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Abstract
Few studies about elevated blood pressure in the U.S. military exist in which researchers
examined exposure to combat and its association with elevated blood pressure. The
purpose of this quantitative research was to describe the extent of association between
those who were exposed to combat deployment, were 40 or older, and were overweight
or obese and had elevated blood pressure for U.S. military personnel who deployed to an
area of declared combat between 2012 and 2017. The conceptual basis of this research
was best represented by the determinants of health model. Chi-square correlation
revealed that being older (equal to or greater than 40 years; p = .018) and being
overweight/obese (body mass index [BMI] equal to or greater than 25; p = .000) both
have statistically significant relationships with elevated blood pressure (either systolic
blood pressure equal to or greater than 120 mm/hg or diastolic blood pressure equal to or
greater than 80 mm/hg) among military personnel, while combat deployment does not
(deployment > 30 days; p =. 487). However, only being overweight/obese remained
significant even when controlling for exposure to combat deployment and being older.
Binary logistic regression revealed that elevated blood pressure/hypertension is greater
than three times more likely to occur in the presence of the overweight/obese predictor
(BMI equal to or greater than 25; p =. 000) variable. The findings of this research could
be used to proactively enforce medically derived appropriate medical fitness standards
such as maintenance of normal BMI during deployments. Social adaptations could be

instrumental in improving wellness among deployed military personnel.



Relationship Between Elevated Blood Pressure/Hypertension in Military Personnel and
the Stress of Combat Deployment
by

Stephen Pinkerton

MPH, University of Oklahoma, 1998

BS, University of Oklahoma, 1992

Dissertation Submitted in Partial Fulfillment
of the Requirements for the Degree of
Doctor of Philosophy

Epidemiology

Walden University

May 2019



Dedication
This work is dedicated to Lorri Anne Pinkerton. Without your love, sacrifice, and

support this would not have been possible. I love you.



Acknowledgments
I must also acknowledge Dr. Diana Naser. At the time that we met I was entirely
prepared to quit. Your honest advice and sincere help enabled me to reach this point in

my academic career. Thank you.



Table of Contents

LSt OF TADIES ...ttt sttt sttt et v
LSt OF FIGUIES....eiieiiieiiieiieee ettt ettt et e s e et e st e enbeeesaeenteesnseenseannnas vi
Chapter 1: Introduction to the Study ..........ccoocuiiiiiiiiii e 1
INEEOAUCTION ..ottt sttt sttt sae e 1
Back@round.........c.ooouiiiiiiiiei e ettt e eee 2
Problem Statement. ........couerueiiiriiiieiene et 6
Purpose of the StUAY ......cooiiiiiiiiiee e 7
Research Questions and Hypotheses .........cccueeiiiiiiiiiiiiiieiecceece e 8
Conceptual FramewWork ..........cccoooiiiiiiiiiiiiieie et 10
Nature of the StUAY .....ccoiiiiiie e 11
DIETINTHIONS ...ttt ettt ettt et st be et st 12
ASSUIMPLIONS ...ttt ettt ettt et estte e bt estte e bt e s saesabeesaeeenseessseenseessseenseassseenseas 13
Scope and Delimitations.........c..eecuieriiiiiienieeiieeie ettt sttt seae b e 13
LAMIEALIONS ...ttt ettt ettt ettt et st a e et beenees 14
SIGNITICANCE ...t ettt seae et e st e b e sabeenseesaseenseenens 15
SUMMIATY ...ttt et et e et e et e et e e sttt e snsbeesabteeenbaeesaseeesnseeennnes 17
Chapter 2: Literature REVIEW .......c.ccciiiiieiiiiiieeiieeie ettt ettt eaee e eneas 18
INEEOAUCTION ..ttt ettt b e 18
SATCH StrALEZY ...eeuveeeeiieiieeiieee ettt ste et st e et e sebeeteeenbeenbeenens 20
Conceptual FramewWork ..........cccoooiiiiiiiiiiiiieie et 20
Literature Review Related to Key Variables and/or Concepts..........cccceevveerveenirennnnnn. 29



PhyS1010ZY O STIESS ..ecuviriiiiiiiiiieriieee ettt 29
Elevated Blood Pressure/Hypertension ...........cccecueeeveeriienieeniienieeniiesieeiee e 30
Risks of Elevated Blood Pressure/Hypertension ...........ceecveevveeeeeeneenieenieeseneenenn. 34
Risk Relation of Stress (including Mental Conditions e.g., PTSD,

Depression, Anxiety) to Elevated Blood Pressure/Hypertension.............. 37

Risk Relation of Combat Exposure and Number of Deployments to

Elevated Blood Pressure/Hypertension ...........ccceceevveevieenieenieenieenieenenans 42
Risk Relation of Overweight to Elevated Blood Pressure/Hypertension.............. 42
Risk Relation of Age to Elevated Blood Pressure/Hypertension.......................... 44

Risk Relation of Sleep Disordered Breathing to Elevated Blood

Pressure/HYPertenSIOn .......eeevieriieeiieiieeie ettt ette e e eeeevee e eseeeneens 44
Risk Relation of Tobacco Use to Elevated Blood Pressure/Hypertension............ 45
Risk Relation of Gender to Elevated Blood Pressure/Hypertension..................... 46

Risk Relation of Pain Syndromes to Elevated Blood

Pressure/HYPertenSIon .......eeevieriieriieiieeie e eieeite et eae et e seneeseeeaeeens 46

SUMMIATY ...ttt e et e ettt e et e e sttt e ssbeesabbeeesbteesnneeesaseeennnes 47
Chapter 3: Research Method ...........ccooiiiiiiiiiiiiie e 50
INEEOAUCTION ..ottt sttt st nb e 50
Research Design and Rationale............ccceeviiiiiiiiiiiiiiieciicee e 50
IMELhOOLOZY ...ttt ettt ettt e et e s e et e e sabeenbeessseeseennseens 52
POPULALION.....utiiiiieiiece et ettt st sneeeneees 52
Sample and Sampling Procedures .............ccoecueeriiiiiiniieiienie e 53

il



Inclusion and EXClUSION CIITEIIA ..ccooivviiiiieiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 54

Data COlLBCHION ...ttt ettt et sttt be e 55
Operationalization 0f Variables..........cccceeiuieiiiiiiieiieciieeeeeee e 56
BIOOA PIESSUTIE.....c..eitiiiiieiiiiieieetecte ettt ettt ettt 56
Combat DEPlOYMENL.........cooiiiiieiieiiieiie ettt ettt et et e aeeseeeeaeens 57
AZE TN YRATS .ottt ettt et ite ettt et e tee e bt e bt e e bt e s ateenbeesabeenbeeesseenbeenaseenseennns 57
Body Mass INAEX ......eeiiiiiiiiiieiieeieeee ettt 58
Data Analysis PIan .........ccccooiiiiiiiiioce et 58
UnNivariate ANALYSIS ...cccuieriieiiieniieeieerie ettt ettt et e e ebeesaaeensee e 59
Bivariate ANALYSIS ....ccccvieriieiiieiieeieeieecee ettt ettt eeeas 59
Multivariate ANALYSIS .....cc.eevuiiiiiiiieiieeie ettt ettt ebeeseae s 65
Threats t0 VAIIAIty ....cc.eieiiieiiiciieeeee ettt 67
Ethical ProCEAUIES ......c..oiiiiiiiiiiiiiieiceee e 70
SUMMIATY ...ttt et e et e et e et e e e bt eesasbeesabbeeenbbeesaneeesaseeennnes 71
Chapter 4: RESUILS.....cceiiiiiieeiiee ettt ettt ettt sate e e eabeenseas 73
INETOAUCTION ..ttt et sttt et st 73
Data COLLBCHION ...ttt ettt ettt et 75
RESUIS OF ANALYSIS ...eeviieiiiiiiieiieeie ettt ettt st esiae e b e enaeens 77
UnNivariate ANALYSIS ....cccuierieeiiieniieeiienie ettt et ee et esiaeeteeseaeensee e 78
Bivariate ANALYSIS .....cccuieriiiiiieiiieeieetieee ettt e eeeas 81
Multivariate ANALYSIS .....cc.eeviiiiiieiiieiieeie ettt e s eneeas 88
SUMMIATY ...ttt e et e ettt e et e e sttt e ssbeesabbeeesbteesnneeesaseeennnes 91

il



Chapter 5: Discussion, Conclusions, and Recommendations ............cccceeevvenernieneenneenne. 92

INEEOAUCTION ..ttt et sttt st b e 92
Interpretation of the FINAINGS .......oveeiviiiiniiiiiieeee e 92
Limitations 0f the STUAY ......cc.eeviiiiiiiieie ettt 95
RecOMMENAALIONS .....eoviriiiiiiiiiiieieeee ettt sttt 96
IMPLICATIONS ..ttt ettt st ettt et e b enees 97
CONCIUSION ...ttt ettt ettt et b et st e bt et eaeesbeeaesanens 98
RETETEICES ...ttt sttt sttt 101

v



List of Tables

Table 1. Demographic Characteristics of Study Population ..........c.ccccceeverieninninenennne. 79
Table 2. Demographic Characteristics of Study Population Continued...........c...ccceeneeeee. 80
Table 3. Normal vs Elevated BP in Service Members Exposed to Combat Deployment,
Being Overweight and Being Old ..........c.cooiiiiiiiiiiiiiieccece e 83
Table 4. Normal vs Elevated BP in Service Members Exposed and Not Exposed to
Combat DEPIOYMENL.........coiiieiiiiiieiiecie ettt ettt ettt et e s beeteesaaeenseeenseenneas 83
Table 5. Normal vs Elevated BP in Service Members Exposed to Combat Deployment,
Being Overweight and Being Old ..........ccooiiiiiiiiiiiiiieeccece e 85
Table 6. Normal vs Elevated BP in Service Members Exposed and Not Exposed to Being
OVETWEIZNE ...ttt ettt e et e et e et e e bt eenbeeseesaseenseesnseenseas 85
Table 7. Normal vs Elevated BP in Service Members Exposed to Combat Deployment,
Being Overweight and Being Old ..........cccooiiiiiiiiiiiiiiecceeee e 87

Table 8. Normal vs Elevated BP in Service Members Exposed and Not Exposed to Being

OB .ttt ettt b et 87
Table 9. Binary Logistic REGIESSION .......eeviiiiiiiiieiiieiieiie ettt 90
Table 10. Summary of Logistic Regression Analysis Predicting Elevated BP................. 90



Figure 1. Variable study map

List of Figures

Vi



Chapter 1: Introduction to the Study
Introduction

The military profession is both physically and psychologically taxing, and combat
deployment intensifies the stress of this occupation (Granado et al., 2009; Smith et al.,
2008; Smoley, Smith, & Runkle, 2008; Wenzell, Pacheco de Souzal, & Buongermino de
Souza, 2009). Recently the Department of Defense (DOD) has increased the length and
frequency of deployments to areas of declared combat for U.S. military personnel (Spera,
Thomas, Barlas, Szoc, & Cambridge, 2011). Adequate support for active duty military
personnel is crucial to promote safe pursuit of combat professions while avoiding health
detriments.

This research examined the extent of association between exposure to combat
deployment (independent variable), and the incidence of elevated blood
pressure/hypertension (either systolic blood pressure equal to or greater than 120 mm/hg
or diastolic blood pressure equal to or greater than 80 mm/hg; dependent variable) among
military personnel. The purpose of this research was to produce an accurate description of
the extent of association between exposure to combat deployment, being
overweight/obese, being older, and hypertension among U.S. military personnel who
deployed to an area of declared combat between the years 2012 and 2017. This research
was needed because of the importance of identifying potentially modifiable sources of
elevated blood pressure/hypertension, a high-risk disease that plays a significant role in
heart, vascular, and kidney disease and the generation of heart attack, stroke, or

aneurysm.



It was my aspiration and aim that the results obtained from the study would
encourage positive social change by raising awareness among individual military
personnel and within the community of the DOD about how the psychosocial stress of the
combat environment affects a soldier’s health. This heightened awareness of the
increased risk concomitant with military deployment could encourage individual service
members to alter personal risk factors that can generate elevated blood
pressure/hypertension (Granado et al., 2009). Moreover, it could challenge the U.S.
military as an organization and people throughout U.S. society at large who may care
about the combat arms profession to champion and campaign for shorter and less
frequent combat deployments at the policy level. These adaptations could be instrumental
in improving wellness through the reduction of elevated blood pressure/hypertension risk
among deployed military personnel.

In the remainder of this chapter, I review the relevant background and state the
problem, purpose, and questions of the research. Additionally, the chapter contains the
conceptual framework and nature of the study. Finally, there is a list of important
definitions, and an exploration of assumptions, scope, delimitations, and limitations.

Background

Instead of stasis, life is perpetually dynamic, always adapting to ease existence in
different circumstances (Griffin & Thomson, 1998). This foundational idea upon which
the concept of stress is built started with the recognition that circumstances continually
cause changes in people and the way in which they live their lives (Griffin & Thomson,

1998). Supplemental and limiting this concept of stress adaptation was Bernard’s (as
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cited in Griffin & Thomson, 1998) postulation that people also resist changing too much
in response to an exposure. Cannon (1932) called Bernard’s notion homeostasis, meaning
a physiological tendency toward equilibrium and additionally, eventually advanced the
notion of an automatic fight or flight response to stress. These all contributed to currently
held ideas of the interactions between stress and internal responses to stressful stimuli.

Selye is the father of the modern concept of human stress. Selye (1950) described
stress as a vague reaction to any adverse circumstance. Today, however, it is believed
that stressors in humans are able to stimulate the release of very specific chemicals such
as noradrenaline, serotonin, corticotropin-releasing hormone, vasopressin, and cortisol
that subsequently can exert a variety of effects from vigilance and alertness to memory or
genetic alterations (Joéls & Baram, 2009). The sum and sequence of these chemicals and
their actions compose the stress reaction, which allow human adaptation to the
environment.

A specific example of a human stress response relevant to this study is the
involuntary and automatic changes to blood pressure and heart rate during and after
stress. Stress reactions can initially elevate blood pressure and heart rate as adaptive
survival mechanisms. However, unimpeded elevations can result in physiologic harm
(Charney, 2004; Chiong, 2008; de Kloet et al., 2005). Therefore, these initial blood
pressure and heart rate elevations must have caps of time, pressure and rate. These
restraints are protective mechanisms in which a secondary physiological response occurs
directed at restoring blood pressure and heart rate back to original functional levels

(Charney, 2004).
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Joéls & Baram (2009) describe the classic stress reaction as immediately creating
attentiveness and watchfulness from the release of noradrenaline, serotonin, dopamine
and corticotropin-releasing hormone (CRH), followed by sustained endurance or
functional adaption produced by corticosteroids. These two components of the reaction
occur and are mediated over varying spans of time by means of effects of the different
chemicals. This description provides for the possibility of understanding a mechanism for
how repetitive exposures of military personnel to the stressors of war could accumulate
effects over a 6 to 12-month combat deployment.

Unfortunately, there is a scarcity of studies designed for the examination of the
relationship between stress and elevated blood pressure/hypertension among military
personnel. Granado et al. (2009) classified a part of the Millennium Cohort, a population-
based random sample of 8829 previously deployed US military members as hypertensive.
However, this classification was solely based on self-report and the presence of
prescribed medications. The relatively few other investigations of the prevalence of
elevated blood pressure/hypertension among military personnel were designed so
researchers could determine if elevated blood pressure is associated with weight, gender,
genetics, tobacco, and activity (see Granado et al., 2009; Shohat et al., 1989; Smoley et
al., 2008; Wenzell et al., 2009). Hence, a research deficiency existed in terms of the
investigation of the problem regarding elevated blood pressure/hypertension and stress
among military personnel. Addressing this gap in knowledge was the reason for this

study.



My idea is that elevated blood pressure/hypertension, like any cardiovascular
disease state, could occur subject to an exposure, even a stressful combat exposure.
Additionally, an aggregation of stressful exposures occurring over a combat deployment
could compound blood pressure elevation and ultimately result in new onset of elevated
blood pressure/hypertension, or exacerbation of existing and previously controlled
elevated blood pressure/hypertension (Foraster et al., 2014; Jorgensen, 2009; Kuchel,
2003). Moreover, in response to these combat stressors, additional harm could occur
through the promotion of unhealthy behaviors that could lead to obesity, hyperlipidemia,
and nicotine dependence (Lester et al., 2010; Ray, Kulkarni, & Sreenivas, 2011; Smoley
et al., 2008).

Holman et al. (2008) found that the elevated stress experienced by people in the
United States exposed to the terror attacks of September 11, 2001 resulted in a surge in
the incidence of elevated blood pressure/hypertension diagnosed by physicians. Muller et
al. (1989) said that thromboses resulting in heart attacks, cerebrovascular accidents, and
death could be brought about or triggered by mental or physical stress such as anger,
performance of mental arithmetic, cigarette smoking, exercise and exposure to cold. It
was clear then that this study could provide additional information in the form of
objective data that was currently lacking in the scholarly literature. The results could be
important in establishing combat stress as a causal and potentially modifiable source of
elevated blood pressure/hypertension in view of the fact that it plays such a significant

role in the generation of life-threatening phenomena.



Problem Statement

Human life is fraught with hazards and risks. One of those risks is interference
with the perpetuation of internal functions that contribute to the maintenance of life. One
potential problem for humans is that blood pressure must be maintained within set
parameters. Disruption to the maintenance of blood pressure within those parameters is a
general problem that commonly occurs as a link in a sequential chain of events, as is the
case, for example, with obesity. Elevated blood pressure/hypertension involves the
development of an impairment in excretion of sodium in the urine (Hall, 2003).
Furthermore, any precipitant to elevated blood pressure/hypertension is both a real hazard
and a major life risk. Elevated blood pressure/hypertension is a central influence in the
development of many maladies, including heart, vascular, and kidney disease and
represents a principal source of acute events leading to premature death due to
occurrences such as myocardial infarctions and cerebrovascular accidents (Ezzati et al.,
2002; Kearney et al., 2005; Mensah & Brown, 2007).

