of
interventions to mitigate the hemodynamic response observed during an acute period of
uninterrupted sitting. Future studies could evaluate any associations of cerebrovascular
hemodynamics and cognitive function in Black/African Americans. Lastly, future
research could determine the long-term exposure to sedentary behavior and associated
chronic changes in brain blood flow and arterial stiffness resulting from engaging in
sedentary behavior.

7

CHAPTER II – REVIEW OF THE LITERATURE

2.1 DEFINITION OF RACE

Race is a complex social construct that has been a classifying system for humans
according to discernable traits (28,29). The commonly used definition of race is based on
the categorization of large numbers of individuals who share phenotypic properties.
Individuals of a particular race regard themselves and/or are regarded by others as
belonging to a single group based on their observable traits (30). In this dissertation, race
was referred to as a classification associated with an individual’s physical appearance,
social identity, genetic and cultural background. This classification was grounded in
historical processes, which allow for understanding of relations between race and health
outcomes (31,32). In this aspect, race becomes multidimensional and a good predictor of
exposure placed upon an individual by social, behavioral, and environmental factors (33).
Per the 1997 Office of Management and Budget (OMB) revisions to the Standards for the
Classification of Federal Data on Race and Ethnicity, the United States Census Bureau
and the National Institutes of Health (NIH) have adopted five minimum racial categories:
White, Black or Black/African American, American Indian or Alaskan Native, Asian,
Native Hawaiian or Other Pacific Islander (34). For the sake of this study, Black or
Black/African American individuals will be the population of interest.

8

2.2 PREVALENCE OF RACIAL CATEGORIES

2.2.1 Prevalence of Racial Categories in the United States, Mississippi, and
Hattiesburg
The United States is one of the most populated countries in the world, accounting
for approximately 5% of the world’s population. The U.S. population is currently
estimated at 327.2 million people, which is nearly triple what it was in 1940 at 132.2
million people (35). In addition to the obvious quantitative growth, there has been
qualitative growth as well, the most obvious being diversity. According to the U.S.
Census Bureau, racial and ethnic diversity has been steadily increasing in the United
States (36). In 2010, the most prevalent group was those who reported that they were
White, accounting for 76.5%, followed by individuals who were Black/African American
with 13%. Asian, American Indian or Alaskan Native, and Native Hawaiian or other
Pacific Islander accounted for 5.9%, 1.3%, and 0.2% of the United States population,
respectively (37). Though 76.5% of the population was White in 2010, it is projected to
decline to 74% by 2060. The Black/African American population is expected to increase
to 16% by 2060 (35). Consistent with the rise in population seen throughout the United
States, the state of Mississippi also experienced increases in the population exceeding 1.5
million at the start of the 20th century (38). The growth persisted, though much slower,
through the 1930s and into the 21st century when the population neared 3 million people
and has remained fairly constant at 2.9 million people, 32nd in the nation (38). According
to the US Census Bureau, the most prevalent group in Mississippi were individuals who
reported being White, accounting for 59.1% of the state’s population. Individuals who
9

reported being Black/African American accounted for 37.8% of the state’s population
followed by Asian (1.1%), American Indian or Alaskan Native (0.6%), and Native
Hawaiian or other Pacific Islander (0.2%), a trend similar to what is seen in the United
States’ racial demographic breakdown (37). Mississippi has the largest percentage
(37.8%) of Black/African American residents in the United States, accounting for 2.8%
of the nation’s Black/African American population (37). In 2010, Hattiesburg,
Mississippi was the 5th largest city in Mississippi with a population of 45,989 people
(36). Unlike the nation and the state of Mississippi, the most prevalent group in
Hattiesburg reported being Black/African American, accounting for 52.5% of the city’s
population, while 43.1% of the city’s population reported being White (37).

2.3 HEALTH DISPARITIES

The term “health disparity” has become familiar in public and population health,
but it is rarely explicitly defined. Historically, a disparity has been defined as a difference
or inequality. Initially, the term “health disparity”—coined in the 1990 United States—
was not meant to describe health differences among everyone. The term was coined to,
typically, describe worse health conditions in disadvantaged people, individuals of racial
or ethnic groups, and economically disadvantaged members of any racial or ethnic group
(39). Though there are many varying definitions of health disparities, all tend to address
differences between one disadvantaged group compared to a more advantaged group
(40). One of the accepted and widely used definitions of health disparity is from the
National Institute on Minority Health and Health Disparities (NIMHD). The NIMHD
10

defines a health disparity as a health difference that negatively affects disadvantaged
populations, on the basis of one or more health outcomes (41). The disadvantaged
populations include OMB-defined racial and ethnic minorities among other
disadvantaged groups.
Health disparities in the United States have existed for an extended period of time
(42) with racial and ethnic disparities continuing to grow (43). The concerns for the
health of racial and minority populations in the United States were showcased in the 1985
Secretary’s Task Force on Black and Minority Health, commonly referred to as the
Heckler Report (44). This report marked the beginning of a national movement to
eliminate health disparities in the population. The Task Force identified six causes of
death, including cardiovascular disease, accounting for more than 80% of deaths in
Black/African Americans (44). These findings led to the recommendations focusing on
the minority group-specific health needs rather than disease-specific needs. Generally,
these public health recommendations focused on improving minority health through six
specific categories: 1) health information and education; 2) development of health
professionals; 3) delivering and financing health services; 4) cooperation efforts with
non-Federal groups; 5) data development; and 6) research. Lastly, the Task Force
developed six subcommittees (i.e., one for each cause of death) to focus on the extent to
which the disparity exists physiologically, psychologically, societally, and culturally in
minority populations and ways to reduce it (44).
In the past three decades, there have been national efforts focusing on health
disparities in the United States, most notably the Healthy People initiative. One of the
three goals for the Healthy People 2000 objectives was to reduce health disparities among
11

Americans (45). In Healthy People 2010, the focus was on the elimination of health
disparities between various population groups—a goal that replaced the Healthy People
2000 goal of reducing health disparities (46). Lastly, Healthy People 2020 addressed
health disparities in a multifaceted manner with the goal of achieving health equity
through the elimination of disparities to improve the health of everyone in the United
States (47). Healthy People 2020 states that health disparities affect population groups
who have experienced systematic obstacles to health based on their race or ethnicity or
any other characteristic that has been linked to discrimination or exclusion (48). Thus,
assessing racial health disparities by tracking behaviors, illnesses, chronic conditions, and
death was an important component of Healthy People 2020.
When researching health disparities between advantaged and disadvantaged
groups, correct categorization of those groups is important. Regarding race and ethnicity,
self-identification has been considered the “gold-standard” for studies (34). As mentioned
previously, the commonly used racial categories were determined by the OMB in 1997
(34). When using race in health research, it is important to understand the social context
that the term is used; race is not a biological variable responsible for differences in health
but is associated with other risk factors contributing to health disparities in racial groups
(49).
As mentioned previously, the Heckler Report of 1985, was the first initiative by
the United States government in understanding health disparities affecting racial and
ethnic minorities (44). The report noted significant health inequities existing in minority
groups in the United States (44). One important outcome of the Heckler Report was the
1986 creation of the Office of Minority Health, which sought to use policies and
12

programs to eliminate disparities and improve the health of racial/ethnic minorities (44).
Though progress has been made in reducing the gap in racial health disparities, the
elimination of those disparities has not happened (15). However, the United States has
become more diverse, and will be referred to as a “minority majority” country by 2042
(50,51). Should these racial and ethnic minority groups continue to experience poor
health outcomes, the demographic changes that are expected will negatively showcase the
impact of disparities in the United States.
Significant disparities continue to exist, especially in Black/African American
males (52). When compared to other racial and gender groups, Black/African American
males tend to suffer greatly from poor health and health outcomes (52). Black/African
American men are the most underserved populations, which contributes to poor health
and health outcomes (53). Though health behaviors, such as exercise, contribute to
Black/African American men’s health, it is important to note that social and
environmental factors also contribute to the disadvantages experienced by Black/African
American men regarding health and disease (54). Such social and environmental factors
plaguing disadvantaged populations, especially Black/African American men, include
reduced access to quality education and employment, as well as reduction in access to
quality health services (53,54). Therefore, health behaviors, alone, cannot fully explain
the health disparities among Black/African American men, but these behaviors are an
important contributor to the disparity (55). Health behaviors are part of a combination of
social influences and behaviors. The influence on health behaviors can be explained by
the socioecological model, such that behaviors are affected based on changes at the
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different levels of the model: individual factors, interpersonal factors, organizational
factors, community factors, and public policy (56–58).
The National Institute on Minority Health and Health Disparities (NIMHD)
provides a framework for understanding the many different influences of health
disparities. This framework builds on the health disparity framework of the National
Institute on Aging (NIA) (41,59) and Urie Brofenbrenner’s socioecological model (56).
The Aging Framework focuses on several domains that influence health disparities,
including biological, behavioral, sociocultural, and environmental. The NIMHD
expanded upon the NIA framework to include the health care system, along with a
rewording of a few categories to include sociocultural environment and physical/built
environment. Additionally, the NIMHD framework categorizes health disparity research
into domains of influence according to the socioecological model. The socioecological
model, developed by Bronfenbrenner, suggests that health is influenced by many levels,
including individual (age, race, sex), interpersonal (family, school, occupation, gym),
community (neighbors, politics, industry), and societal (attitudes and ideologies) (60). In
2015, NIMHD combined these two frameworks to form a 20-cell matrix, where each cell
represents a unique determinant of minority health or health disparities (41).
In 2013, Black/African Americans had the highest age-adjusted death rate
compared to any racial other racial group (1083.3 per 100,000). This rate was 48% higher
than the death rate of the total population (61). Additionally, Black/African American
men have the highest mortality rate among racial and gender groups in the United States
and the worst health of any subgroup (62,63). The age-adjusted mortality rate for
Black/African American men declined from the early 1960s to late 2000s (1811.1 vs.
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1147.3 per 100,000) (64). The average life expectancy of Black/African Americans is
approximately 75 years. However, the gap in life expectancy, in 2014, between
Black/African Americans and White individuals was 3.4 years—75.5 and 78.9 years,
respectively (61,65). The average life expectancy of White and Black/African American
men and women is as follows: White women at 81.4 years, Black/African American
women at 78.4 years, white men at 76.7 years, and Black/African American men at 72.3
years (66). The high mortality rate and resulting reduced life expectancy among
Black/African American men have led to focused efforts in this group of individuals to
understand the disproportionate rates of chronic disease and mortality.
In the United States, racial disparities tend to include higher rates of chronic
disease and conditions and premature mortality when compared to White individuals.
Health behaviors play a major role in such diseases and conditions, such as
cardiovascular disease risk factors (e.g., hypertension, diabetes mellitus, physical
inactivity, obesity, etc.) and cardiovascular diseases (e.g., heart failure, coronary artery
disease, peripheral artery disease, stroke, ischemic heart disease, etc.). The diseases and
conditions contributed to >2 million years of potential life lost in Black/African
Americans between 1999 and 2010 (61,65); thus, health behaviors are a major
determinant of the disparity observed among Black/African American men (63).

2.4 CARDIOVASCULAR DISEASE

Cardiovascular disease (CVD) is a class of diseases affecting the heart and
associated blood vessels, including peripheral artery disease, atherosclerosis,
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cerebrovascular disease, heart failure, carotid artery stenosis, and hypertension. Despite
the large health burden that CVD places on the United States and the world, in several
cases, CVD is preventable with established healthy behaviors. CVD, in its different
forms, is the leading cause of death and a large component of disability and reduced
productivity in adults in the United States (67). The prevalence of cardiovascular disease
in adults, over the age of 20 years, is approximately 48% (122 million people) and
continues to increase with age in males and females (1). However, goals have been
implemented to address the CVD burden in the United States.
The 2020 Impact Goals of the American Heart Association (AHA) are to improve
the cardiovascular health of all American while reducing the deaths attributable to CVDs,
both, by 20% (1,68). In 2016, nearly 900,000 deaths were attributable to CVD (1,69).
Between 2013 and 2016, males had the highest number of deaths related to CVD
compared to females in the United States—428,434 and 412,244, respectively (1). When
stratified for sex and race, 60.1% of non-Hispanic Black/African American males and
57.1% of non-Hispanic Black/African American females had some form of CVD,
whereas 50.6% and 43.4% of non-Hispanic White male and female populations,
respectively, had a form of CVD (1). As of 2016, the AHA’s Impact Goal has nearly
been met with age-adjusted death rate attributable to CVD decreasing from 269.6 per
100,000 in 2006 to 219.4 per 100,000 in 2016, which is an 18.6% decline (1). Though
there have been declines in CVD mortality that can be attributed to advancements in
public health and health care, those declines have slowed, and the burden of CVD
remains.
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2.4.1 Economic Burden of Cardiovascular Disease
CVD also places a significant burden on the economy. According to the 20142015 Medical Expenditure Panel Survey (MEPS) data, the direct and indirect cost of
CVD in the United States is estimated to be $351.2 billion. The direct costs include the
cost of health care professionals, prescribed medications, and hospital services and was
estimated to be approximately $213.8 billion. Indirect costs were estimated at $137.4
billion for any associated losses in productivity (1). A decrease in the incidence of CVD
in the United States may reduce the cost attributed to CVD.

2.4.2 Epidemiology and Pathophysiology of Cardiovascular Disease
For this study, specific CVD are of importance, including, peripheral artery
disease, coronary heart disease, and cerebrovascular disease. These diseases are directly
influenced by risk factors. Such risk factors are an individual’s specific habits, behaviors,
and conditions that increase their chances of developing CVD. Prior to discussing the
pathologies of the aforementioned types of CVD, the pathologic process of
atherosclerosis will be explained.
Atherosclerosis, a form of arteriosclerosis, is a disease in which there is an
accumulation of fatty deposits along the arterial wall, usually at the arterial bifurcations
(70,71). The buildup of these lipid-based macrophages leads to the formation of plaque.
Atherosclerosis has been thought of a single disease, but it is a pathological process
affecting the vasculature throughout the body. This process takes time to develop within
the vessels leading to blockage of the artery. This inflammatory process develops as a
response to elevated cholesterol levels (72) as a result of some endothelial injury (e.g.,
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hypertension, smoking, diabetes, abnormal lipoprotein levels) (73). This damage to the
endothelium stimulates the formation of a fatty streak in the artery wall, leading to
blockages of blood flow through vessels (74). Plaques tend to rupture, becoming an
embolism, which allows for up- or downstream migration through smaller vessels,
leading to other CVDs (e.g., peripheral artery disease, coronary heart disease, and
cerebrovascular disease) and contributing to CVD mortality (75–77).

