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ABSTRACT

Jacklyn Rojas: Acute Mental Stress and Arterial Stiffness: A Comparison Between Hispanic and Non-
Hispanic White Adults
(Under the direction of Malia Blue)

Hispanics face a disproportionate burden of cardiovascular disease (CVD) risk factors, including
mental stress, when compared to non-Hispanic white adults (NHWA). However, the mechanisms
underlying these disparities are not fully understood. This study aimed to investigate the cardiovascular
response to acute mental stress in Hispanic and NHWA. The randomized crossover design included six
participants (all female; four Hispanics) and assessed arterial stiffness using pulse wave velocity as the
primary outcome measure. Hispanics exhibited the greatest increase in PWV during the control
condition, while NHW individuals showed the greatest increase during the experimental condition. State
stress measures also demonstrated significant differences before and after both test conditions. These
findings suggest a counterintuitive cardiovascular response to acute stress in Hispanic adults when
compared to NHWA. This study highlights the need for further research to understand the complex
relationship between mental stress and cardiovascular risk in different populations, in particular,

Hispanic adults.



TABLE OF CONTENTS

I R O T N =T O Vi
I R IO T €0 i RN Vi
LIST OF ABBREVIATIONS ...ttt bbb s s a e s bbb a e b et e b eat s Vil
CHAPTER 1. INTRODUCTION ....ootiiiiiiiitii ittt et sttt sa e s ae s sae s she s sae s b e s b e sabeens 1
THESIS STRUCTURE ...ttt bbb bbb e aa e s e at s saa e saa s saeesre s 1
THESIS RATIONALE ...ttt bbb bbb e s aa s e aa s s aa s s b sae s sae e b 1
OVERALL OBJECTIVE AND APPROACH.......cciiitiiitiiiiiiici ittt s s sae b 2
SPECIFICAIMIS ..ottt e b e s bbb e b e e b et e st s e bt e sab e s aa s she s she s s be s sbe et e et e ens 3
INNOVATION AND SIGNIFICANCE ..ottt bbbt saa e saa e 3
CHAPTER 2. LITERATURE REVIEW = SIGNIFICANCE.......ccoiiiiiiiiiiiiiiii s 4
L0 L Y O 4
HEALTH DISPARITIES, THE SOCIAL DETERMINANTS OF HEALTH AND MENTAL STRESS.....ccoiiiiiiiiiiiiiiniiiiciin, 5
HISPANICS ARE DISPROPORTIONATELY AFFLICTED WITH CVD RISK FACTORS. ......cccoviiiiiiiiniiinieciciciccsc e, 7
THE STRESS RESPONSE SYSTEM: PHYSIOLOGY .....coiuiiiiiiiiiiiiiiiiccic ittt 7
THE HEALTH CONSEQUENCES OF STRESS-INDUCED ALLOSTATIC OVERLOAD ......oooriiiiiiiiiiiniiciiicnecceceeeenees 9
THE IMPACT OF ANS DYSFUNCTION ON VASCULAR PHYSIOLOGY .....ooovuiiiiiiiiiiiiciin i 10
VASCULAR STRUCTURE, FUNCTION, AND AGING .....ccuiiiiiiiiiiiin ittt s 11



PWV AS AN ESTIMATE OF ARTERIAL STIFFNESS ...coviiiiiiii s 12

THE TRIER SOCIAL STRESS TEST IS IDEAL FOR THIS STUDY ...coiiiiiiiiiiiiiiiicticiciii s 12
LITERATURE REVIEW SUMMARY ....ooiiiiiitiiiiiiiiici sttt s s sas bt 13
CHAPTER 3. LITERATURE REVIEW — RATIONALE FOR APPROACH.......ccccoviiiiiiiiiiiiicicc e 15
MEASUREMENT CONSIDERATIONS ....uiitiitiitiiiict ittt s s s b e 19
POTENTIAL CHALLENGES & ALTERNATIVE STRATEGIES .....cueiiiiiiiiiiiiiicicc i 24
L0 L Y S 26
PARTICIPANTS AND RECRUITIMENT ...cuviiiiiiiiiiiiiiici ettt s 26
EXPERIMENTAL DESIGN ...ttt sa s a st et 26
EXPERIMENTAL CONDITION: TRIER SOCIAL STRESS TEST .....ciiiiiiiiiiiiiiiitiiiiiciii ettt 28
CONTROL CONDITION: NEUTRALTASK ...ttt st 29
T 2 U 30
SAIMPLE SIZE ...ttt bbb 31
STATISTICAL ANALYSIS 1.ttt e a e bbb b saa e aa e sre s 32
SUMIMARY .ottt e 37
LIMITATIONS AND STRENGTHS .....coiiiiitiiitiiiiitiiiei et a s bt 37
COMPARISON TO LITERATURE ...ttt s et saa e s sre s 38
IIMIPLICATIONS .. b e bbb a b s ae e s b e s be s sae s sbe e b e et e et e ens 39
L0001 LU 1] [ S 39
REFERENCES ... oottt bbb b s a e b e b e st e bt e e b b e s et e sae s she s sae s sae s b e e b e et e ens 40



Table 1.

Table 2.

Table 3.

Table 4.

Table 5.

Table 6:

Table 7.

Table 8.

LIST OF TABLES

Key points in lItErature FEVIEW.. ....cuiiii et e e e eebre e e s s eabae e e e esnaeeeeesanes 4
T ol [V o] g ol 4 =T o T H TSP PP UPRPRRO 15
[ (el [T [o] o I ol g =14 - PP OU PP UPRPRPO 15
Study design CONSIAEIAtioNS. .......ueieiiiiiiie e e erre e e e e ebee e e e e ate e e e e eanaeeas 16
LaTu=T g a1 IR 71 o L V2SR 17
Pre-assessmMeNnt GUILEIINES .....ciiiiiiiiee ettt e e e e tae e e e s e bta e e e s sntaeeeesenbtneeeenanes 18
Rationale fOr OUTCOMES. ....c.eiiiiiiiee ettt sttt et e s e nee e 19
Participant demographic information. ..........ooociiiiiiiiii e 34

Vi



LIST OF FIGURES

Figure 1. The relationship between variables considered in this thesis...........cccceeeiiiiiiiciiee i, 4
Figure 2. The stress response system is activated and results in cardiovascular reactivity..........ccccccuvven.. 9
Figure 3. The potential physiologic reSponNsSes 10 STreSSOrS.....ccccviiiiiiiciiiee e 10
Figure 4. Layout of experimental deSiSN. ......ccuuiii ittt e e e rre e e e e e e e e e enreeas 27
Figure 5. Layout of experimental timeling. .........ooooiiiiii i e 28
Figure 6: CONSORT diagram for recruitment and teSting. ........cccouveiiiiiiieie i 33

Vil



AS

ANS

co

cv

CvD

HR

HPA

NHW

PNS

SDOH

SRS

SNS

TSST

LIST OF ABBREVIATIONS

Arterial stiffness

Autonomic nervous system

Cardiac output

Cardiovascular

Cardiovascular disease

Heart rate

Hypothalamic-pituitary-adrenal axis

Non-Hispanic white

Parasympathetic nervous system

Social determinants of health

Stress response system

Sympathetic nervous system

Trier Social Stress Test

viii



CHAPTER 1. INTRODUCTION

THESIS STRUCTURE

This thesis comprises 6 chapters. Chapter 1 (this chapter) provides background information and
rationale for this dissertation. Chapter 2 is a literature review, which briefly outlines the significance of
the proposed research, and Chapter 3 then provides rationale for each study design aspect. Chapter 4 is
an in-depth review of the methodology, including information about the experimental design, measures,
outcome(s), variables, etc. Chapter 5 provides the results of this study including information on the
participants, baseline data, outcomes, and analysis. Finally, Chapter 6 is a discussion of the key findings,

including the implications of the findings and suggestions for further research.

THESIS RATIONALE

Importance of Topic: Hispanics are the largest growing minority group in the U.S. and carry a
disproportionately heavy burden of cardiovascular disease (CVD) risk factors including high cholesterol,
diabetes mellitus, and, of particular interest, mental stress, compared to non-Hispanic white adults. [1-
4] Due to the lack of research addressing the health disparities faced by Hispanic adults, the mechanisms
by which they arise are not yet fully understood. [5] This study strives to begin closing the gap in the
literature on Hispanics by comparing the CV response to mental stress between Hispanic and non-

Hispanic white adults.