Elevated blood pressure/hypertension is associated with chronic kidney
dysfunction and obesity (Hall, 2003; Hall et al., 2012). Elevated blood
pressure/hypertension has also been associated with obesity and age (Cutler et al., 2008;
Fields et al., 2004; Kannel, 2000). Stress such as that produced by exposure to combat
could generate elevated blood pressure/hypertension (Granado et al., 2009; Kuchel, 2003;
Melby, 1983).

13% of the U.S. military population have hypertension and 62% have elevated

blood pressure, suggesting that elevated blood pressure/hypertension is a problem among



military personnel (Smoley et al., 2008). Research investigating elevated blood
pressure/hypertension among military personnel is scarce. Hence, there was a deficiency
of scholarly findings regarding the specific problem of elevated blood
pressure/hypertension among military personnel.

Moreover, no research investigating elevated blood pressure/hypertension among
military personnel was examining the relationship between stress produced by exposure
to combat deployment and the new onset of elevated blood pressure/hypertension in those
same military personnel. Furthermore, there was no known research based upon objective
and appropriately time-sequenced blood pressure data regarding the relationship between
elevated blood pressure/hypertension and the stressful exposure of military personnel to
combat deployment. This study offered an opportunity to address that significant dearth
in the scholarly literature. This investigation was also an acknowledgement of the lack of
objective and temporally relevant data being used in the scholarly literature about this
subject. These data issues are fundamental to knowledge that proceeds from observations
to the deduction of probable causes.

Purpose of the Study

The purpose of this research was to describe the extent of association between
exposure to combat deployment and elevated blood pressure/hypertension (the mean of
two recorded blood pressure measurements demonstrating either a systolic blood pressure
equal to or greater than 120 mm/hg or diastolic blood pressure equal to or greater than 80
mm/hg) among U.S. military personnel who deployed to an area of declared combat

between the years 2012 and 2017. In this investigation, the dependent variable was the



deployed soldiers’ blood pressure measured in millimeters of mercury. The dependent
variable is influenced by the physical or psychological stress experienced during combat
deployment. The experience of combat deployment measured in days of combat
deployment was the primary independent variable. Additionally, I designed this study to
examine the effects produced by relationships between the dependent variable (blood
pressure levels) and other possible predictive or explanatory independent variables such
as age and BMI.

Research Questions and Hypotheses

Subsequent to a thorough assessment of the current scientific literature, analysis
of the problem, and consideration of the purpose of the study, the primary research
questions were developed to explore the extent of association that exposure to combat
deployment, being overweight/obese, and being 40 years of age or older have with
elevated blood pressure in active duty military personnel. For each research question, I
specified null (Ho) and alternative (Ha) hypotheses. Hy states personnel exposed will have
the same or lower prevalence of hypertension as those not exposed. Ha states personnel
exposed will have higher prevalence of hypertension than those not exposed.

RQI: What was the extent of the association between exposure to combat
deployment (completing greater than 30 consecutive days of deployment to a geographic
area of declared combat) and new onset elevated blood pressure/hypertension (the mean
of two recorded blood pressure measurements demonstrating either a systolic blood
pressure equal to or greater than 120 mm/hg or a diastolic blood pressure equal to or

greater than 80 mm/hg) among active duty military personnel?



Hpl: Active duty military personnel exposed to combat deployment have the
same or lower prevalence of elevated blood pressure/hypertension as those active duty
military personnel not exposed to combat deployment.

Hy1: Active duty military personnel exposed to combat deployment have a higher
prevalence of elevated blood pressure/hypertension than active duty military personnel
not exposed to combat deployment.

RQ2: What was the extent of the association between being overweight/obese
(BMI equal to or greater than 25) and new onset elevated blood pressure/hypertension
(the mean of two recorded blood pressure measurements demonstrating either a systolic
blood pressure equal to or greater than 120 mm/hg or a diastolic blood pressure equal to
or greater than 80 mm/hg) among active duty military personnel?

Hp2: Active duty military personnel exposed to being overweight/obese have the
same or lower prevalence of elevated blood pressure/hypertension as those active duty
military personnel not exposed to being overweight/obese.

Ha2: Active duty military personnel exposed to being overweight/obese have a
higher prevalence of elevated blood pressure/hypertension than those active duty military
personnel not exposed to being overweight/obese.

RQ3: What was the extent of the association between being 40 years of age or
older and new onset elevated blood pressure/hypertension (the mean of two recorded
blood pressure measurements demonstrating either a systolic blood pressure equal to or
greater than 120 mm/hg or a diastolic blood pressure equal to or greater than 80 mm/hg)

among active duty military personnel?
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Hp3: Active duty military personnel exposed to being 40 years of age or older
have the same or lower prevalence of elevated blood pressure/hypertension as those
active duty military personnel not exposed to being 40 years of age or older.

H,43: Active duty military personnel exposed to being 40 years of age or older
have a higher prevalence of elevated blood pressure/hypertension than those active duty
military personnel not exposed to being 40 years of age or older.

Conceptual Framework

The Health Determinants Model of health is the most appropriate framework for
understanding this research. This conceptual model of health describes human health as
being influenced through feedback loop relationships (VanLeeuwen, et al., 1999). The
idea is that human health is affected by the circumstances of life, including all the events
occurring over time and the physical conditions in which they are experienced. More
specifically, the feedback loop relationship of recurrent stress from the circumstances of
life and the inherent response to it is continuous change that ultimately affects health.

This study was built on Selye’s (1950) concept of the general adaption syndrome
which described one protective reaction to noxious stress as a peripheral vasoconstriction
and elevation of heart rate resulting in a rise in blood pressure. This idea was furthered by
Granado’s (2009) postulation that psychosocial stress from combat deployment could
induce and intensify high blood pressure. Ultimately, what Granado (2009) found was
service members exposed to combat were at risk for new onset hypertension.

These findings led to my idea of obtaining actual blood pressure measurements

taken on a population of active duty service members before and after deployment to see



11

if elevated blood pressure/hypertension is associated with exposure to combat
deployment. Additionally, I planned to obtain age, height, and weight measurements on
those same deploying service members to compare the associations of deployment,
obesity, and age on elevated blood pressure/hypertension. I postulated that this
information could supply evidence supporting Granado’s (2009) finding that stressors of
combat deployment produce elevated blood pressure/hypertension.
Nature of the Study

This study is a quantitative analysis of the incidence of elevated blood
pressure/hypertension occurring over time in a representative group of a larger deployed
U.S. military. It measured multiple exposures (independent variables) and one outcome
(dependent variable) over time in all the population members. The primary independent
variable was combat deployment and the other independent variables were being
overweight/obese and being old. The dependent variable was the mean of the first two
recorded blood pressure measurements collected at or after the post deployment medical
evaluation (Time 2 or T2) in comparison to the mean of the last two recorded blood
pressure measurements collected at or before the predeployment medical evaluation
(Time 1 or T1). The blood pressure data originated from recordings of objective physical
measurements by healthcare personnel during pre and post deployment physical
examinations.

Data representing these dependent and independent variables were collected from
the Defense Data Manpower Center (DMDC) database, the Military Health System Data

Repository (MDR), a Defense Health Agency (DHA) database and the Armed Forces
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Health Longitudinal Technology Application (AHLTA) electronic health record, all of

which are maintained by the DOD. This particular research was the first study
specifically including the measurements of blood pressure, height, and weight, and
recording of date of birth performed and recorded at pre- and post-deployment physical
examinations by qualified healthcare personnel rather than subjective questionnaire
answers. Granado (2009) recommended collection of objective data rather than use of
subjective questionnaires for evaluating military deployment and elevated blood
pressure/hypertension diagnosis.

Definitions

Deployment: Completing greater than 30 consecutive days of residence in a
geographical area of declared combat as defined by the U.S. Army’s Central Command
personnel deployment qualification document (Office of the Secretary of Defense, 2011).

Elevated blood pressure/hypertension: Persistently elevated blood pressure as
measured by the mean of two blood pressure recordings greater than 120mm Hg systolic
and/or 80mm Hg diastolic (Chobanian et al., 2003).

Human stress: Phenomena where certain threatening stimuli or stressors are able
to be recognized by the human body, which then subsequently is able to create a response
in reaction to the presence of those stressors (Bijlsma & Loeschcke, 2005; Dallman,
2003; Griffin & Thomson, 1998; Koolhaas et al., 2011). This reaction can occur
secondary to either a single stimulus or a sequence of elements forming a stimulating

event. Ordinarily when a person is exposed to a stressor it either immediately or
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eventually generates a measurable physiological response, such as elevated respiratory
rate, heart rate, and blood pressure.

Military personnel: Military personnel are those individuals directly serving on
active duty in any of the armed forces in the DOD (Office of the Secretary of Defense,
2011).

Normal weight: Normal weight is defined as a BMI of 24.9 or less. Overweight
and obese are defined as a BMI that is equal to or greater than 25 (Pi-Sunyer et al., 1998).

Assumptions

People self-reporting medical diagnoses and health behaviors can be influenced
by their circumstances and state of mind. These reports are usually accurate unless there
is a reason to believe that a negative consequence would arise from a truthful report or a
benefit would accompany a false report, thereby creating a self-reporting bias to answer
falsely (Brener, Billy, & Grady, 2003). An assumption is made that the information
obtained from any of the DOD databases are both accurate and precise. Another
assumption is that the overall size of the active duty U.S. military employee population
potentially subject to combat deployment by virtue of the terms of their employment
provides a sufficient heterogeneity of subject characteristics, thus increasing the
statistical power to identify associations between exposure to combat (independent
variable) and elevated blood pressure/hypertension (dependent variable).

Scope and Delimitations
This study included the process of identifying a representative target population,

and then collecting, analyzing, and interpreting data from that representative group and
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finally extrapolating the findings back to the target population as a whole. The target
population for this study included all U.S. DOD personnel (military or civilian) who
deployed to an area of declared combat operations. The inclusion criteria for the active
duty service member sample population required that individuals meet DOD specific
deployment qualifications along with recordings of blood pressure measurements (two
performed pre and two post deployment), height and weight measurements, and date of
birth. These criteria ensure the results of this study are relevant and apply to all deployed
U.S. military or civilian men and women.

The underlying theory recognized as the basis for this research was the Health
Determinants Model of health. Theories of health offer a coherency to understand how
the varied circumstances of life affect human health. Several theories were reviewed but
only one other was closely considered: health belief theory. The health belief theory
describes how a person’s unique perception of their health situation and their
environment affects their health (Rimer & Glanz, 2005). It asserts that health occurs
because of an individual’s confidence in their ability to adapt. Ultimately this theory was
not chosen because of my desire to focus on the response to stressful circumstances
irrespective of an individual’s own confidence in their ability to adapt.

Limitations

The following are design element limitations of this study which could provide
evidence of more specific associations with blood pressure changes. One was the
dependent variable evaluation based on dual pre and post deployment blood pressure

measurements, which provides for recognition of only linear changes. This design



15

prohibits discerning curvilinear trends e.g. initially normal blood pressure that elevates to
hypertensive levels secondary to a stressful event, then resolves to normal blood pressure
prior to post deployment blood pressure measurement. Another limitation was not parsing
combat and noncombat experiences and not differentiating between personally fighting
with or killing the enemy, witnessing death, and facing fear of imminent death during a
deployment. Additionally, not being able to measure the total number of deployments
that an individual service member has completed removes the researcher’s ability to
discern the impact of cumulative deployments on blood pressure. Finally, only being able
to obtain an eligible study population of 308 U.S. active duty service members instead of
the G*Power recommended sample size of 395 decreases the statistical power of this
research.
Significance

Elevated blood pressure/hypertension is a prominent risk factor for
cardiovascular disease, which is one of the greatest causes of death in the world, and yet
it is amenable to simple and relatively inexpensive medical treatment (Ezzati et al., 2002;
Kearney et al., 2005; Lopez et al., 2006; Mensah & Brown, 2007). Many of elevated
blood pressure/hypertension’s concomitant risks are a consequence of the absence of
symptoms in a great portion of people with the disease. This is the reason elevated blood
pressure/hypertension continues to have low rates of diagnosis and the reputation of
being a silent killer. However, this deadly factor can remain present even after diagnosis

because of insufficient medical therapy (Chiong, 2008).
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Deployed military service members are exposed to the unpredictability and peril
of combat and must physically and psychologically adjust to these stressful
circumstances. These adjustments are made in order to survive and thrive. One automatic
human response to experiencing combat can be a rapid elevation of heart rate and
constriction of blood vessels (al’ Absi & Wittmers, 2003; al’ Absi et al., 2002; Bruner &
Woll, 2011; Granado et al., 2009; Selye, 1950). Repeated and/or prolonged exposure to
stress stimuli generating recurrent and protracted responses may culminate in the
development of permanent elevated blood pressure/hypertension.

This study contributes knowledge regarding the extent of the association between
stressful combat deployment and new onset of elevated blood pressure/hypertension as
well as exacerbation of previously controlled elevated blood pressure/hypertension in
military personnel. Elevated blood pressure/hypertension can cause serious harm without
experiencing symptoms (Chiong, 2008). Therefore, if this disease is allowed to progress
unrecognized and untreated, then disability or death are reasonable and predictable
results.

Hence, increasing awareness in the DOD of inherent elevated blood
pressure/hypertension risk for military personnel during a combat deployment is both
conspicuous and salient in order to decrease hypertension mortality and morbidity.
Moreover, this study could increase awareness throughout the DOD about how exposure
to a combat deployment can affect soldiers’ health, encouraging individual service
members to alter risk factors for elevated blood pressure/hypertension, and inspiring

military organizations, military communities, and even U.S. society at large to initiate a
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grassroots political change to demand shorter and less frequent combat deployments.
These social adaptations are instrumental in improving wellness among deployed military
personnel.
Summary

High blood pressure is an explicit threat to personnel in the United States military
(Granado et al., 2009; Smoley et al., 2008). The occurrence of elevated blood
pressure/hypertension has multiple sources and is incurable. Moreover, only a few studies
about elevated blood pressure/hypertension in the U.S. military population have been
done, and even fewer which examine combat stress and its association with elevated
blood pressure/hypertension. The problem that generated this study was a deficiency of
information in the scholarly literature about whether hypertension has a causal link to
exposure to a combat deployment. Chapter 2 is a review of the significant literature
relevant to elevated blood pressure/hypertension in military personnel after exposure to
combat deployment as well as theories of stress and elevated blood
pressure/hypertension. Moreover, this literature review will discuss the relationship
between overweight/obesity, tobacco use, age, gender, sleep disordered breathing, mental
conditions (stress, PTSD, depression, anxiety), pain syndromes, combat exposure,
number of deployments, and alcohol/substance abuse and elevated blood

pressure/hypertension.
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Chapter 2: Literature Review
Introduction

The literature on the relationship between stress and elevated blood
pressure/hypertension is limited and scarce. As a result, many questions about the health
effects of personal stress remain unanswered. Additionally, research on stress and its
relationship to health in humans has defied many scientific attempts at explaining its
causes and effects with precision. This limitation is particularly pertinent for military
personnel who are required to experience long and successive deployments. Military
service does not come without fears of unknown vulnerabilities to physical or emotional
attack or harm.

Military men and women who actively serve in the army are a diverse group.
They come out of and typify many demographics in the United States. This makes them a
powerful and compelling research population. However, their uniqueness does not occur
as a consequence of who they are or what part of the population they represent. It relates
much more to the exposures they encounter during the discharge of their duties. These
include subjection to physical injury from environmental heat and cold, enemy gunfire
and explosives, burn pits, oil fires, viruses, bacteria, and other toxins. They also include
vulnerability to psychological trauma from fear, sleep deprivation, and seeing violence,
death, and dismemberment (Hakre et al., 2010; Helmer et al., 2007; King et al., 2011;
Petruccelli et al., 1999).

The question of how stress influences blood pressure is relevant in today’s

volatile international relations environment and by those in the military who are required
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to respond and endure long and successive deployments. Information from this review
should be of great interest and help to military commanders and planners who are
designing and strategizing ways to more effectively prepare and support military
personnel. The studies were representative and include those relevant to the military
context.

Literature pertaining to elevated blood pressure/hypertension in military personnel
after combat deployment was reviewed in this chapter to provide an appropriate
understanding of elevated blood pressure/hypertension and stress as arbiters of ill health.
Additional details are furnished regarding the contributions of stress in the genesis and
perpetuation of elevated blood pressure/hypertension, and more specifically the role
combat deployment plays in the etiology of elevated blood pressure/hypertension in
military personnel. It was derived from conveniently available and apposite research. The
purpose of this research was to describe the extent of association between exposure to
combat deployment, being old, being overweight/obese and elevated blood
pressure/hypertension among U.S. military personnel who deployed to an area of
declared combat between 2012 and 2017. This research was a quantitative investigation.