2.4.2.1 Peripheral Artery Disease
Peripheral artery disease (PAD) is an atherosclerotic condition of arteries outside
of the heart that provide blood flow to the limbs, particularly the lower limbs. PAD is
common among older individuals with a prevalence of 20% among adults aged >80 years
(78) and is a significant predictor of CVD morbidity and mortality (74,79). The
prevalence of PAD increases with age, and there is a disproportionate burden of PAD in
Black/African American adults, with a rate twice as high as White adults (80). One
common symptom of PAD is intermittent claudication or pain during ambulation, which
is due to the gradual obstruction of arterial blood flow to the lower limbs as a result of
atherosclerotic buildup in the iliofemoral vessels (74,81). Another common symptom is
critical limb ischemia, which is a more severe symptom of PAD resulting in constant pain
or gangrene (81). Individuals with critical limb ischemia are at a greater risk of losing a
limb or suffering a myocardial infarction (MI), stroke, or death (81). PAD contributes,
directly, to the burden of CVD. In 2014, PAD was responsible for 59,681 deaths in the
United States. The death rate was highest among Black/African American males in 2014
(24.8 per 100,000) (1,65).
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2.4.2.2 Coronary Heart Disease
Coronary heart disease (CHD) is an occlusion of the coronary arteries supplying
the heart due to atherosclerosis (82). The reduction of blood flow to the myocardium can
impair cardiac metabolism leading to ischemia. Constant ischemia or full occlusion of an
artery can cause acute coronary syndrome or an infarction or heart attack (74,83).
According to the American Heart Association about 6.7% of the United States population
who are older than 20 years have CHD (1). These rates have declined in recent years,
though those declines among Black/African American have been smaller (65). In an
ARIC study (Atherosclerosis Risk in Communities), the decline in CHD among
Black/African American men was approximately half that of White men (-3.2% vs. 6.5% per year) (84).

2.4.2.3 Cerebrovascular Disease
Cerebrovascular disease is any abnormality that can be classified by a pathologic
process in the blood vessels affecting the brain (74). This process includes aneurysms,
malformations, cerebrovascular accidents or strokes, and neurodegenerative disorders.
For the sake of this paper, the focus was placed on stroke and neurodegenerative
disorders.
Strokes occur when flow of oxygen-rich blood to the brain is disturbed and can
cause damage to areas of the brain that was deprived of oxygen (85). Strokes are
classified according to their pathophysiology: ischemic (e.g., embolic or thrombotic) or
hemorrhagic (74). Thrombotic ischemic strokes occur when occlusions, by thrombi, are
in the arteries to the brain or within intracranial vessels. The thrombosis is typically
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attributed to atherosclerosis or inflammation attacking the arterial walls (74). An embolic
ischemic stroke occurs when fragments from a thrombus break apart from one principal
area found outside the brain, in the heart, aorta, or common carotid arteries (74). This
embolus usually occurs at or near the bifurcation in small vessels leading to ischemia.
Lastly, a hemorrhagic stroke happens when weak blood vessels rupture and bleed into the
brain causing the brain tissue to compress (85). Many of the conditions of stroke can be
attributed to atherosclerosis. If the stroke is severe enough, it can lead to damage to the
brain impacting the speech, memory, motor control, and eventual death (1).
Between 2013 and 2016, stroke prevalence in the United States was estimated at
2.5%. The prevalence of stroke is highest in Mississippi (4.5%) (1). The incidence and
mortality of cerebrovascular disease are higher among Black/African Americans in the
United States. Despite the stroke mortality falling over the past 60+ years, the magnitude
in stroke disparity of Black/African American adults compared to White adults remain
high (2). In an ARIC study, the incidence rate for stroke was higher in Black/African
Americans compared to Whites <55 years of age and >55 years of age (relative risk [RR],
2.77 vs. 2.23) (3). Based on 2018 data, the American Heart Association reported
Black/African Americans are more likely to have a stroke, and Black/African American
males are 60% more likely to die from a stroke than White males (1). Prevention of the
previously mentioned CVDs through lifestyle modifications are important to reduce the
burden of CVD in the United States, especially in Black/African Americans.
Dementia is a clinical classification of syndromes characterized by the
progressive deterioration of cerebral functions that include cognitive decline and loss of
independence (86). Alzheimer’s disease is the most prevalent type of dementia. It is the
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leading cause of dementia and one of the most common causes of cognitive dysfunction
in adults (87). Alzheimer’s disease has two important features contributing to the
pathogenesis of the disease: 1) beta amyloid plaques and 2) neurofibrillary (tau) tangles.
Due to the failure to clear any waste products, beta amyloid proteins accumulate leading
to the degradation of the blood brain barrier (88,89). As such, arterial stiffness, reductions
in cerebral blood flow, and hypoxia have been attributed to the pathogenesis of
Alzheimer’s disease (90).
Presently, more than 26 million people in the world and 5.4 million people in the
United States have Alzheimer’s disease. By the year 2050, the numbers are expected to
increase to approximately 11 to 16 million Americans (91). In 2018, the state of
Mississippi had approximately 54,000 individuals who were diagnosed with Alzheimer’s
disease with a projected 20.4% increase by the year 2025 (91). Black/African Americans
are more likely, per capita, to have Alzheimer’s disease compared to White individuals
(92–95). Several studies indicate that Black/African Americans are twice as likely to
have Alzheimer’s disease compared to White individuals. Alzheimer’s disease is the 6th
leading cause of death in the United States (64). In the state of Mississippi, in 2015, the
mortality rate for Alzheimer’s disease was at 47% higher than the national average
mortality (34%) (91).

2.4.3 Risk Factors
One risk factor that has been associated with the development of CVD will be
further explained. Arterial stiffness is a growing risk factor and has been associated with
an increased risk in CVD and death (96).
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2.4.3.1 Pathophysiology of Arterial Stiffness
Arterial stiffness refers to a process in which the artery walls respond to changes
in blood pressure and hemodynamics or blood flow. This process is the result of changes
of the structural and cellular components of the arterial wall (96). The changes that occur
are greatly influenced by blood forces and other factors both internal and external to the
vessel. Arterial stiffness occurs in a variety of different locations but occurs most often in
the central and conduit arteries (97–99) and less often in peripheral arteries (100).
The compliance and stability of the arterial wall is dependent upon collagen and
elastin—structural proteins—to function properly (96). There should be a balance
between collagen and elastin. Any interruption of this balance, usually due to some
inflammatory process (e.g., hypertension), leads to an increase in the production of
collagen and decrease in elastin, contributing to stiffness of the artery (101,102).
Additionally, arterial stiffness is influenced by cell signaling of the endothelium and
vascular smooth muscle (VSM). VSM tone can be altered through some hormonal
changes in angiotensin II, aldosterone, endothelin, and nitric oxide (103,104).
Angiotensin II and aldosterone can lead to an increase in VSM, leading to a loss of
elasticity in the vessel and subsequent endothelial dysfunction (96,105). The reduction in
nitric oxide and endothelial-derived hyperpolarizing factor (EDHF) and the increase in
constricting hormones contributes to endothelial dysfunction and increases vascular
stiffness (96,105).
Arterial stiffness can contribute to some morphological and biological changes of
blood vessels and the heart (96). Within the blood vessel, the changes can be attributed to
the vascular mechanical stimulation due to shear stress—the tangential force of blood on
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the lining of the endothelium—and pressure (96,106–108). Near bifurcations of the
vascular tree, there tends to be a more turbulent flow with a greater oscillatory shear
stress, leading to endothelial dysfunction and eventual vascular disease (109). Further,
stiffness, increases the load that is placed on the heart leading to a higher end-systolic
pressure, causing the efficiency of cardiac ejection to decline (96,110). Long-term
ejection into a stiff artery leads to under-perfusion of the heart, ventricular hypertrophy,
and a reduced heart rate (96).
There has been a growing body of literature showcasing arterial stiffness as a
predictor of cardiovascular disease morbidity and mortality, heart failure, and stroke, as
well as literature surrounding the clinical relevance of arterial stiffness (111–114). The
pathological process can occur in tandem with the atherosclerotic process, which, as
previously mentioned, leads to stiffened arteries. Arterial stiffness is also associated with
long-term exposure to high blood pressure or hypertension (115).

2.4.3.2 Arterial Stiffness and Hypertension
Hypertension is constant elevation of systemic arterial blood pressure,
corresponding to a systolic blood pressure of >130 mmHg or a diastolic blood pressure of
>80 (116). Blood is pumped from the heart to the rest of the body via arteries, and blood
pressure—the amount of force placed on the arterial wall— is one way to measure the
health of the arteries (117). The vasoreactivity of the arteries plays a role in blood
pressure. For example, if an artery is less compliant or stiffer, the more pressure will be
placed on the artery wall with every contraction of the heart contributing to CVD.
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Arterial stiffness is dependent upon the constant change of blood pressure. Low
blood pressures result in elastin—a previously-mentioned structural, scaffolding
protein—to control the behavior and vasoreactivity of the vessel. Higher blood pressures
lead to collagen becoming the most important due to its stiffer properties contributing to
an inextensible vessel wall (118–120). Consequently, independent of morphological
changes within vessels, arterial stiffness can lead to an increase in blood pressure.
Arterial stiffness has proven to be an important indicator in the development and
diagnosis of hypertension (121). Previous studies have reported that, independent of
peripheral blood pressure, arterial stiffness are determinants for increased central systolic
blood pressure (122). Additionally, consequences of arterial stiffness include an increase
in pulse pressure and isolated systolic hypertension (ISH) (96,121). Pulse pressure is the
difference in systolic and diastolic blood pressure and is a risk factor for cardiovascular
events (e.g., myocardial infarction, stroke, heart failure, CVD mortality) (121,123).
Isolated systolic hypertension is an elevation in the systolic blood pressure with a normal
diastolic blood pressure (74,96). Like pulse pressure, ISH is associated with
cardiovascular events, especially stroke (124).

2.4.3.3 Black/African Americans and Arterial Stiffness
The impairment of vascular function, as showcased by arterial stiffness, is a
predictor of hypertension in all individuals. Compared to White individuals, the
prevalence of arterial stiffness is higher in Black/African Americans and appear to be
more exaggerated. (125–128). To date, some evidence suggests that both arterial stiffness
and hypertension is higher in Black/African American men compared to White men
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(127,129–132). In the Multi-Ethnic Study of Atherosclerosis (MESA) cohort of 6800
men and women between the ages of 45 and 84, small vessel elasticity, contributing to
arterial stiffness, was impaired in Black/African Americans compared to other population
groups (130). Similarly, arterial stiffness and the elasticity of small and large vessels
were impaired in Black/African Americans in the Bogalusa Heart Study (133). Finally, in
an ARIC cohort, large artery stiffening occurred at an early age and advanced faster in
Black/African Americans than in White individuals in the sample (126). The increase in
arterial stiffness in Black/African Americans could be due to a decrease in nitric oxide
bioavailability and increases in inflammatory biomarkers and reactive oxygen species or
oxidative stress (96).
The structural, functional, and signaling mechanisms, work together to contribute
to the stiffening of arteries (134). These mechanisms could aid in explaining the burden
of arterial stiffness in Black/African Americans, which contributes to the disparity
observed in CVD risk (128). One such contributor is endothelial dysfunction, due to the
lack of vasodilatory capacity—inability to widen in response to shear stress. This
impairment in vasodilation is explained by the availability of nitric oxide—released from
the endothelium—and an increase in oxidative stress (135,136). The increase in the
oxidative stress is a large factor that contributes to the progression and development of
atherosclerosis, causing stiffness in the arteries of Black/African Americans (137).
Additionally, inflammatory biomarkers have been higher in Black/African Americans
(135). This increase paired with the increase in oxidative stress contribute to the
progression of atherosclerosis and contributes to the burden of arterial stiffness in
Black/African Americans (130,133,138–140).
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2.4.3.4 Arterial Stiffness Assessment
In the last decade, many measurements have been utilized to measure arterial
stiffness. Historically, the ability to measure arterial stiffness was invasive (141). With
technological advancements, the use of minimal-risk, noninvasive techniques to measure
arterial stiffness have led to its clinical and research incorporation (141). The importance
of pulse wave velocity (PWV) have been showcased, within the last three decades, as an
independent predictor of cardiovascular disease and mortality (141–144).
The gold standard assessment for measuring aortic or central arterial stiffness is
carotid-femoral pulse wave velocity (cfPWV). As the ventricle contracts, a pressure
waveform is generated and propagated throughout vascular tree (112). The velocity in
which the wave travels is an indicator of stiffness. The wave is reflected upstream at
bifurcations; in stiff arteries, the wave is reflected prematurely and travels a lot faster
than in a more compliant artery (141).
Carotid-femoral PWV is assessed using applanation tonometry by using a
piezoelectric tonometer that is placed at a site in which the pulse is detected (112,141).
Using applanation tonometry captures the waveforms from sites of the body, including
femoral, carotid, and posterior tibial arteries (112,141). Transit time is assessed using the
foot method, in which the foot of each wave is the point for calculations of transit time.
Other methods of measuring arterial stiffness include pulse wave analysis (PWA)
and ultrasound. PWA is done using a similar method as PWV by employing applanation
tonometry. PWA provides markers of reflection, such as augmentation index (AIx) and
augmentation pressure. Augmentation index is defined as the ratio of the size of reflected
waves and aortic pulse pressure; augmentation pressure is defined as the difference in the
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pressure wave forms (112). Ultrasound measures of the common carotid artery is widely
used to assess arterial stiffness through wall detection and calculating the vessel areas
(141).

