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ABSTRACT
A COMPARISON OF RELAXATION TECHNIQUES ON BLOOD PRESSURE
REACTIVITY AND RECOVERY ASSESSING THE MODERATING EFFECTS OF ANGER
COPING STYLE
Catherine J. Mills

Old Dominion University, 2012
Director: Dr. Serina A. Neumann

This study examined the relationship of anger coping style and relaxation techniques on
cardiovascular reactivity and recovery in blood pressure (BP). Eighty-nine students from Eastern
Virginia Medical School in Norfolk, Virginia participated. The participants were instructed to
rest for ten minutes (baseline), complete a math task with harassment for 6 minutes (stressor),
and engage in one of three recovery conditions (a standard control (SC), diaphragmatic breathing
(DB), or mantra recitation (MR) without breathing instructions) for 10 minutes. The Spielberger
State-Trait Anger Expression Inventory (STAXI) was utilized to measure trait anger coping
style. Participants were compensated $25. It was hypothesized that DB would show the greatest
reduction in BP during the recovery period and those individuals with high Anger-In or Anger-
Out trait coping style scores would exhibit greater cardiova.scular reactivity and slower
cardiovascular recovery. It was also hypothesized that high cardiovascular reactivity would be '
associated with high baseline BP and anger coping style would moderate the effect of relaxation
techniques on BP.

A planned (apriori) simple contrast revealed a significant effect for DB on diastolic blood
pressure (DBP) during 10 minutes of recovery, F (1, 85) =6.11, p < .05, such that DB
demonstrated the greatest reduction in DBP in comparison to the SC and MR. Greater

physiological responses to stress were not associated with higher baseline BP; baseline BP was




not significantly related to BP reactivity for baseline systolic blood pressure (SBP) and SBP
reactivity, r = .20, ns, for baseline SBP and DBP reactivity, r = .13, ns, for baseline DBP and
DBP reactivity, r = .03, ns, or baseline DBP and SBP reactivity r = .16, ns. There were no
significant results found to indicate an interaction or main effect of trait anger coping style by
recovery condition on recovery BP. Given the significant result for DB’s effectiveness at
reducing DBP after a stressor, this information may be useful when treating hypertensive

patients. Relaxation techniques should be considered an adjunctive treatment for high BP along

with hypertensive medication as they can be cost effective at reducing BP.
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CHAPTER1

INTRODUCTION

The necessity to conduct a study concerning alternative treatments for
hypertension, like relaxation techniques, becomes apparent when one looks at the
prevalence of hypertension in the United States. An estimated 80,000,000 American
adults (one in three) have one or more types of cardiovascular disease (CVD). High blood
pressure (HBP) is one of the most common forms of CVD, with an estimated 73,600,000
Americans diagnosed with HBP, 35,300,000 males and 38,300,000 females (American
Heart Association, 2009).

The current study had four objectives. The first objective was to determine if
relaxation techniques can be effective at reducing blood pressure (BP) following stress
(i.e. serial subtraction with harassment). The second objective was to determine if there is
a certain relaxation technique that is superior or more effective at reducing BP following
stress than another (specifically, diaphragmatic breathing (DB) versus mantra recitation
(MR) without breathing instructions). The third objective of the present study was to
evaluate if a person’s trait anger coping style (holding anger in or excessively expressing
one’s anger) is related to BP at rest, during stress, and during a recovery period from
stress. The fourth and final aim was to test whether greater cardiovascular reactors
(individuals with higher cardiovascular reactivity during the math task) will have higher
resting BP.

The rationale for examining the interrelations discussed above is predicated on the

hypothesis that cardiovascular reactivity and prolonged stress responses play a central




role in mediating the association among psychosocial factors such as anger and
cardiovascular morbidity and mortality. It is hypothesized that a prolonged stress
response causes exaggerated sympathetic nervous system activation that may over time
lead to hypertension. This is a result of the sustained constriction of the veins and arteries
causing an increase in the pressure of the blood vessels. This process is one element
involved in the “fight or flight response”. The present study will investigate the
effectiveness of relaxation techniques to counter this response. Furthermore, the current
study will attempt to reveal the moderating role of anger coping style on BP changes
during and following stress which potentially may increase the risk for hypertension. The
results of this study may illuminate possible underlying causes of hypertension.

The following sections will introduce the concept and societal impact of CVD in
general. Then, there will be a select review of the literature on the pathophysiology of
anger coping style as it relates to CVD, followed by a select literature review of studies
regarding cardiovascular reactivity and recovery, relaxation techniques, and the influence
of these variables on BP. Additionally, the concept of anger will be defined and the role
of anger coping style in cardiovascular dysregulation will be reviewed. Finally, there will
be a description of this study’s methodology, data reduction and data analyses, results, a
discussion of the results, conclusions, and suggested future directions.