Through the referenced literature, stress was defined and explained, accompanied
by relevant historical background information. Additionally, Selye’s theory of stress was
clarified. An examination of the physiology of stress and its causes and effects was also
provided. Finally, a description of the nature of hypertension was stated, incorporating a

synopsis of its etiology and pathophysiology, its association with stress and deployment
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to an area of combat, and epidemiological research concerning hypertension in military
populations. All of these were examined as they relate to the primary research questions.
Search Strategy
A reference library of research articles was acquired from a computerized search
of health sciences databases (Medline with full Text, CINAHL Plus, PsychINFO, and
PubMed at Walden University Library) using the combination of key words—elevated
blood pressure/hypertension, stress, military, deployment, and combat for articles
published between 2008 and 2015. That search found an initial and small collection of
four full text and peer-reviewed articles per Ulrichsweb Global Serials Directory and one
ProQuest dissertation abstract. However, only one of these demonstrated a direct
correlation with this research and it was from that article a nascent list of additional
articles was initially obtained. This literature search revealed the dearth of research that
specifically considers how combat stress is associated with elevated blood
pressure/hypertension.
Conceptual Framework
The Health Determinants Model of health describes human health as being
influenced through feedback loop relationships (VanLeeuwen, et al., 1999). This
conceptual model of health states that human health is affected by the circumstances of
life, including all the events occurring over time and the physical conditions in which
they are experienced. More specifically, the feedback loop relationship of recurrent stress
from the circumstances of life and the inherent response to it is continuous change that

ultimately affects health (Walter & Ron, 2011).
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Along with determining a functional research model, it is important to remain
cognizant of real difficulties in performing medical research. Research is ultimately a
search for truth to substantiate knowledge that can then be used to decrease mortality and
morbidity. However, discovering isolated truth can create new problems. An example is
in the recognition of new risk relationships between specific factors and diseases. This is
significant because once a link is established, people desire to reduce their risk by
implementing change. The limitation is soon realized when despite change, risk for
people still exists. This is because despite having an awareness of many risks, people still
may lack a full comprehensive understanding of causation.

Another complication exists with diseased people themselves. Even when they
understand that their risk is associated with a specific exposure or behavior, eliminating
that exposure or changing themselves and what they have been doing to make their risk
go away is an arduous task. There is no shortage of examples of distraught people failing
to change their behavior even though they are well acquainted with both the hazard and
the risk.

In addition to the determinants of health model which emphasized the recurrent
effect of stress on people’s lives and an appreciation of the medical research process and
its population relevance, the conceptual framework of this research also required a
thorough understanding of stress itself. However, studying this state of physical and
psychological tension in human life is complex and its causes and effects are difficult to
explain with precision. These mystifying circumstances produce many questions that

remain objectively unanswered about the health effects of stress. Currently stress is
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commonly understood as the body’s reaction to a stressor, whether it is the prodding of a
single stimulus or the impetus of sequential factors comprising an event (Bruner & Woll,
2011; Chrousos, 2009; Cohen, Janicki-Deverts, & Miller, 2007; Dallman, 2003; Day,
2005; de Kloet et al., 2005; Joé€ls & Baram, 2009; Karatsoreos & McEwen, 2011).
Ordinarily, when a person is exposed to a stressor, it either immediately or eventually
generates a measurable physiological response, such as elevated respiratory rate, heart
rate, and blood pressure.

Selye was the architect of this idea that stress causes a physiological response in
humans (Viner, 1999). He started with Cannon's thoughts that animals respond with a
constriction of blood vessels and an elevated heart rate when they appear to experience
fear or pain (Cannon, 1932). Cannon’s thoughts, in turn, originated from Bernard's
animal vivisection experiments in physiology (Gross, 1998).

However, historically stress was a concept with a muddled scientific
understanding (Bijlsma & Loeschcke, 2005; Mustacchi, 1990). Almost as soon as it was
first absconded out of the field of physics—as a quantification of forces that could
deform metal—by Selye to use in the biological sciences, its meaning was challenged by
others (Bijlsma & Loeschcke, 2005; Griffin & Thomson, 1998; Karatsoreos & McEwen,
2011; Koolhaas et al., 2011; Rosmond, 2005). Selye initially described stress as opposing
actions of harm and protection occurring simultaneously on one another (Bijlsma &
Loeschcke, 2005; Karatsoreos & McEwen, 2011; Koolhaas et al., 2011; Rosmond, 2005;

Selye, 1950; Viner, 1999). Nevertheless, today no known broad scientific agreement
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exists as to an all-encompassing and specific definition of stress (Bijlsma & Loeschcke,
2005; Karatsoreos & McEwen, 2011; Koolhaas et al., 2011; Rosmond, 2005).

The foundational ideas upon which the concept of stress is built can be argued to
have begun with early Greek philosopher scientists (Griffin & Thomson, 1998). These
intellectual giants proposed a life that never adapts, never changes—is not normal. A
normal life is one that weathers all of life's stressful exposures, sometimes imperceptibly
and at other times dramatically, but always adapting in some measure to life's exigencies
(1998).

Bernard, because of what he saw while performing live vivisections on animals,
proposed his notion that a living body had an as of yet unidentified mixture of internal
substances with the ability to stabilize against the adverse effects of stress (Griffin &
Thomson, 1998; Gross, 1998; Rosmond, 2005). He described this ability as essential for a
life that is exposed to persistent external environmental variability. Building on Bernard's
findings, Cannon gave it a name that stuck—"homeostasis" and later advanced another
idea and name for a specific stress response—"fight or flight” (Cannon, 1932; Griffin &
Thomson, 1998; Koolhaas et al., 2011; Rosmond, 2005).

It was Selye, however, who ultimately came up with a more complete concept of
the physiology of stress with his description of a four phased stress reaction (Griffin &
Thomson, 1998; Selye, 1950; Viner, 1999). This sequential occurrence proceeds from
alarm, to resistance, then adverse effects and finally exhaustion (Griffin & Thomson,
1998; Selye, 1950). However, not everyone has been willing to placidly agree with Selye

(Bijlsma & Loeschcke, 2005; Karatsoreos & McEwen, 2011; Koolhaas et al., 2011;
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Kuchel, 2003; Mustacchi, 1990). This lack of agreement in the scientific community
resulted in a much more simplified popular understanding of stress today as a disparity
produced when external demands exceed a person's ability to handle them (Bijlsma &
Loeschcke, 2005; Koolhaas et al., 2011; Rosmond, 2005).

At the outset of this debate over stress, it was initially considered a common
reaction to any pernicious exposure (Koolhaas et al., 2011). Then the concept was
improved by differentiating the stimulus from the response (Bijlsma & Loeschcke, 2005).
Later refinement added that when humans sense the possibility of something harmful
happening (the stimulus), the brain releases chemicals which then act on specialized
nerve cells (the response). The collaboration of these separate actions composes the stress
reaction, which provides the means to adapt to change (Joéls & Baram, 2009).

Opposing that adaptation ability is the stable equilibrium which all strive to
preserve. This was classically referred to as homeostasis—a concept initially conceived
and developed by Cannon (Charney, 2004; Koolhaas et al., 2011; Neylan, 1998).
Individuals all have internal processes that though variable, are inherently designed to
maintain a stable equilibrium (Charney, 2004; de Kloet et al., 2005; Mustacchi, 1990).
Some prominent examples are the involuntary and automatic maintenance of blood
pressure and blood glucose at functional levels. Cannon contended that these processes
have individual preset limits, beyond which a physiological response occurs directed at
restoring the functional level (Karatsoreos & McEwen, 2011; de Kloet et al., 2005;

Koolhaas et al., 2011).
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A number of researchers publicly disagreed with Selye and Cannon and their
proposals of stress and homeostasis. Most by focusing their attention on what they
believe to be the vagueness of the definition and the fallacious notion that stress is a risk
to maintaining homeostasis (Day, 2005; Dickerson & Kemeny, 2004; Koolhaas et al.,
2011; Levine, 2005; McEwen, 2007; Romero, Dickens, & Cyr, 2009). Cannon’s notion
was that there are many functioning systems within the human body. For example, blood
pressure, which has preferred ranges of normality. An increase or decrease outside of that
normal range induces an automatic physiological action against it to restore the system to
its optimal level. Other researchers make the valid point that all physiological activity
relates either directly or indirectly to homeostasis (Day, 2005; Levine, 2005; McEwen,
1998; Romero et al., 2009). Therefore, understanding stress as threatening to homeostasis
lacks real meaning.

Some researchers add the idea that the perceptual processing of the stimulus is
extremely significant (Levine, 2005). Many studies neglect this aspect of the stress
response that includes the mental action or process of acquiring knowledge and filtering
understanding through thought, experience, and the senses. In fact, for many studies the
occurrence of a stress response is the evidence that implies an exposure (Armario, 2006).
Other studies and researchers, however, look at stress and the stress response as being
dependent on not only the exposure to stressors but also of the essential qualities of the
stressor like predictability, controllability and even intensity (Armario et al., 2012; Belda,

Fuentes, Nadal, & Armario, 2008; Koolhaas et al., 2011). This research agrees that the
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stress response is contingent on and determined by the essential qualities of the
predictability, controllability and even intensity of stimuli.

For example, some of these researchers portrayed stress as one of two types of
mentally and physically demanding encounters. These can be characterized by a positive
variety, which can be personally controlled and overcome, and a negative variety, which
is grim and depleting to the point of being able to cause some form of harm or injury to
the person experiencing it (McEwen, 2007). Many of these researchers also publicly state
their preference and bias for supplanting the terms stress and homeostasis with their own
terms (Karatsoreos & McEwen, 2011; Koolhaas et al., 2011; Levine, 2005; McEwen,
2007; Romero et al., 2009).

Other researchers however, even though they do not agree entirely with Seyle,
encourage the continued use and evidentiary growth of the terms stress and homeostasis
(Bijlsma & Loeschcke, 2005; Day, 2005; Dickerson & Kemeny, 2004; de Kloet et al.,
2005). For example, many subscribe to the well substantiated notion that a reaction to
stress is distinguished by two sets of mediating features characterized by the timing of
their action (Joéls & Baram, 2009). One has a rapid onset and fosters personal
attentiveness in an effort to reduce risk from a potential menace (Bijlsma & Loeschcke,
2005; Day, 2005; Dickerson & Kemeny, 2004; de Kloet et al., 2005). It also stimulates a
critical assessment of the circumstances and the selection of the most favorable plan of
action to confront and deal with the problem (Jo€ls & Baram, 2009; Karatsoreos &

McEwen, 2011).
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However, these fast-acting stress mediators are regulated to brief effects, and
therefore are not favorable for providing an extended relief from stress (Bijlsma &
Loeschcke, 2005; Joéls & Baram, 2009). The long-term reaction occurs by means of
corticosteroids producing adaptation adjustments in specific genes and modifications in
cell activity and purpose (Day, 2005; Dickerson & Kemeny, 2004; Joéls & Baram, 2009;
Karatsoreos & McEwen, 2011; de Kloet et al., 2005). This chronic form of stress reaction
can potentially foster a change in function that results in the emergence of a new disease
process such as elevated blood pressure/hypertension from repeated exposure to stressful
stimuli.

One thing not disputed is that it was Selye who developed the meaning for the
prevailing stress concept (Koolhaas et al., 2011). He was active and influential in forming
popular opinion about stress. This was so successful that soon stress became commonly
understood to be the physiological and behavioral responses to a stressor (Selye, 1950).
His notion ultimately grew into a theory of a common human adjustment to stress
(Koolhaas et al., 2011). Physiologically, this adaptation has consistent hallmarks that are
always present despite the specific origin or nature of the stress. The most important of
which are growth of the adrenal gland; degeneration of the thymus, lymph nodes, and
spleen; and disruption of the protective mucous membrane of the gastrointestinal tract
(Marine, Ruotsalainen, Serra, & Verbeek, 2006).

Additionally, the idea of the predictability, controllability, and intensity of stimuli
are central to the understanding of the stress response. This notion comes from

experiments with rats 44 years ago (Koolhaas et al., 2011; Weiss, 1972). The research
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conclusion is that it is the degree of intensity, controllability, and predictability of the
stimulus, not its actual nature that produces the stress response and generates stress
pathology (Koolhaas et al., 2011; Weiss, 1972).

The available body of facts from human research adds a concept by making a
distinct differentiation between the actual and perceived predictability and controllability
of stimuli (Koolhaas et al., 2011; Salvador, 2005). Additionally, human research
demonstrates that perception is the significant factor in the stress response (Koolhaas et
al., 2011; Salvador, 2005). The understanding from reasoning through this knowledge is
that different individuals can perceive any stimulus as either stressful or not and as one
that they have the capability and resources to adapt to or not.

One activity that makes this finding significant is animal experimentation findings
which may not equate to humans because perception could be considered different from
an animal point of view. Finally, not only is the stressful stimulus personally assessed by
its qualities of predictability and controllability, but it requires an additional evaluation
regarding its intensity. These truths demonstrate that determining the severity of a
stressor varies by the subjective nature of one’s perception and emotional state. These
personal features additionally predict the severity and pathological consequences of the
effects of stressful stimuli. A thorough understanding about the conceptual framework of
stress results in the idea that a stimulus produces a stressful response because the person
perceives the demand of that stimulus to exceed their capacity to adapt. This framework

of stress comprehension additionally means that if there is no personal perception of
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excessive demand, then the response to the stimulus is normal homeostatic physiologic
behavior.

Literature Review Related to Key Variables and/or Concepts
Physiology of Stress

Stress is universal and inescapable (Bijlsma & Loeschcke, 2005; Dallman, 2003).
Sooner or later it has an effect on everyone (Chrousos, 2009; Day, 2005; de Kloet et al.,
2005). It can create real and substantial consequences (de Kloet et al., 2005). Stress can
adversely affect mental, emotional, and physical states (Charney, 2004; Chrousos, 2009;
Cohen, Janicki-Deverts, & Miller, 2007; Joéls & Baram, 2009).

Military service members deployed to areas defined as combat zones can be
confronted with the unpleasantness of real and extensive loss, and the very intense and
personal experience of a deliberately planned threat on one's own life (Bruner & Woll,
2011). Additionally, there is an awareness of being in a position in which the chances of
winning or losing are evenly balanced. These realities intensify the physical and
psychological stress effect and generate powerful ethical dilemmas. Moreover, the
circumstances of exposure to the field of battle are often sources of great personal agony
and are experienced in an isolated context despite the presence and proximity of many
others (Bruner & Woll, 2011). Exposure to these stressful circumstances can result in
adaptation in unusual and sometimes physically costly ways (Bruner & Woll, 2011).

This adaptation to stress occurs through the sympathetic nervous system which is
initially set in motion by mental and emotional stressors recognized through visceral and

sensory stimuli in a variety of ways and can be distinguished very generally by the



30

temporal aspect of their action—fast and slow or short and long term (Joéls & Baram,
2009; de Kloet et al., 2005). The slower stress adaptation pathway is more geared toward
fueling the adaptation process and recuperating afterwards (Dickerson & Kemeny, 2004;
Joéls & Baram, 2009). While the fast, short term pathway produces immediate actions
originally conceptualized as the fight or flight response by Walter Cannon (Bracha,
Ralston, Matsukawa, Williams, & Bracha, 2004; Griffin & Thomson, 1998; Neylan,
1998).

This fight or flight response, occasionally described with the addition of a
paralysis, is a reaction to self-perceived harm (Bracha et al., 2004). It happens via the
sympathetic nervous system (SNS), which also controls other functions, such as size of
pupils and speed of digestion (Dickerson & Kemeny, 2004; Joéls & Baram, 2009).
Principally, however, it is the cardiovascular system which is affected directly through
SNS impulses and indirectly by hormones and neurotransmitters secreted from the
adrenals (Dickerson & Kemeny, 2004). Corticotropin hormones also play a role and are a
part of a cascade of effects that stimulate the adrenals to produce adrenaline (epinephrine)
and noradrenaline (norepinephrine; Dickerson & Kemeny, 2004; de Kloet et al., 2005).
Fight or flight may be the most commonly recognized of all the physiological stress
responses, but it is not the only one.

Elevated Blood Pressure/Hypertension

For the past 30 plus years, the parameters of normal adult blood pressure in the

United States have been decided upon by medical consensus through a national

committee (Chobanian et al., 2003a; James et al., 2014; Kaplan, 1998). One of the most
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recent determinations is found in the "2014 Evidence-Based Guideline for the
Management of High Blood Pressure in Adults: Report from the Panel Members
Appointed to the Eighth Joint National Committee (JNC 8)” (James et al., 2014). The
Joint National Committee (JNC) long ago established the parameters of elevated blood
pressure/hypertension as the mean of two blood pressure measurements equal to or
greater than 120 mm Hg systolic or 80 mm Hg diastolic (Chiong, 2008; Kaplan, 1998).

The report from JNC 7 in 2003, determined a new category of high blood pressure
designated as prehypertension, to range from 120 to 139 mm Hg systolic or 80 to 89 mm
Hg diastolic (Chobanian et al., 2003a, 2003b). In addition to delineating the boundaries
of prehypertension, JNC 7 also clearly declared that risk for cardiovascular disease
begins at 115/75 mm Hg—which is well below prehypertension pressures, and that risk
increases two-fold with each gain of 20/10 mm Hg (Chiong, 2008; Chobanian et al.,
2003a, 2003b). Furthermore, the risk in the United States of any person's blood pressure
reaching 120/80 mm Hg or greater at some point during their lifetime is 90% (Chobanian
et al., 2003a, 2003b).

However, the most recent change occurred in May 2018 when the American
College of Cardiology and the American Heart Association Task Force on Clinical
Practice Guidelines published their hypertension clinical practice guidelines (Whelton et
al., 2017). The blood pressure categories include normal (less than 120 mm Hg systolic
and less than 80 mm Hg diastolic), elevated (120 to 129 mm Hg systolic and less than 80
mm Hg diastolic), stage 1 hypertension (130 to 139 mm Hg systolic or 80 to 89 mm Hg

diastolic), and stage 2 hypertension (equal to or greater than 140 mm Hg systolic or equal
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to or greater than 90 mm Hg diastolic; Whelton et al., 2017). Based on these new
guidelines the definition of elevated blood pressure for use by this research was updated
to either systolic blood pressure equal to or greater than 120 mm/hg or diastolic blood
pressure equal to or greater than 80 mm/hg.