2.5 CEREBROVASCULAR HEMODYNAMICS

The brain is responsible for approximately 2% of the total body weight and
receives 20% of the body’s oxygen consumption and cardiac output under typical
conditions, while using nearly 50% of the body’s glucose (145–147). The brain is one of
the most important and highly perfused organs in the body (4). Under normal conditions,
blood flow to the brain is relatively consistent allowing for sufficient delivery of oxygen
and nutrients (4,5). Due to the importance of oxygen- and nutrient-rich blood to the brain,
the two pair of arteries responsible for the brain’s blood supply (right and left internal
carotid and vertebral arteries) are large (4,148,149). The internal carotid arteries provide
blood (appr. 70%) to the cerebrum or the largest and most anterior portion of the brain
(4,150,151) and terminates into the anterior cerebral and middle cerebral arteries (152).
The vertebral arteries coalesce to form the basilar artery, which supply blood (appr. 30%)
to the cerebellum and brain stem (4). The basilar artery continues and joins the internal
carotid arteries and other communicating branches to form the anastomotic ring known as
the Circle of Willis (4,150). The Circle of Willis gives rise to the anterior (branch of the
internal carotid), middle (branch of the internal carotid), and posterior (branch of the
vertebral artery via basilar artery) cerebral arteries, which contributes to the
microcirculation of the brain (5,148).
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It is important to maintain blood flow to the human brain, though the regulation of
blood flow is extremely complex. There are a number of regulatory mechanisms that are
key to ensure that the brain is receiving enough oxygen and nutrients (153). Some of
these regulatory mechanisms include the following: autoregulation, endothelium, flowmetabolism coupling, and microcirculation communication, which will be discussed
further in the next section.

2.5.1 Autoregulation
Autoregulation is an important mechanism as it allows the brain to maintain
constant blood flow even when cerebral perfusion pressure (CPP) changes (154–156).
Autoregulation is independent of any metabolic factors, and typically is limited to
changes in vascular tone (154). Cerebral blood flow is relatively constant (appr. 50
mL/100 g brain tissue per minute) between CPP pressures of ~50 – 100 mmHg
(154,156,157). Autoregulation decreases in response to pressure above or below this
limit. This concept can be explained through the “Bayliss Effect” or the myogenic
hypothesis (158,159). This concept focuses on the mechanoreceptor properties of the
arteries and arterioles by suggesting that they constrict in response to an increased
pressure and dilate in response to a decreased pressure, which contributes to
autoregulation of blood flow to the brain (160). This is important for normal
hemodynamics and maintenance of blood flow to protect downstream vessels from
damage during changes in CPP and to maintain brain perfusion when blood pressure is
decreased (158,159). As such, the vasoreactivity of the vasculature is an important
determinant of autoregulation and cerebral blood flow.
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2.5.2 Endothelium
The cerebrovascular endothelial cell is a specialized type of cell in the brain that
is important for the regulation of cerebral blood flow (154,161,162). The endothelium is
an important organ that acts as a bridge between the lumen of the blood vessel and
associated smooth muscle (154). The cerebrovascular endothelium is responsible for the
regulation of the inflammatory/immune response, thrombosis, permeability, and
angiogenesis (162). Consequently, cerebrovascular endothelial dysfunction contributes to
the pathogenesis of cerebrovascular diseases including stroke, dementia, and Alzheimer’s
disease (161–164). There are some vasoactive, chemical mediators produced by the
endothelium that impacts cerebral blood flow by affecting vascular tone, including nitric
oxide (NO), endothelium-derived hyperpolarizing factors (EDHF), and endothelins, with
NO being the most potent contributor (165).

2.5.3 Nitric Oxide
Nitric oxide is one of the most studied vasodilators and has large effects on the
brain (166). The enzyme that is responsible for the production of NO is nitric oxide
synthase (NOS) through the conversion of L-arginine to NO and L-citrulline (167). One
isoform exists that is found in the cerebral endothelium (eNOS) (168–170). NO
production can be increased by endothelial cell calcium via acetylcholine and shear
stress, which is important considering eNOS is calcium dependent (171,172). The
production of NO leads to the diffusion of NO into the vascular smooth muscle (VSM),
where it induces vasodilation (171,172). NO is the most important mechanism regulating
cerebral blood flow and vascular smooth muscle tone (167,172).
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2.5.4 Flow-Metabolism Coupling
Another regulatory mechanism is flow-metabolism coupling or functional
hyperemia. Flow-metabolism coupling is probably one of the most relevant regulators of
cerebral blood flow (154). This mechanism, usually explored using functional imaging
techniques (e.g. PET scan and fMRI), explains the impact of cerebral metabolism on
cerebral blood flow through the generation of action potentials through the interneuron
milieu (173–175). Understanding the link between neuronal activity and cerebral blood
flow has been influential in synaptic transmission. Potassium and hydrogen ions,
produced by synaptic transmission, stimulates vasodilation and provides an
understanding of the mechanism for neurovascular coupling (176,177). Additionally, the
release of adenosine, a byproduct of neuronal metabolism, causes vasodilation of the
microcirculation (178). Adenosine triggers a cascade of events leading to the release of
glutamate—the most important neurotransmitter in the brain—and greater NOS causing
more neuronal NO (i.e., specific isoform of NO) (154,179–181).

2.5.5 Microcirculation Communication
The role of the microcirculation is an important mechanism regulating blood flow
to the brain (182). Due to the increase in resistance in the arterioles, the remaining vessels
must communicate with the microvasculature to ensure adequate blood flow to the brain
(154,182). The complex network of specialized cells, basement membrane, and
microcirculation, in conjunction with the blood-brain barrier, supply the brain with
nutrients and protects it against toxic substances to keep up with the ever-changing
metabolic demands of the brain (183–185). As such, the blood-brain barrier is the most
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studied of the microcirculatory components and important for normal cerebral function
(186).
The regulation of blood flow in the brain is extremely complex involving multiple
mechanisms to enhance metabolism and prevent any type of damage. Central to all
mechanisms is the neurovascular component, consisting of the endothelium and its
related components. Any pathology of the cerebral endothelium can negatively impact
cerebral blood flow leading to more chronic conditions (e.g., stroke, dementia,
Alzheimer’s disease).

2.5.6 Cerebrovascular Hemodynamic Assessments
There is no optimal method for measuring cerebral blood flow due to the inherent
difficulty accessing the link between brain and heart health. Zauner and Muizelaar
suggested that the ideal method for measuring cerebral blood flow (CBF) should include
1) high resolution, 2) continuous measurements, 3) be cost-effective, 4) noninvasive, 5)
have no influence on normal brain function, and 6) have high translation into clinical
settings (187). A few techniques include carotid duplex doppler ultrasonography and
transcranial doppler ultrasonography.

2.5.6.1 Carotid Duplex Doppler Ultrasonography
Carotid duplex doppler ultrasound is a noninvasive method allowing for the
measurement of volumetric and linear blood flow velocity through the carotid, vertebral,
and other arteries (188). Blood flow through the extracranial arteries is assessed by
placing a linear transducer on the neck. Depending on the artery that is being assessed,
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several locations are insonated (~45 – 60°), however a 30° turn of the head to the
contralateral side allows for the neck to elongate (189,190). Additionally, the transducer
should be placed either anterior or posterior to the sternocleidomastoid muscle (189). The
most common extracranial arteries assessed for the measure of cerebral blood flow
include the common carotid (CCA), internal carotid (ICA), external carotid (ECA),
vertebral (VA) arteries (191). ICA contributes the most to cerebral blood flow due to the
anastomotic ring that they contribute to, as previously mentioned. ICA measurements
should occur distal to the carotid bifurcation (~1 – 1.5 cm) with the participants chin
elevated, while the VA should be measured between the transverse processes of the third
cervical (C3) vertebra and subclavian artery (191). The ultrasound probe can produce
signal waves when electric current passes through the probe via piezoelectric influence.
The purpose of the probe is to send those ultrasound signals into portions of the body and
receive the reflected signals that can be processed into images on the ultrasound machine
screen (192).
Using duplex doppler ultrasound, there are a combination of two modes required
to detect cerebral blood flow: B-mode and Pulse-waved doppler mode. B-mode is the
conventional scale mode, without any doppler effect. The 2-dimensional, grayscale, echoproducing component of the ultrasound is the B-mode or brightness mode due to the
power of the pixels in the image being reflected from the structure (189,192,193). Pulsewaved or spectral doppler mode tests the blood speeds through specific arteries. It
calculates the velocity of moving reflectors (e.g., red blood cells) based on the higher
frequency received by the transducer (189,192,194). In this mode, the linear probe gives
off bursts into the bloodstream that fire at pulse repetition frequency (PRF). The blood
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flow signal wave is called the spectrum and represents the combination of frequencies in
the specific sample of the vessel (192,193). This duplex scanning technique measures
volume of blood flow through the diameter on the B-mode image. Additionally, the timeaveraged mean velocity (TAMean) or mean blood flow velocity is gathered. From these
values, the ultrasound device can automatically calculate the blood flow volume
̇ = (𝑝𝑒𝑎𝑘 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦/
(192,193,195). Blood flow is standardly calculated as follows: (𝑄)
2) ∙ [𝜋 ∙ (𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟/2)2 ] (196,197).
Duplex doppler ultrasound allows for some noninvasive measurement of cerebral
blood flow, velocity, and diameters of extracranial arteries feeding the anastomotic ring
or the Circle of Willis. The use of duplex doppler ultrasonography is reliable,
inexpensive, non-invasive, and practical (198). However, duplex doppler ultrasound is
not without limitations. Duplex ultrasound is highly dependent upon the operator with no
consensus on the standards other than basic recommendations (189,199). Additionally,
the neck anatomy of the participant can play a role on the instrumentation and orientation
of the transducer thus influencing the blood flow readings. Despite the limitations, the
assessment of extracranial blood flow using duplex doppler ultrasound is a powerful way
to assess cerebral blood flow (189).

2.5.6.2 Additional Imaging Methods
There are other methods to indirectly measure cerebral blood flow, in addition to
duplex Doppler ultrasound of the extracranial vessels. One common method includes
transcranial doppler (TCD) ultrasonography.
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Like duplex doppler ultrasonography, TCD ultrasonography provides
measurement of cerebral blood flow velocity (CBF-V) in the basal arteries of the brain,
which is a surrogate for CBF (200,201). For CBF-V to be proportional to CBF, however,
the cross-sectional area of the vessel should remain constant (201–203). This method also
measures pulsatility of the vessel over an extended period. The most common vessel that
is insonated using this method is the middle cerebral artery (MCA), a branch of the
internal carotid, measured through the transtemporal acoustic window (204,205). An
additional, important limitation is that TCD use is limited by a 10-15% rate of inadequate
acoustic windows in Black/African Americans and other minority populations due to the
thickness and porosity of the bone near the windows, especially the transtemporal
window (201).

2.6 PHYSICAL ACTIVITY

Physical activity is any bodily movement caused by the contraction of skeletal
muscles that raises the energy expenditure above basal metabolic levels (206). Physical
activity can be classified as structured or incidental, where structured physical activity is
planned or purposeful activity that individuals engage in to promote health (206,207).
Incidental physical activity is not planned and are usually activities of daily living at
home, work, or during transport (207). Additional classification of physical activity
independent of type includes intensity, where physical activity is activity greater than 1.5
METS (metabolic equivalent of energy expenditure). One MET is the amount of oxygen
consumed during quiet rest in the seated position (208). Intensity can be further stratified
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into three levels: light (>1.5 - <3.0 METS), moderate (3.0 – <6.0 METS), and vigorous
(>6.0 METS) intensity (208–210).
The present Physical Activity Guidelines for Americans, 2nd edition, recommends
that adults participate in at least 150 – 300 minutes of moderate-intensity (3.0 – <6.0
METS) aerobic physical activity, 75 minutes of vigorous-intensity (>6.0 METS) aerobic
activity, or a combination of moderate- and vigorous-intensity aerobic activity on most
days of the week. Additionally, moderate- to vigorous-intensity muscle-strengthening
activities are recommended on 2 or more days of the week. In addition to engaging in
physical activity, the guidelines suggest limiting the amount of time engaged in sedentary
behaviors (12).