What is Known: Mental stress is an unavoidable aspect of life that can either be acute or
chronic in nature, and adaptive or maladaptive. Repeated acute and chronic stress are both associated
with increased CVD risk. [6-13] One plausible mechanism by which increased CVD risk may ensue from

mental stress is autonomic nervous system (ANS) and vascular dysfunction. [14-16] Vascular health can



be assessed via arterial stiffness (AS) as estimated by pulse wave velocity (PWV) and further understood
via pulse wave analysis (PWA). Autonomic function can be assessed via heart rate variability (HRV).
Additionally, while it is unethical to induce chronic stress on participants, acute stress can be reliably
produced/measured in a laboratory setting for a relatively short period of time, making it both an

accessible and ethical tool for researchers to induce a stressor. [17-18]

Gap in Knowledge: It is not currently fully understood how acute mental stress may lead to
increased CVD risk, and whether Hispanics and NHW adults’ CV systems respond differently to acute
stress. This study is needed to begin to understand how acute mental stress impacts CVD risk and play a

role in increasing Hispanic-centric research.

OVERALL OBJECTIVE AND APPROACH

The long-term goal of this thesis is to facilitate the understanding of the effect of acute mental
stress on cardiovascular reactivity in ethnic minorities, such that development of strategies to prevent
CVD occurrence via non-invasive predictive measures of health are possible. To support this goal, the
overall objective of this project is to observe and compare the arterial stiffening response to a
laboratory psychosocial stressor in both Hispanic and non-Hispanic white adults (NHWA). This objective
is unique and crucial to understanding the mechanisms by which acute stress impacts CV responses, as
most studies investigating mental acute stress and CVD do not include nor compare the responses on

Hispanics to NHW adults.

Aim 1. To determine if a difference exists in the PWV/PWA response to an acute mental stressor
bertween Hispanic and NHW adults. Aim 1 Rationale. Hispanic adults experience disproportionate levels
of mental stress and CVD risk factor occurrence. Identifying a disparity in a CVD precursor can mitigate

CVD risk. Summary. Fulfilling this aim will begin to broaden the understanding of the mechanisms by



which CVD risk factors such as mental stress disproportionately affect Hispanic adults when compared

to NHW.

SPECIFIC AIMS

Aim 1: To determine if a difference exists in the AS response to an acute mental stressor
between Hispanic and NHW adults. Aim 1 Strategy: PWV/PWA was measured before and after both the
TSST and control interventions. The results attained from this study will be compared using linear mixed
models. Aim 1 Hypothesis: Hispanics will have an exaggerated AS response to the TSST when compared

to the NHW adults.

INNOVATION AND SIGNIFICANCE

Expected Outcomes. There will be a significant increase in AS after the mental stressor for both
groups, and there will be a greater increase in Hispanic adults compared to NHWA. Innovation. No other
study (to the author’s knowledge) has investigated whether a link exists between an acute mental
stressor and AS. Further, no other study has compared the AS response to an acute mental stressor
between ethnicities; in particular, Hispanic and NHW adults. Significance. Completion of this project will
provide insight as to whether developing a strategy for dealing with acute stress would be of value when
considering how to mitigate CVD risk. Further, this project will inform future studies that wish to delve
deeper into investigating the mechanisms by which CVD risk accrues and differs in Hispanics versus

NHW.



CHAPTER 2. LITERATURE REVIEW - SIGNIFICANCE

OVERVIEW

The overarching problem tackled in this project is depicted in Figure 1. The variables in the
figure below are key factors that were considered in in designing this proposal. Each consideration will
be outlined below in Table 1, and | will clearly state why this is a key consideration and how a resolution

was determined.

Acute Mental
Stress

Ethnicity

1 Circulating catecholamines

Key Message
Autonomic 1 Pro-inflammatory cytokines

Dysfunction 1 Corticotropin-releasing ETHNICITY MODERATES
hormone (CRH), cortisol THE AUTONOMIC AND
CARDIOVASCULAR

TAeriaI RESPONSE TO AN ACUTE

MENTAL STRESSOR.

POTENTIAL AUTONOMIC
DYSFUNCTION AND

INCREASE IN ARTERIAL
STIFFENING LEADS TO
INCREASED CVD RISK.

Figure 1. The relationship between variables considered in this
thesis.

Table 1. Key points in literature review.

Topic

Health disparities, the social determinants of 15-17
health and stress

Hispanics are disproportionately afflicted with | 17-18
CVD risk factors

The stress response system: physiology 18-19




The health consequences of stress-induced 19-20
allostatic overload

The impact of ANS dysfunction on vascular 21
physiology

Vascular structure, function, and aging 22-23
PWV as an estimate of arterial stiffness 23
The Trier Social Stress Test is ideal for this 23-24
study

HEALTH DISPARITIES, THE SOCIAL DETERMINANTS OF HEALTH AND MENTAL STRESS

The following section will define and provide a brief overview on the social determinants of
health, health disparities, and mental stress as it relates to this thesis.

Health disparities are defined as “differences in the incidence, prevalence, mortality, and
burden of diseases and other adverse health conditions that exist among specific population groups in
the United States.” [19] It is known that ethnic minorities are at higher risk for numerous pathologies,
such as cardiovascular disease (CVD) and its risk factors, than their NHW counterparts. While the
existence of health disparities has been known for decades, the mechanisms are not yet fully
understood. This is due in part to the fact that the emergence of health disparities is likely multifactorial
and highly complex in nature. However, there have been a group of factors linked to health outcomes
and disparities, known as the social determinants of health (SDOH). The SDOH are the "conditions in the
environment where people are born, live, learn, work, play, and age, that affect a wide range of health,
functioning, and quality-of-life outcomes and risks.” [20-21] The quality and stability of these conditions
are influenced by factors such as financial standing, social support networks, and mental stress. This
thesis is particularly interested in examining stress and its impact on physiological responses.

The word “stress” is used in a variety of contexts, and as such, has become quite an ambiguous

term. For the purposes of this thesis, however, the definition of stress is “a real or interpreted threat to



the physiological or psychological integrity of an individual, that results in physiological and/or
behavioral responses.” [22] Psychological stress, also referred to as mental stress, is the primary variable
of interest in this model. Therefore, the reader should consider any uses of “stress” to mean mental
stress, unless otherwise stated.

Stress is a ubiquitous, inescapable fact of life that can be acute or chronic in nature. To a certain
extent, both acute and chronic stress can result in positive adaptations that benefit an individual’s life
and window of tolerance. Too much stress of either kind, however, results in negative psychological and
physiological outcomes, as will be further detailed in a later section. It is known that ethnic and racial
minorities face greater exposures to stress than their white counterparts [23], and many models of
health disparities argue that stress plays a central role in the distribution of disease among different
populations. [16, 24] However, most research has only considered health outcomes as a factor of
chronic stress. Acute mental stress must not be forgotten about, as it still contributes to a person’s
overall stress exposure—which, especially since the election of Donald Trump in 2016, has become
exacerbated in minority communities. [25-27] Specifically, Hispanic Americans have expressed that their
situation has worsened significantly. [28] For example, 66% of Hispanic Americans report they are
worried about their loved ones (or themselves) being deported, and 40% of Hispanics have experienced
offensive and discriminatory incidents because of their ethnicity. Incidents reported include being
criticized for speaking Spanish in public, being told to go back to their home country, and being called
derogatory names. [28] These incidents are not a burden non-Hispanic white adults have to carry. The
lack of research on Hispanic populations, who face a disproportionate amount of mental stress—a well-
established risk factor for CVD—was crucial in developing this thesis’ research question.

I”

The following sections of this thesis will provide insight into “normal” stress response systems’
functioning and mechanisms by which increased mental stress can contribute to CVD risk, such as ANS

dysfunction, advanced vascular aging, and arterial stiffening. First, however, it is important to further



elaborate on the rationale for recruiting Hispanic adults by discussing the disparities in CVD risk factors

observed in said population.