Cardiovascular Disease

HBP is one of the most prevalent forms of CVD; however, it is important to note
there are other forms of CVD commonly found in the United States population. For
example, Coronary Heart Disease (CHD) includes heart attack and angina pectoris or

chest pain. Atherosclerosis occurs when fat, cholesterol, and other substances build up in




the walls of the arteries and form hard substances called plaque (Gandelman, 2006).
Plaque deposits can also break loose forming blood clots that are a common cause of
heart attack (myocardial infarction) and stroke. A stroke occurs when a blood vessel that
supplies oxygen to a part of the brain is blocked. The affected part of the brain cannot
function and neither can the part of the body it controls. A stroke can also occur when a
blood vessel supplying blood to a part of tﬁe brain ruptures (American Heart Association,
2007). The prevalence of acquiring one of these diseases significantly increases when an
individual has hypertension.
Hypertension Defined

Hypertension is the term used to describe HBP. BP readings, measured in
millimeters of mercury (mm Hg), are usually written as two numbers in a fraction
(Vander, Sherman, & Luciano, 1998). The top number is the sy;tolic blood pressure
(SBP), the preésure created when your heart beats. SBP is considered high if it is
consistently over 140 mm Hg. The bottom number is the diastolic blood pressure (DBP).
The definition of DBP is the pressure inside the blood vessels when the heart is at rest.
When DBP is over 90 mm Hg, it is considered high (American Heart Association, 2009;
Vander, Sherman, Luciano, 1998). Normal BP is deﬁned as a reading of 120/80 mm Hg.
A person is considered to have HBP if they have untreated systolic pressure of 140 mm
Hg or higher, diastolic pressure of 90 mm Hg or higher, are taking antihypertensive
medicine, or have been told at least twice by a physician or other health professional that
they have HBP (American Heart Association, 2009). The definition of HBP has changed

in recent years with the introduction of a new term, “prehypertension”. A person can be




diagnosed as having prehypertension if they have SBP between 120 and 139 mm Hg or a
DBP reading between 80 and 89 mm Hg on multiple readings (Chobanian et al., 2003).

In 2003, the Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of HBP released its seventh report (Chobanian et al., 2003). The report cited
previous studies that found an increased lifetimé risk of developing hypertension and
increased risk of cardiovascular complications associated with levels of BP previously
considered in the normal range. The purpose of the new classification is to identify
individuals in whom early intervention by adoption of healthy lifestyles could reduce BP,
decrease the rate of progression of BP to hypertensive levels with age, or prevent
hypertension entirely (Chobanian et al., 2003). Prehypertension, not considered a disease
category per se, is a designation chosen to identify individuals at high risk of developing
hypertension, so that both patients and clinicians are alerted to this risk and encouraged to
intervene and preQent or delay the disease from developing (Chobanian et al., 2003).
The Societal Impact of High Blood Pressure

HBP is a major burden to American society; approximately 30% of adults are
unaware of their hypertension. Undiagnosed, untreated, and uncontrolled hypertension
places a substantial strain on the health care system as well as on the health on the
individual (Chobanian, 2003). For instance, HBP is a chief risk factor for heart disease,
stroke, congestive heart failure, and kidney disease (Centers for Disease Control [CDC],
2011). According to the CDC (2011), in 2010 HBP cost the United States 76.6 billion
dollars in health care services, medications, and missed days of work. Additionally, about
one in four American adults have prehypertension.that increases their risk for a later

diagnosis of HBP (CDC, 2011). Eight percent of hypertensive individuals are




undiagnosed (CDC, 2012). There are usually no symptoms of HBP, as a result HBP is
referred to as the silent killer (CDC, 2012).

The cause of 90-95% of the cases of HBP is unknown (American Heart
Association, 2008). The term essential hypertension is used to describe elevated BP
levels with an unknown cause. HBP that results from a specific condition, habit, or
medication is referred to as secondary hypertension (Medline Plus, 2010). Dangerously
high HBP is called “malignant hypertension.” Symptoms of malignant hypertension
include chest pain, confusion, ear noise or buzzing, irregular heartbeat, nosebleeds,
tiredness, and vision changes. Having a family history of HBP and being of certain ethnic
backgrounds (for example, being an African American) put one at increased risk of
developing HBP (Medline Plus, 2010).

Ethnicity and High Blood Pressure

There is a racial disparity in the prevalence of HBP, especially among African
Americans or Blacks in the United States. The prevalence of HBP in African Americans
in the United States is among the highest in the world and is steadily increasing. From
1988-1994 to 1999-2002, the prevalence of HBP increased from 35.8% to 41.4% among
African American adults, and it was particularly high among African American women
(44.0%). Prevalence among Caucasians also increased, from 24.3 % to 28.1 % (American
Heart Association, 2009). Compared with Caucasians, African Americans develop HBP
earlier in life and their average BPs are much higher. As a result, compared with
Caucasians, African Americans have a 1.3 times greater rate of nonfatal stroke, a 1.8
times greater rate of fatal stroke, a 1.5 times greater rate of death from heart disease, and

a 4.2 times greater rate of end-stage renal disease (American Heart Association, 2009).