2.6.1 Physical Activity and Health
The health benefits of physical activity are well-established (211). The seminal
work of Dr. Jeremy Morris and colleagues (1953) showcased not only the importance of
physical activity and CVD risk reduction but the association between physical activity
and CVD. The results demonstrated that London bus drivers had more than double the
incidence of CVD than bus conductors, whose job required them to be more physically
active (212). This work was the first to show the need to understand the relation between
physical activity and health outcomes. Since this study, researchers have sought to
expand upon the work of Morris by elucidating the relation between physical activity and
health. Another classic study was the Harvard Alumni Study by Paffenbarger et al.
(1986), which was a longitudinal study (16 years) of approximately 17,000 men to
understand the association between physical activity and all-cause mortality. Researchers
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posited that engaging in more physical activity was associated with lower risk of
mortality with men expending >2,000 kilocalories (kcals) per week in having a 27%
lower risk of mortality compared to men expending <2,000 kcals per week (213). The
abundance of evidence over the years has led to the Physical Activity Guidelines for
Americans (12).
Growing evidence has continued to show an inverse relationship in between
physical activity and chronic disease (e.g., CVD, hypertension, diabetes, obesity, cancers,
cognitive function, etc.) and mortality (10,11). According to the American College of
Sports Medicine (ACSM), some benefits of engaging in regular physical activity include
reductions in cardiovascular disease risk factors, improvements in cardiovascular and
respiratory functions, and decreased morbidity and mortality (214). Additionally, regular
physical activity leads to a reduction in depression, and improved or enhanced cognitive
function and feelings of well-being (214). Additionally, the Physical Activity Guidelines
for Americans, 2nd edition, demonstrates health benefits from participating in regular
physical activity. The benefits, for adults and older adults, from the guidelines are
summarized in Table 2.1 (12). Some benefits, such as anxiety reduction, reductions in
blood pressure, and improved sleep and cognitive function can be reached immediately
(12). For the conditions and diseases, there are large improvements associated with an
increase in physical activity that have been found in large, epidemiology studies in
diverse participants (i.e., men, women, minority populations) (215–221).
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Table 2.1 Adults and Older Adults: Regular Physical Activity and Health Benefits
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Lower risk of all-cause mortality
Lower risk of cardiovascular disease mortality
Lower risk of cardiovascular disease (including heart disease and stroke)
Lower risk of hypertension
Lower risk of type 2 diabetes
Lower risk of adverse blood lipid profile
Lower risk of cancers of the bladder, breast, colon, endometrium, esophagus,
kidney, lung, and stomach
Improved cognition
Reduced risk of dementia (including Alzheimer’s disease)
Improved quality of life
Reduced anxiety
Reduced risk of depression
Improved sleep
Slowed or reduced weight gain
Weight loss, particularly when combined with reduced calorie intake
Prevention of weight regain following initial weight loss
Improved bone health
Improved physical function
Lower risk of falls (older adults)
Lower risk of fall-related injuries (older adults)

2.7 SEDENTARY BEHAVIOR

Historically, physical inactivity and sedentary behavior were used
interchangeably. It is now understood that sedentary behavior and physical inactivity are
independent constructs measuring different things (222). Physical inactivity is the
spectrum of decreases in bodily movement leading to a reduction in energy expenditure
toward basal levels, which is directly converse to the accepted definition of physical
activity (206,223). Much of the epidemiology literature has observed groups and
subgroups by labeling them as “physically inactive” or “sedentary”. As such, these data
are not used to measure sedentary behavior but rather the reporting of physical activity
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(224). Thus, individuals are categorized as sedentary on the basis of physical activity
rather than any measured participation in sedentary behavior (224).
As the field of sedentary behavior research has grown, there has been some
confusion over the definition of sedentary behavior. The recently accepted definition was
developed by the Sedentary Behavior Research Network (SBRN), in which sedentary
behavior is defined as any behavior done in the sitting, lying, or reclining position that is
characterized by an energy expenditure of <1.5 METs (14). These behaviors are the
lowest end of the activity continuum; however, the addition of the postural component
presents a unique behavior in sedentary behavior research (225). Sedentary behavior has
been operationalized as daily sitting, low counts on accelerometer or another activity
monitor, and television viewing (225). Sedentary behavior, particularly uninterrupted
sitting, effects a large portion of the United States population due to leisure-time,
occupation, and transport. Given the abundance of evidence on the negative health effects
associated with sedentary behavior, the recent Physical Activity Guidelines for
Americans, 2nd edition, included a guideline suggesting that “adults should move more
and sit less throughout the day” for optimal health benefits (12).

2.7.1 Epidemiology of Sedentary Behavior and Physical Inactivity
Sedentary behavior has received a large amount of attention as a public health
concern due to the prevalence of sedentary behaviors in the United States population and
the health risks associated with it. As previously mentioned, much of the epidemiological
literature uses the terms “physical inactive” and “sedentary” interchangeably, thus the
reporting of early literature in this section will use the original wording of the study.
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Regarding compliance of the 2008 Physical Activity Guidelines, 22.5% of adults selfreported meeting the guidelines for aerobic and muscle-strengthening activities during
leisure-time (1). However, compliance to the 2018 Physical Activity Guidelines ranged
from 3.4 to 95.6%, using accelerometry data (13). Additionally, in 2017 adults spent an
average of 5 hours and 5 minutes per day in screen time (e.g., television viewing,
streaming services, video games) and 1.5 hours per day on computers or tablets (1,226).
In a 2017 study of 12,500 adult smartphone users, smartphone application and web time
was approximately 2.5 hours per day (226). One area of concern is that Black/African
American adults spend an average of 7 hours and 13 minutes per day engaged in screentime, and this population had the highest smartphone use compared to other racial/ethnic
populations (1,227–231). In a study of 9,157 adults, researchers found that Black/African
Americans were more likely to watch >2 hours of television per day (232). The
prevalence of sedentary behavior among adults has decreased from 1998 to 2016 with a
large drop occurring between 2005 and 2016 from 40.2% to 26.9% (15). The prevalence
of sedentary behavior is the highest among Black/African American adults with a total of
32.2%. In the REGARDS study, time engaged in sedentary behaviors was higher among
Black/African American men compared to White men (735±3 minutes vs. 719±2
minutes) (16). As such, the prevalence of sedentary behavior in the United States has a
substantial impact on the population health and the economy.

2.7.1.1 Economic Burden of Sedentary Behavior
The economic impacts of sedentary behavior or physical inactivity in the United
States are significant. One study, using economic data, estimated that costs of physical
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inactivity accounted for 1.5 – 3% of direct healthcare expenses in the United States (233).
In 2013, inactivity cost the healthcare system approximately $55 billion, which include
$10 billion paid by households (234). Additionally, 11.1% of the aggregate healthcare
expenditures (e.g., inpatient, outpatient, emergency, home health, prescription drug,
dental, vision, and other services) were associated with inadequate levels of physical
activity (235). As such, the inactivity cost, in 2011, was estimated to be approximately
$131 billion with an increase in 2014 to $333 billion and is expected to continue to rise
(235,236). Quantification of economic burden attributable to sedentary behavior or
physical inactivity brings awareness to the ever-growing problem of inactivity and
sedentary lifestyles.

2.7.1.2 Sedentary Behavior and Health Outcomes
A growing body of epidemiological evidence suggests that sedentary behavior is
associated with an increased risk in chronic diseases or clinical conditions and mortality
(237,238). Thus, sedentary behavior is an important mediator of health and health
outcomes due to its prevalence in the United States. Consequently, sedentary behavior is
a unique component of an individual’s daily activity profile and an important target for
lifestyle modification due to its negative impact on health outcomes. There has been an
abundance of progress in sedentary behavior research, however the understanding of the
impact of sedentary behavior on cardiovascular outcomes remains understudied.
As previously mentioned, the landmark study linking sedentary behavior to
cardiovascular disease was reported in 1953 by Morris and colleagues (212). The
researchers found that bus drivers had nearly double the rate of coronary heart disease
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compared to conductors, when adjusted for age (212). This study sparked an abundance
of research on associations of sedentary behavior with risks of developing cardiovascular
disease (17,230,239–241) and mortality (19,242–245). For example, researchers from the
Women’s Health Initiative found a significant association between daily sitting time and
all-cause mortality following a 14-year follow-up. They found that the odds of dying
prematurely for individuals who reported sitting for 10 hours or more per day was 1.16
times higher than those who reported sitting less than 5 hours per day (246).
The association of sedentary behaviors and cardiovascular disease risk in
Black/African Americans remains unclear and inconsistent. Findings from CARDIA and
NHANES show no association between sedentary behavior and cardiovascular disease
risk in Black/African Americans (247–249). However, in the Southern Community
Cohort study, sedentary behavior was associated with all-cause mortality but not
cardiovascular mortality in Black/African Americans (250). Additionally, a 2018 study
investigating the association of television viewing with mortality reported that
Black/African Americans who viewed more than 4 hours of television per day were 1.48
times more at risk of all-cause mortality and cardiovascular mortality than those who
watched television for less than 2 hours per day (251).
Historically, sedentary behavior literature focused on a proxy for sedentary
behavior—screen time, particularly television viewing, in all populations (252–256). The
literature surrounded the associations between television viewing and cardiovascular
outcomes (239,257,258). Though this literature is vital and brings light to public health
importance, it provides very little information on excessive sitting, which is the main
behavior associated with television viewing (259).
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2.7.1.3 Epidemiology of Sitting
The most common form of sedentary behavior is sitting (14). Epidemiological
evidence describing the distribution of sitting time is vast. In a 2011 study of over 49,000
adults in 20 countries found that those individuals reported a median of 5 hours of sitting
time per day (260). The median self-reported sitting time was consistent in a study
conducted in the United States to be approximately 5 hours per day (261). Consequently,
many surveillance studies used accelerometers to estimate the prevalence of sedentary
behavior and reported higher daily sitting averages (7.5 – 8 hours per day) in adults in the
United States compared to self-reported studies (19). Additionally, trends in sitting time
remained stable over 15-year period (2002 – 2017) in 30 European countries (262).
Several prospective, cohort studies have examined the link between time spent sitting and
cardiovascular disease. One of the first epidemiologic studies in the field of sitting
epidemiology was conducted in 2009 by Katzmarzyk and colleagues. Researchers found
that individuals who reported sitting “almost all the time” were at an increased risk of
cardiovascular disease than those who reported sitting “none of the time” (245). The
Women’s Health Initiative, a cohort study of 74,000 postmenopausal women, found that
women who sat for >16 hours per day had an increased risk of suffering a fatal or
nonfatal cardiovascular event (adjusted hazard ratio = 1.68) (17). Similarly, a study by
Kim et al. found 1.19 times increased risk of cardiovascular disease in women reporting
sitting >10 hours per day, but the same did not hold true in men (263). Additionally, only
one meta-analysis of epidemiologic studies focused specifically on sitting and the
incidence of cardiovascular disease and cardiovascular mortality (241). Pandey and
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colleagues pooled 9 prospective studies and found a relative risk of 1.14 for the highest
versus the lowest sitting categories (12.5 and 2.5 hours per day, respectively) (241).
Most published epidemiologic studies suggest that sedentary behavior,
particularly sitting, is positively associated with increased risk of mortality (18,19,245),
cardiovascular disease (17,18,264), obesity (265), metabolic conditions (266–269), and
certain cancers (270,271). As such, most of these associations are independent of
physical activity. The cross-sectional nature of epidemiologic studies, though beneficial,
does not allow for an explanation of causal relationships. Therefore, more laboratorybased, mechanistic evidence on the impact of sitting on classic cardiovascular outcomes
is important to establish the causal pathways.

2.7.2 Experimental Models of Sitting
Sitting is one of the most common forms of sedentary behavior of adults in the
United States, accounting for 7-10 hours each day engaged in this activity
(19,267,272,273). Due to technological advancements, it is unclear whether we have
reached a complete understanding of sitting and the consequences of too much sitting
(272,273). Sitting is recognized as an ever-present, modifiable risk that has continued to
spread across populations leading to increases in cardiovascular disease risk (274). Given
the epidemiologic evidence showcasing the deleterious impact of sitting on
cardiovascular outcomes, physiological evidence is in its infancy.
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2.7.2.1 Sitting, Vascular Health, and Hemodynamics
Sitting is the most studied experimental model. Human experimental models,
carried out in laboratories, focuses on outcome variables that influence cardiovascular
disease, particularly vascular health and hemodynamics.
One of the first studies to use the sitting model was conducted in 1983 by Shvartz
and colleagues. They reported that 60 minutes of uninterrupted sitting was enough to
observe any changes in hemodynamic response (20). This model was introduced into
mechanistic physiology in 2012 by Dunstan et al to study the impact of prolonged sitting
and breaks in sitting on postprandial glucose and insulin levels (275). They found that
breaking up sitting with intermittent activity lowered postprandial glucose and insulin
levels compared to uninterrupted sitting (275). Since, there has been several studies that
used the sitting model to elucidate the hemodynamic consequences.
Much of the literature using sitting as a model have investigated metabolic-related
mechanisms as it relates to vascular health and function (276–278). More recently,
researchers have sought to examine the hemodynamic response to sitting by examining
blood flow to specific parts of the body, with the majority of the literature focusing on
peripheral hemodynamics (20–25,279).
Majority of the evidence reifies the concept that repeated and excessive exposure
(e.g., 1 – 6 hours) to sitting leads to a reduction in blood flow to the leg and contributes to
vascular dysfunction due to the reduction in shear stress along the endothelium (280,281).
For example, Restaino et al. sought to elucidate the mechanisms contributing to sittinginduced endothelial dysfunction during 3 hours of uninterrupted sitting in 10 healthy
males. Using bilateral measurements of the popliteal artery, flow-mediated dilation was
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performed before and after a 3-hour period of uninterrupted sitting. One leg was
submerged in heated water to increase blood flow and the other served as the control
(nonheated). The researchers found that shear rate was reduced in the nonheated leg (pre:
43±5 s-1 vs. post: 24±3 s-1) but not the heated leg (pre: 39±3 s-1 vs. post: 64±17 s-1).
Additionally, flow-mediated dilation of the popliteal artery was impaired in the
nonheated leg but not the heated leg (282). Similarly, our lab investigated whether sitting
could impact leg vasoreactivity in the posterior tibial artery in a relatively healthy sample
during 3 hours of uninterrupted sitting. Consistent with others, we found a reduction in
mean shear rate (pre: 122±14 s-1 vs. post: 100±8 s-1), as well as a decrease in
microvascular function. However, there was no significant change in flow-mediated
dilation (21). As such, the reduction in shear stress seems to be responsible for vascular
dysfunction of the lower limb. One of the contributing factors could be due to an increase
in blood pooling within the venous circulation (22,23). Additionally, the production of
endothelin-1, stimulated by the reduction in shear stress, contributes to reactive oxygen
species and reduction in nitric oxide bioavailability (283,284). Much research is needed
to fully understand the mechanisms contributing to the reduction in blood flow to the
lower limb, and subsequent endothelial dysfunction, during sitting.
Similar to the reduction of shear stress in the lower limbs, shear in the aorta tends
to decrease (285). Because we are unable to measure endothelial function of the aorta, we
can measure stiffness of the vessel using cfPWV, which is an indicator of cardiovascular
disease risk. It is posited that changes in cfPWV of the aorta is driven by changes in
endothelial function rather than structure of the aorta during prolonged sitting (285). To
our knowledge there have been four studies reporting pulse wave velocity during
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prolonged sitting (21,285–287). Three hours of sitting resulted in an increase in cfPWV
in young adults who were sedentary and obese (21,285). Additionally, the studies
included an intervention to interrupt sitting with resistance exercise, calf raises, and
standing (285–287). Resistance training and calf raises did not affect central
cardiovascular hemodynamics, while standing alleviated the increase in cfPWV (285–
287). To gain better knowledge into the risk of uninterrupted sitting on the burden of
cardiovascular disease, more research is needed to fully understand the mechanisms
involved in the observed reduction in central hemodynamics.
Limited evidence exists surrounding the impact of prolonged sitting on
cerebrovascular hemodynamics through the extracranial arteries. Brain function relies on
adequate blood flow, which controls oxygen delivery and glucose removal (288). There
have been few studies measuring cerebral blood flow during prolonged sitting (26,289–
291). Current literature indicate that 4 hours of uninterrupted sitting leads to 1.4 cm·s-1
decrease in cerebral blood flow, using middle cerebral artery blood flow velocity as a
surrogate, measured using TCD (290). Using similar methodology, another researcher
observed cerebral blood flow during 8 hours of uninterrupted, prolonged sitting in older,
obese adults. They found that cerebral blood flow decreased throughout the 8 hours with
the most significant reductions occurring in the last 6.5 hours (289). Additionally, near
infrared spectroscopy (NIRS) to assess total hemoglobin and tissue saturation index was
used to assess cerebral perfusion in young, healthy participants during 3-hours of sitting
and interrupted sitting with calf raises. Researchers found that intermittent calf raises
leads to a decreased cerebral perfusion indicated by a reduction in total hemoglobin
(291). The underlying mechanisms for the reductions observed in cerebrovascular
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hemodynamics are unclear, however it is hypothesized that pooling in the lower limb
venous circulation leads to a reduction in venous return which could lead to impairments
in blood flow to the brain (291). This could lead to the development of some
cerebrovascular disease or condition.