HISPANICS ARE DISPROPORTIONATELY AFFLICTED WITH CVD RISK FACTORS

It has been well established that Hispanic populations carry a significant and unique burden of
CVD risk when compared to their NHW counterparts. [1, 2, 29-31] For example, incidence of high
cholesterol (HC) is significantly higher. According to the National Health and Nutrition Examination
Survey (NHANES) data, average LDL cholesterol levels for NHW men and women in the U.S. were 141.7
and 119.1 mg/dL respectively, compared to an average of 161.4 and 134.1 mg/dL in Mexican Americans.
[32] Despite the higher prevalence of HC, only 49% of Hispanic individuals affected by it were aware of
their condition, and alarmingly, less than a third were receiving treatment. [29] Unsurprisingly,
individuals who do not receive treatment for HC have an increased risk of developing CVD. [33] Further,
the risk of being diagnosed with diabetes mellitus is 66% higher for Hispanics compared to NHW, and
there is a higher mortality rate in Hispanics with DM when compared to NHW adults. [2]

The stark differences in the burden of CVD risk in Hispanics compared to NHW adults must not
be ignored. Hispanics in the US mainland makeup the largest and fastest growing population in the
U.S.[31], projected to make up 30% of the U.S. by 2050. [34, 35] Yet, research on Hispanic populations is
grossly sparse. One of the numerous gaps in Hispanic-centric literature is an understanding of how these
disparities in CVD risk factors arise. Targeted research that is conscious of the unique challenges
presented to the Hispanic community is necessary to elucidate the complex manners in which disparities

may arise, and can lead to further improvements in the overall CV public health burden in the U.S.

THE STRESS RESPONSE SYSTEM: PHYSIOLOGY

As briefly mentioned before, one plausible method for increased CVD risk is the
disproportionate exposure to stress and resulting ANS dysfunction. Consequently, the following section

will provide definitions and concepts related to stress physiology. The body’s physiological systems exist



in a pre-programmed state, known as homeostasis, where functionality is optimized, and health is
maintained. This optimal state is constantly challenged in numerous ways, and these challenges are
called “stressors.” Stressors can be internal or external, perceived or real. As mentioned earlier, they can
be categorized as psychological, environmental, or physiological, and result in an inability of the body to

I”

function normally. [36] An example of an “actual” stressor is seeing a grizzly bear in your home, whereas
a “perceived” stressor would be waiting in your car during a traffic jam for several hours. In the former,
your physical safety is threatened; in the latter, your sanity is threatened. Regardless of type, when the
body experiences a stressor of any kind, there is a coordinated chain of events that ensues. These chains
of events are orchestrated by the Stress Response System (SRS).

The SRS is comprised of the sympathetic branch (SNS) of the ANS and the hypothalamic-
pituitary-adrenal (HPA) axis. [10] When the body experiences a stressor, the SNS is activated, while the
parasympathetic nervous system (PNS) is inhibited. Activation of the SNS triggers the release of
catecholamines, which bind to their respective receptors and results in a cascade of physiological
responses. Heart rate, blood pressure, vasoconstriction, and cardiac output all increase as a result of this
process. [37] Further, SNS activation results in the release of corticotrophin-releasing hormone (CRH)
from the hypothalamus, which stimulates another cascade of physiological responses, culminating with
the release of cortisol from the HPA axis. [38] The release of cortisol augments ANS activity—specifically,
the earlier discussed CV responses to stress: increased heart rate, cardiac output, etc. Figure 2 helps to

visually tie the chain of events just described together. Evidently, the ANS and the HPA axis work hand in

hand to deal with a stressor, which is why they are considered the components of the SRS. When the



stress load is too great for the SRS to handle, the body enters a state known as “allostatic overload,” and

several pathophysiologies, including ANS dysfunction, are observed.
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Figure 2. The stress response system is activated and
results in cardiovascular reactivity.

THE HEALTH CONSEQUENCES OF STRESS-INDUCED ALLOSTATIC OVERLOAD

When the body is adequately able to cope with a stressor, the SRS is activated for an
appropriate amount of time, and then turns off. This is known as allostasis - the active process by which
the body responds to daily events and maintains homeostasis. [39] When the body is unable to cope
with the stressor, a state of allostatic overload (AO) results, which is characterized by four types of
responses: repeated “hits” from multiple stressors, lack of adaptation, prolonged response, and
abnormally low physiologic response over time. [40] These responses are summarized in Figure 3 below.
As a result of AO, various pathophysiological conditions are observed, including immune dysfunction
[41], [42], inflammation [43], and tumor growth. [44] The condition this thesis is particularly interested
in due to its prevalence, subtle onset, and disproportionate toll on Hispanic communities (which will be
discussed in a later section), is increased CVD risk.. A strong longitudinal association between chronic

stress and CVD risk has been established in the literature [12, 43, 46, 47], however, the mechanisms by



which this increased risk comes about is not yet fully understood. One plausible biological mechanism by

which increased stress and AO result in increased CVD risk is ANS dysfunction.
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THE IMPACT OF ANS DYSFUNCTION ON VASCULAR PHYSIOLOGY

o

As discussed earlier in this literature review, the body’s “normal” physiologic response to a
stressor is orchestrated in part by the ANS, which stimulates the release of catecholamines and CRH.
Under normal functioning conditions, the parasympathetic branch of the ANS can moderate SNS activity
to return the body back to a resting state. However, when faced with allostatic overload, the ability of
the PNS to moderate the SNS response is diminished during both a stress exposure and rest. For the
purposes of this review, this phenomenon is referred to as ANS dysfunction. Blood vessel walls are
innervated by both PNS and SNS fibers and, as a result of ANS dysfunction, the body experiences a
detrimental effect on vascular function and structural integrity. [48-49] The literature has demonstrated
that enhanced SNS activity induces increased endothelial dysfunction (ED) [7], [50]-[52], a precursor to

atherosclerosis. [13, 50, 52] However, the majority of studies have shown the link between SNS activity

and ED by collecting data on traditional measures such as heart rate (HR), blood pressure (BP), and flow-
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mediated dilation (FMD). Another variable worth investigating is arterial stiffness as it is both associated

with CVD risk and affected by acute and chronic stress. [8, 9, 13, 50, 53, 54]

VASCULAR STRUCTURE, FUNCTION, AND AGING

The following section will provide a brief overview of arterial stiffness and vascular aging as it
relates to increased CVD risk. Vascular aging refers to changes in the mechanical and physical properties
of the vascular wall and is mainly determined by the happenings in the endothelial extracellular matrix
(ECM). [55] The ECM is made up of contractile smooth muscle cells and elastic fibers that is constantly
undergoing remodeling to maintain health. With age and disease, this remodeling system is disrupted,
resulting in the fragmentation of elastin fibers and increased synthesis of the (much stiffer) collagenous
fibers. These two processes result in an overall decrease of elasticity and compliance of vessels; i.e.,
arterial stiffening. [56]

Arterial stiffness (AS) is estimated via pulse-wave velocity (PWV). As the arterial wall becomes
stiffer due to the remodeling mentioned above, PWV increases, and reduces the ability of the arteries to
buffer increasing pressure and energy as needed. This higher level of blood pulsatility may injure the
smaller vessels in the brain and kidneys as they are not equipped to handle the increased energy. The
heart is affected by AS as well, not by increased energy, but by alterations in wave reflection timings and
decreases in coronary perfusion. Consequently, organ damage is observed. [57] These events have
significant implications in the context of CVD risk. For example, one meta-analysis of 17 longitudinal
studies found that an increase in PWV was associated with an increased risk of a CV event, CV mortality,
and all-cause mortality. [56] Evidently, using PWV to infer about AS is an excellent non-invasive measure
of CVD risk.

As alluded to earlier, AS has been demonstrated to be affected by acute and chronic stress. Of
particular interest to this thesis, one study demonstrated that an acute laboratory stressor induces

increased AS via PWV. However, not much other research has been done investigating acute stress and
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AS; much less whether the response differs between ethnicities. Due to the limited knowledge on the AS
response to an acute stressor, the limited knowledge on the mechanisms behind CVD risk disparities and
the strong stress-CVD risk and AS-CVD risk associations, this thesis argues it is critical to investigate the
AS response to an acute stressor as it relates to ethnicity. The following sections will describe

considerations for measuring AS via PWV and for measuring the acute stress response.