The cause of elevated blood pressure/hypertension is unknown most of the time
and when this is true it is called essential (Chiong, 2008). This name means that there is
no obvious source for the origin of the elevated blood pressure/hypertension. However,
there are potential sources of elevated blood pressure/hypertension that occur as a
function of separate disease processes or cardiovascular risks (Oparil, Zaman, &
Calhoun, 2003). Their connection to elevated blood pressure/hypertension has been well
documented and they include obesity/overweight, tobacco use, age, gender, sleep
disordered breathing, hyperlipidemia, kidney disease, cardiovascular disease, excess salt
intake, diabetes, and a persistent state of mental stress from such things as job strain,
anxiety, depression, and combat exposure/deployment (Abouzeid, Kelsall, Forbes, Sim,
& Creamer, 2012; al’Absi & Wittmers, 2003; Artinian et al., 2006; Babu et al., 2014;
Baxi, Jackson, Ritter, & Sessums, 2011; Cheung et al., 2006; Chiong, 2008; Chobanian et
al., 2003a, 2003b; Cutler et al., 2008; Devereux et al., 1983; Din-Dzietham et al., 2004;
Egan et al., 2010; Jorgensen, 2009; Kannel, 2000; Kaplan, 1998; Kottke, Stroebel, &
Hoffman, 2003; Landsberg et al., 2013; Leone, 2011; De Marco et al., 2009; Matthews,
Salomon, Brady, & Allen, 2003; Mustacchi, 1990; Oparil et al., 2003; Pickering, 2001;

Primatesta, Falaschetti, Gupta, Marmot, & Poulter, 2001; Ray et al., 2011; Scalco,
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Scalco, Azul, & Lotufo Neto, 2005; Shohat et al., 1989; Smoley et al., 2008; Stamler,

Stamler, Riedlinger, Algera, & Roberts, 1978; Stevens et al., 2001; Talukder et al., 2011).
Although there are many factors linked with elevated blood
pressure/hypertension, it appears that impairments in kidney and sympathetic nervous
system function are the predominant contributors (al’Absi & Wittmers, 2003; Oparil et
al., 2003). Therefore it is the physiological activity occurring in both the sympathetic
nervous system and adrenocortical system in response to psychosocial stress that plays
the primary role in the genesis and continuation of blood pressure elevations in service
members during combat deployment (al’ Absi & Wittmers, 2003; al’Absi et al., 2002;
Artinian et al., 2006; Babu et al., 2014; Bagnell et al., 2013; Bruner & Woll, 2011;
Dickerson & Kemeny, 2004; Din-Dzietham et al., 2004; De Marco et al., 2009).
However, from a strictly physiological perspective, elevated blood
pressure/hypertension is present only when both cardiac output is increased and
peripheral resistance is raised (Chiong, 2008; Omvik, 2015). Behind these two principal
physiologic features are an assortment of other components that influence or trigger their
action (al’Absi & Wittmers, 2003; al’Absi et al., 2002; Babu et al., 2014; Bowman,
Gaziano, Buring, & Sesso, 2007; Brooks, Horner, Kozar, Render-Teixeira, & Phillipson,
1997; Carroll, Phillips, Gale, & Batty, 2010; Cheung et al., 2005; Clark, 2000; Gelber,
Gaziano, Manson, Buring, & Sesso, 2007; Granado et al., 2009; Grimsrud, Stein, Seedat,
Williams, & Myer, 2009; Hall, 2003; Holman et al., 2008; Johannessen, Strudsholm,
Foldager, & Munk-Jergensen, 2006; Jonas & Lando, 2000; Kario, 2012; Landsberg et al.,

2013; Leone, 2011; Ray et al., 2011; Wenzell et al., 2009; Wilson, Kliewer, & Sica,
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2004). These integrate in ways that cause elevated blood pressure/hypertension to occur
distinctly in different people. Moreover, because of its complexity in development, the
occurrence of elevated blood pressure/hypertension is a process of gradual transformation
(Oparil et al., 2003).

Risks of Elevated Blood Pressure/Hypertension

Most diseases that involve the heart and blood vessels, including coronary artery
disease, stroke, and elevated blood pressure/hypertension, among others, appear to
progress slowly over a period of many years. Moreover, though these diseases may begin
relatively early, the clinical manifestations do not usually become evident until later in
life (Flaa, Eide, Kjeldsen, & Rostrup, 2008; Treiber et al., 2003). Furthermore, these
diseases produce significant morbidity and mortality in the military and worldwide. The
preponderance of and most significant contributor to cardiovascular risk globally is high
blood pressure, being responsible for approximately 50% of heart vessel disease and 65%
of brain vessel disease (Cutler et al., 2008).

Moreover, though the causes of these diseases vary, it is important to know that
most of them are preventable (Tofler & Muller, 2006). The understanding that a person’s
risk is estimated on the presence of specific risk factors is also important. However, along
with that knowledge one must be cognizant of just how well the presence of those risk
factors predicts risk (Cook, 2007). This is more important than knowing what the
sensitivity and specificity are during diagnostic testing. Because, even when diagnostic

testing is being performed, what is most important is whether the person has the disease
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or not rather than their chances of having a positive test despite whether or not they have
the disease.

If a person has high blood pressure, they probably are not concerned about
whether people who have a heart attack also have high blood pressure. Rather, what they
want to know is what is their probability or risk of having a heart attack and dying. How
well these risk factors predict the risk or probability, is more relevant information. The
important and significant question to ask is: What are the chances of developing a disease
in the future given the current risk factors? However, the problem is that these long-
established risks such as overweight/obesity, tobacco use, elevated cholesterol and family
history are unreliable at forecasting these diseases all the time. Consequently, significant
work has gone into further supplementing these known risks by identifying new
alternatives to advance knowledge and increase prevention.

This research was set in motion to explore risk of exposure to combat deployment
on otherwise normal blood pressure of active duty military personnel. Maintenance of
normal blood pressure is critical to human survival (Chiong, 2008; Chobanian et al.,
2003). Dysfunction of normal blood pressure is a perpetual possibility and can occur
associated with or as a consequence of an attribute or the actions of an array of events,
that can best be described as risks for elevated blood pressure/hypertension (Chiong,
2008; Garrison, Kannel, Stokes, & Castelli, 1987; Gelber el al., 2007; Granado et al.,
2009; Green, Jucha, & Luz, 1986; Grimsrud, Stein, Seedat, Williams, & Myer, 2009;
Holman et al., 2008; Johannessen et al., 2006; Jonas & Lando, 2000; Kannel, 2000;

Kannel, Brand, Skinner, Dawber, & McNamara, 1967; Kibler, Joshi, & Ma, 2009;
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Landsberg et al., 2013; Lavie, Herer, & Hoffstein, 2000; Li, Law, & Power, 2007;

Steptoe, 2008; Stamler et al., 1978; Vasan, Larson, Leip, Kannel, & Levy, 2001; Virdis,
Giannarelli, Fritsch Neves, Taddei, & Ghiadoni, 2010; Wenzell, Pacheco de Souzal, &
Buongermino de Souza, 2009; Wilson, Kliewer, & Sica, 2004; Young et al., 1997).
Therefore, any risk to elevated blood pressure/hypertension is a real hazard to human
survival.

Despite knowledge of these risks, a specific risk cannot always be positively
pointed to as the cause for an individual’s elevated blood pressure/hypertension.
Additionally, about 20% of the military population has elevated blood
pressure/hypertension and near 60% have prehypertension (Granado et al., 2009; Shohat,
Shohat, Mimouni, Nitzan, & Danon, 1989; Smoley, Smith, & Runkle, 2008; Wenzell et
al., 2009). Moreover, the finding of this literature search reveals a scarcity of studies
examining elevated blood pressure/hypertension and its associated risks among military
personnel (Granado et al., 2009; Shohat et al., 1989; Smoley et al., 2008; Wenzell et al.,
2009). Nevertheless, there are elevated blood pressure/hypertension risk relationships
that, though not yet confirmed in the literature as specifically associated with military
personnel, are still informative to this elevated blood pressure/hypertension research.

Following is a description of several of these elevated blood
pressure/hypertension risk relationships. The first four relationships are well established
in the scientific literature and correspond to the three research questions (al’Absi,
Lovallo, McKey, & Pincomb, 1994; al’Absi et al., 1998; al’ Absi & Wittmers, 2003;

Bevan, Tsuru, & Bevan, 1983; Buckley, Holohan, Greif, Bedard, & Suvak, 2004; Carroll,
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Phillips, Gale, & Batty, 2010; Cheung et al., 2005; Coughlin, 2011; Flaa et al., 2008;

Grimsrud et al., 2009; Hart, Heistad, & Brody, 1980; Johannessen et al., 2006; Jonas, &
Lando, 2000; Kibler, Joshi, & Ma, 2009; Light et al., 1999; Pickering, 2001; Rutledge,
2002; Scalco, Scalco, Azul, & Lotufo Neto, 2005; Scott et al., 2007). What is the extent
of the association between stress and elevated blood pressure/hypertension among
military personnel who have completed a combat deployment? Does overweight/obesity
(BMI equal to or greater than 25) alter the relationship between stress and elevated blood
pressure/hypertension among military personnel who have completed a combat
deployment? Does age alter the relationship between stress and elevated blood
pressure/hypertension among military personnel who have completed a combat
deployment? The last four relationships are commonly and anecdotally considered as
risks among health care providers but only one (sleep disordered breathing) is well
established as a risk in the literature (Brooks, Horner, Kozar, Render-Teixeira, &
Phillipson, 1997; Clark, 2000; Grote, Hedner, & Peter, 2000; Lavie et al., 2000; Nieto et
al., 2000; Peppard, Young, Palta, & Skatrud, 2000; Somers et al., 2008; Young et al.,
1997).
Risk Relation of Stress (including Mental Conditions e.g., PTSD, Depression,
Anxiety) to Elevated Blood Pressure/Hypertension

People at risk for elevated blood pressure/hypertension may demonstrate greater
responses to physical and psychological stress. This exaggerated ability to react to stress
may be the thing that imputes their heightened risk for elevated blood

pressure/hypertension (Light et al., 1999). Ordinarily the hypothalamic-pituitary-adrenal



38

(HPA) coalition of glands are energized and set in motion after an exposure to an
unfamiliar or stressful circumstance (Armario, 2006; Armario, et al., 2012; Koolhaas et
al., 2011). This causes these glands to secrete chemicals with cascading effects on the
sympathetic nervous system. This HPA activation appears amplified in some people and
that amplification of response to stress may be a risk for elevated blood
pressure/hypertension (al’Absi et al., 1994; al’Absi et al., 1998; Armario, 2006; Armario,
etal., 2012; Koolhaas et al., 2011).

The relationship of intermittent and sporadic high blood pressure to an increased
activity of the HPA glands through the production of mineralocorticoids and
glucocorticoids, such as aldosterone, cortisol and androgen is familiar, but the extent to
which this occurs in response to stress is not completely understood (Charney, 2004;
Chrousos, 2009). Some studies have demonstrated a relationship of episodic elevations of
blood pressure to a heightened functional activity of the adrenal system, which supports
the possibility that a recurrent adrenal gland reactivity to stress may represent a risk for
elevated blood pressure/hypertension (al’ Absi & Wittmers, 2003; Charney, 2004; Flaa et
al., 2008). Studies focusing on this inflated adrenal gland responsiveness, as a predictor
that elevated blood pressure/hypertension will occur later, have revealed that if a person
watchfully waits for enough years the association not only appears but grows stronger
(Charney, 2004; Chrousos, 2009; Flaa et al., 2008). It is this increase of the response to
stress itself that is the hypothesis.

It is a state of being that is characterized by recurrent and over exaggerated

responses to stress—whether they are physical or psychological—that after enough time
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is associated with an increased risk for elevated blood pressure/hypertension (Armario,
2006; Armario et al., 2012; Koolhaas et al., 2011). Of course, this could be just an
incidental finding rather than a causal relationship. One side of the concept for this
condition of amped-up responsiveness states that it probably only produces episodic
blood pressure elevations. However, the other side favors the notion that these
intermittent elevations of blood pressure could certainly bring about a new and permanent
change in vascular structure and function resulting in permanent elevated blood
pressure/hypertension (Charney, 2004; Chrousos, 2009; Flaa et al., 2008). Nevertheless,
animal experiments attempting to induce elevated blood pressure/hypertension
exclusively from those intermittent elevations of blood pressure have not been successful
(Flaa et al., 2008).

Another possible connection between this adrenal gland hyper-responsiveness to
stress and the generation of actual elevated blood pressure/hypertension is the frank
action and influence of epinephrine and norepinephrine (otherwise known as adrenaline
and noradrenaline), and dopamine, all of which are circulated during the fight-flight
response (al’Absi & Wittmers, 2003; Armario, 2006; Armario et al., 2012; Charney,
2004; Chrousos, 2009; Flaa et al., 2008; Koolhaas et al., 2011). Additionally, this
recurrent adrenalized reactivity may be associated with a perpetual increase in total
peripheral resistance from structural changes occurring in arterial vasculature which
furthers enhances the environment for the evolution and establishment of elevated blood

pressure/hypertension (Bevan, Tsuru, & Bevan, 1983; Hart, Heistad, & Brody, 1980).
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The arterial wall growth found materializing after this repeated adrenal
responsiveness, has also demonstrated a significant capacity to protect people from a
stroke when they are experiencing extremely high elevations of blood pressure (Bevan et
al., 1983; Hart et al., 1980). This protection happens as a direct result of that arterial wall
development which then is able to handle and prevent damage from those extremes of
blood pressure occurring in brain vessels. Moreover, the opposite of the original concept
is also true: that a lack of reactivity to stress attenuates arterial wall growth and therefore
avoids an increase in peripheral vessel resistance thereby subverting the onset of elevated
blood pressure/hypertension (Bevan et al., 1983; Hart et al., 1980).

A persistent state of mental stress can be caused by a variety of factors. These
factors may be external to an individual or emanate from within. Things like natural
disasters, stressful working circumstances, and a gloomy, pessimistic frame of mind are
all associated with elevated blood pressure/hypertension (Jonas & Lando, 2000;
Pickering, 2001). Additionally, people who generally express themselves in
defensiveness and anger also have an increased risk of elevated blood
pressure/hypertension (Jonas & Lando, 2000; Pickering, 2001). Chronic gloom and
pessimism can become apparent in an individual through symptoms of anxiety,
depression, or enmity. A prevailing connection between all these influences and elevated
blood pressure/hypertension is a sense of powerlessness that arises from the erosion of
personal autonomy (Jonas & Lando, 2000; Pickering, 2001).

Some researchers have found that the normal blood pressure and heart rate

response to stress is significantly intensified in the presence of post-traumatic stress
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disorder (PTSD; Buckley et al., 2004). Moreover, PTSD appears to be associated with a

greater prevalence of elevated blood pressure/hypertension when compared to other
mental conditions (Kibler, Joshi, & Ma, 2009). Some have demonstrated that PTSD is
related to elevated blood pressure/hypertension separate from depression (Kibler et al.,
2009). Others imply that the integral anxiety within PTSD is the key connection to
elevated blood pressure/hypertension (Coughlin, 2011; Grimsrud et al., 2009). While still
others have indicated that the most commonly associated mental condition related to
elevated blood pressure/hypertension is depression (Pickering, 2001; Scalco, Scalco,
Azul, & Lotufo Neto, 2005).

Independently, anxiety and depression have relationships with elevated blood
pressure/hypertension but jointly, they have a stronger relationship and weightier health
significance (Carroll, Phillips, Gale, & Batty, 2010; Scott et al., 2007). An analysis of 15
cohort studies that were each followed forward past one year demonstrated that
symptoms of chronic anger, anxiety, and depression frequently precede the incidence of
elevated blood pressure/hypertension (Rutledge, 2002). Nevertheless, the relationship
with elevated blood pressure/hypertension is even more potent if the individual has a
family history of elevated blood pressure/hypertension, is overweight or older (Cheung et
al., 2005).

However, to report the literature fairly, there is research that found no real
relationship between mental conditions and elevated blood pressure/hypertension
(Friedman et al., 2001). One large long-term study even demonstrated that people with

symptoms of anxiety and depression were found to have low blood pressure more than a
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decade later (Hildrum, Mykletun, Holmen, & Dahl, 2008). But most of the research

literature regarding this subject has demonstrated at least some association between
certain mental conditions and elevated blood pressure/hypertension (Johannessen et al.,
2006).
Risk Relation of Combat Exposure and Number of Deployments to Elevated Blood
Pressure/Hypertension

On the same note as the mental conditions (Stress, PTSD, Depression, and
Anxiety), scientific researchers have made two crucial discoveries about the relationship
between trauma experienced and a medical disorder. First, there is an incremental
association between the amount of trauma experienced and the risk of a medical disorder
(Sledjeski, Speisman, & Dierker, 2008). Second, experiencing a trauma such as direct
life-threatening combat and the occurrence of a medical disorder such as elevated blood
pressure/hypertension is best explained by the number of traumas that individual has
encountered (Sledjeski et al., 2008). Together these research findings support the notion
that repetitive traumas have a synergistically detrimental effect on physical and
psychological health.
Risk Relation of Overweight to Elevated Blood Pressure/Hypertension

The connection between the presence of elevated blood pressure/hypertension and
the state of being overweight in an individual has been well documented for more than 40
years (Bogers et al., 2007; Chiong, 2008; DeMarco et al., 2009; Drukteinis et al., 2007;
Fields et al., 2004; Gelber et al., 2007; Hall, 2003; Julius, Valentini, & Palatini, 2000;

Kannel et al., 1967; Kannel, 2000; Landsberg et al., 2013; Mensah & Brown, 2007;
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McNiece et al., 2007; Moore et al., 2005; Must et al., 1999; Ray et al., 2011; Rosmond,

2005; Salvadori et al., 2008; Stamler et al., 1978; Stevens et al., 2001; Torrance,
McGuire, Lewanczuk, & McGavock, 2007; Whelton et al., 2002; Williams et al., 1992;
Whyatt et al., 2008). Researchers have demonstrated a strong relationship of
correspondence between a person's weight and their blood pressure. The association
appears to function with whichever of the alternatives is the case; if weight is gained
increases in blood pressure are frequently the result and if weight is lost the relationship
often is with a decrease in blood pressure. However, there is research demonstrating that
elevated blood pressure/hypertension precedes weight gain, which may seem
contradictory to the usual concept that weight gain precedes elevated blood
pressure/hypertension (Julius et al., 2000).