2.8 SUMMARY

Though there have been cross-sectional and longitudinal studies of representative
samples on sedentary behaviors in Black/African American males, some remaining gaps
in the literature were addressed in this dissertation. Mechanistic studies of uninterrupted
sitting and hemodynamics, both brain and central, have included a homogenous sample
of white males. To our knowledge, no study has focused solely on Black/African
American males for a better understanding of the mechanisms that could play a role in
the disparity in cardiovascular and cerebrovascular disease that burdens this group.
This dissertation adds to a growing body of literature by informing policymakers,
researchers, and clinicians of sedentary behavior and associated hemodynamic response
in Black/African American males compared to White males. Additionally, this
dissertation seeks to provide answers to the cardiovascular disease burden plaguing this
group of individuals, which could allow for researchers, policymakers, and clinicians to
tailor programs and interventions for Black/African American males to increase physical
activity and reduce sedentary behavior.
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CHAPTER III – METHODOLOGY

3.1 PARTICIPANTS
Twenty-four (12 Black/African American, 12 White) male adults (ages 18-35)
were recruited from the University of Southern Mississippi and Hattiesburg community
to participate in the study. This age range of adults were of interest due to the amount of
evidence showing that there is little difference in cardiovascular disease risk incidence
between Black/African American and White males of this age group (292). There is an
increased risk occurring with age in Black/African American and White males and an
exponential increase after the age of 45 years occurring in Black/African American males
(3,293,294). A complete list of inclusion and exclusion criteria is shown in Table 3.1.

Table 3.1 Inclusion and Exclusion Criteria
Inclusion Criteria:
• Aged 18 – 35 years old
• Male
o Black/African American
o White
• Ability to attend all visits
Exclusion Criteria:
• Current or previous diagnosis of cardiovascular, cerebrovascular, neurological,
or metabolic diseases or disorders
• Currently taking any vasoactive medications
• Inability to remain seated for duration of experimental sessions due to
musculoskeletal problems
• Regular smoker
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3.2 RECRUITING AND SCREENING PROCEDURES
Participants were recruited using word-of-mouth, email announcements, and
flyers, which instructed interested parties to contact the principal investigator of the
current project (See Appendices C and D). To determine eligibility, the principal
investigator of the project asked questions based on demographics, medical history, and
the ability to participate in the experimental procedures. If the potential participants were
found to be eligible, they attended the experimental session with the principal
investigator.

3.3 EXPERIMENTAL DESIGN

The present study utilized a quasi-experimental design. Participants reported to
the lab for one experimental session. The experimental session took place at the
University of Southern Mississippi (USM) School of Kinesiology and Nutrition Exercise
Physiology research laboratory. The session was approximately 2 hours long.
Upon arrival to the Exercise Physiology research laboratory, the benefits, risks,
and participant rights, were explained, in detail. Following the explanation, the
participants were given an opportunity to ask questions. Once the questions were
answered, the participant provided written, informed consent in accordance with the
USM Institutional Review Board (IRB). Consented participants were asked to complete a
medical health history questionnaire. Lastly, participants will be asked to complete
questionnaires for demographic characteristics, physical activity, and sedentary behavior.
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Upon completion of the experimental measurements, the participants were asked to
complete a DEXA scan for additional body composition parameters.

3.4 EXPERIMENTAL MEASUREMENTS

Measurements during the experimental session included the following: heart rate,
blood pressure, anthropometrics (i.e., height, weight, BMI), and distance measures for
cfPWV. Outcomes of interest included heart rate, blood pressure, cfPWV, and
cerebrovascular hemodynamics (measured using duplex doppler ultrasonography).
Assessment of these outcome measures were assessed at baseline (supine, pre-sit), 10and 60-minutes of sitting, and post-sit. A timeline of the assessment measures is shown
below (Table 3.2). These time-points have been previously done in our lab.

Table 3.2 Assessment Measure Timeline

Time Points
Measurement
Heart Rate (HR)
Blood Pressure (BP)
cfPWV
Ultrasound

Pre-Sit
X
X
X
X

Seated
10-Minutes 60-Minutes
X
X
X
X
X

X

Post-Sit
X
X
X
X

3.4.1 Anthropometrics
Height and weight were measured following the completion of the written,
informed consent. The participants were asked to remove their shoes and any objects
from their person. Body weight was measured, using a standard digital scale (seca 869,
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seca Deutschland, Hamburg Germany), to the nearest 0.1 kilogram (kg). Height was
measured using a stadiometer (seca 217, seca Deutschland, Hamburg, Germany) to the
nearest 0.25 centimeter (cm). These values were used to measure body mass index
(BMI), expressed as kg/m2.

3.4.1.1 Dual Energy X-Ray Absorptiometry
Dual energy x-ray absorptiometry (DEXA) is a clinically used, valid and reliable
method in measuring bone mineral density of the whole body (295–297). For the sake of
this dissertation, DXA was used to measure whole-body composition, including lean
mass, fat mass, bone mineral content, and bone mineral density to aid in determining any
differences in body composition between groups as this could affect the outcomes of
interest (Lunar iDXA; GE Medical Systems, Madison, WI).

3.4.2 Heart Rate and Blood Pressure
Heart rate and blood pressure was assessed using the oscillometric method
(SphygmoCor XCEL, AtCor Medical, Itasca, Illinois). Brachial blood pressure and heart
rate was measured in duplicate at each time point (baseline, 10- and 60-minutes of sitting,
post-sitting) with a 1-minute rest between measures. The XCEL performs a standard
blood pressure, followed by a sub-systolic inflation to determine the brachial pressure
waveform. The blood pressure and heart rate values were averaged. The oscillometric
brachaial waveforms were analyzed using a validated function on the device (298).
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3.4.3 Pulse Wave Velocity
Central or aortic vascular stiffness was measured pre- and post-sitting with the
participant in the supine position using applanation tonometry (SphygmoCor XCEL,
AtCor Medical, Itasca, Illinois). Two measures were taken at both time points as
previously reported by our lab (21).
Prior to completing cfPWV, aortic distances were taken. Using Gulick tape
measure, the distance from the strongest carotid artery pulse site to the sternal notch (L1),
and sternal notch to the proximal portion of the thigh cuff (L2) were measured. Following
these distance measurements, carotid-femoral transit time (Δt) was gathered using
tonometry over the right common carotid artery paired with oscillometry using the cuff
placed over the left upper thigh (femoral artery). cfPWV was calculated as the difference
in the distances divided by the carotid-femoral transit time. These values were used to
calculate carotid-femoral pulse wave velocity (m/s). Arterial stiffness, measured using
cfPWV has been previously validated (299).

3.4.4 Duplex Doppler Ultrasonography
Cerebrovascular blood flow of the extracranial vessels—ICA and VA—were
measured with a duplex Doppler ultrasound (Logiq P5; GE Medical Systems,
Milwaukee, WI). The principal investigator used an 11-MHz linear array transducer to
measure blood flow and diameter through the extracranial arteries. The depth and
location of the probe was recorded to maintain consistency between and within
participants at every time point. Insonation location of the extracranial arteries was
previously explained in Section 2.5.6.1. The principal investigator screened the images to
52

ensure they were of good quality for analysis. Blood flow to the brain was calculated as
the sum of blood flow through the ICA and VA multiplied by two to account for blood
flow through the vasculature on both right and left sides (191).

3.4.4.1 Pulse Transit Time
Pulse transit time (PTT) is the amount of time that it takes a pulse pressure wave
to travel through the arterial tree, usually determined as the time interval between the
peak of the electrocardiogram (ECG) R wave and to the pulse upstroke of the arterial
waveform (300,301). Historically, PTT has been used in clinical settings as a measure of
blood pressure (302,303). However, the PTT has become an important index of single
site arterial stiffness (304,305) and vascular health in different populations (306–308).
PTT was measured using duplex Doppler ultrasound (Logiq P5; GE Medical
Systems, Milwaukee, WI). The principal investigator used the same protocol as
previously mentioned in Section 3.5.4. The participants were instrumented with ECG
electrodes. ECG and doppler signals were recorded simultaneously. The time interval
between the R-wave of the ECG and the foot of the ICA and VA Doppler waveform was
measured over five cardiac cycles using the internal software on the ultrasound machine.
The foot of the Doppler waveform was determined as the intersection of the upstroke of
the wave with the baseline frequency (309).

3.4.5 Questionnaire
A subjective measure of sedentary behavior was measured at baseline using the
SIT-Q, an 18-item questionnaire measuring habitual sedentary behavior across 6 different
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domains (27). This questionnaire includes both continuous and categorical variables that
allow sedentary time to be calculated for weekdays and weekends. Average time spent
engaged in sedentary behavior can be gathered from the self-reported information of the
questionnaire. Sample of the SIT-Q can be seen in Appendix H.

3.5 EXPERIMENTAL SESSION

All participants attended one visit to the Exercise Physiology research laboratory.
The visit lasted approximately 1.5 – 2 hours. Once the participants arrived at the
laboratory, the researcher confirmed that the participants were compliant with instruction
to be at least 2 hours fasted, 12-hour abstaining from caffeine, nicotine, and alcohol, and
no moderate-vigorous physical activity (MVPA) for 24 hours. Adherence was verbally
confirmed. Participants were asked to use the restroom prior to starting the experimental
session.

3.5.1 Sitting Session
Upon completion of the consenting process, the participants were asked to lie
down, in the supine position, on the examination table. Following 10 minutes of quiet
rest, the participants underwent baseline measurements of heart rate, blood pressure,
cfPWV, and cerebrovascular hemodynamics.
Following baseline measurements, the participants were asked to step down from
the examination table and sit in the chair next to the examination table. The participants
were asked to sit up straight with their feet flat on the floor. They were instructed to limit
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any excessive movement of their lower limbs. The principal investigator monitored the
participants to ensure they were adhering to the guideline of limited leg movement.
At the 10- and 60-minute time point during sitting, the participants underwent
measurements of heart rate, blood pressure, and cerebrovascular hemodynamics. During
the 60-minutes of sitting, the participants were given the questionnaires to complete.
The post-sitting measurements (e.g., heart rate, blood pressure, cfPWV, and
cerebrovascular hemodynamics) were done in the supine position. The participants were
mechanically lifted back to the experimental table, as to not place any weight on their
legs to influence the hemodynamic response through the extracranial vessels. Once the
post-sitting experimental measurements were done, the sitting session was complete, and
the participant was asked to go to another room with the investigator for a final
measurement.
Following the post-sitting measurements, the participants were brought to another
room to complete the DEXA scan. The participants were asked to lay on the examination
table in the supine position. The investigator ensured that the participants were within the
scanning area and that they did not have any jewelry or anything metal objects on their
person. The investigators strapped the participants’ knees and ankles to ensure that they
did not move during the scan. During the scan, the investigators ask the participants to
not talk and to remain still for the duration (7-10 minutes). Once the scan was done, the
investigator recorded the body composition parameters, and the participants were free to
leave the laboratory, unless they had any questions.
As this protocol was controlled and monitored, estimated times allocated for the
outcomes are shown in Table 3.3. These times were followed as much as possible.
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Table 3.3 Protocol Allocated Time
Baseline

•
•
•
•

Supine Rest (10 mins)
Blood Pressure and Heart Rate x2 (3 mins)
Duplex Doppler Ultrasonography (3 mins)
o VA (2 mins)
o ICA (1 min)
Supine cfPWV (5 mins)

10- and 60-Minutes of Sitting
• Blood Pressure and Heart Rate x2 (3 mins)
• Duplex Doppler Ultrasonography (3 mins)
o VA (2 min)
o ICA (1 min)
Post-Sitting
• Blood Pressure and Heart Rate x2 (3 mins)
• Duplex Doppler Ultrasonography (3 mins)
o VA (2 mins)
o ICA (1 min)
• Supine cfPWV (5 mins)

3.6 STATISTICAL ANALYSIS

Statistical analyses were performed using StataCorp LP Stata software (Version
16, College Station, TX). Statistical significance was set at p≤0.05. Normality of the data
was tested, and the necessary steps were taken to normalize the data (i.e., nonparametric
tests and log transformations).
Descriptive characteristics were calculated for each group (i.e., Black/African
American vs. White Males) including age, height, weight, BMI, and other DEXA body
composition measurements (i.e., fat mass, lean mass, bone mineral content, and bone
mineral density). BMI and DEXA measurements were used to compare the populations.
Independent samples t-tests were used to determine any differences in these descriptive
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data. Using data from the SIT-Q, sedentary behaviors will be assessed in both groups in
each of the 6 domains of the questionnaire. The remaining data—heart rate, blood
pressure, cfPWV, and cerebrovascular hemodynamics—was analyzed by a mixed-model
(between-within) ANOVA for race-by-time effects. Initially, the race-by-time interaction
effect was evaluated. If there was not an interaction, follow-up tests were performed to
determine if changes in the outcome were due to one of the independent factors (i.e., race
or time). Bonferroni post-hoc analysis was used to determine differences between the
time-points of the individual groups. Lastly, a linear regression was used to determine
any association between total brain blood flow and arterial stiffness. Partial eta squared
(η2p), a measure of effect size, was calculated for each outcome.