PWV AS AN ESTIMATE OF ARTERIAL STIFFNESS

This section will describe how PWV can be employed as a measure of arterial stiffness in this
study. While there are many non-invasive methods that can be employed for measuring AS such as
applanation tonometry, oscillometry, and doppler ultrasound, the present study used oscillometry. The
reasons for this are detailed later in the Methodology section of this thesis. With oscillometry, AS can be
measured using various segments of the arterial tree including carotid-femoral PWV, brachial ankle
PWV, brachial femoral PWV (cf, ba, bf-PWV). The gold-standard is cf-PWV because of its clinical
relevancy, reproducibility, and simplicity. [58] However, to measure cf-PWV would require the use of a
balloon pad placed around participants’ neck, which is often cited as uncomfortable for participants.
Further, the balloon used for cf-PWV would interfere with other outcomes, such as brain blood flow,
that the co-investigator, Madeline Rheault (MR), was collecting as part of this study. Carotid-femoral
PWV values are closely related to those values obtained from bf-PWV measurements. [59] Therefore, to
prevent participant discomfort and confounding of study outcomes, bf-PWV was chosen as appropriate

for this study.

THE TRIER SOCIAL STRESS TEST IS IDEAL FOR THIS STUDY

In this section, the most common stress-evoking modalities will be briefly reviewed in terms of
their procedure and effectiveness at evoking a stress response. The first stress-induction test to be
discussed is the Socially Evaluated Cold Pressor Test (SECPT), which is both common and extensively

validated as a method of eliciting a stress response. The SECPT combines both physiological and

12



psychological stressors by having participants immerse one hand in ice water while being socially
evaluated, i.e., watched, by the experimenter and video camera. [60] Another stress-induction modality
is the Maastricht Acute Stress Test (MAST). The MAST also combines a physiological and psychological
stressor by having participants alternate between immersing their hand into ice water and engaging in a
mental arithmetic task. The MAST protocol induced similar changes in BP immediately after a stressor as
the previously mentioned SECPT and the Trier Social Stress Test. [61] The TSST is an ecologically valid
stressor that can robustly induce an acute stress response under controlled conditions such as a
laboratory setting. The TSST is a purely psychological stressor that incorporates social evaluation and
unpredictability as participants are asked to speak in front of a neutral audience and complete a
spontaneous mental arithmetic test. Due to the reliable, robust and modifiable nature of the TSST, it is
considered the gold standard for inducing human experimental stress. [17]

While the SECPT and MAST protocols are fine choices for inducing stress in general, the TSST is
the ideal choice for the purposes of the present study. The TSST elicits solely a psychological stressor,
whereas both the SECPT and MAST protocols induce a physical stressor (ice water) as well. Employing
either the SECPT or MAST protocol in this study would add a confounding variable (pain) and would
make it difficult, if not impossible, to determine whether the CV response observed was due to the
psychological or physical stressor. As a result, this thesis chose the TSST as the stress-inducing protocol

of choice.

LITERATURE REVIEW SUMMARY

WHY IS THIS STUDY NEEDED?

Research targeting the impact of acute stress on CV health outcomes among all populations, but
especially in Hispanics, is limited. This study will help to elucidate mechanisms by which acute stress
may or may not lead to increased CVD risk, which can then lead to randomized control trials which can

help create and promote specific, effective public health strategies for reducing CVD risk.

13




WHAT IS KNOWN

Hispanics are the fastest growing population in the U.S., predicted to represent 30% of the U.S.
by the year 2050. Further, Hispanics carry a significantly heavier burden of CVD risk factors, including

acute stress, than their NHW counterparts.

WHAT IS NOT KNOWN

It is not fully understood how acute stress may affect CV outcomes, and how this may translate
to the development of CVD risk. Further, it is not known if the CV stress response differs between

ethnicities—of particular interest, between Hispanics and NHW adults.

CRITICAL NEED

There is a critical need to develop strategies specific to high-risk populations, such as Hispanics,

to dampen the accrued CVD risk over time.

WHAT THIS STUDY WILL ADD

This study will provide a starting ground for researchers to think critically about the ways in

which acute stress may impact CV health for NHW and Hispanic adults.
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CHAPTER 3. LITERATURE REVIEW — RATIONALE FOR APPROACH

OVERVIEW

This section will outline all considerations made while designing the study to provide better

understanding into our methodological choices.

POPULATION AND SAMPLING CONSIDERATIONS

The researcher sought to recruit exclusively participants who identified as either non-Hispanic
white or Hispanic to allow for fulfilment of study aims. Further, only young, healthy individuals (defined
as free of cardiometabolic and anxiety-related mental health disorders) of both sexes were recruited to
minimize confounding variables. People who engage in smoking and who had a body mass index (BMI)
greater than 30 were not eligible to participate in the study due to the impact smoking and obesity has
on vascular function. Finally, individuals who were pregnant were ineligible to participate in the study
because of the impact hormone fluctuations have on the outcome measures of interest. This

information is summarized in Tables 2 and 3.

Table 2. Inclusion criteria.

Criteria Method Rationale

Age 18-35 Screening interview | To ensure normal physiological responses
Non-Hispanic white or | Screening interview | To obtain participants that self-identify as
Hispanic Hispanic or Non-Hispanic White

Table 3. Exclusion criteria.

Criteria Method Rationale

Pregnant Screening interview | Women who are pregnant have

heterogenous hormonal profiles. Including
them in the study would add unwanted
confounding variables.

Current tobacco or Screening interview | Smoking tobacco/nicotine containing
nicotine user products actively negatively impact CV




health. This study is interested in observing
the AS response to stress in a healthy

population.
Currently taking Screening interview | This study is interested in the unadulterated
medication that alters AS response to stress; medications known to
CV functioning affect CV functioning, such as beta blockers,

will dampen the CV response.

History of CVD or Screening interview | Individuals with CVD and anxiety disorders
anxiety disorders have disrupted systems physiology; this study
needs healthy participants for the aims to be
properly fulfilled

Abbreviations: CV, cardiovascular; AS, arterial stiffness

STUDY DESIGN CONSIDERATIONS

Several study designs were considered in addressing the research question. These designs are

summarized in Table 4 and are discussed below.

Table 4. Study design considerations.

Consideration Choices Selection Explanation
Study design Observational study Observational study | Interventional study would not
have been a possibility as this
Interventional study would require asking a

participant to come to the
laboratory when they experience
an acute mental stressor.

Control group Compare a mentally Compare a “boring” | A mentally stimulating task could
stimulating task to a task to a mentally have still resulted in a change in
mentally challenging challenging task PWV comparable to the one seen
task in response to the mentally

challenging one
Compare a “boring”
task to a mentally
challenging task

INTERNAL VALIDITY CONSIDERATIONS

Investigators followed established screening procedures to recruit a homogenous sample group.

A group relatively similar in age, activity, and health was recruited to simplify analysis and increase the
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validity of experimental conclusions. The measures taken to maintain internal validity are further

detailed in Table 5.

Table 5. Internal validity.

Consideration

Explanation

Control Procedure

Screening procedures

Ensures homogeneous sample,
eliminates potential covariates

During recruitment,
participants were required
to provide their age,
medical history, and
ethnicity/race.

Standardized window for data
collection

Prevents within and between
subject variation in
cardiovascular and hormonal
measures due to daily circadian

All measurements occurred
between the hours of 4:00
and 5:30 PM.

rhythms
Standardized data collection Prevents errors in PWV During the familiarization
settings calculation visit, all path lengths were

measured using the same
segmometer.

Standardized environment
(quiet, well-lit room)

Prevents fluctuations in outcome
measures not solely due to
experimental procedures

During the experimental
and control visits, curtains
were drawn to alert others

a study visit was in
progress. All the lights
were on.

PRE-ASSESSMENT GUIDELINES CONSIDERATIONS

To ensure data was collected under standardized conditions, pre-assessment guidelines (PAG)
were established: participants abstained from alcohol and moderate to vigorous physical activity
(MVPA) 24 hours prior to testing, and from food and caffeine 4 hours prior to testing. The time of day at
which testing occurred was also standardized as much as possible, both within and between subjects.

I”

Finally, the researcher confirmed the participants were experiencing a “normal” stress level (defined as
scoring less than 50 mm on the visual analog scale) at the beginning of the visit. If the participant failed

to meet one or more of the PAG, their visit was rescheduled. Table 6 summarizes these pre-assessment

guidelines.
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Table 6: Pre-assessment guidelines

Guideline

Explanation

Control Procedure

Standardized beginning time
for all experimental sessions

Prevent activities of daily
living from interfering with
data quality

All experimental sessions commenced
between 3:00 — 5:30 PM

No moderate to vigorous PA
in the 24 hours before testing

Prevent prolonged effects
of moderate-vigorous PA
on CV system from
influencing data

Individuals will be reminded two days
prior to an experimental session to
refrain from vigorous physical activity
for at least 24 hours prior to each visit.