These discoveries imply the existence of a physiological process that results in a
response associated with alterations in blood pressure and in weight (Bogers et al., 2007;
Chiong, 2008; DeMarco et al., 2009; Drukteinis et al., 2007; Fields et al., 2004; Gelber et
al., 2007; Hall, 2003; Julius et al., 2000; Kannel et al., 1967; Kannel, 2000; Landsberg et
al., 2013; Mensah & Brown, 2007; McNiece et al., 2007; Moore et al., 2005; Must et al.,
1999; Ray et al., 2011; Rosmond, 2005; Salvadori et al., 2008; Stamler et al., 1978;
Stevens et al., 2001; Torrance et al., 2007; Whelton et al., 2002; Williams et al., 1992;
Wyatt et al., 2008). What is not known is whether this relationship between weight and
blood pressure is causal or not. Moreover, if it is a causal relationship, from which
element does the causation originate? Or do each of the components have the ability to

produce a separate physiological response?
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Risk Relation of Age to Elevated Blood Pressure/Hypertension

Some researchers have characterized age related variation in blood pressure in the
general population as both normal blood pressure and high blood pressure. The results of
that characterization demonstrate a progressive increase in blood pressure as people age
(Franklin et al., 1997; Kahn, Medalie, Neufeld, Riss, & Goldbourt, 1972; Rodriguez,
Labarthe, Huang, & Lopez-Gomez, 1994; Vasan et al., 2001). Another feature of age-
related blood pressure change is that those with the highest initial systolic blood pressure
measurements have chronically higher and more significant elevated blood
pressure/hypertension than those with only mildly elevated initial blood pressures. This is
consistent with the occurrence of the gradual expansion of large artery stiffness (Franklin
et al., 1997). Other researchers show that people who maintain a normal blood pressure
even up to the age of 55, are subject to a 90% risk of elevated blood
pressure/hypertension throughout the remainder of their life (Chobanian et al., 2003;
Kottke et al., 2003).

Risk Relation of Sleep Disordered Breathing to Elevated Blood
Pressure/Hypertension

The relationship between sleep disordered breathing (which includes obstructive
sleep apnea) and elevated blood pressure/hypertension has also been well substantiated
(Brooks, Horner, Kozar, Render-Teixeira, & Phillipson, 1997; Clark, 2000; Grote et al.,
2000; Lavie et al., 2000; Nieto et al., 2000; Peppard et al., 2000; Somers et al., 2008;
Young et al., 1997). This association has also been demonstrated to be independent of

other potentially confounding variables (Brooks et al., 1997; Peppard et al., 2000; Somers
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et al., 2008; Young et al., 1997). The correspondence revealed between the two is one in
which the effect of elevation of blood pressure relates directly to the amount of time a
person is exposed to sleep disordered breathing (Brooks et al., 1997; Peppard et al., 2000;
Somers et al., 2008; Young et al., 1997). Moreover, sleeping 5 or less hours a night also
correlates with an increased risk of elevated blood pressure/hypertension (Cappuccio et
al., 2007).
Risk Relation of Tobacco Use to Elevated Blood Pressure/Hypertension

Researchers have been unable to explicitly substantiate the relationship between
tobacco use and elevated blood pressure/hypertension (Thuy et al., 2010; Virdis et al.,
2010). The crucial question is whether tobacco use precipitates elevated blood
pressure/hypertension along with its accompanying adverse effects or not. The question
of causality in this relationship has been explored, but its answer remains unsettled (Thuy
et al., 2010; Virdis et al., 2010). Some researchers demonstrate, rather counter intuitively,
that tobacco use is predominantly associated with levels of blood pressure that are
comparatively lower than what is associated with those who do not use tobacco (Green et
al., 1986; Omvik, 2015; Thuy et al., 2010). This is despite the common physiological
finding that tobacco use typically produces a significant although short lived rise in blood
pressure (Leone, 2011; Minami, Ishimitsu, & Matsuoka, 1999; Primatesta, Falaschetti,
Gupta, Marmot, & Poulter, 2001; Thuy et al., 2010; Virdis et al., 2010).

Other researchers only partially agree, by demonstrating that the normal
physiological findings associated with tobacco use are ephemeral (Groppelli, Giorgi,

Omboni, Parati, & Mancia, 1992; Virdis et al., 2010). However, that does not signify that
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all tobacco users have lower blood pressure than non-tobacco users. Some researchers are
unable to identify any significant independent association between tobacco use and
elevated blood pressure/hypertension (Primatesta, 2001). While others have established
that persistent tobacco use over the long term characteristically produces not only a
persistent elevation of blood pressure but also a fixed or permanent hypertensive state
(Doroszko, Andrzejak, & Szuba, 2011; Giles, Sander, Nossaman, & Kadowitz, 2012;
Groppelli, Giorgi, Omboni, Parati, & Mancia, 1992; Talukder et al., 2011; Thuy et al.,
2010).
Risk Relation of Gender to Elevated Blood Pressure/Hypertension

Research findings on the relationship of gender to the control of elevated blood
pressure/hypertension have lacked consistency. Some researchers have found gender to
be a characteristic that is associated with differences in blood pressure control (Knight et
al., 2001). Some even learn that control of elevated blood pressure/hypertension is more
strongly associated with being female (Knight et al., 2001; Ornstein, Nietert, &
Dickerson, 2004). However, others report that being female decreases the likelihood of
control of elevated blood pressure/hypertension (Majernick, Zacker, Madden, Belletti, &
Arcona, 2004). While still other researchers find no gender differences (Hicks et al.,
2004). This leaves a data record on this point that is paradoxical and incongruous
(Chiong, 2008).
Risk Relation of Pain Syndromes to Elevated Blood Pressure/Hypertension

Researchers have reported that blood pressure reacts in the opposite direction of

perception and sensitivity to pain in healthy individuals (Bruehl, Chung, Ward, Johnson,
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& McCubbin, 2002; Campbell, Hughes, Girdler, Maixner, & Sherwood, 2004; France,

1999). Elevated blood pressure appears to be associated with significantly higher pain
thresholds, lower pain ratings and lower pain sensitivity (Bruehl et al., 2002; Campbell et
al., 2004; France, 1999). This hypoalgesia may have a mutual relationship with an
abnormality in how the central nervous system regulates the heart and blood vessels and
pain perception (France, 1999). Implying that hypoalgesia precedes and is therefore not
an effect of elevated blood pressure/hypertension and possibly making it useful in
identifying individuals at risk for elevated blood pressure/hypertension.
Summary

The concept of stress started with an understanding that exposures cause us to
alter the way we live (Griffin & Thomson, 1998). Eventually researchers found that stress
causes a release of chemicals that cause other effects on specialized cells (Joéls & Baram,
2009). These physiological actions and reactions are thought to provide humans the
means to adapt (Joéls & Baram, 2009). Repetitive exposures to stress may even
accumulate their effects over the time. These powerful stressful circumstances may
generate diseases such as elevated blood pressure/hypertension (Lester et al., 2010; Ray
et al., 2011; Sharp et al., 2008; Thomsen, Stander, McWhorter, Rabenhorst, & Milner,
2011).

Elevated blood pressure/hypertension exists in the U.S. military and contributes to
the development of serious diseases and premature deaths (Granado et al., 2009; Kearney
et al., 2005; Lopez et al., 2006; Mensah & Brown, 2007; Smith et al., 2008; Smoley et al.,

2008; Wenzell et al., 2009). Unfortunately, there are not many studies on elevated blood
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pressure/hypertension in the military and only one about stress and elevated blood
pressure/hypertension (Granado et al., 2009; Smith et al., 2008; Smoley et al., 2008;
Wenzell et al., 2009). The knowledge gap is clear—no researcher to date had gathered
appropriately time sequenced blood pressure data regarding the relationship between
elevated blood pressure/hypertension and the stressful exposure of military personnel to a
combat deployment. This research addressed the issue of temporality, which is
fundamental to a posteriori knowledge that proceeds from observations to the deduction
of probable causes.

Beyond stress is the finding that many other factors are risks to the development
of elevated blood pressure/hypertension (Chiong, 2008; Fields et al., 2004; Guo et al.,
2012; Landsberg et al., 2013; De Marco et al., 2009; Qureshi, Pyne, Magruder, Schulz, &
Kunik, 2009; Ray et al., 2011). These associated hazards are described in scholarly
literature and they include obesity, tobacco use, age, gender, sleep disordered breathing,
hyperlipidemia, kidney disease, cardiovascular disease, excess salt intake, diabetes, and a
persistent state of mental stress from such things as job strain, anxiety, depression, and
combat exposure/deployment (Abouzeid, Kelsall, Forbes, Sim, & Creamer, 2012; al’ Absi
& Wittmers, 2003; Artinian et al., 2006; Babu et al., 2014; Baxi, Jackson, Ritter, &
Sessums, 2011; Cheung et al., 2006; Chiong, 2008; Chobanian et al., 2003a, 2003b;
Cutler et al., 2008; Devereux et al., 1983; Din-Dzietham et al., 2004; Egan et al., 2010;
Jorgensen, 2009; Kannel, 2000; Kaplan, 1998; Kottke et al., 2003; Landsberg et al., 2013;
Leone, 2011; De Marco et al., 2009; Matthews, Salomon, Brady, & Allen, 2003;

Mustacchi, 1990; Oparil et al., 2003; Pickering, 2001; Primatesta, Falaschetti, Gupta,
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Marmot, & Poulter, 2001; Ray et al., 2011; Scalco, Scalco, Azul, & Lotufo Neto, 2005;

Shohat et al., 1989; Smoley et al., 2008; Stamler et al., 1978; Stevens et al., 2001;
Talukder et al., 2011). Chapter 3 provides information about the research methods used

for this study.



50
Chapter 3: Research Method

Introduction

The purpose of this research was to describe the extent of association between
exposure to combat deployment, being 40 or older, or being overweight/obese, and
elevated blood pressure among U.S. military personnel who were deployed to an area of
combat between 2012 and 2017. This chapter contains the relevant research design and
rationale of the study. It additionally includes the methodology, identification of the
research population, and procedures carried out to obtain the desired population sample.
Finally, this chapter records potential threats to the validity of the research and important
ethical issues that were considered during research and a summary.

Research Design and Rationale

This study was an analysis of the incidence of elevated blood pressure occurring
over time in a source population of active duty service members and DOD personnel. The
epidemiologic advantage and strength of an incidence study design such as this is that it
initially identifies an outcome free source population, thereby creating a homologous
baseline population characteristic. Additionally, and still prior to any occurrence of
outcome, it categorizes this source population as a cohort with distinct exposures, e.g.
combat deployment, BMI > 25, and age > 40. Finally, it quantifies the occurrence of the
outcome concurrent with the passage of time in each of the groups. These design
elements are crucial to establishing a direct temporal relationship of exposure to outcome

and thereby providing powerful information for the deduction and discovery of causality.
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The single dependent variable was soldiers’ blood pressure. This investigation
considered several independent variables, primarily deployment status, but secondarily
BMI and age. These other explanatory or predictor independent variables were collected
from the MDR and MART or M2 database, MODS, and AHLTA electronic medical
record. They also had time series collections (T1 and T2). However, unlike the dependent
variable, dual measurements at each time series were not required. T1 was predeployment
and T2 post deployment. This time series collection of the independent variables allowed
for a more detailed influence comparison between each of the variables as an effect on
the change noted in the dependent variable.

The presence of multiple independent variables and their impact on outcomes
could introduce doubt and confusion. When the effects of different variables cannot be
parsed, the variables are said to be confounded. In the performance of observational
research, all variables are confounded with one another to some extent and the important
analytical task is to untangle the comingled influence of several of these variables that
may be measured at the same time.

The data representing dependent, independent, and confounding variables were
collected electronically from the MDR and MART or MDR/M2 database, MODS, and
AHLTA electronic medical record. This research was the first and only study to date that
specifically included actual blood pressure measurements performed and recorded at pre
and post deployment times by qualified healthcare personnel rather than from a self-
related questionnaire answer. What the acquisition of actual blood pressure

measurements accomplished was an increase in validity and reliability compared to
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previous studies that only had access to subjective information from questionnaires. The
primary time and resource constraints found in conducting this research were the single
student researcher performing all the research tasks and the additional bureaucracy
encountered when dealing with the DOD which required multiple organizational
contacts, filling of government forms, and obtaining multiple layers of permission, all of
which added considerably to the time burden of performing the study.
Methodology

Population

The source population consisted of U.S. Army active duty service members
deployed between 2012 and 2017. According to the Office of the Deputy Under Secretary
of Defense (2012), the U.S. Army had 561,000 service members on active duty as of
November 2012. This research uses the U.S. Central Command’s definition of combat
deployment for medical purposes, which was: “travel to or through the U.S. Army
Central Command’s area of responsibility (AOR), with expected or actual time in country
(AKA “boots on ground”) for a period of greater than 30 days” (Office of the Secretary
of Defense, 2011, para.15.A.1). For a reference population, I used the average number of
active duty service members deployed to a combat area of operations during 2012. I also
used the Congressional Research Service Report for Congress which provided the
average monthly boots on the ground population in Afghanistan and Iraq for FY 2012
was 67,500 (Belasco, 2009). Extrapolating the size of the deployed military population

over 5 years, based upon the further assumption that the average deployment lasts 12
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months, the final approximate tally was 67,500 X 5 = 337,500 total subjects deployed

over the 5-year period between 2012 and 2017.
Sample and Sampling Procedures

The repository of information for the population and variables analyzed in this
research ultimately was collected from the DMDC database, the MDR, a U.S. Army
Medical Department (AMEDD) Patient Administration Systems and Biostatistics
Activity (PASBA) database and the AHLTA electronic health record, all of which are
maintained by the DOD. The sample population was initially derived from a population
of individual active duty service members selected from the DMDC database who met
DOD deployment qualifications and who ultimately deployed to a geographical area of
declared combat during the years of 2012-2017 (Office of the Secretary of Defense,
2011). From that initial selection the MDR/M2 database, MODS and AHLTA were
utilized to ensure each individual also had recordings of blood pressure measurements
(two performed pre and two post deployment), height and weight measurements, and date
of birth. This allowed the formation of a cohort of medically qualified military personnel
who ultimately deployed to combat and also had recorded data points necessary for
answering the three research questions.

The sample size was determined by computer calculation using statistical power,
level of probability or statistical significance (p), and effect size or practical significance.
The statistical power was set at 0.8, which is an 80% probability of correctly rejecting the
null hypothesis when it is false or by implication an 80% probability of correctly

detecting a relationship between independent and dependent variables. The level of
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probability or statistical significance (p) was set at 0.05, which is a 5% probability of
incorrectly rejecting the null hypothesis when it is true or by implication a 5% probability
of incorrectly detecting a relationship between independent and dependent variables
when none exists. The practical significance or effect size was set at 0.2, which is the
magnitude of difference or correlation occurring between independent and dependent
variables. A small effect would only take 1/5 of a standard deviation unit to demonstrate
a difference or correlation. Based upon a G*Power Version 3.1.6 estimate of multiple
regression with power set at .80 and probability set at .05, using 3 predictors
(deployment, age, and body mass index), a small size effect (.02) would be detectable
using a sample size of 395.
Inclusion and Exclusion Criteria

The inclusion criteria for the source population required that the individual
subjects be active duty service members and normotensive as evidenced by the mean of
two recorded blood pressure measurements less than 120 mm Hg systolic and 80 mm Hg
diastolic performed prior to deployment and closest to the time of their predeployment
medical evaluation. Additionally, the deployment group must subsequently have
completed greater than 30 consecutive days of deployment at least once during the years
2012-2017 to a geographical area of declared combat as defined by the U.S. Army's
Central Command in its deployment publication (Office of the Secretary of Defense,
2011). Source population subjects were excluded if at the time of their predeployment
medical evaluation the mean of their two recorded blood pressure measurements was

equal to or greater than 120 mm Hg systolic or 80 mm Hg diastolic.
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Data Collection

The DHCAPE Division promotes and sustains an evidence founded approach to
management for the DHA. The goal of the DHCAPE is to provide analyzed data to the
MHS to improve the delivery of healthcare to DOD recipients. The AMEDD, PASBA
provides access to that information through the MDR and MART or M2, which are the
database and analysis tools used by DHCAPE to perform these functions. Moreover,
MDR/M2 provides the AMEDD with a consolidated on-line computerized application
that comprehensively handles all aspects of the medical data pertaining to the life of a
soldier during war and peace.

The population for this study was followed forward from predeployment until at
least the time of their post deployment medical evaluation in order to establish the
incidence of elevated blood pressure, and additionally to untangle the co-mingled
influence of the independent and extraneous variables that were measured at the same
time. The data for this research was secondary data that was previously collected for
other reasons in the MDR/M2 database. This data was accessed only after approval was
granted through a DoD Data Sharing Agreement and a Walden IRB was accomplished. A
PASBA statistician de-identified all data records prior to release to the primary
investigator, thereby negating any risk of inadvertent public release of private medical

information.
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Operationalization of Variables
Blood Pressure

The dependent variable was a deployed service member’s blood pressure. More
specifically it was the mean of two blood pressure measurements taken temporally near
each of the respective time series: T1 (time series one) a and b and T2 (time series 2) a
and b. This arithmetic mean calculated from the double collection of blood pressure
measurements for each of the time series was required for the proper classification of
elevated blood pressure/hypertension or normotension (Chobanian et al., 2003a; Whelton
et al., 2017). T1 measurements consisted of one measurement (T1a) performed prior to
and one (T1b) during the predeployment medical evaluation. T2 measurements were one
measurement (T2a) performed during and one (T2b) after the post deployment medical
evaluation.