3.6 POWER ANALYSIS

Sample size was calculated using G*Power (Universität Düsseldorf). As this is
the first study to determine the impact of an acute period of uninterrupted sitting on brain
blood flow in minority populations, sample size was based on the assumption of 80%
power and a medium effect size of 0.25, which is consistent with an η2 of 6%. This is
based on the four different time points (pre-sitting, 10- and 60-minutes of sitting, and
post-sitting). Given the assumption, 24 participants will be required (12 Black/African
American and 12 White). This will allow for an 82% chance of correctly rejecting the
null hypothesis of no significant effect of the interaction of race-by-time.

57

CHAPTER IV – RESULTS

The purpose of this dissertation was to determine the impact of an acute period of
uninterrupted sitting on the hemodynamic response in Black/African American and
White males. This study used a quasi-experimental, time-series with a comparison group
design to observe changes over a 1-hour period of sitting for each group. All study
procedures were conducted at the University of Southern Mississippi in the School of
Kinesiology and Nutrition’s Exercise Physiology research laboratory.

4.1 PARTICIPANTS

Twenty-four (N=24) Black/African American (n=12) and White (n=12) male
adults between the ages of 18-35 years completed the protocol in its entirety. Participants
had an average age of 23.3±4.5 years and an average BMI 29.8±6.2 kg/m2. Black/African
American and White males were matched for age (Black/African American: 22.6±3.7 vs.
White: 24.1±5.3 years, p=0.43). Additionally, both groups were matched for height
(p=0.38), weight (p=96), and BMI (p=0.39).
Using the DEXA scan, the participants were comparable for most composition
parameters, including fat mass (p=0.66), lean mass (p=0.21), and bone mineral content
(p=0.08). However, Black/African American males had significantly higher bone mineral
density compared to White males (1.5±0.2 vs. 1.4±0.1 g/cm2, p=0.03). All baseline
characteristics are reported as mean(SD) in Table 4.1.
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The results from the SIT-Q, sedentary behavior survey, are reported in Table 4.2.
On average participants spent an average of 17.9±7.6 hours per day engaged in sedentary
behaviors. This total average includes time spent napping, eating, in transportation,
work/study/volunteering, and engaging in leisure activities. Black/African American
males spent an average of 17.7±5.8 hours per day engaged in sedentary behaviors, while
White males spent an average of 18.0±9.4 hours per day. The most common sedentary
behaviors were leisure activities, including watching television and reading (8.7 hours per
day) and work/study/volunteering (6.7 hours per day), while almost no time was spent
caring for a child or an elderly family member (0.1 hours per day). Independent sample ttests were performed to compare sitting times within each domain between Black/African
American and White males. The domains of sleeping, eating meals, child/elder care, and
leisure activities were greater in White males, while napping, transportation, and
work/study/volunteering were greater in Black/African American males. However, these
differences were not statistically significant between Black/African American and White
males.
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Table 4.1 Participant Characteristics
Race
Characteristics

Overall

White

p-value

23.3(4.5)

Black/African
American
22.6(3.7)

Age (years)

24.1(5.3)

0.43

Height (cm)

176.8(5.4)

176.9(5.2)

177.0(5.9)

0.96

Weight (kg)

93.3(20.1)

96.9(23.9)

89.7(15.6)

0.38

BMI (kg/m2)

29.8(6.2)

30.9(7.1)

28.7(5.3)

0.39

Fat Mass (kg)

25.3(16.1)

26.8(19.4)

23.9(12.6)

0.66

Lean Mass (kg)

64.9(8.2)

67.0(7.8)

62.7(8.4)

0.21

Bone Mineral Content (kg)

3.7(0.5)

3.9(0.6)

3.5(0.4)

0.08

Bone Mineral Density (g/cm2)

1.5(0.2)

1.5(0.2)

1.4(0.1)

0.03

Data reported as mean(SD)
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Table 4.2 Sedentary Time in Black/African American and White Males
Race
Sedentary Behavior (h/day)

Overall

White

p-value

6.9(1.2)

Black/African
American
6.7(0.9)

Sleeping

7.1(1.4)

0.39

Napping

0.5(0.7)

0.6(0.7)

0.5(0.7)

0.78

Meals

1.2(0.7)

1.1(0.4)

1.2(0.9)

0.83

Transport

0.8(0.6)

0.8(0.7)

0.8(0.4)

0.78

Work, Study, Volunteering

6.7(4.2)

6.8(4.5)

6.6(4.1)

0.90

Child/Elder Care

0.1(0.4)

0

0.2(0.5)

0.18

Light Leisure and Relaxing

8.7(4.8)

8.3(3.7)

9.0(5.9)

0.74

Data reported as hrs/day(SD)

4.2 EXPERIMENTAL SESSIONS

4.2.1 Comparison of Heart Rates
Heart rate was measured in duplicate at each time point and averaged together for
analysis. Figure 4.1 shows the heart rate changes across time for both Black/African
American and White males. Baseline or pre-sit values of heart rate were similar, with
every time point following higher in White males as compared to Black/African
American males. Heart rate in both Black/African American and White males followed a
similar pattern throughout the time points with the final time point approaching initial,
baseline values.
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Heart Rate
Heart Rate (bpm)
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Post-Sit
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Figure 4.1 Heart Rate Response
*Denotes significant differences between races at specific time point (p<0.05)

The data revealed no significant interaction. However, a significant main effect
for time (F=28.84, p<0.001, η2p=0.57) and race (F=4.291, p=0.05, η2p=0.16) existed.
When analyzed at each time point as it relates to race, White males had consistently
higher heart rates at each time point with the most significant difference occurring during
the 10-minutes (72.6±2.9 vs. 61.8±3.9 bpm, F=6.82, p=0.02, η2p=0.24) and the 60minutes of sitting (72.4±3.0 vs. 62.3±3.0 bpm, F=5.84, p=0.02, η2p=0.21).

4.2.2 Comparison of Brachial Systolic and Diastolic Blood Pressure
Similar to heart rate, blood pressure was measured twice and averaged at each
time point for White and Black/African American males. Figure 4.2 shows brachial
systolic blood pressure across all time points for Black/African American and White
males. Brachial systolic blood pressure was higher in Black/African American males at
all time points.
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Brachial Systolic Blood Pressure
Systolic Blood Pressure
(mmHg)
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Figure 4.2 Brachial Systolic Blood Pressure Response
*Denotes significant differences between races at specific time point (p<0.05)

For brachial systolic blood pressure, there was no significant main effect for time
(F=0.51, p=0.68, η2p=0.023). When analyzing the main effect for race, there was a
significant effect for race such that, independent of time, Black/African American males
had higher brachial systolic blood pressure (F=5.73, p=0.03, η2p=0.21). When analyzing
the response at each time point against race, Black/African American males had
significantly higher brachial systolic blood pressure during baseline (F=4.54, p=0.05,
η2p=0.17).
Brachial diastolic blood pressure responses for Black/African American and
White males are shown in Figure 4.3. In both Black/African American and White,
diastolic blood pressure increased then decreased across all time points. There were
minimal differences between time points and race.
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Figure 4.3 Brachial Diastolic Blood Pressure Response

4.2.3 Comparison of Central Systolic and Diastolic Blood Pressure
Central cardiovascular systolic and diastolic blood pressures were measured in
duplicate at each time point for Black/African American and White males. Figures 4.4 &
4.5 show central systolic and diastolic blood pressure trajectories, respectively, across all
time points for both groups.
Similar to brachial systolic blood pressure, central systolic blood pressure was
higher among Black/African American males across all time points. As such, there was a
significant main effect for race (F=5.43, p=0.03, η2p=0.20) but not for time (F=0.06,
p=0.63, η2p=0.03). When analyzed at the different time points, central systolic blood
pressure was significantly higher in Black/African American males at baseline (F=6.46,
p=0.02, η2p=0.23) and post-sitting (F=5.34, p=0.03, η2p=0.20).
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Systolic Blood Pressure
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Figure 4.4 Central Systolic Blood Pressure Response
*Denotes significant differences between races at specific time point (p<0.05)

In both Black/African American and White males, central diastolic blood pressure
increased then decreased across time points. As such, there was no significant interaction.
There was, however, a significant main effect for time (F=13.86, p<0.001, η2p=0.39),
with the most significant change occurring between baseline and the seated
measurements (10-minutes: 71.5±1.7 vs. 79.0±1.7 mmHg, p<0.001; 60-minutes:
71.5±1.7 vs. 78.0±1.9 mmHg, p<0.001) and the seated measurement with post-sitting
measurements (10-minutes: 79.0±1.7 vs. 73.2±1.7 mmHg, p=0.004; 60-minutes:
78.0±1.9 vs. 73.2±1.7 mmHg, p<0.001). When analyzed at different time points, no time
point was significantly different between races.
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Diastolic Blood Pressure
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Figure 4.5 Central Diastolic Blood Pressure Response

4.3 ANALYSIS BY SPECIFIC AIM

4.3.1 Specific Aim 1: Comparing cerebrovascular hemodynamics during
uninterrupted sitting in Black/African American and White males
The primary aim of this study was to examine the impact of uninterrupted sitting
on cerebrovascular hemodynamics in Black/African American males compared with
White males. Blood flow through the extracranial arteries—ICA and VA—was
quantified and used to estimate total brain blood flow.

4.3.1.1 Extracranial artery blood flow
Blood flow through the extracranial arteries was measured at each time point.
Figures 4.6 & 4.7 show the blood flow response in the ICA and VA, respectively, in
Black/African American and White males across all time points.
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Figure 4.6 Internal Carotid Artery Blood Flow Response

There was a reduction in ICA blood flow across all time points in both
Black/African American and White males, though blood flow in White males was higher
across all time points compared to Black/African American males. However, there was
no significant interaction (p=0.60) or main effects for time (p=0.14) or race (p=0.27).
When analyzed at different time points, blood flow through the ICA did not differ by race
at any time point.
Blood flow through the VA varied between groups across all time points. VA
blood flow in White males steadily decreased across all time points; however, in
Black/African American males, blood flow, initially, increased then decreased. There was
no significant interaction (p=0.32). However, there was a significant main effect for time
(p=0.002) but no significant main effect for race (p=0.56). When collapsing across race,
blood flow through the VA was significantly higher between baseline and 60-minutes
(111.2±9.4 vs. 89.5±5.9 mL/min, p=0.001) and 10- and 60-minutes (105.5±8.4 vs.
89.5±5.9 mL/min, p=0.009). Upon analyzing at different time points, blood flow through
the VA did not significantly differ by race at any time point.
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Figure 4.7 Vertebral Artery Blood Flow Response.

4.3.1.1.2 Extracranial Artery Pulse Transit Time
Pulse transit time was measured in the ICA and VA at the same time the blood
flow measurements were taken. Figure 4.8 shows the trajectory of ICA PTT during the
protocol. There was an increase in ICA PTT from baseline to the sitting period, followed
by a subsequent decrease in both Black/African American and White males. There was
no significant interaction (p=0.78) or main effect for race (p=0.47). There was a
significant main effect for time (p<0.001; η2p=0.31), suggesting a significant difference
between baseline and 10-minutes into sitting and both sitting time points were
significantly higher than the post-sitting measurement.
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Figure 4.8 Internal Carotid Artery Pulse Transit Time

Pulse transit time in the VA was similar to the ICA PTT. Figure 4.9 shows the
trajectories of VA PTT during the protocol. VA PTT increased from baseline to the
sitting periods and decreased following the sitting in both Black/African American and
White males. There was no significant interaction (p=0.82) or main effect for race
(p=0.21). There was a significant main effect for time (p<0.001; η2p=0.41), suggesting a
significant difference between baseline and both sitting measurements and both sitting
measurements to the post-sit measurements.
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Figure 4.9 Vertebral Artery Pulse Transit Time
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4.3.1.2 Total brain blood flow
Estimated total brain blood flow was measured and revealed no significant race
by time interaction (p=0.60). As such, time and race main effects were evaluated
separately. Figure 4.10 displays the trajectory of estimated total brain blood flow across
all time points in Black/African American and White males.
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Figure 4.10 Total Brain Blood Flow Response

On average, estimated total brain blood flow declined across all time points for
both Black/African American and White males and slightly increased during the post-sit
measurements. White males had estimated higher brain blood flow across all time points
except the final post-sit measurement where Black/African American males had higher
brain blood flow. When assessing the main effects, there was no significant main effect
for race (p=0.63). There was, however, a significant main effect for time (p=0.03). When
collapsing across race, total brain blood flow was significantly higher at baseline than at
60-minutes of sitting (806.3±41.4 vs. 684.9±29.5 mL/min, p=0.04). When analyzed at
different time points, no time point was significantly different between races.
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4.3.2 Specific Aim 2: Comparing arterial stiffness during uninterrupted sitting in
Black/African American and White males
Specific Aim 2 examined the impact of uninterrupted sitting on arterial stiffness
in Black/African American males compared with White males. Arterial stiffness,
assessed using cfPWV, was measured at baseline and following the hour of uninterrupted
sitting. At both time points, cfPWV was assessed in duplicate and averaged for the
analysis.
Figure 4.11 displays the cfPWV response for each group at both time points. The
data revealed that there was no significant interaction (p=0.87). There was, also, no
significant main effect for race. (4.7±0.1 vs. 4.8±0.1 m/s, p=0.80, η2p=0.003). The effect
size was small with a slight, nonsignificant increase in Black/African American males
following the hour of sitting as compared with White males. However, there was a
significant main effect by time, where cfPWV was higher following the hour of
uninterrupted sitting (4.7±0.1 vs. 4.9±0.1 m/s, p=0.01, η2p=0.25).
Arterial Stiffness