Prevention of alcohol and
caffeine consumption before
experimental sessions

Prevent effects on CV
system and data (e.g.,
hydration status, heart
rate)

Individuals were reminded two days
prior to an experimental session to
refrain from caffeine and alcohol
consumption for at least 12 and 24
hours prior to each visit, respectively.

Prevention of food
consumption before
experimental sessions

Prevent within- and
between-subject variation
in CV data due to insulin
release and/or different
meals composition.

Individual will be reminded the day
before an experimental session to
refrain from food consumption for at
least 4 hours prior to each visit

Normal stress level at intake

A high-stress state will
impact the primary
outcomes of this study and
confound the stress
response. Important to
ensure “normal” stress
level for a given participant

Use of the visual analog scale (VAS)
prior to visit to ensure they score <
50mm, which would constitute a
normal stress level.

Abbreviations: PA, physical activity; CV, cardiovascular

SEX AS A BIOLOGICAL FACTOR

This study was not powered to assess sex differences. Women who were experiencing or had

experienced menopause were unable to participate in this study due to the related changes to their

cardiovascular system. The women in this study underwent all testing during the beginning of the

follicular phase of their menstrual cycle, because estradiol levels were likely to be lowest. Estradiol is

likely to be a covariate of PWV. [62], [63] Information on birth control was not collected.
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ETHNICITY/RACE

Participants were included if they either self-identified as Hispanic or non-Hispanic white. The

research team aimed to recruit an equal number of participants from each ethnic group.

EXTERNAL VALIDITY / GENERALIZABILITY

External validity can be maintained by constructing a sample that represents the
population of interest. In this case, we were interested in assessing Hispanic and NHW adults around the
University of North Carolina at Chapel Hill (UNCCH). To do this, investigators sampled from students
across the university and surrounding towns, so that the sample can match the desired demographics as
closely as possible. All studies balance external and internal validity measures, and this study is included.
This study focused on internal validity to establish consistent results of a mechanism, the function of

which can then be explored in other populations.

MEASUREMENT CONSIDERATIONS

To fill the knowledge gaps identified in this thesis, the investigator explored changes in vascular,
hemodynamic, and autonomic measures such as arterial stiffness, central systolic blood pressure (cSBP)
and heart rate variability (HRV). The measures chosen are commonly used within the literature and in
the clinical setting to investigate vascular and hemodynamic function. See Table 7 for a summary of the

rationale behind the outcomes of choice.

Table 7. Rationale for outcomes.

Construct Choices Selection Explanation

Arterial stiffness PWV (bf-PWV, cf-PWV, ba- | PWV (bf-PWV) | PWV is the gold standard measure
PWV, aPWV) of arterial stiffness. Assessing
Carotid B-stiffness index central arterial stiffness through

bf-PWV allows researchers to take
multi-time point measurements
without having cf-PWV confound
the results of other measures that
were taken during this study.
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Pulse wave analysis: | pSBP vs. cSBP cSBP, sAlx cSBP and sAlx are both highly

BP and waveform pAlx vs. sAlx reliable and have predictive value
qualities for CV events
ANS activity HR HRV HRV is a robust, reproducible
HRV physiological marker that reflects
GSR cardiac autonomic systems’
functioning.

Blood catecholamines

Stress level (state) Likert scale Likert and VAS | Biological markers require invasive
Visual analog scale (VAS) procedures (use of needles) which
may introduce a confounding
source of stress. The Likert and
VAS is noninvasive and less time-
consuming than quesionnaires.

Questionnaires

Biological markers
(cortisol levels)

Abbreviations: PWV, pulse wave velocity; a-PWV, aortic; bf-PWV, brachial-femoral; ba-PWV, brachial-
ankle; cf-PWV, carotid-femoral; ANS, autonomic nervous system HR, heart rate; HRV, heart rate
variability; GSR, Galvanic skin response; VAS, visual analog scale; pSBP, peripheral systolic blood
pressure; cSBP, central systolic blood pressure; pAlx, peripheral augmentation index; sAlx, systolic
augmentation index.

MEASURE 1: PULSE WAVE VELOCITY/ARTERIAL STIFFNESS (PRIMARY OUTCOME)

Rationale for Estimating Arterial Stiffness

The term “arterial stiffness” describes the structural change that is observed when the arterial
wall is composed of more load bearing than elastic components. [56] Extensive research has
demonstrated that AS is independently associated with an increased risk of CVD. [55], [58], [64], [65]
There is also evidence demonstrating that AS and endothelial dysfunction increases after a bout of acute
mental stress. [50, 52-53, 66] Considering that this thesis aimed at investigating the relationship
between mental stress and cardiovascular reactivity, estimating AS was indicated.
Methodological Options for Estimating Arterial Stiffness and Rationale for Choosing PWV

While systemic AS must be estimated, local and regional AS can be measured directly through
both invasive and noninvasive methods/measures. [56], [58], [67] Only noninvasive methods were
considered to ease both researcher and participant burden. Pulse wave velocity is the most frequently

used and widely researched non-invasive measure of arterial stiffness. Pulse wave velocity is extremely
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useful due to its predictive value for CV events and is simple, robust, and highly reproducible. [56, 58,
64, 67-68] For these reasons, PWV was chosen as the measure of interest for this thesis.

PWV can be a single point or two-point measure, and it can be used to determine local or
regional stiffness. Due to the lack of evidence linking single point measures of PWV to CV outcomes,
two-point measures were utilized in this thesis. [64] Additionally, since measuring local stiffness is highly
time-intensive and requires a great degree of technical expertise [58], measures of regional stiffness
were chosen for this thesis. Further, PWV can be measured using several different methodologies,
including magnetic resonance imaging (MRI), ultrasonography, applanation tonometry, and
oscillometry. MRI was eliminated as an option because it requires high technical expertise, the use of
expensive equipment, and is time intensive. Ultrasonography was eliminated as an option because it is
used to assess local, not regional, stiffness. [64] Finally, applanation tonometry was eliminated as an
option because it does not produce reliable results when used at the femoral artery. [69] Oscillometry
was elected as the methodology of choice for several reasons. Firstly, oscillometry allows for precise
measures that can be taken rapidly and in succession. Secondly, oscillometry allows for simultaneous
measures of central blood pressure via pulse wave analysis (PWA). As a result, the use of oscillometry
minimized both researcher and participant burden.

Carotid-femoral PWV (cf-PWV), one of many regional measures of stiffness, is considered the
“gold-standard.” However, measuring cf-PWV involves palpation of the carotid artery, which requires
technical expertise and can be uncomfortable for participants. Further, cf-PWV measures are highly
pressure-dependent, and can be attenuated by the presence of carotid plaque. Contrarily, brachial-
femoral PWV (bf-PWV) measures induce very little participant discomfort and has very strong repeated

measures agreement with cfPWV [70] As a result, bf-PWV was chosen as the regional measure of AS.
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Principles and Key Considerations for PWV Measurements

The Vicorder (SMT Med) device works by inflating two oscillometric cuffs simultaneously to a
sub-diastolic pressure and then recording the time it takes a pulse wave to travel between the proximal
and distal cuff. The Vicorder is validated for PWV measures in a semi-reclined measure; as a result, the
participants laid on a blue wedge that situated them about 30 degrees above supine level. The Vicorder
device calculates PWV via a proprietary algorithm that can calculate the time between the foot of the
proximal pressure waveform to the foot of the distal pressure waveform, and each measurement cycle
lasts 60 seconds. To collect bf-PWV data, the proximal cuff was placed at the brachial artery and the
distal cuff was placed at the femoral artery. Data was collected in triplicate and entered into an Excel
file. For data reduction, recorded pressure waveforms from the brachial cuff will be automatically
averaged via an Excel formula after the recording is completed by the Vicorder software. The Excel
formula will help with data reduction by averaging the two closest numbers. In terms of interpreting the
data, a clinically meaningful change in arterial stiffness is considered a change of 1 m/s. [71]-[73] This

will be referenced again in the results chapter of this thesis.