Blood pressure data originated from recordings of objective physical
measurement accomplished by health care personnel. It was collected in a continuous
data form, as a result of a query of the AHLTA electronic health record for uniformed
services members, from the MDR and MART or M2 commonly designated MDR/M2 as
Vitals outpatient data. Blood pressure data was recorded in categorical form and
designated as either: normotension (systolic BP less than 120 mm Hg and diastolic BP
less than 80 mm Hg) or elevated blood pressure/hypertension (systolic blood pressure
120 mm/hg or greater or a diastolic blood pressure 80 mm/hg or greater; Chobanian et al.,

2003a; Whelton et al., 2017).



57
Combat Deployment

The independent variable, combat deployment, was confirmed objectively
through a query of the Contingency Tracking System (CTS) File from MDR/M2 as
Comprehensive Ambulatory/Professional Encounter Record (CAPER) outpatient data.
This data represents exposure to a combat deployment. This exposure classification was
collected and recorded as categorical data and designated as either: combat deployment
or no combat deployment. Combat deployment was confirmation of travel to or through a
U.S. Army Central Command (USCENTCOM) area of responsibility (AOR), and more
specifically to or through a USCENTCOM geographical area of declared combat, such as
Afghanistan, with actual time in country (AKA “Boots On Ground”) for a period of
greater than 30 days, at least once during the years 2012-2017 (Office of the Secretary of
Defense, 2011).

Age in Years

The independent variable, age, was collected as a result of a query of the Armed
Forces Health Longitudinal Technology Application (AHLTA- the electronic health
record for uniformed services members), from the MDR/M2 as Comprehensive
Ambulatory/Professional Encounter Record (CAPER) outpatient data. This data
represents exposure to advancing age in a military environment as noted by
cardiovascular screening required at age 40 in Army Regulation 40-501: Medical
Services-Standards of Medical Fitness and Modification 11 to CENTCOM's
Individual/Unit protection and deployment policy (U S Army, 2011; Office of the

Secretary of Defense, 2011). It was collected in a continuous data form as age in whole
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years determined at the time of the predeployment physical examination by the service
member’s date of birth. This exposure classification was recorded in a categorical data
form and designated as either: less than 40 years old, or equal to or greater than 40 years
old.
Body Mass Index

The independent variable, height and weight or body mass index (BMI), was
collected as a result of a query of the Armed Forces Health Longitudinal Technology
Application (AHLTA- the electronic health record for uniformed services members),
from the MDR/M2 as Comprehensive Ambulatory/Professional Encounter Record
(CAPER) outpatient data. This data represents exposure to a specific body mass index.
This exposure classification was recorded as categorical and designated as: normal (BMI
less than 25), or overweight/obese (BMI equal to or greater than 25) in accordance with
National Heart Lung and Blood Institute guidelines (Pi-Sunyer et al., 1998).

Data Analysis Plan

All of the statistical data analysis performed during the process of this research
was conducted on the IBM computer software program called Statistical Package for the
Social Sciences (SPSS) version 21. Primarily this study allowed a determination of the
incidence of elevated blood pressure in the source population cohort that was exposed to
a combat deployment. This was accomplished by discovering if elevated blood pressure
was statistically associated with exposure to a combat deployment. Additional data
analysis enabled the establishment of whether elevated blood pressure was statistically

associated with advancing age or an elevated body mass index.
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Univariate Analysis

Initially I examined of the all study variables at the univariate level providing
descriptive statistics. Next, I performed categorical analysis on the variables of combat
deployment, age, BMI, and blood pressure essentially describing how many (number and
percentage) study participants fell into each category within the variable. No continuous
variable analysis was conducted even though age was collected in continuous data form
because I recorded and analyzed in categorical data form.

Bivariate Analysis

After the univariate analysis, I conducted bivariate analysis. This enabled the
examination of single relationships between independent and dependent variables without
the influence of other variables. This was done so I could identify the need of whether to
include those variables as covariates in multivariate testing, and to enable statistical
control for the influence of that variable in the final stage of analysis, multivariate testing.
There was suspicion that the covariate independent variables (age and BMI), not just the
primary independent variable (combat deployment), were also associated with the
dependent variable (blood pressure).

It was important to identify if these covariate independent variable relationships
existed and to then account for their effects on the dependent variable by including them
in the final multivariate model after bivariate analysis. When the effects of a primary
independent variable and a covariate independent variable cannot be separated, the
variables are said to be confounded. In observational studies, all variables are generally

confounded with one another to some extent and the analytical task is to untangle the co-
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mingled influence of many variables that are measured at the same time with the use of
bivariate and then multivariate testing.

Bivariate analysis determines how two variables associate or correlate. The choice
regarding which bivariate test to use is based on the specific structural mix of each
variable set—continuous and/or categorical. Chi-square testing is used when there are
two categorical variables (Forthofer et al., 2007). In the current study, all of the variables
were categorical, which means that Chi-square analysis met the data analysis needs. The
application and interpretation of Chi-square testing for each research question follows.

RQI: What was the extent of the association between exposure to combat
deployment (completing greater than 30 consecutive days of deployment to a geographic
area of declared combat) and new onset elevated blood pressure/hypertension (the mean
of two recorded blood pressure measurements demonstrating either a systolic blood
pressure equal to or greater than 120 mm/hg or a diastolic blood pressure equal to or
greater than 80 mm/hg) among active duty military personnel?

Hyl: Active duty military personnel exposed to combat deployment have the
same or lower prevalence of elevated blood pressure/hypertension as those active duty
military personnel not exposed to combat deployment.

Hy1: Active duty military personnel exposed to combat deployment have a higher
prevalence of elevated blood pressure/hypertension than active duty military personnel
not exposed to combat deployment.

For RQI, bivariate analysis using Chi-square testing determined if and how

(which direction—positive or negative) blood pressure was significantly associated with
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combat deployment. Chi-square testing was selected because it is the appropriate test for
two categorical variables. In Chi-square correlation, there are two crucial details, the
statistical significance and the distribution of cases within categories. It was essential first
to identify if the relationship was statistically significant. In the Statistical Package for the
Social Sciences (SPSS), statistical significance for Chi-Square is found on the Pearson
Chi-Square line in the column labeled “Asymp. Sig. (2-sided)”. This data can either
confirm or reject the relationship. To confirm a statistically significant relationship the
value must be less than .05.

Subsequently, it was important to analyze how the cases within the categories
were distributed to determine the nature of their relationship. SPSS has a “Cross-
tabulation” box where each variable is listed and the sections inside each variable are
cross-tabulated. Here it was critical to ascertain how the cases and percentages varied
within these subsections of cross-tabulated variables. This data can confirm and specify
the direction of the relationship between the variables.

If cross tabulation revealed a higher percentage of those who were exposed to
combat deployment were hypertensive relative to those not exposed to combat
deployment, then this would specify a positive relationship between combat deployment
exposure and elevated blood pressure/hypertension. It would also confirm the alternative
hypothesis, H41: Active duty military personnel exposed to combat deployment, have a
higher prevalence of elevated blood pressure/hypertension than do those active duty

military personnel not exposed to combat deployment.
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On the other hand, if cross tabulation revealed that a higher percentage of those
exposed to combat deployment were normotensive relative to those not exposed to
combat deployment, then this would indicate a negative relationship between combat
deployment and elevated blood pressure/hypertension. It would also confirm the null
hypothesis, Hyl: Active duty military personnel exposed to combat deployment have the
same or lower prevalence of elevated blood pressure/hypertension as those active duty
military personnel not exposed to combat deployment.

RQ2: What was the extent of the association between being overweight/obese
(BMI equal to or greater than 25) and new onset elevated blood pressure/hypertension
(the mean of two recorded blood pressure measurements demonstrating either a systolic
blood pressure equal to or greater than 120 mm/hg or a diastolic blood pressure equal to
or greater than 80 mm/hg) among active duty military personnel?

Hp2: Active duty military personnel exposed to being overweight/obese have the
same or lower prevalence of elevated blood pressure/hypertension as those active duty
military personnel not exposed to being overweight/obese.

H,42: Active duty military personnel exposed to being overweight/obese have a
higher prevalence of elevated blood pressure/hypertension than those active duty military
personnel not exposed to being overweight/obese.

For RQ2, bivariate analysis using Chi-square testing determined if and how
(which direction—positive or negative) blood pressure was significantly associated with
BMI. Chi-square testing was selected because it is the appropriate test for two categorical

variables. Again, it was essential first to identify if the relationship was statistically
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significant. To confirm a statistically significant relationship between BMI and blood
pressure, the value found in SPSS on the Pearson Chi-Square line in the column labeled
“Asymp. Sig. (2-sided)” must be less than .05.

Next, it was important to determine the nature of the relationship between BMI
and blood pressure. If cross tabulation revealed a higher percentage of those who were
overweight/obese (BMI equal to or greater than 25) were also hypertensive relative to
those who were normal weight (BMI less than 25), then this would specify a positive
relationship between overweight/obese (BMI equal to or greater than 25) and elevated
blood pressure/hypertension. It would also confirm the alternative hypothesis, H42:
Active duty military personnel exposed to being overweight/obese (BMI equal to or
greater than 25) have a higher prevalence of elevated blood pressure/hypertension than do
those not exposed to being overweight/obese (BMI equal to or greater than 25).

On the other hand, if cross tabulation revealed a higher percentage of those
overweight/obese (BMI equal to or greater than 25) service members were normotensive
relative to those who were normal weight (BMI less than 25), then this would indicate a
negative relationship between overweight/obese (BMI equal to or greater than 25) and
elevated blood pressure/hypertension. It would also confirm the null hypothesis, Hy2:
Active duty military personnel exposed to being overweight/obese (BMI equal to or
greater than 25) have the same or lower prevalence of elevated blood
pressure/hypertension as those not exposed to being overweight/obese (BMI equal to or

greater than 25).
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RQ3: What was the extent of the association between being 40 years of age or
older and new onset elevated blood pressure/hypertension (the mean of two recorded
blood pressure measurements demonstrating either a systolic blood pressure equal to or
greater than 120 mm/hg or a diastolic blood pressure equal to or greater than 80 mm/hg)
among active duty military personnel?

Hp3: Active duty military personnel exposed to being 40 years of age or older
have the same or lower prevalence of elevated blood pressure/hypertension as those
active duty military personnel not exposed to being 40 years of age or older.

H,3: Active duty military personnel exposed to being 40 years of age or older
have a higher prevalence of elevated blood pressure/hypertension than those active duty
military personnel not exposed to being 40 years of age or older.

For RQ3, bivariate analysis using Chi-square testing determined if and how
(which direction—positive or negative) blood pressure was significantly associated with
age. Chi-square testing was selected because it is the appropriate test for two categorical
variables. Once again, it was essential first to identify if the relationship was statistically
significant. To confirm a statistically significant relationship between age and blood
pressure, the value found in SPSS on the Pearson Chi-Square line in the column labeled
“Asymp. Sig. (2-sided)” must be less than .05.

Next, it was important to determine the nature of the relationship between age and
blood pressure. If cross tabulation revealed a higher percentage of those 40 years of age
or older were hypertensive relative to those less than 40 years of age, then this would

specify a positive relationship between being 40 years of age or older and elevated blood
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pressure/hypertension. It would also confirm the alternative hypothesis, H.3: Active duty
military personnel exposed to stress by being 40 years of age or older have a higher
prevalence of elevated blood pressure/hypertension than do those not exposed to stress by
being 40 years of age or older.

On the other hand, if cross tabulation revealed that a higher percentage of those
40 years of age or older were normotensive relative to those were less than 40 years of
age, then this would indicate a negative relationship between being 40 years of age or
older and elevated blood pressure/hypertension. It would also confirm the null
hypothesis, Hy3: Active duty military personnel exposed to stress by being 40 years of
age or older, have the same or lower prevalence of elevated blood pressure/hypertension
as those not exposed to stress by being 40 years of age or older.
Multivariate Analysis

It is important to note that bivariate testing cannot establish whether the primary
independent variable or the other secondary covariate variables are the strongest
predictors of the dependent variable. This requires analysis of the influences of all the
independent variables at once on the dependent variable. Multivariate analysis can
accomplish this and is considered a distinctive feature of modern empirical research.

During the multivariate part of the data analysis, binary logistic regression was
used to assess odds ratios, of exposure to combat deployment, being overweight/obese
(BMI equal to or greater than 25), and being 40 years of age or older, among military
personnel to have elevated blood pressure. Odds Ratio assessments were formulated into

statements that the presence of the variable in question was x times more or less likely to
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result in elevated blood pressure relative to its absence. Subsequent to this multivariate
analysis, relative comparisons were made of which were the strongest predictors of
elevated blood pressure in military personnel.

Fundamental to proper interpretation of binary logistic regression analysis was the
identification of the statistical significance of the model. In the SPSS, this statistical
significance is found in the “Omnibus Tests of Model Coefficients” box. To confirm a
statistically significant regression model the value in the intersection of the last row
“Model” and the last column “Sig.” had to be less than .05.

It was equally important to understand the relationships between the independent
and dependent variables in the model. The details of these relationships are found in the
SPSS “Variables in the Equation” box. Again, it was crucial to initially ascertain that the
significance for each predictor in the “Sig.” column was less than .05. Subsequently the
“B” (beta) column was analyzed for the values of each independent variable, recognizing
that positive and negative values represented positive and negative relationships with the
dependent variable.

Finally, the researcher examined the “Exp (B)” column, which contains the odds
ratios. This represents how many times more or less likely elevated blood
pressure/hypertension occurred based on the presence of one of the independent

¢ 9

variables. Negative relationships noted in the “B” column with a “-” corresponded to
“Exp (B)” values less than 1. In those cases, dividing the number 1 by the “Exp (B)”

value that was less than 1 provided the Odds Ratio.
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The preparation of data prior to data analysis included that all test assumptions for
regression were met, including checks of the linearity between variables,
multicollinearity, heteroscedasticity, and normal distributions among continuous
variables.

Threats to Validity

Validity refers to the trustworthiness of research findings. However, validity is
not an exclusive either-or condition but one of scope (Messick, 1987). Therefore, valid
research conclusions are reliable in the sense that to the degree currently possible for the
researcher they represent reality as it exists. This, by logical extension, also conveys the
idea that factors exist that are able to diminish the validity of a research conclusion.

Internally, this research was validated through the strength of inference of
causality between combat deployment and elevated blood pressure/hypertension.
Initially, causality was substantiated by application of the exclusion criteria which
established the temporal occurrence of combat deployment antecedent to elevated blood
pressure/hypertension. Subsequently, the covariation of combat deployment and elevated
blood pressure/hypertension was confirmed through bivariate analysis using Chi-square
testing and multivariate analysis through the application of binary logistic regression.
Finally, a spurious relationship was rebutted by controlling for the most plausible
alternate relationships with age and body mass index.

The research obtained external validation by confirming that the new onset of
elevated blood pressure/hypertension, observed and measured under ordinary combat

deployment circumstances, in a group of 308 U.S. military personnel, during and after
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their exposure to a combat deployment, from 2012-2017, could be broadly inferred to
transpire in other deployment locations, military personnel, and times. Credence to this
inference was found in the representative nature of the sample population. The uniformity
of the sample population as compared to the entire U.S. military’s deployable population
was established through the unvarying requirement for all deploying service members to
satisfactorily meet the U.S. Army Central Command’s (USACENTCOM) physical and
medical standards for deployment (Office of the Secretary of Defense, 2011).

Statistical conclusions resulting from this research were substantiated by
demonstrating that a statistically significant relationship existed or did not exist between
the proposed cause (combat deployment) and effect (elevated blood
pressure/hypertension). This relationship demonstration was only fitting subsequent to
appropriate inference from an evaluation of the interactions between several statistical
elements. These included the sample group size (N), the estimate of how much the
explanation that no relationship existed was believed to be false or effect size (f?) [small
2> 0.02, medium f> > 0.15, and large f> > 0.35], the risk of wrongly abandoning the
explanation that no relationship existed or probability (a), and the probability of rightly
discarding the null explanation that no relationship existed or power (; Cohen, 1992).

In this study, that inference was accomplished by following the recommendations
of the power analyses. The power analysis recommended that N needed to be 395 to be
able to use multiple regression on 3 predictors (deployment, age, and body mass index)
with B set at .80, and a set at .05, to detect a small {2 of .02. This meant that it would only

take 1/50 of a standard deviation unit to demonstrate a difference or correlation.
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Additionally, the most significant threats to the validity of this research occurred
consequent to its design. This was an observational retrospective cohort design in which
the population of interest was chosen at the outset for the lack of the outcome of interest
and the presence of the exposure of interest. Subsequently, that population was analyzed
over time for the presence of a relationship between several of the exposures and the
outcome of interest. This study therefore examined people in their natural setting. No
intervening force was deliberately applied. This meant that the things that happened to
those people happened because of their own individual preference, random occurrence, or
some other outside force.

Preference, randomness, and outside forces can create confounding results in
uncertainty when the researcher attempts to impute cause. The measure taken to counter
this uncertainty was the use of binary logistic regression. Subsequent to this multivariate
form of analysis, comparisons of the different variables could be performed, relative to
each other. The results revealed the relative strength of each of the predictors of elevated
blood pressure in military personnel.

Another threat occurred because of the timing and reason for which the research
information was gathered. In this incidence study, the data was initially collected by the
DOD for their own set of purposes. However, this information was then going to be used
to examine a different research question. The primary issue with using previously
collected data is that the second user is not in control of which variables were collected.