PWV (m/s)

5.1
4.9
4.7
4.5
Pre
Black/African American

Figure 4.11 Carotid-Femoral PWV Response
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Post
White

4.3.3 Specific Aim 3: Associations between arterial stiffness and total brain blood
flow
Specific Aim 3 examined whether changes in arterial stiffness are associated with
changes in cerebrovascular hemodynamics, particularly total brain blood flow. Linear
regression models were performed. Changes in cfPWV were not associated with changes
in estimated total brain blood flow at baseline (β=-0.21, p=0.32) or following the hour of
uninterrupted sitting (β=-0.28, p=0.19). Similarly, in both Black/African American and
White males, changes in cfPWV were not associated with changes in total brain blood
flow at any time point. Table 4.3 displays the relationships between cfPWV and total
brain blood flow.
Table 4.3 Relation Between cfPWV and Total Brain Blood Flow

Baseline
Post-Sitting

Black/African
American
-0.19

P-Value

White

P-Value

0.56

-0.22

0.48

-0.47

0.12

-0.16

0.61

Data displayed as standardized coefficient (β)
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CHAPTER V – DISCUSSION

5.1 SUMMARY OF FINDINGS

The purpose of this study was to compare the hemodynamic response during an
acute period of sitting in relatively healthy Black/African American and White males.
Previous studies have demonstrated the acute effects of sitting on hemodynamics, but no
other studies have examined these changes in Black/African American males. Our
investigation into the racial differences in the hemodynamic response during an acute
period of sitting utilized feasible, noninvasive methodology and included a population
group at increased risk of cardiovascular disease to potentially aid in understanding the
disparity between Black/African American and White individuals.
This study utilized a time-series design with a comparison group and comprised
of 2 independent groups—Black/African American and White males—that engaged in an
acute period of uninterrupted sitting. Cerebrovascular and some cardiovascular
hemodynamics were measured at baseline in the supine position, at the 10- and 60minutes of sitting marks, and post-sitting in the supine position. Arterial stiffness was
measured in the supine position at baseline and post-sitting time point. We hypothesized
that cerebrovascular hemodynamics and arterial stiffness would respond in a way such
that these outcomes would be most exaggerated in Black/African American males and
least in White males.
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The sample of Black/African American and White males were similar across
baseline characteristics. They were all relatively healthy (i.e., free of any overt disease or
condition) and comparable for age, height, weight, BMI, fat mass, and lean mass.
Sedentary time across different domains in Black/African American and White
males was evaluated in this study. Across the different domains, there were no significant
differences between Black/African American and White males. Black/African Americans
reported approximately the same sedentary time in the following domains: napping,
transportation, and work/study/volunteering compared to White males. The most
common sedentary behaviors among both groups were leisure activities, including screen
time, and work/study/volunteering.
Cardiovascular hemodynamic measurements, such as heart rate, brachial and
central systolic and diastolic blood pressures responded in an expected dose-response
manner across all time points. Specifically, heart rate increased in both groups from
baseline to the 10-minutes of sitting and remained constant throughout the sitting period,
followed by a reduction in heart rate at the post-sitting time point. Brachial and central
systolic and diastolic blood pressures were generally higher in Black/African American
males compared to White males, with brachial and central systolic blood pressure having
the most significant differences in Black/African American males compared with White
males. This is consistent with previous literature suggesting that uninterrupted sitting
evokes changes in cardiovascular outcomes in individuals in a dose-response manner
(310–312).
The primary aim of this study was to examine the impact of uninterrupted sitting
on cerebrovascular hemodynamics in Black/African American and White males. We
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sought to estimate total brain blood flow by quantifying blood flow through two
extracranial arteries—the VA and ICA. There were no significant interaction effects in
ICA or VA blood flow. For ICA blood flow, there was no significant main effect for time
(p=0.14) or race (p=0.27). After analyzing at all time points for race, there was no
difference in race at any time points. Similar to the ICA, VA blood flow did not
significantly differ between races at any time-point. Like the reductions observed in the
ICA, there were no significant interaction effects in total brain blood flow. There was
also no significant main effect for race (p=0.63). There was a significant main effect for
time (p=0.03). However, both Black/African American and White males experienced
declines in total brain blood flow across all time-points with a slight increase at the postsitting time-point. Additionally, Black/African American males had lower brain blood
flow at all time points than White males except at the post-sitting time-point.
The second aim of this study was to determine the impact of uninterrupted sitting
on arterial stiffness in Black/African American and White males. There was no
significant interaction effect. There were no significant race main effects. However, there
was a significant main effect for time suggesting an increase in arterial stiffness,
independent of race, following an acute 1-hour period of uninterrupted sitting.
The third aim of the study was to evaluate the relationships between changes in
arterial stiffness and total brain blood flow. Increases in arterial stiffness were not
significantly related to reductions at baseline or post-sitting in either Black/African
American or White males.
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5.2 ACUTE EFFECT OF SITTING ON CEREBROVASCULAR
HEMODYNAMICS IN BLACK/AFRICAN AMERICAN AND WHITE MALES

It was hypothesized that cerebrovascular hemodynamics would decline during the
acute period of uninterrupted sitting in both Black/African American and White males
with the greatest reduction occurring in Black/African American males. As such, we
hypothesized that there would be a reduction in blood flow through the ICA, which
would mediate the response observed in total brain blood flow. Our results, however, did
not support our hypothesis. We found that Black/African American males, initially, had
lower blood flow through the ICA but higher blood flow through the VA. In the VA,
blood flow in Black/African Americans was significantly higher at baseline compared to
sitting for 60-minutes, as well as during the sitting time-points. However, total brain
blood flow was found to have nonsignificant interaction effects and main effects. After
standardizing the baseline measures and looking at each race individually, Black/African
American males had an 11.0% reduction in total brain blood flow during the sitting
period, while White males experienced a 6.1% reduction during the sitting period.
Interestingly, the reduction that is observed in Black/African Americans tends to be
driven by the reduction in the VA blood flow which is reduced during the hour of sitting
by 23.0%, while ICA blood flow was reduced by 6.2%. The reduction that is observed in
White males tends to be driven by the ICA reduction of 6.3% during sitting, while blood
flow in the VA during sitting was reduced by 5.3%. This is consistent with previous
literature suggesting that during different perturbations, White males tend to have more
frequent changes in blood flow through the internal carotid artery and middle cerebral
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artery, while Black/African American males tend to have an exaggerated response in
their posterior circulation, which includes the vertebral artery (313). These differences
may be due to racial differences in hypertension, diabetes, and CVD risks.
To the best of our knowledge, this is the first study to evaluate the acute effects of
uninterrupted sitting on cerebrovascular hemodynamics in Black/African American
males. There are studies examining the cerebrovascular hemodynamic response during
sitting that may help with the interpretation of the results. Following 4 hours of
uninterrupted sitting in healthy desk workers (n=15, 35.8±10.2 years, 25.5±3.2 kg/m2),
cerebral blood flow was reduced, using measurements of middle cerebral artery blood
flow velocity, by 1.4-3.2 cm/s using TCD (290). As previously mentioned, the internal
carotid artery gives rise to the middle cerebral artery contributing to the microcirculation
of the brain. Similarly, researchers found that uninterrupted sitting for 8 hours in older
overweight/obese adults (n=12, 70±7 years, 30.4±4.3 kg/m2) exhibited a greater decline
in cerebral blood flow, as measured using TCD, compared to breaking up sitting time
with moderate-intensity walking (289). Our results are consistent with these studies and
suggest that cerebral blood flow decreases during an acute period of uninterrupted sitting
in Black/African Americans and White males. The significance of the reduction in total
brain blood flow during sitting in Black/African American males compared with White
males is unclear, however the magnitude of the reduction during sitting in Black/African
Americans seems to be transient during the hour of uninterrupted sitting and higher postsitting when compared to sitting measurements.
The acute, nonsignificant decrease in total brain blood flow in Black/African
Americans tends to remain elusive. The decreases, independent of age, are likely to occur
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due to the fact that Black/African Americans tend to demonstrate impaired endothelial
function of conductance arteries, which may occur in the cerebral circulation and could
impair cerebral blood flow in Black/African Americans (314–316). Additionally,
extracranial vessels providing blood to the brain are sensitive to changes in CO2 levels, as
such CO2 levels can influence cerebral blood flow autoregulation (290,317). It was
previously shown that young, healthy Black/African Americans are more sensitive to
CO2, which may contribute to the reduction in the cerebrovascular vasodilatory response,
thus reducing blood flow to the brain (317). Though that may be the case, it is unlikely to
know as CO2 levels were not measured in the present study.
An additional mechanism that could possibly explain why there were no
significant reductions in total brain blood flow between Black/African American and
White males is that there were no hypothesized significant increases in cfPWV from
baseline to post-sitting (as hypothesized in specific aim 2). Further, there were no
significant differences in baseline characteristics between both groups. However, there
was significant changes from baseline to post-sitting in Black/African American males
but not White males, which could possibly explain the sharp decline in brain blood flow
during the sitting period in Black/African American males.
Another possible mechanism contributing to the slight reductions observed in
total brain blood flow may be due to the reduction of muscle contraction during the
sitting period. As participants in the present study were instructed to keep their feet flat
on the floor and move as little as possible, blood pooling is a plausible mechanism. The
lack of muscle contraction leads to pooling in the lower extremities with an associated
decrease in venous return. Blood pooling and the reduction in venous return may
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potentially lead to a reduction in cerebral blood flow (288,291). However, as we did not
measure calf circumference, a surrogate measure for blood pooling, we cannot
definitively say that this was the mechanism responsible for the observed reduction in
total brain blood flow.
The null results of the present study do not reduce the possibility that there are
some acute changes occurring during uninterrupted sitting. The changes could possibly
occur in the more proximal microvasculature, which could not be captured using the
imaging methods employed in the present study.

5.2.1 Significance
Contrary to our hypothesis, we found that total brain blood flow declined across
all time points in Black/African American and White males. The magnitude of the change
during sitting, however, was higher in Black/African American males (11.0%) than
White males (6.1%). Additionally, the reduction in total brain blood flow in
Black/African Americans seemed to be mediated by the reduction observed in the VA,
while the ICA seemed to drive this response in White males.
Based on the results of the present study, an acute period of uninterrupted sitting
does not negatively impact Black/African American males more than White males.
However, the general reduction in blood flow in both groups is important to note, as this
is consistent with previous literature. A further investigation of methods to attenuate the
observed reduction in cerebrovascular blood flow is important. Further research is needed
examining these relationships during chronic exposure to sitting. Additionally, a further
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look into the mechanistic possibilities that may be contributing to the observed total brain
blood flow reduction in Black/African American males.

5.3 ACUTE EFFECT OF UNINTERRUPTED SITTING ON ARTERIAL
STIFFNESS IN BLACK/AFRICAN AMERICAN AND WHITE MALES

The second aim of the present study was to determine the impact of uninterrupted
sitting on arterial stiffness in Black/African American males compared with White males.
We hypothesized that arterial stiffness, measured by cfPWV, would increase in both
groups with the greatest increase occurring in Black/African American males. cfPWV, a
marker of central arterial stiffness, was measured at baseline and following the hour of
sitting. There were no significant differences between races. However, there was a
significant main effect for time, such that, following sitting cfPWV was significantly
higher than baseline.
Arterial stiffness, measured by PWV, is a long process in which the artery walls
respond to changes in blood pressure and blood flow. It is the result of changes of the
structural and cellular components of the vascular wall (96). The changes observed in
PWV can be due to structural and hormonal disturbances leading to endothelial
dysfunction (96,105). This endothelial dysfunction is due to the lack of vasodilatory
capacity because of the reduction in the availability of nitric oxide—a potent
vasodilator—released from the endothelium (135,136). As such, the more nitric oxide
availability, the observed PWV is expected to be lower due to the increased compliance
and decreased stiffness of the arteries. It has been previously reported that uninterrupted
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sitting may lead to a reduction in blood flow to specific areas of the body, and though the
mechanisms may be unclear, it is possible that this is due to the lack of muscle
contraction contributing to an increase in venous pooling (20,23). This may be a potential
mechanism contributing to the increases in PWV observed in the present study. The
increase in venous pooling leads to some hormonal changes that contribute to the
increase in VSM tone (96,105). The increase in tone of the vasculature increases
vasoconstriction, which could lead to the increase in PWV.
In a recent study, conducted by our laboratory, there was a significant increase in
cfPWV in relatively healthy adults during 3 hours of sitting (21). Our results are aligned
with this current study, as arterial stiffness did increase following the hour of
uninterrupted sitting, so it is possible that the exposure to 1-hour of sitting was sufficient
to cause some acute vascular change in response to the potential pooling of blood in the
lower limbs. The acute differences in cfPWV, though, did not reach the threshold of ~1
m/s to be considered clinically significant (142). Such an increase in cfPWV during an
acute period (1-hour) has the potential to become more meaningful over a longer timeperiod. This finding is in agreement with previous reports, showcasing a greater carotidankle arterial stiffness during sitting when compared with breaking up the sitting time
with bouts periods of standing in overweight/obese adults (286). Additionally, Evans et
al. examined aortic stiffness, measured using cfPWV, during 3 hours of sitting when
compared to breaking up sitting with intermittent calf raises (285). The researchers found
that 3 hours of uninterrupted sitting resulted in significant increases in cfPWV.
To our knowledge, this is one of the first studies to use the experimental model of
sitting to examine the racial differences in arterial stiffness, as measured by cfPWV. As
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previously mentioned, there was no main effect for race in the present study. Historically,
Black/African Americans tend to have exaggerated levels of arterial stiffness (128).
Contrary to our findings, most evidence suggests that Black/African American men tend
to have higher arterial stiffness compared to White men (127,129,130). While our work
supports the work of others suggesting an increase in arterial stiffness during sitting
(21,285,286), no previous evidence exists on the racial differences in arterial stiffness
during sitting. As such, we can postulate that the lack of significance in the main effect
for race could be due to the participants of the study being relatively healthy and similar
in baseline anthropometrics. Further, we can posit that the nonsignificant difference
between Black/African American and White males would potentially become more
meaningful and clinically relevant should the sitting duration were longer. Additionally,
changes in blood pressure can influence arterial stiffness (141). Though there was a
significant difference in baseline and post-sitting central systolic blood pressure between
Black/African Americans and White males, Black/African American males experienced a
large reduction in central systolic blood pressure during sitting, while White males
experienced an increase. This could, likely, explain the lack of significance observed in
the present study.