Among African Americans, those with the highest rates of HBP are more likely to be

middle-aged or older, less educated, overweight or obese, physically inactive, and to have

diabetes (American Heart Association, 2009). Some studies suggest that Hispanic

Americans have rates of HBP that are similar to or lower than those of non-Hispanic

White Americans. According to the National Health Interview Survey (NHIS) studies

from 2000 to 2002, Black Hispanics were at slightly greater risk of HBP than white

Hispanics (American Heart Association, 2009). The following prevalence estimates are

for people age 18 and older:

Table 1

Prevalence Estimates for People Age 18 and Older in the United States in 2007
Race Heart Disease =~ Coronary Heart Hypertension Stroke
(Ethnicity) Disease

Whites or 11.4% 6.1% 22.2% 6.0%
Caucasians

Blacks or 10.2% 6.0% 31.7% 13.7%
African

Americans

Hispanics of 8.8% 5.7% 20.6% 3.7%
Latinos

Asians 6.9% 4.3% 19.5% 2.6%
Native Not Available Not Available 28.5% Not
Hawaiians or Available
Pacific

Islanders

American 10.5% 5.6% 25.5% Not
Indians or Available
Alaska Natives

Note. This information is adapted from Heart Disease and Stroke Statistics-2009

Update, American Heart Association.




Mortality

Previous evidence has demonstrated that there are millions of Americans living
with HBP. Unfortunately, there are also a number of Americans who succumb to this
disease. According to the American Heart Association (2009), in 2005, HBP mortality
was 57,356 (24,056 males and 33,310 females). The overall death rate from HBP was
18.4. Death rates were 15.8 for Caucasian males, 52.1 for African American males, 15.1
for Caucasian females, and 40.3 for African American females (American Heart
Association, 2009). Addidonally, about 69% of people who have a first heart attack, 77%
who have a first stroke, and 74% with congestive heart failure have BP higher than
140/90 mm Hg (American Heart Association, 2009).

Data from the National Heart, Lung, and Blood Institute’s Framingham Heart
Study indicate that HBP is associated with shorter overall life expectancy as well as
shorter life expectancy free of CVD and more years lived with CVD (American Heart
Association, 2009). At age 50, total life expectancy is 5.1 years longer for men with
normal BP, and 4.9 years longer for women with normal BP, than in those with
hypertension (American Heart Association, 2009). |

The estimated direct and indirect cost of HBP for 2009 was 73.4 billion dollars.
End-Stage Renal.Disease (also called end-stage kidney disease) (ESRD) is a condition
that is most commonly associated with diabetes and/or HBP, and occurs when the
kidneys can no longer function normally on their own. The incidence of reported ESRD
has increased about 40% in the past 10 years. CVD is the leading cause of death for those
with ESRD, and CVD mortality is five to thirty times higher in dialysis patients than in

individuals from the general population. In every year since 1900, except 1918, CVD




accounted for more deaths than any other single cause or groﬁp of causes of death in the
United States (American Heart Association, 2009).
How is Hypertension Usually Treated?

The previous information exemplifies the fact that hypertension is a serious
disease and is the cause of many deaths. In order to prevent more individuals from
suffering from and dying from hypertension, the usual method of treatment may need to
be reevaluated. Hypertension is usually treated with medications and/or recommended
life style changes. According to the CDC, 68% of hypertensives were treated with
antihypertensive medication (Ostchega et al., 2008). Some of the life style changes a
doctor may prescribe are: eating a healthy diet, starting an exercise regime, maintaining
healthy weight, and managing stress or learning to cope with stress. BP medications work
in various ways to lower BP. Some remove extra fluid and salt from the body to lower
BP. Others slow down the heartbeat or relax and widen blood vessels.

Why Relaxation Techniques?

Relaxation techniques may have some of the same effects as the medications
usually prescribed to reduce BP by causing the blood vessels and muscles in the arteries
and veins to relax via a general relaxation response. If the body is relaxed, the amount of
norepinephrine produced during the stress response is greatly reduced. Norepinephrine
can act as a drug increasing BP by increasing vascular tone through a-adrenergic receptor
activation. The general relaxation response will cause the muscles of the veins and
arteries to relax along with the other muscles in the body.