MEASURE 2: HEART RATE VARIABILITY (SECONDARY OUTCOME)

Rationale for Measuring Heart Rate Variability

Considering that this thesis study is investigating the CV reactivity, which is regulated via ANS
activity, measuring ANS activity is indicated. One measure commonly used to quantify ANS activity is
heart rate variability (HRV). HRV is defined as a measure of the cyclic variations of beat-to-beat (RR)
intervals [74], [75] which are modulated in real-time by the ANS. [76] Consequently, HRV is an excellent
indicator of cardiac autonomic function. Further, reduced HRV is associated with increased risk of CVD
and adverse CV events, including myocardial infarction and sudden cardiac death. [75], [77], [78]

Perhaps most importantly, use of HRV as a marker of ANS activity has been widely used in in studies
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employing laboratory psychosocial stressors. [79]-[82] For these reasons, HRV was selected as the
measure to assess ANS activity in this thesis study.
Methodological Options for Measuring HRV

As mentioned previously, HRV captures the beat-to-beat variation in the duration of the R-R
interval.[78] The two primary approaches to measuring HRV include time domain and frequency domain
methods. While frequency domain methods provide more detailed information than the time domain
methods, the analysis is much more complex, requiring either the use of Fourier transformations or
autoregressive modeling. [78] Analysis of time domain measures are much more accessible and, as a
result, are more frequently used. [74] Further, time domain methods allow the researcher to select
intervals of interest between successive normal QRS complexes. As a result, measuring HRV using time-
domain methods was selected for this thesis study.
Principles and Key Considerations for Measurements of Heart Rate Variability

Time-domain HRV data collection has historically been done by running a continuous
electrocardiogram (ECG), which requires the placement of electrodes around the chest and abdomen
area. [78] The present study used the Mindware Mobile Impedance Cardiograph (New Bio Technology
LTD) device to run a 7-lead continuous ECG. This device was chosen because it allows for simultaneous
collection of other measures (e.g., Galvanic skin response, respiration rate) that the co-investigator
needed to analyze for their study. Further, the Mindware (NBT LTD) device computes root mean square
of successive differences (RMSSD) between normal heartbeats automatically, which is the most
common statistical method used to analyze time domain measures of HRV. Consequently, using the

Mindware (NBD LTD) device was the most appropriate for this study.

MEASURE 3: PULSE WAVE ANALYSIS (SECONDARY OUTCOME)

Pulse wave analysis (PWA) is a non-invasive technique that deconstructs pulse pressure

waveforms into various measures used to characterize CV systems’ functioning. [83] Two of the most
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reported outcomes of PWA are central systolic blood pressure (cSBP) and systolic augmentation index
(sAlx). Studies suggest that cSBP is a better predictor of CV events and all-cause mortality [71], [84] than
peripheral systolic blood pressure (pSBP) and is also highly reliable. [85] Further, studies suggest that
sAlx may be a useful marker of arterial stiffness and CVD risk. [86]—[88] Due to its clinical relevancy, PWA
was chosen as an outcome. Similar to assessing PWV, PWA can be measured via tonometry, PPG, and/or
oscillometry. Oscillometry was chosen, specifically the BP+ (USCOM) device, since this device required

little technical expertise and allowed for simultaneous measurements of the primary outcome, PWV.

MEASURE 4: STATE STRESS LEVEL (SECONDARY OUTCOME)

State stress levels can be characterized using a variety of data collection methods, including self-
reported questionnaires, Visual Analog Scales (VAS), and behavioral observations. The present study
elected to measure state stress levels before and after the study conditions using a 0-10 Likert and
Visual Analog Scale. Both scales are reliable and valid, and as a result, have been widely used in research
involving the measurement of pain and stress. [89]-[92] The Likert scale asked participants to rate their
state stress level on a scale of 0 to 10, where 0 meant “No stress,” and 10 meant “Worst possible
stress.” Similarly, the VAS asked participants to rate their state stress level from “No stress” to “Worst
possible stress,” however, participants rated this by making a mark on a horizontal line with no
associated numbers. These scales were chosen because they are time-efficient and easy to administer,

thereby reducing researcher and participant burden.

POTENTIAL CHALLENGES & ALTERNATIVE STRATEGIES

There were several potential challenges that can occur during this experimental study. One of
the potential challenges included the chance for an extremely distressful experience when participating
in the TSST. To avoid this, investigators were very friendly with all the participants from recruitment to
the end of their time in the study. This helped the participant feel they were in a safe environment,

despite the stressor.
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Another potential challenge was the need for participant to use the bathroom or fidget during
the visits, which would negatively impact the accuracy of the outcome measures. One strategy
employed to avoid this was to ask them if they need to use the bathroom several times before
beginning their rest period. Another strategy used to avoid excessive movement during the visit was to
emphasize the importance of stillness for the accuracy of our measures and allow for some time before
the rest period to move as much as they needed to. This successfully prevented interruptions during the
study visits.

Finally, another potential challenge was unmet recruitment targets. Due to the pandemic, our
inclusion criteria, and the fact that UNCCH is a predominantly white institution (PWI), we may fail to
acquire our desired sample size. To prevent this, investigators promoted the study to several

communities across UNCCH and Duke’s campus.
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CHAPTER 4. METHODOLOGY

OVERVIEW

This study is reported in accordance with CONSORT (Consolidated Standards of Reporting Trials)
guidelines. Ethical approval was obtained by the University of North Carolina at Chapel Hill Institutional
Review Board (IRB #22705). All participants provided written informed consent prior to study

participation.

PARTICIPANTS AND RECRUITMENT

Eight individuals were recruited (1 Hispanic male, 5 Hispanic females, 2 NHW females) between 18-
35 years of age from the UNC-CH population. Eligibility was assessed using a Qualtrics survey and
participants were scheduled using Microsoft Bookings. No incentives were provided for participation.
The UNC-CH Institutional Review Board approved all methods, and all participants provided written

informed consent prior to participation.

EXPERIMENTAL DESIGN

This thesis implemented a randomized crossover study design in which study outcomes were
measured before and after either an acute psychosocial stressor (TSST) or a time-matched neutral
condition (control). Participants reported to the Applied Physiology Laboratory (APL) on three occasions,
first for familiarization, and the following two for the study interventions. Figure 4 summarizes the
experimental design. The intervention order was randomized using an online number randomizer

(www.randomizer.org).
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Familiarization visit:

* Final eligibility Study Visit 1
screening * Randomized,

* Informed consent experimental

Study Visit 2
* Randomized,
experimental
(TSST) or control
(neutral) task
* Debriefing

* Familiarization to (TSST) or control
outcome (neutral) task
measures

3-7-day washout period

Figure 4. Layout of experimental design.

During the familiarization visit, the investigator performed a final eligibility screening before
obtaining informed consent. Signed consent forms were uploaded to the study’s SharePoint (Microsoft)
and the hard copy was immediately shredded to maintain participant confidentiality. Then, the
participants were familiarized with the laboratory environment and study devices. The participants laid
supine briefly for measurement of the arterial path length needed to calculate bf-PWV using a
segmometer, then the participant was brought to a semi-reclined position. The Vicorder cuffs were
placed on the participants’ right brachial and femoral arteries. The BP+ cuff was placed on the
participants’ left brachial artery. The investigator then took two test measurements with the Vicorder
and BP+ cuffs inflating simultaneously. The investigator removed all equipment and then answered any
questions the participants had. Finally, the participants scheduled their next two visits using Microsoft
Bookings before leaving the APL. The investigator ensured the visits were scheduled 3—7 days apart and

at the same time of day to allow for a wash-out period and control for diurnal fluctuations.

At the beginning of both the experimental and control visits, participants were asked to provide
a urine sample to assess hydration status. Urine specific gravity (USG) was obtained via refractometry
(10440, American Optical Corp, Keene, NH). If the participant was dehydrated (defined as specific gravity
< 1.0025), [93] they were instructed to drink one cup of water. Simultaneously, the investigator
confirmed that the participant followed the required pre-assessment guidelines and were at a “normal”

stress level (less than 50mm on VAS and 5 on Likert scale). If the participant failed to meet one or more

of the requirements, they were asked to reschedule. After placing the Vicorder and BP+ cuffs on the
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participant, they laid down for twenty minutes of quiet rest in a semi-reclined position. At the end of the
rest period, baseline CV measures were recorded in triplicate. Following baseline measures, the
participant began either the TSST or time-matched neutral task. Immediately post-cessation of the task,
participants filled out the Visual Analog and Likert scales. CV measures were also taken immediately
after the task, as well as 5, 10, 15, 30, 45, and 60 minutes post—task. Figure 5 summarizes the

experimental timeline.