This added uncertainty and was therefore a threat to validity.
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Variable data integrity checks could be performed, including checks for data
randomness. e.g., a logistic regression test predicting missingness (0=not missing,
I=missing) from all other variables or an ANOVA to see if individuals with missing data
on one variable are significantly different on other, similar variable. Although not
definitive, this sort of analysis of the data could give support to an inference of
randomness or non-randomness regarding missing data (Rubin, 1976). More significantly
however, because obtaining and recording pre and post deployment blood pressure
measurement data is a mandatory DoD requirement the most reasonable inference was
that missing blood pressure measurement data were missing at random. Therefore,
missing blood pressure data were considered ignorable and list-wise deletion performed
on cases with missing values on the blood pressure variable and only records with
completed Tla, T1b, T2a, and T2b blood pressure measurements were utilized for data
analysis.

Ethical Procedures

The performance of this research required approval from the Walden University
Institutional Review Board (IRB). The IRB approval number for this study is 03-27-17-
0336503. A request for change in research procedures was additionally approved by the
Walden University IRB on 07-11-17.

This research presented no more than minimal risk of harm to study subjects and
involved no procedures for which written consent was normally required outside of the
research context. The risks involved in conducting this and any research performed by

extracting data from a medical data repository lie in the possibility of inadvertent public
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release of private medical information or breaking patient confidentiality through
inadvertent identification of previously seen or treated patients. To prevent this
occurrence, a Data Sharing Agreement (DSA) was signed with the DHA for the required
research data to be deidentified and delivered via secure e-mail.

Once the physical data was obtained, I completed the research tasks utilizing and
storing the data in encrypted electronic files, utilizing password protection. This all
occurred on my personal computer, thereby negating any risk of inadvertent public
release of private medical information. I was the only person with access to the data.

Furthermore, because this was retrospective data file research, risk to the study
population could only occur as a result of breaches of privacy and confidentiality.
Consequently, a waiver of the requirement to document informed consent did not
adversely affect the rights and welfare of the subjects because the only record linking the
study subject and the research would be the informed consent document and the principal
risk would be the potential harm resulting from a breach of confidentiality. Additionally,
the research could not practicably be carried out without the waiver inasmuch as it was
impossible to contact the sample population subjects since their contact information was
not part of the source data file and therefore not available. As a result, this retrospective
data file research involves no more than minimal risk to the study population subjects.

Summary

The historical tenet of this quantitative research was Selye's original finding that

the principal autonomic human response to an awareness of or exposure to imminent

danger is both a prompt rise in heart rate and pronounced vasoconstriction, which can
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precipitate elevated blood pressure/hypertension (Selye 1950; Viner, 1999). The purpose

of this study was to describe the extent of association between exposure to combat
deployment, being overweight/obese, being older, and hypertension among U.S. military
personnel who deployed to an area of declared combat during the years 2012-2017.

The nature of the research was a quantitative investigation into the incidence of
elevated blood pressure/hypertension among previously deployed active duty service
members (Kuchel, 2003; Melby, 1983; Milliken et al., 2007; Polusny et al., 2011;
Thomsen et al., 2011). The time series data representing the variables were from
secondarily collected data maintained by the DOD. This study was the first to include
previously recommended pre and post deployment blood pressure data (Granado et al.,
2009; Jorgensen, 2009). Chapter 4 is a documentation of the statistical results of this

research study.
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Chapter 4: Results

Introduction

The purpose of this research was to describe the extent of association between
exposure to combat deployment, being overweight, being old, and hypertension among
U.S. military personnel who deployed to an area of declared combat between 2012 and
2017. The three independent variables were combat deployment status (completing
greater than 30 consecutive days of deployment to a geographic area of declared combat),
BMI of 25 or higher, and age of 40 years or older. The dependent variable was the new
onset of elevated blood pressure (the mean of two recorded blood pressure measurements
demonstrating either a systolic blood pressure equal to or greater than 120 mm/hg or
diastolic blood pressure equal to or greater than 80 mm/hg). The research questions and
hypotheses that guided this study were

RQI: What was the extent of the association between exposure to combat
deployment (completing greater than 30 consecutive days of deployment to a geographic
area of declared combat) and new onset elevated blood pressure/hypertension (the mean
of two recorded blood pressure measurements demonstrating either a systolic blood
pressure equal to or greater than 120 mm/hg or a diastolic blood pressure equal to or
greater than 80 mm/hg) among active duty military personnel?

Hyl: Active duty military personnel exposed to combat deployment have the
same or lower prevalence of elevated blood pressure/hypertension as those active duty

military personnel not exposed to combat deployment.
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Hy1: Active duty military personnel exposed to combat deployment have a higher
prevalence of elevated blood pressure/hypertension than active duty military personnel
not exposed to combat deployment.

RQ2: What was the extent of the association between being overweight/obese
(BMI equal to or greater than 25) and new onset elevated blood pressure/hypertension
(the mean of two recorded blood pressure measurements demonstrating either a systolic
blood pressure equal to or greater than 120 mm/hg or a diastolic blood pressure equal to
or greater than 80 mm/hg) among active duty military personnel?

Hp2: Active duty military personnel exposed to being overweight/obese have the
same or lower prevalence of elevated blood pressure/hypertension as those active duty
military personnel not exposed to being overweight/obese.

Ha2: Active duty military personnel exposed to being overweight/obese have a
higher prevalence of elevated blood pressure/hypertension than those active duty military
personnel not exposed to being overweight/obese.

RQ3: What was the extent of the association between being 40 years of age or
older and new onset elevated blood pressure/hypertension (the mean of two recorded
blood pressure measurements demonstrating either a systolic blood pressure equal to or
greater than 120 mm/hg or a diastolic blood pressure equal to or greater than 80 mm/hg)
among active duty military personnel?

Hp3: Active duty military personnel exposed to being 40 years of age or older
have the same or lower prevalence of elevated blood pressure/hypertension as those

active duty military personnel not exposed to being 40 years of age or older.
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H,43: Active duty military personnel exposed to being 40 years of age or older
have a higher prevalence of elevated blood pressure/hypertension than those active duty
military personnel not exposed to being 40 years of age or older.

This chapter presents the process of collecting the data. This chapter additionally
presents the results of the statistical analysis. Finally, the chapter provides a summary of
the results.

Data Collection

At the start of this research, the parameters I used for the categorization of normal
versus elevated blood pressure were recommended by the Seventh Joint National
Committee (JNC) on Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure (Chobanian et al., 2003). The Seventh JNC blood pressure categorization was
recognized as reasonably sound dogma and accepted by the majority of the U.S. medical
community as established. Their categorization states that elevated blood pressure exists
when either systolic blood pressure is equal to or greater than 140 mm/hg or diastolic
blood pressure is equal to or greater than 90 mm/hg (Chobanian et al., 2003).

However, the INC categorization was challenged in May 2018 when the
American College of Cardiology and American Heart Association Task Force on Clinical
Practice Guidelines published their most recent elevated blood pressure/hypertension
clinical practice guidelines (Whelton et al., 2017). Their blood pressure categories
include normal (less than 120 mm Hg systolic and less than 80 mm Hg diastolic),
elevated (120-129 mm Hg systolic and less than 80 mm Hg diastolic), stage 1

hypertension (130-139 mm Hg systolic or 80-89 mm Hg diastolic), and stage 2
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hypertension (equal to or greater than 140 mm Hg systolic or equal to or greater than 90
mm Hg diastolic; Whelton et al., 2017). Based on this new determination, the category I
chose to use for elevated blood pressure in this research was updated to either systolic
blood pressure equal to or greater than 120 mm/hg or diastolic blood pressure equal to or
greater than 80 mm/hg.

I initially used the DMDC database and MDR, a DHA PASBA database, to obtain
a study population of active duty service members who were eligible to deploy between
2012 and 2017. First, I had to gain permission from the DHA in order to be able to
request the data from the two separate databases owned by the DMDC
and PASBA. Next, the DMDC mandated that I complete a data request for the
identification of a population (with identifiers) of service members who met the
deployment requirement.

On the execution of this first data extraction, the DMDC identified, collected, and
sent 160,000 records of qualified previously deployed service members to PASBA. This
is the standard maximum number of records that DMDC can send to another agency
because of the risk of data loss. Once the data extraction was sent to PASBA, their
statisticians used the DMDC-provided service member identifiers to locate the medical
records.

Next, PASBA statisticians were able to program a computer action to correlate
how many of those 160,000 DMDC identified deployed service members also had two
predeployment blood pressure measurements and two post-deployment blood pressure

measurements, along with measurements of height, weight, and age. However,
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this action established a mutual relationship or connection with only 20 qualified service
members.

This shortfall required another data request from DMDC to identify additional
deployers. This second DMDC data extraction produced 267,000 additional records of
qualified previously deployed service members. The higher number of records required a
special request and special permission to send from DMDC to PASBA. This time when
the PASBA statistician received the data from DMDC and ran the computer action, 308
qualified service members were identified. The data did not include identification of
gender, but service member ages spanned from 17 to 58 years old, deployment lengths
varied from 1 to 485 days during the years 2012 to 2017, and body mass indexes
fluctuated from 17 to 46.

Results of Analysis

I used the DMDC database and the MDR collectively to obtain a study population
that consisted of 308 U.S. active duty service members eligible to deploy to combat
during the years 2012-2017. Figure 1 depicts the type, description and relationship of

each of the variables used during the testing of this study population.
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Covariate Variable 1:
BMI
(Categorical Variable: < 25 [normal] or >= 25
[overweight/obese])

Covariate Variable 2:
Age
(Categorical Variable: < 40 y/o [young] or >= 40 y/o
[old])

Dependent Variable
Blood Pressure
(Categorical Variable: < 120/80 mm/Hg [normal] or
>=120/80 mm/Hg [elevated/hypertension])

Independent Variable:
Combat Deployment
(Categorical Variable: < 30 days deployed [not
exposed] or >= 30 days deployed [exposed])

created with www.bubbl.us
Figure 1. Variable study map.
Univariate Analysis

I performed univariate analysis to describe characteristics of the study population.
Tables 1 and 2 detail number and percentage of participants in each category within each
variable. Concerning continuous variable analysis, though the variable age was initially

collected in continuous data form, I recorded and analyzed it in categorical data form.



Table 1

Demographic Characteristics of Study Population
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Characteristic n %

Combat deployment category

Not exposed to combat deployment (<30 days) 66 21.4

Exposed to combat deployment > 30 days) 242 78.6

Total 308 100
BP category (not exposed to combat deployment)

Normal (< 120/80 mm/Hg) 37 56.1

Elevated blood pressure/hypertension 29 43.9

(= 120/80 mm/Hg)

Total 66 100
BP category (precombat deployment exposure)

Normal (< 120/80 mm/Hg) 123 50.8

Elevated blood pressure/hypertension 119 49.2

(= 120/80 mm/Hg)

Total 242 100
BP category (post-combat deployment exposure)

Normal (< 120/80 mm/Hg) 124 51.2

Elevated blood pressure/hypertension 118 48.8

(= 120/80 mm/Hg)

Total 242 100
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Table 2

Demographic Characteristics of Study Population-Continued

Characteristic n %

BMI category (not exposed to combat deployment)

Normal (< 25) 25 37.9
Overweight/Obese (= 25) 41 62.1
Total 66 100

BMI category (precombat deployment exposure)

Normal (< 25) 114 47.1
Overweight/Obese (= 25) 128 52.9
Total 242 100

BMI category (post-combat deployment exposure)

Normal (< 25) 96 39.7
Overweight/Obese (= 25) 146 60.3
Total 242 100

Age category (not exposed to combat deployment)

Young (<40 y/o) 56 84.8
Old (= 40 y/o) 10 15.2
Total 66 100

Age category (precombat deployment exposure)

Young (<40 y/o) 219 90.5
Old (= 40 y/o) 23 9.5
Total 242 100

Age category (post-combat deployment exposure)
Young (<40 y/o) 203 83.9
Old (= 40 y/o) 39 16.1
Total 242 100
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Bivariate Analysis

Bivariate analysis enables the examination of single relationships between
independent and dependent variables without the influence of other variables. Chi-square
testing should be used when there are two categorical variables (Forthofer et al., 2007). In
the current study, the variables are categorical, which means that Chi-square analysis met
the data analysis needs. The application and results of Chi-square testing for each
research question follows.

In Chi-square correlation there are two crucial details: the statistical significance
and the distribution of cases within categories (Forthofer et al., 2007). The statistical
significance for Chi-Square is labeled “Asymptotic Significance”. I set the confirmation
of a statistically significant relationship using Chi-Square testing in this research at an
“Asymptotic Significance” level of less than .05.

RQI: What was the extent of the association between exposure to combat
deployment (completing greater than 30 consecutive days of deployment to a geographic
area of declared combat) and new onset elevated blood pressure/hypertension (the mean
of two recorded blood pressure measurements demonstrating either a systolic blood
pressure equal to or greater than 120 mm/hg or a diastolic blood pressure equal to or
greater than 80 mm/hg) among active duty military personnel?

Hyl: Active duty military personnel exposed to combat deployment have the
same or lower prevalence of elevated blood pressure/hypertension as those active duty

military personnel not exposed to combat deployment.
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Hy1: Active duty military personnel exposed to combat deployment have a higher
prevalence of elevated blood pressure/hypertension than active duty military personnel
not exposed to combat deployment.

For RQI, the “Asymptotic Significance” test result was .487 (see Table 3 under p
column), which is greater than .05. This result indicates there is no statistically significant
relationship between the independent variable exposure to combat deployment
(completing greater than 30 consecutive days of deployment to a geographic area of
declared combat), and the dependent variable new onset elevated blood pressure (the
mean of two recorded blood pressure measurements demonstrating either a systolic blood
pressure equal to or greater than 120 mm/hg or diastolic blood pressure equal to or
greater than 80 mm/hg) among active duty military personnel.

Subsequently, I analyzed the SPSS “Cross-tabulation” box for the distribution of
cases within categories (see Table 4). This revealed a higher percentage (48.8%) of those
exposed to combat deployment had elevated blood pressure/hypertension relative to those
with elevated blood pressure/hypertension not exposed to combat deployment (43.9%).
These results would connote a positive relationship between combat deployment and
elevated blood pressure/hypertension. However, the lack of significance confirms the null
hypothesis, Hyl: Active duty military personnel exposed to combat deployment have the
same or lower prevalence of elevated blood pressure as those not exposed to combat

deployment.
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Table 3

Normal vs Elevated BP in Service Members Exposed to Combat Deployment, Being Overweight,
and Being Old

Normal Elevated
BP/Normotension =~ BP/Hypertension

Exposure n % N % yZ) P
Combat Deployment (> 30 days) 124 51.2 118 48.8 0.483  0.487
BMI > 25 (Overweight/Obese) 77 41.2 110 58.8 23.492 0.000
Age 240 y/o (Old) 18 36.7 31 63.3 5.639 0.018
Table 4
Normal vs Elevated BP in Service Members Exposed and Not Exposed to Combat Deployment
Normal Elevated Total
BP/Normotension BP/Hypertension
Exposure n % N % n %
No Combat Deployment (< 30 37 56.1 29 43.9 66 100
days)
Combat Deployment (= 30 days) 124 51.2 118 48.8 242 100
Total 161 52.3 147 47.7 308 100

RQ2: What was the extent of the association between being overweight/obese
(BMI equal to or greater than 25) and new onset elevated blood pressure/hypertension
(the mean of two recorded blood pressure measurements demonstrating either a systolic
blood pressure equal to or greater than 120 mm/hg or a diastolic blood pressure equal to
or greater than 80 mm/hg) among active duty military personnel?

Hp2: Active duty military personnel exposed to being overweight/obese have the
same or lower prevalence of elevated blood pressure/hypertension as those active duty

military personnel not exposed to being overweight/obese.
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HA2: Active duty military personnel exposed to being overweight/obese have a
higher prevalence of elevated blood pressure/hypertension than those active duty military
personnel not exposed to being overweight/obese.

For RQ2, the “Asymptotic Significance” was less than .05 at .000, (see Table 5
under p column). This result connotes a statistically significant relationship between BMI
equal to or greater than 25 (overweight/obese), and new onset elevated blood pressure
(the mean of two recorded blood pressure measurements demonstrating either a systolic
blood pressure equal to or greater than 120 mm/hg or diastolic blood pressure equal to or
greater than 80 mm/hg) among active duty military personnel.

SPSS “Cross-tabulation” box analysis (see Table 6) revealed 58.8% of those
exposed to a BMI equal to or greater than 25 (overweight/obese) had elevated blood
pressure/hypertension relative to 30.6% of those with a BMI less than 25 (normal). This
describes a positive relationship between BMI equal to or greater than 25
(overweight/obese) and elevated blood pressure/hypertension. It also confirms the
alternative hypothesis, H42: Active duty military personnel who have been exposed to
stress by virtue of being overweight/obese will have higher prevalence of elevated blood

pressure/hypertension.
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Table 5

Normal vs Elevated BP in Service Members Exposed to Combat Deployment, Being Overweight,
and Being Old

Normal Elevated
BP/Normotension = BP/Hypertension
Exposure n % n % x2 P
Combat Deployment (= 30 days) 124 51.2 118 48.8 0.483 0.487
BMI > 25 (Overweight/Obese) 77 41.2 110 58.8 23492 0.000
Age > 40 y/o (O1d) 18 36.7 31 63.3 5.639 0.018
Table 6
Normal vs Elevated BP in Service Members Exposed and Not Exposed to Being Overweight
Normal Elevated Total
BP/Normotension = BP/Hypertension
Exposure n % n % n %
BMI < 25 (Normal) 84 69.4 37 30.6 121 100
BMI > 25 (Overweight/Obese) 77 41.2 110 58.8 187 100
Total 161 523 147 47.7 308 100

RQ3: What was the extent of the association between being 40 years of age or
older and new onset elevated blood pressure/hypertension (the mean of two recorded
blood pressure measurements demonstrating either a systolic blood pressure equal to or
greater than 120 mm/hg or a diastolic blood pressure equal to or greater than 80 mm/hg)
among active duty military personnel?