5.3.1 Relationship between arterial stiffness and total brain blood flow
Evaluating the relationship between arterial stiffness and total brain blood flow
was the final aim of the study. We hypothesized that the changes in total brain blood flow
would occur with a simultaneous change in arterial stiffness. Specifically, we expected
the increase in cfPWV would be associated with a reduction in total brain blood flow. As
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previously mentioned, we observed increases in cfPWV and reductions in total brain
blood flow. However, in the present study, we observed no associations between the
observed increase in cfPWV and reduction in total brain blood flow. There is limited
evidence using the experimental model of sitting to evaluate the relationships between
arterial stiffness and cerebrovascular hemodynamics. Our study is consistent with
previous literature suggesting that arterial stiffness was not associated with
cerebrovascular hemodynamics, particularly MCA blood flow velocity (26). However,
previous reports suggest that, generally, arterial stiffness may be associated with
reductions in brain blood flow (7,318).

5.3.2 Significance
We found that arterial stiffness did increase during the period of uninterrupted
sitting in both Black/African American and White males. Black/African American males
had higher cfPWV at, both, baseline and post-sit compared to White males. However,
there was no significant impact that race had on this observed response. Based on our
results, an acute period of uninterrupted sitting tends to influence both Black/African
American and White males, similarly. Consequently, changes in arterial stiffness were
not associated with any changes in total brain blood. Though arterial stiffness is likely to
change after chronic insult to the vessels, the acute changes that are observed over time in
the present study are important. Though the changes are not clinically significant, the
observed changes in the present study are occurring in a very short timeframe (1-hour).
Evidence suggests that even an acute period of uninterrupted sitting can have the
potential to increase the risk of CVD development due to stiffening of the arteries should
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these acute periods consistently happen over time (286,319). As such, it may be that
arterial stiffness is not related to total brain blood flow in a short period and requires a
more chronic or repetitive acute periods to observe any associations.
The underlying mechanisms responsible for the observed physiological responses
in arterial stiffness to uninterrupted sitting in each race justifies further research into the
time-course relationship that longer bouts of sitting have on arterial stiffness. Given that
Black/African American males have reduced vasodilation and increased vasoconstriction
in response to certain stressors (320), research into understanding the dose-response
relationship could have meaningful and important public and population health
implications.

5.4 IMPLICATIONS

While this study did not find statistically significant differences between
Black/African American and White males in the hemodynamic response during an acute
period of uninterrupted sitting, these results may still be beneficial for understanding the
importance of breaking up sedentary time in all populations and has the potential to aid in
informing public policy. The lack of statistical significance may be due to the similarities
in age and body composition parameters (i.e., BMI, fat mass, lean mass) between
Black/African American and White males in the study. Additionally, the participants
were all relatively healthy (i.e., free of overt disease or condition).
The reduction that was observed in total brain blood flow in Black/African
American and White males during uninterrupted sitting was consistent with our findings
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in a pilot project from our lab. Reductions in brain blood flow has implications in the
development of dementia, Alzheimer’s disease, and strokes. These are diseases that
plague the Black/African American population more than any racial/ethnic group. While
the reduction in brain blood flow occurred in both Black/African American and White
males, total brain blood flow was persistently lower in Black/African Americans with a
11.0% reduction during the hour of sitting and only a 6.1% reduction in White males.
These findings suggest that an acute period of Black/African Americans have a greater
magnitude reduction during sedentary behavior, which could place them at an increased
risk of CVD and cerebrovascular event.
Findings from the present study also indicate that arterial stiffness increases
following an acute period of uninterrupted sitting, however there were no racial
differences observed in arterial stiffness. However, Black/African American males had
higher cfPWV at both measured times. Though the increase in arterial stiffness following
the hour of uninterrupted sitting was not clinically significant (~1 m/s), the acute period
of sitting may not have been long enough to elicit a more exaggerated response. These
findings suggest that acute periods of uninterrupted sitting do elicit increases in arterial
stiffness, which has the potential to increase the risk of CVD in both Black/African
American and White males.
Though there were no statistically significant relationships between the variables,
our study provides important information and insight into the hemodynamic response
during an acute period of sedentarism and the potential influence that race has on these
relationships.
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5.5 STRENGTHS AND LIMITATIONS

To gain a better understanding of the discussion, an examination of the strengths
and limitations of the present study must be stated. The primary strength of this study is
the acute investigation into the racial differences in the hemodynamic response during a
1-hour period of uninterrupted sitting. Our pilot work verified that the exposure to 1-hour
of sitting was enough to observe acute change in hemodynamics. An additional strength
of the current study includes the design of the study. The time-series design with a
comparison group allowed for multiple points of measures to establish a time-course for
the outcomes. Having multiple time-points for the associated outcomes allows for a more
robust understanding of the response of the outcomes. Additionally, we used the gold
standard to measure and assess arterial stiffness, cfPWV. We used duplex dopplerultrasound to measure cerebrovascular hemodynamics, particularly ICA and VA blood
flow. Duplex ultrasound is the most practical method for measuring blood flow in the
ICA and VA as an estimate of total brain blood flow (191,321). All experimental
measures were performed by the same investigator (RJ), accounting for any interobserver variation. Another strength to the study is that there was a comparison group,
which allowed us to consider the causal comparisons of hemodynamics and sedentary
behaviors between race—an area lacking in the literature up to this point.
This study is not without limitations. Some limitations include lack of
consideration for other factors that may affect cerebrovascular hemodynamics, such as
venous pooling (288,291). Another limitation is that the present study was a laboratorybased study, and everything was controlled (e.g., temperature [~20-22°C], relative
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humidity [30-35%], activities during sitting, movement/fidgeting during sitting). As such,
the generalizability of the results to a different, more real-world applicable, setting is
limited. Additionally, the use of duplex doppler-ultrasound allows for the measure of
blood flow through the ICA and VA, which allows for an estimation of total brain blood
flow (191). Another limitation is that the arterial stiffness measurement was only
measured at baseline and following the hour of sitting, which means important changes
during the sitting protocol were, potentially, overlooked. An additional limitation of the
present study is the self-report nature of the SIT-Q survey. While this survey is a valid
and reliable tool to measure sedentary behavior for the public, it is a past-year measure
and may introduce some bias into responses. Additionally, it is possible that participants
may have double-counted their sedentary times (i.e., counting time sitting to eat and time
sitting to watch television separately, even though some of them may have eaten while
watching television (322). As previously mentioned, participants were informed to
abstain from caffeine and MVPA for 12 hours and be fasted for approximately 2 hours.
However, there was only a verbal confirmation that the participant complied. A further
limitation is that the researchers did not fully control what the participants could do
during the hour of sitting. Though all participants completed surveys and questionnaires
while sitting for majority of the hour, most finished the surveys and questionnaires prior
to the end of the hour. Moreover, another limitation of this study is the recruited samples.
We, intentionally, recruited Black/African American and White males for this study who
were relatively healthy and young. As such these results cannot be generalized to
individuals of a different race/ethnicity or sex. Lastly, because of the short period of
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sedentary behavior, these results do not translate to a more chronic period of sedentary
behavior, though these responses should be examined in a more longitudinal design.

5.6 FUTURE DIRECTIONS

This study adds to the existing body of literature of sedentary behavior and the
impact it has on the hemodynamic response, particularly in Black/African American and
White males. More research in this area is needed, however. First, a study examining the
same outcomes over a longer duration would be beneficial in determining if the acute
changes observed in the present study are transient or more chronic. Another potential
direction would be to seek to understand mechanisms contributing to the observed
changes in the present study. Additionally, gaining a better understanding into the within
group differences (sex, elderly, individuals with CVD risk, children) of Black/African
American males associated with this exposure to sedentary behavior is important to
understand the overall time-course relationship in this population. This provides the
opportunity to gain a full understanding of how uninterrupted sitting impacts
Black/African Americans, individually. Future studies should, also, examine how
interrupting sitting with different modalities might influence cerebrovascular
hemodynamics in Black/African American males.
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5.7 SUMMARY

There is an abundance of evidence showcasing that sedentary behavior negatively
impacts hemodynamics. Few studies have examined the racial differences in the acute
impact of sedentary behavior on hemodynamics, particularly brain blood flow and arterial
stiffness. The present study demonstrated that engaging in uninterrupted sitting for an
hour negatively impacts brain blood flow and arterial stiffness in both Black/African
American and White males. However, there were no associations between brain blood
flow and arterial stiffness. Further, no racial differences were observed in the
hemodynamic response during sedentary behavior.
Engaging in sedentary behavior is a public health concern due to the abundance of
evidence showcasing its negative health impacts. Our research contributes to the existing
body of knowledge showing the negative impact of uninterrupted sitting. Future research
on the engaging in chronic bouts of acute sitting is warranted to better understand the
complete impact of sitting on the hemodynamic response is needed. Additionally,
understanding the mechanisms contributing to the hemodynamic changes during
sedentary in Black/African American and White males warrants further research. Our
data supports that an acute period of uninterrupted sitting may serve as an early indicator
in the deleterious cardiovascular response through impaired hemodynamics associated
with a more chronic period of sedentarism.
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APPENDIX B – Hemodynamic Data

Measure
Baseline
Heart Rate, bpm
Black/African American
60.1(10.7)
White
65.1(10.2)
Brachial Systolic Blood Pressure, mmHg
Black/African American
137.2(9.0)
White
128.3(11.4)
Brachial Diastolic Blood Pressure, mmHg
Black/African American
71.6(10.6)
White
70.0(8.2)
Central Systolic Blood Pressure, mmHg
Black/African American
118.1(7.1)
White
110.0(8.4)
Central Diastolic Blood Pressure, mmHg
Black/African American
71.8(9.0)
White
71.3(8.1)
ICA Blood Flow, mL/min
Black/African American
281.2(71.1)
White
302.8(84.3)
VA Blood Flow, mL/min
Black/African American
113.9(31.2)
White
108.5(45.1)
ICA PTT, ms
Black/African American
107.2(24.2)
White
114.0(22.1)
VA PTT, ms
Black/African American
92.1(22.00)
White
102.2(17.5)
Total Brain Blood Flow, ml/min
Black/African American
790.1(174.7)
White
822.5(227.5)
Carotid-femoral Pulse Wave Velocity, m/s
Black/African American
4.7(0.5)
White
4.7(0.5)
121.7(23.5)
124.2(14.7)

115.1(40.1)
95.9(35.4)

255.0(59.5)
287.5(68.3)

81.0(9.1)
77.1(7.7)

116.2(8.3)
109.7(7.1)

81.1(9.3)
71.6(23.1)

133.4(8.9)
128.0(8.3)

61.8(10.2)
72.6(9.9)

10-Min

107.3(20.4)
116.5(16.5)

119.2(18.4)
122.9(19.7)

88.9(27.6)
90.1(30.4)

237.6(44.2)
268.3(68.2)

76.9(10.0)
79.1(8.4)

113.6(7.8)
110.6(7.9)

78.7(10.2)
77.9(8.3)

133.6(8.1)
128.1(10.4)

62.3(8.9)
72.4(11.4)

60-Min

93.5(16.4)
98.4(10.5)

104.6(17.5)
112.3(16.7)

103.0(37.8)
95.9(35.2)

275.1(59.4)
268.3(55.1)

74.6(7.3)
71.8(9.3)

117.3(8.6)
109.3(8.6)

76.7(7.9)
71.0(9.5)

136.1(7.1)
128.5(10.1)

54.0(8.4)
59.2(9.9)

Post-Sit

0.21

0.47

0.56

0.27

0.69

0.03

0.25

0.03

0.05

Race
p-value

0.03

<0.001

<0.001

0.002

0.14

<0.001

0.63

0.60

0.68

<0.001

Time
p-value

0.60

0.85

0.78

0.32

0.60

0.14

0.29

0.28

0.78

0.06

Interaction
p-value

Seated

107.6(24.2)
116.0(13.0)

0.63

0.60

756.3(138.2)
728.4(119.9)

0.01

653.1(111.6)
716.9(171.0)

0.80

740.2(137.7)
766.7(184.5)

4.9(0.5)
4.8(0.8)
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APPENDIX C – Recruitment Flyer
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APPENDIX D – Recruitment Email Announcement
Hi (Subject’s Name),
My name is (Investigator’s Name and Role). The School of Kinesiology and Nutrition at USM is currently
conducting a research study to determine the racial differences in the blood flow response during 1hour of uninterrupted sitting. Would you be interested in participating in this study? (Response: Yes, No,
or More info. If no, thank them for their time. If yes or more info, continue on below.)
To give you a bit of information, we will be measuring how your blood flow responds to 1 hour of uninterrupted sitting. The measurements are completely non-invasive. This study consists of 1 visits which
includes: 1) completion of an informed consent, a health history physical activity questionnaire and
sedentary behavior questionnaire; and 2) one experimental session in which you will be asked to sit or
quietly. We will measure several cardiovascular outcomes (e.g., heart rate, blood pressure, arterial
stiffness and blood flow) before, during and after sitting. The experimental visit may take up to 2 hours
to complete.
This study has been reviewed and approved by the University of Southern Mississippi Institutional
Review Board (Approval#: ).
If you have any more questions, please let us know.
Thank you for your interest. We hope to hear back from you soon.
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APPENDIX F – Medical History Form
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APPENDIX G – Demographics
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APPENDIX H – SIT-Q Questionnaire
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APPENDIX I – Protocol Recording Form
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