End TSST
Begin TSST  or Control
or Control

Start in Semi- End of
Reclined Position bfPWV, cSBP, sAlx collection experiment

(all taken in triplicate)
bfPWV, cSBP, sAlx

(all taken in triplicate)
Quiet, Semi-Reclined l v

Rest
PR P S— P— | | |

T=-37 T=-17 T=-12 T=0 T=5 T=10 T=15 T=30 T=45 T=60

Figure 5. Layout of experimental timeline.

EXPERIMENTAL CONDITION: TRIER SOCIAL STRESS TEST

Just before starting the TSST, the research team unveiled a camera and a tripod work light,
which was shone brightly on the participant. The TSST administrator — strategically, someone wearing a
white lab coat and unfamiliar to the participant — then explained the first task: the participant was
instructed to imagine they were at an interview for their ideal job and had to give a five-minute speech
describing why they are the best candidate to a panel of judges. Participants were told they were being
recorded and that their speech would be evaluated by professionals trained in public speaking. They
were allotted two minutes to mentally prepare their speech and were then instructed to begin speaking.
At the end of the five minutes, the participants were told to imagine the panel of judges were requiring
them to complete a mental math test, where they had to subtract a set interval from a large number in

time with a metronome. Participants were told that their incorrect answers were being recorded to be
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compared to the norm. This math test was five minutes long, with the set interval, large number, and
metronome pace changing (unbeknownst to them) every minute. For example: for the first minute, they
would subtract 7 from 4568 with the metronome set to 12 beats per minute (bpm), the second minute

they would subtract 13 from 9149 at 14bpm, etc.

To avoid the potential for a diffused stress response, the TSST administrator gave occasional
reminders to the participants that they should not be moving, smiling, or laughing during both the
speech and math test. If the participant failed to speak for more than a few seconds, the administrator
would intervene with phrases such as “you must continue speaking,” and “answer to the beat of the
metronome.” At the end of the math test, the lights and camera were quickly stored away, and their
stress responses (via Likert and VAS) were recorded on REDCap. Outcome measures (PWV, PWA) were

started immediately post-TSST and continued for the next 60 minutes.

It is important to note that participants were not actually being recorded and compared to the
norm. This was detailed to them at the end of their time in the study via a debriefing form, which will be
discussed in a later section. It is also important to note that this study employed a modified TSST.
Traditionally, the TSST allots 3 minutes for participants to prepare their speech and allows participants
to write down their thoughts on paper. This study shortened the preparation period to 2 minutes to
account for the length of the study visit and did not employ the use of pen/paper as this would disturb
the rest required for accurate outcome measures. Additional details of the TSST are reported in a

comprehensive 2017 review by Allen et al. [17]

CONTROL CONDITION: NEUTRAL TASK

The control condition employed was a neutral task, time-matched and similar in structure to the
TSST. For the speech task, participants were told they were to think about a boring or neutral experience

they had for 2 minutes, and then speak about the experiences they thought about for 5 minutes.
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Examples provided included sitting in a dull lecture or waiting for the bus to arrive. Then, the
participants were instructed to count at a self-selected pace from one to ten, and then starting over
again from one. This counting task continued for 5 minutes. At the end of the counting task, their state
stress levels were recorded (via Likert and VAS) on REDCap. Outcome measures (PWV, PWA) were

started immediately post-control condition and continued for the next 60 minutes.

Several key distinctions took place during the control visit. For example, the neutral task
administrator was someone who was familiar to the participant and was not wearing a white lab coat.
Additionally, there was no camera or light shone on the participant. Participants were also told they
were not being compared to the norm. Finally, the neutral task administrator did not give stern

reminders to continue speaking during the tasks.

DEBRIEFING

Before leaving the APL for the last time, the investigator sat down to review the IRB-approved
debriefing form with the participants. The investigator explained that the intention of the psychosocial
task was indeed to elicit a physiological stress response, and that they were not actually being recorded
or evaluated. The investigator briefly explained what the TSST was and the rationale for choosing that
task specifically. Further, the investigator explained that withholding information regarding the TSST was
required to avoid negatively impacting the study results. Finally, the investigator explained that the
participants had the right to withdraw their data if they wished and obtained their signature confirming
their choice. Participants were given a copy of the debriefing form for future reference. The signed
debrief form was uploaded to the study’s SharePoint (Microsoft) and immediately shredded to maintain

participant confidentiality.
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EXPERIMENTAL OUTCOMES

The Vicorder device (Wuerzburg, Germany) was used to record PWV. Each participant was
entered as a “New Patient” under a code name reflecting the order in which they were recruited and
the type of study visit (e.g., EMS 01 CON.) As per device guidelines, one cuff was placed over the right
brachial artery and one cuff was placed over the femoral artery. The distance (D) between the
suprasternal notch and umbilicus was measured using a segmometer and entered into REDCap by the
investigator. This path length distance was entered into the Vicorder software, which captures the time
it takes for the pulse wave to travel —referred to as transit time (TT) -between the segments of interest.
The Vicorder uses these two values to calculate PWV, defined as D/TT. The investigator visually
inspected waveforms before capturing a segment, then entered the corresponding PWV values directly

into an Excel spreadsheet to be used for data analysis.

Pulse wave analysis outcomes (cSBP, sAlx) were measured using the BP+ device (USCOM BP+,
Sydner, Australia). As per device guidelines, the oscillometric cuff was placed on the left brachial artery.
Mirroring the naming convention for the Vicorder device, each participant was entered as a “New
Patient” under a code name reflecting the order in which they were recruited and the type of study visit.
PWV and PWA measures were taken simultaneously and in triplicate for each of the outcome measures,
taken at baseline, T=0, 5, 10, 15, 30, 45, and 60. cSBP and sAlx were also directly entered into an Excel

spreadsheet for data analysis.

SAMPLE SIZE

Sample size calculations were based on bf-PWV, the primary outcome measure of this study. Using
an a-level of 0.05, an estimated power of 80% and a moderate effect size of 0.25, an estimate of 18

participants per group was required (G*Power Statistical Power Analysis Software v3.1). To account for
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potential data quality problems and attrition, this number was inflated to 20 per group, for a total of 40

participants enrolled.

STATISTICAL ANALYSIS

Numerous statistical methods exist for analyzing data in a crossover study design. For example,
a mixed-design ANOVA could have been chosen for this thesis. However, mixed-designs ANOVA will
result in considerable data loss if a participant drops out. Given the time commitment this study
required, participant attrition was expected. Further, a mixed-design ANOVA does not have the
capability of using continuous data, which the co-investigator collected. A linear mixed model, however,
addresses all these issues: it accounts for missing data points, controls for covariates, allows for fixed
and random effects, and is statistically robust. As a result, the investigator chose to implement a linear

mixed model and used Jamovi (2022, Version 2.3.21.0) to conduct the statistical analysis.
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CHAPTER 5. RESULTS

| PARTICIPANTS

Participants were recruited between 17 October 2022 and 25 April 2023 through the Research
for Me (RFM) @UNC platform, flyers (including a QR code linking to our RFM page), emails, newsletters,
and short presentations to classes at UNC Chapel Hill. Eleven participants were screened for eligibility
through the Qualtrics survey. Out of those eleven participants, two were ineligible, and nine were
eligible to participate in the study. Out of those nine participants, eight scheduled their first study visit
(familiarization) via our Microsoft Bookings page. One participant declined to participate due lack of
financial compensation. Therefore, eight participants were enrolled in the study, of which six completed
all three study visits. Two participants dropped out of the study due to scheduling difficulties. One of
these two participants completed two study visits—the familiarization and experimental visits. Six

subjects were included in the final analysis. See Figure 6 for CONSORT flow and reasons for exclusion.

| Assessed for eligibility (n=11) |

Excluded (n=3)
* Not meeting inclusion
criteria (n=2)
* Declined to participate (n=1)

>

A4

Randomized (n=8)

Lost to follow-up due to
scheduling conflicts (n=2)

A4
| Participants analyzed (n=7) |

Figure 6: CONSORT diagram for
recruitment and testing.
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PARTICIPANT DEMOGRAPHICS

This section will outline the baseline demographic characteristics for the six participants — all

female - included in the table below.