Hp3: Active duty military personnel exposed to being 40 years of age or older
have the same or lower prevalence of elevated blood pressure/hypertension as those

active duty military personnel not exposed to being 40 years of age or older.
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H,3: Active duty military personnel exposed to being 40 years of age or older
have a higher prevalence of elevated blood pressure/hypertension than those active duty
military personnel not exposed to being 40 years of age or older.

Finally, RQ3, analyzed if and how blood pressure is associated with age. The
“Asymptotic Significance” test result was .018, which like RQ2, is less than .05 (see
Table 7 under p column). This result confirms a statistically significant relationship
between age equal to or greater than 40 years, and elevated blood pressure/hypertension
(the mean of two blood pressure measurements at either a systolic blood pressure equal to
or greater than 120 mm/hg or diastolic blood pressure equal to or greater than 80 mm/hg)
among active duty military personnel.

Next, SPSS “Cross-tabulation” was analyzed and reveals in Table 8, 63.3% of
those exposed to age equal to or greater than 40 years old, had elevated blood
pressure/hypertension relative to 44.8% of those who were age less than 40 years old.
This indicates a positive relationship between age equal to or greater than 40 years and
having elevated blood pressure/hypertension. It also confirms the alternative hypothesis,
H,43: Military personnel who have been exposed to stress, by being older, will have

higher prevalence of elevated blood pressure/hypertension.
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Table 7

Normal vs Elevated BP in Service Members Exposed to Combat Deployment, Being Overweight,
and Being Old

Normal Elevated
BP/Normotension = BP/Hypertension
Exposure n % n % x2 P
Combat Deployment (= 30 days) 124 51.2 118 48.8 0.483 0.487
BMI > 25 (Overweight/Obese) 77 41.2 110 58.8 23492 0.000
Age > 40 y/o (O1d) 18 36.7 31 63.3 5.639 0.018
Table 8
Normal vs Elevated BP in Service Members Exposed and Not Exposed to Being Old
Normal Elevated Total
BP/Normotension = BP/Hypertension
Exposure n % n % n %
Age <40 (Young) 143 55.2 116 44.8 259 100
Age > 40 y/o (Old) 18 36.7 31 63.3 49 100
Total 161 523 147 47.7 308 100

In summary, Chi-square correlation analyses, revealed that being older (age equal
to or greater than 40 years), and being overweight/obese (BMI equal to or greater than
25) both have statistically significant relationships in a positive direction with the new
onset of elevated blood pressure among active duty military personnel. These analyses
also confirm alternative hypotheses, H42: Active duty military personnel who have been
exposed to being overweight/obese (BMI equal to or greater than 25), will have higher
prevalence of elevated blood pressure than do active duty military personnel who have
not been exposed to being overweight/obese (BMI equal to or greater than 25), and H,43:

Active duty military personnel who have been exposed to being 40 years of age or older,
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will have higher prevalence of elevated blood pressure than do active duty military
personnel who have not been exposed to being 40 years of age or older. However, the
relationship of experiencing combat deployment, with new onset elevated blood pressure
among active duty military personnel, although positive in its direction, was not found to
be statistically significant. This lack of significance related to combat deployment
confirms the null hypothesis, Hy/: Active duty military personnel who have been exposed
to experiencing combat deployment will have the same or lower prevalence of elevated
blood pressure as those active duty military personnel who have not been exposed to
experiencing combat deployment.
Multivariate Analysis

Binary logistic regression was used to assess odds ratios, of exposure to combat
deployment, being overweight/obese, and being old, among the 308 qualified service
member study population to have elevated blood pressure. Odds Ratio assessments are
formulated into statements that the presence of the variable in question is x times more or
less likely to result in elevated blood pressure relative to its absence. Subsequent to this
multivariate analysis, comparisons can be made to determine the strongest predictors of
elevated blood pressure in military personnel.

Fundamental to proper interpretation of binary logistic regression analysis is the
identification of the statistical significance of the model. In SPSS, this statistical
significance is found in the “Omnibus Tests of Model Coefficients” box (Table 9). To

confirm a statistically significant regression model the value in the intersection of the last
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row “Model” and the last column “Significance” must be less than .05. This binary
logistic regression model indicates a statistical significance of .000.

It is equally important to understand the relationships between the independent
and dependent variables in the model. The details of these relationships are found in the
SPSS “Variables in the Equation” box, (Table 10). It is crucial to note that only the
Research Question 2 predictor overweight/obese (BMI equal to or greater than 25) in the
“p” column is less than .05. Both the Research Question 1 predictor combat deployment
(deployment length equal to or greater than 30 days) and the Research Question 3
predictor old (age equal to or greater than 40 years) are greater than .05. Subsequently the
“B” column values of each independent variable in the model were analyzed and it is
noted that all predictors have positive values representing positive relationships with the
dependent variable.

Finally, the “OR” column was examined, which contains the odds ratios. This
revealed that elevated blood pressure/hypertension is greater than three times more likely

occur in the presence of only the Research Question 2 overweight/obese predictor (BMI

equal to or greater than 25) independent variable.
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Table 9
Binary Logistic Regression

Omnibus Tests of Model Coefficients

Chi-Square df Significance
Step 1 Step 27.246 3 0.000
Block 27.246 3 0.000
Model 27.246 3 0.000

Table 10
Summary of Logistic Regression Analysis Predicting Elevated BP
95% CI for OR
Variables in the Equation B S.E. OR Lower Upper Wald p
Combat Deployment 0226 0291 1254 0.708 2.219 0.603 0.437
Overweight/Obese 1.123 0250 3.074 1.883 5.020 20.14  0.000
Old 0.537 0334 1.711 0.889 3292 8 0.108

This binary logistic regression model indicates that while controlling for exposure
to combat deployment (RQ! - deployment length equal to or greater than 30 days), and
being older (RQO3 - age equal to or greater than 40 years), among military personnel to
have elevated blood pressure/hypertension, only one statistically significant finding
exists, which is that those military personnel who are exposed to being overweight/obese
(RQ2 - BMI equal to or greater than 25) are greater than three times (OR=3.074) more
likely to have elevated blood pressure/hypertension relative to those who have a normal

weight (BMI less than 25).
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Summary

Analysis of the data reveals that though exposure to a combat deployment does
produce an increase in the prevalence of the new onset of elevated blood pressure among
active duty military personnel, it is not statistically significant. Being overweight/obese
produces an increase in the prevalence of the new onset of elevated blood pressure among
active duty military personnel that is statistically significant. Additionally, binary logistic
regression indicates that even when controlling for exposure to combat deployment and
of being older, those military personnel who are exposed to being overweight/obese are
greater than three times more likely to have elevated blood pressure.

Analysis of the data also shows that being older produces both a positive and a
statistically significant increase in the prevalence of the new onset of elevated blood
pressure among active duty military personnel. However, when controlling for exposure
to combat deployment and being overweight/obese, being older does not produce a
statistically significant increase in the prevalence of the new onset of elevated blood
pressure among active duty military personnel. Chapter 5 provides an interpretation of
these results based upon the literature, stipulates limitations to those interpretations,
posits practical implications, and then imparts appropriate recommendations for future

research.
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Chapter 5: Discussion, Conclusions, and Recommendations
Introduction

The purpose of this research was to describe the extent of association between
exposure to combat deployment, being older, being overweight/obese and hypertension
among U.S. military personnel who deployed to an area of declared combat between
2012 and 2017. I made three noteworthy discoveries during the analysis of this study.
First, exposure to combat deployment produced an increase in the prevalence of the new
onset of elevated blood pressure among active duty military personnel, but it was not
statistically significant. Second, being older produced a statistically significant increase in
the prevalence of the new onset of elevated blood pressure among active duty military
personnel; however, when controlling for exposure to combat deployment and being
overweight/obese, being older was not statistically significant. Third, being
overweight/obese produced an increase in the prevalence of the new onset of elevated
blood pressure among active duty military personnel that was statistically significant, and
it remained significant even when controlling for combat deployment and being older.
Furthermore, the significance of this third discovery was magnified by the finding that
those military personnel who were overweight/obese were greater than three times more
likely to have elevated blood pressure/hypertension than those exposed to combat
deployment or who were older.

Interpretation of the Findings
Hypertension is one hazard that accompanies life in the U.S. military and

contributes to the development of serious diseases and premature deaths (Granado et al.,
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2009; Smoley et al., 2008). Multiple exposures such as combat deployment, age, and

obesity, may lead to the development of hypertension (Chiong, 2008; Landsberg et al.,
2013; De Marco et al., 2009).

My initial key finding from this study was that exposure to combat deployment
produced a statistically insignificant increase in the prevalence of the new onset of
elevated blood pressure among military personnel. This finding is similar with the weak
and varied literature findings regarding recurrent adrenal gland reactivity to stress being a
possible risk for hypertension (al’ Absi & Wittmers, 2003; Charney, 2004; Flaa et al.,
2008). Adrenalized overresponsiveness to stress only produces episodic blood pressure
elevations (al’ Absi & Wittmers, 2003). However, these intermittent elevations of blood
pressure could bring about a new and permanent change in vascular structure and
function resulting in permanent hypertension (Charney, 2004). Flaa (2008) found
hypertension was not able to be exclusively induced from those intermittent elevations of
blood pressure. Additionally, Buckley (2004) states that blood pressure responses to
stress are significantly intensified in the presence of post-traumatic stress disorder.
However, Friedman (2001) found no real relationship between mental conditions and
hypertension. Hildrum (2008) associated low blood pressure with mental stress disorders
(Hildrum et al., 2008), but Johannessen (2006) demonstrates at least some association
between certain mental conditions and hypertension.

My second key finding from this research study was a statistically significant
increase in the prevalence of new onset elevated blood pressure among active duty

military personnel who were older. However, this finding became nonsignificant when
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controlling for the stresses of combat deployment and being overweight/obese. This was
similar to the variation of age-related findings in the literature. Franklin (1997) found that
those individuals with the highest initial systolic blood pressure measurements have
chronically higher and more significant hypertension than those individuals with only
mildly elevated initial blood pressures. Chobanian (2003) states that people who maintain
a normal blood pressure even up to the age of 55 are subject to a 90% risk of
hypertension throughout the remainder of their life.

The third key finding from this study was that being overweight/obese produced
an increase in the prevalence of the new onset of elevated blood pressure among active
duty military personnel and it remained statistically significant even when controlling for
the stresses of combat deployment and being older. Military personnel who were
overweight/obese were greater than three times more likely than those exposed to the
stresses of combat deployment and older individuals to have elevated blood pressure.
This confirms the similar findings in the literature between the association of
hypertension and the state of being overweight in an individual (Bogers et al., 2007;
Chiong, 2008; DeMarco et al., 2009; Drukteinis et al., 2007; Fields et al., 2004; Gelber et
al., 2007; Hall, 2003; Julius et al., 2000; Kannel, 2000; Kannel et al., 1967; Landsberg et
al., 2013; Mensah & Brown, 2007; McNiece et al., 2007; Moore et al., 2005; Must et al.,
1999; Ray et al., 2011; Rosmond, 2005; Salvadori et al., 2008; Stamler et al., 1978;
Stevens et al., 2001; Torrance et al., 2007; Whelton et al., 2002; Williams et al., 1992;
Whyatt et al., 2008). The association appears to function with whichever of the alternatives

is the case; if weight is gained, increases in blood pressure are frequently the result, and if
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weight is lost, the result is often a decrease in blood pressure (Julius, Valentini, & Palatini
, 2000). These associations imply the existence of a physiological process that results in a
response associated with alterations in blood pressure and weight. What is not known is
whether this relationship between weight and blood pressure is causal or not.
Limitations of the Study

One limitation was that the only blood pressure measurements used were
performed pre and post deployment, instead of additionally using measurements made
during the deployment. These additional blood pressure measurements could potentially
allow for recognition of changes that may be tied to very specific events or circumstances
during the deployment rather than subject to the combat deployment in general. This
limitation exists because there were not enough during deployment blood pressure
measurements available. Another closely related limitation was not parsing deployment
exposure into much more specific combat and noncombat experiences to enable
identification of blood pressure changes associated with individual experiences, specific
events or circumstances. Again, though this information is desirable it is not currently
collected in a consistent or useful form for study. A further limitation was not measuring
the total number of deployments that an individual service member had completed,
thereby affecting the ability to discern differences in exposure type and amount. Though
this information about the number of deployments is available, there was not enough
qualifying data to make correlation viable. Any of these limitations could have a
significant impact alone or together, and therefore they could bias this study’s findings

and produce conclusions that may not be as widely or generally applicable as hoped.
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Additionally, my original calculation for this study, using G*Power estimates of
multiple regression with power set at .80 and probability set at .05, with the three
predictors (deployment, age, and body mass index), and looking for a small sized effect
(.02), was a population sample size of 395. However, the DMDC and the MDR databases
were collectively only able to obtain an eligible study population of 308 U.S. active duty
service members. This fact decreases the power, generalizability, trustworthiness,
validity, and reliability of the findings that arose during this study.

Recommendations

The central theoretical construct of this research was that psychosocial stress can
induce and intensify high blood pressure (al’Absi & Wittmers, 2003; Artinian et al.,
2006; Babu et al., 2014; Bruner & Woll, 2011; Din-Dzietham et al., 2004). Assenting to
this construct does not challenge or oppose a multifactorial causality of hypertension that
includes other factors such as obesity and age (Chiong, 2008; Cutler et al., 2008; Fields et
al., 2004; De Marco et al., 2009). The multifactorial examination of causality performed
in this research by regressing deployment, obesity, and age on hypertension to provide a
comparison of strength of association revealed that obesity was the strongest association
followed by age.

Although confirmation that psychosocial stress resulting from a combat
deployment induces and intensifies high blood pressure was not accomplished with this
research, I did determine that an elevation in blood pressure occurs among those who
were normotensive prior to deployment, just not in significant numbers. The temporality

of this information still points toward the potential of causality by supplying some
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evidence supporting the validation of the theory that stressors of combat deployment
produce hypertension.

Additionally, because this is the first research to use actual blood pressure
measurement data, which is fundamental to a knowledge that proceeds from observations
to the deduction of probable causes, there should be a continuation of research for further
clarification. My recommendations would initially address the limitations already stated.
One recommendation would be to design research with mid deployment and not just pre
and post deployment blood pressure measurements. Another would be to design research
with the ability to parse deployment exposure into combat and noncombat experiences
and to measure the total number of deployments that an individual subject has completed,
thereby identifying whether differences in exposure type and amount are significant
(Granado et al., 2009). The last and most important recommendation would be to obtain
research with greater power by increasing population sample size.

Implications

The most important finding of this study is that being overweight/obese produced
a statistically significant increase in the prevalence of new onset elevated blood pressure
among military personnel and that this increase remained statistically significant even
when controlling for exposure to combat deployment and being older. This finding was
bolstered by the discovery that military personnel exposed to being overweight/obese
were greater than 3 times more likely than those exposed to combat deployment and

being older to have elevated blood pressure/hypertension.
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A concern already established in the literature is that maintenance of normal
blood pressure is critical to human survival (Chiong, 2008; Chobanian et al., 2003). The
implication from this research is that military personnel exposed to being
overweight/obese are at a much greater risk of sustaining and succumbing to the adverse
effects of hypertension. The application of information from this research should raise
awareness among individual military personnel and within the community of the DOD
about how being overweight/obese can affect a soldier’s health. This heightened
awareness of the increased hypertension risk concomitant with being overweight/obese
will hopefully encourage individual service members to alter personal risk factors able to
generate hypertension.

The potential impact for positive social change in the DOD would be in the
acknowledgement of the importance and seriousness of concern in sustaining proper
body mass indexes for all employees because of the significance of the risk for
hypertension. The DOD should proactively emplace employee and family wellness
centers on all installations and require enforcement of medically derived appropriate
weight maintenance for all employees. These adaptations could be instrumental in
improving wellness through the reduction of hypertension risk among military personnel.

Conclusion
A normal life is not static, but instead is perpetually adapting to life’s exposures.
Combat deployment, being old, and being overweight/obese are life exposures for some
military personnel that can be associated with stress and hypertension. This research

demonstrates that exposure to a combat deployment does not by itself significantly
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increase the prevalence of new onset elevated blood pressure among active duty military
personnel. Likewise, being older, though initially associated with a significant increase in
elevated blood pressure, subsequently vanishes when controlling for exposure to combat
deployment and being overweight/obese.

However, the singular key finding of this study is that being overweight/obese
significantly increased the prevalence of new onset elevated blood pressure. Notably this
finding was corroborated even when controlling for exposure to combat deployment and
being older. Even more remarkable was that the odds ratio found by regressing
deployment, obesity, and age on hypertension to provide a comparison of strength of
association demonstrated military personnel who were exposed to being
overweight/obese were greater than three times more likely to have elevated blood
pressure/hypertension.

This study advances knowledge of the extent of the association of being
overweight/obese to new onset hypertension or possibly even exacerbation of previously
controlled hypertension in military personnel. The real import of this awareness is found
in the recognition of the danger of not knowing that hypertension has occurred.
Hypertension can cause serious harm without experiencing symptoms. Therefore, if
hypertension can progress unrecognized and untreated, then disability or death or both
are reasonable and predictable results.

Hence the significance of increasing awareness of inherent hypertension risk for
military personnel is both conspicuous and salient. Moreover, this study should boost

concern about how being overweight/obese can affect a soldier’s health, encouraging



individual service members to alter their risk factors for hypertension, and inspiring
military organizations and military communities to demand expansion of employee
wellness centers on all installations and require enforcement of medically derived
appropriate weight maintenance for all employees. These social adaptations could be

instrumental in improving wellness among military personnel.
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