O Pad O ore C
Ethnicity 4 (67%) 2(33%)
Age 21.01(2.79) 23.86 (5.59)
BMI (kg/m?) 26.51 (3.08) 23.86 (2.09)

Table 8. Participant demographic information.

PHYSIOLOGICAL OUTCOME MEASURE RESULTS

The main effect of ethnicity on PWV was significant such that Hispanics had lower PWV on

average than NHWA, (p=0.013, b=0.355, 95%Cl: 0.183, 0.550). The interaction effect of study visit type

on change in PWV was significant such that Hispanics had the greatest change in the control condition

and NHWA had the greatest change in the experimental condition (p=<0.001, b=0.466, 95% ClI: 0.260,

0.671). The interaction effect of study visit type on change in cSBP was significant such that Hispanics

had the greatest change in the control condition and NHWA had the greatest change in the

experimental condition (p=0.009, b=-5.344, 95%Cl: -9.184, -1.504). There were no significant effects on

sAlx. Tables 9 — 11 provide further detail into the data observed.

Ethnicity = PWV (m/s) cSBP (mmHg)
Hispanic 5.10 94.3
Mean NHW 6.39 97.8
. Hispanic 5.35 94.0
Median NHW 6.40 100
Standard Hispanic 0.797 5.73
deviation NHW 0.375 7.53

Ethnicity ‘ Condition A PWV (m/s) ‘
Hispanic Control +0.33 (0.93)
Experimental +0.10 (0.84)
NHW Control -0.15 (0.28)
Experimental +0.90 (0.22)

Table 10. Descriptive statistics by ethnicity.
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Ethnicity Condition A cSBP (mmHg)

Hispanic Control +5.8 (1.32)
Experimental +4.0 (2.45)

NHW Control -1.0 (1.02)
Experimental +5.0 (1.00)

Table 11. Changes in cSBP by experimental group.

STATE STRESS OUTCOME MEASURE RESULTS

One paired samples t-test was performed to compare participants’ Likert scale scores before
and after the control condition. There was a significant difference in the scores before (M=2.83,
SD=1.72) and after (M=1.33, SD=1.37) the control condition (p=0.045, d=1.09). One paired samples t-test
was performed to compare participants’ Likert scale scores before and after the experimental condition.
There was a significant difference in the scores before (M=2.50, SD=0.55) and after (M=4.83, SD=0.98)
the experimental condition (p=<0.001, d=2.86). One paired samples t-test was performed to compare
participants’ VAS scores before and after the experimental condition. There was a significant difference
in the scores before (M=19.17, SD=8.26) and after (M=40.17, SD=15.22) the experimental condition
(p=0.034, d=1.42). There were no significant differences found in the VAS scores in response to the
control condition (p=0.180). A summary of these findings can be found in Table 12. Independent
samples t-tests were performed to evaluate whether there was a difference in the change in the Likert

and VAS scores between Hispanic and NHWA's. The results indicated no significant differences.

Condition Outcome Time Mean (SD) p-value
Measure
Likert Pre 2.83(1.72) 0.045
Post 1.33(1.37)
Control
VAS Pre 26.67 (15.90) 0.180
Post 16.20 (8.76)
Likert Pre 2.50 (0.55) <0.001
. Post 4.83 (0.98)
Experimental
VAS Pre 19.17 (8.26) 0.010
Post 40.17 (15.22)

Table 12. Significant statistical results.
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HARMS

The only potential harm in this study was the potential for mild embarrassment after the TSST.
The debriefing form minimized this, and the investigator reassured the participants that they could
come forward with any questions or concerns they had. Considering no participant opted to withdraw

their data from the study, it is highly likely there were no long-term harms done.
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CHAPTER 6. DISCUSSION

SUMMARY

Hispanics face a highly disproportionate burden of cardiovascular disease risk factors—in
particular, mental stress—compared to non-Hispanic whites. [1], [2], [29]—-[31] Despite the fact that this
phenomenon is well-known, very little research has been done to understand the mechanisms by which
disparities arise. To the author’s knowledge, no study has investigated the relationship between acute
mental stress and CVD risk in this context. As a result, this study compared the CV response to an acute
mental stressor between Hispanic and Non-Hispanic white adults. The main finding of the present study
was that Hispanics had the greater CV response to the neutral speaking task, whereas NHWA had the
greater CV response to the stress-inducing speaking task. Future research should consider measuring
stress appraisal in addition to stress response to further contextualize and potentially explain the

counterintuitive results seen in Hispanic adults.

LIMITATIONS AND STRENGTHS

While every effort was made to increase generalizability and maintain internal validity, there
were still limitations in this study that must be addressed. The most substantial limitation to this study is
the small sample size. To have results that were highly powered, the investigator aimed to have a
sample size of n=40 (20 Hispanics, 20 NHW). At the time of writing (June 2023), only 6 participants were
included in the analyses. There were several contributing factors to the small sample size obtained — one
of which includes the geographical area. The population at UNC-CH and surrounding areas are
predominantly busy college students and young, working adults. As a result, the time commitment for
this study likely dissuaded potential participants from enrolling. Further, due to time constraints and

limited laboratory availability, visits were required to take place in the late afternoon. This limited
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availability, in conjunction with the requirement to abstain from caffeine and food for 12 and 4 hours,
respectively, likely impacted study enrollment as well. Finally, excluding individuals with anxiety or panic
disorders in a high-stress educational setting like UNC-CH may have also impacted study enrollment and
eligibility. Consequently, conclusions drawn from this study are quite limited and must be interpreted
with caution.

Another limitation to this study is that only healthy individuals were recruited. While this was
done to maintain internal validity and decrease confounding variables, it is important to recognize that
this was at the expense of generalizability to diseased populations. Therefore, the results obtained may
not be generalizable to men, individuals over the age of 35, or those with cardiovascular disorders.

Despite the limitations outlined above, this study also had several strengths. For example, the
investigator was well-versed in study procedures prior to collecting data from participants. The
investigator had served as a research assistant in several other studies from the laboratory group using
the exact devices (Vicorder, BP+). As a result, the investigator was highly qualified to inspect waveforms
and check for quality during the study visits. Another strength of this study is that, although our sample
size was low, the majority (57%) of participants were Hispanic. Finally, this study followed strict pre-

assessment guidelines, which eliminated the potential for additional confounding variables.

COMPARISON TO LITERATURE

Due to the uniqueness of study protocol and aims, there are no exact studies the results can be
compared to. However, since the TSST is a widely used laboratory stressor, comparisons can be made to
the existing body of literature. This study found that, while Hispanics and NHWA's responded to the
TSST to different degrees, the TSST did in fact successfully induce mental stress, as evidenced by
increases in study outcomes (PWV, cSBP). This can be considered a proof-of-concept and strengthen the

existing body of literature supporting the use of the TSST to induce mental stress in a laboratory setting.
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IMPLICATIONS

Surprisingly, this study found that Hispanic adults had the greatest CV response to the neutral
speaking task as opposed to the mental stressor. When considering the potential implications of such an
observation, it is important to recall the physiological responses to both acute and chronic mental
stress, to provide further context into the study’s results. As discussed earlier in this thesis, when the
body is unable to adequately adapt to daily stressors, there are four different responses which may be
observed (refer to Figure 3). One of these responses is a generalized dampening in the physiological
reactivity to stressors. Given this context and the nature of the results obtained, it is biologically
plausible that the Hispanic individuals in this study may have acquired the dampening response to
mental stress from facing chronic stress their lives. Consequently, further research should investigate if
this dampening does in fact exist in Hispanics adults by repeating this protocol, or a similar one, to a

much larger degree.

CONCLUSIONS

The present study was a randomized crossover design aimed at investigating if a difference
exists in the cardiovascular response to an acute mental stressor between Hispanic and non-Hispanic
white adults. While generalizability of the results is limited due to the small sample size, evidence
suggests that Hispanics’ CV systems respond counterintuitively to laboratory induced acute mental
stress. Given the role that mental stress plays in accruing CVD risk, the results of this study
demonstrates that further research is warranted to understand the underlying mechanisms by which

the interactions between mental stress and CVD risk may differ based on population.
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