Research has shown that interventions that reduce the magnitude of

cardiovascular responses to stress are justified, at least in part, by the notion that




exaggerated responses to stress can damage the cardiovascular system (Carroll et al.,
2011; Chafin, Roy, Gerin, & Christenfeld, 2004;. Neumann et al., 2004). As a means of
better understanding the processes by which psychological stressors may influence
cardiovascular functioning, there have been efforts to find techniques that limit or reduce
the magnitude of the stress response (Chafin et al., 2004). Relaxation techniques have
been demonstrated to produce reductions in BP, possibly by reducing the overall stress
response by countering this response via a generalized relaxation response (Agras et al.,
1982; Bruning & Frew, 1987; Grossman et al., 2001; Lee et al., 2003; Lehnert et al.,
1987, Parker et al., 1978; Wallace et al., 1983).
Cardiovascular Reactivity

The exaggerated stress response referred to in the previous section is one aspect
of cardiovascular reactivity. Cardiovascular reactivity can be defined as “how aroused
people become by particular stressors” (Christenfeld, Glynn, & Gerin, 2000; p. 543), or
reactivity can be defined as the magnitude of cardiovascular arousal occurring during
acute stress exposure (Linden et al., 1997; Trivedi et al., 2008). In other words,
cardiovascular reactivity is a change in cardiovascular responses as a result of
psychological experiences. Further, cardiovascular reactivity to stress is typically defined
in terms of a change or gain score (i.e. delta), calculated as the difference between
measurements during stress and baseline rest (Kelsey et al., 2007). The reactivity
hypothesis maintains that exaggerated BP and heart rate (HR) (number of heart beats
each minute) responses to stress can damage the cardiovascular system (Manuck et al.,
1990). Thus, people who exhibit large cardiovascular responses are at risk for the

development of CVD and hypertension (Chafin et al., 2004). Following the
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aforementioned exaggerated cardiovascular response is a period when an individual will
need to recover from the responses. Cardiovascular reactivity and recovery in tandem
may be contributing to the prevalence of CVD.
Cardiovascular Recovery

Cardiovascular recovery is defined as how much time it takes people after a
stressor to return to resting levels (Christenfeld, Glynn, & Gerin, 2000). For any
cardiovascular parameter, recovery can be defined as either the time required to return to
pre-task baseline levels after termination of a stressor, or the degree of elevation above
pre-task levels within a predetermined post-task interval (Stewart & France, 2001). While
the precise nature of the relationship between cardiovascular recovery and later
hypertension development is currently unclear, researchers have proposed that prolonged
elevations in cardiovascular activity following stress may be a marker of chronic
sympathetic activation which, over time, may result in down-regulation of cardiac and
vascular adrenergic receptors (Stewart & Franc;a, 2001). Evidence suggests that
heightened cardiovascular reactivity to stress and delayed cardiovascular recovery from
stress may be important risk factors for hypertension (Bleil et al., 2008; Christenfeld,
Glynn, & Gerin, 2000; Manuck et al., 1990; Stewart & France, 2001; Trivedi et al., 2008;
Vella & Friedman, 2009). The mechanism behind the maladaptive process of heightened
cardiovascular reactivity to stress and delayed cardiovascular recovery from stress may
be better understood with a review of the fight or flight response.
Pathophysiology of Anger and Cardiovascular Disease

The fight or flight response, also called the acute stress response, was first

described by Walter Cannon in 1914 (Lambert & Kinsley, 2005). This theory states that,
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when an animal feels threatened or stressed, the sympathetic nervous system will respond
priming the animal to fight or flee the threatening situation. For some individuals the
experience and expression of anger is the “stress” that starts the fight or flight response. If
these individuals experience anger for prolonged periods of time, their bodies are
constantly in the fight or flight mode. It is important to note that there is research
revealing that certain types of anger expression, specifically constructive anger verbal
behavior, can be adaptive (Davidson, MacGregor, Stuhr, & Gidron, 1999). The current
study will focus on maladaptive anger coping styles, the over-suppression of anger and
the over-expression of anger.

In the maladaptive experience of anger, psychologically the individual becomes
angry; whether they express or suppress this anger, it stresses the body. Individuals can
have cardiovascular responses to psychological experiences including stress experienced
as a result of a life threatening event or intense emotions such as anger. The brain is the
central organ of the stress response and determines what is stressful, as well as the
behavioral and physiological responses to potential and actual stressors (McEwen, 2008).
For some individuals, the experience of anger is physiologically perceived as stress
which activates the hypothalamus. The hypothalamus is located just above the pituitary
gland in the brain and is the overall control and integration center of the autonomic
nervous system (Van De Graaff, 2000). The hypothalamus functions using motor fibers
connected to the brain stem of the spinal cord and the pituitary gland and releases various
hormones. The hypothalamus activates the adrenal medulla that produces epinephrine
(also known as acirenaline) and norepinephrine. The adrenal cortex is also activated

which leads to the release of cortisol. The adrenal medulla and the adrenal cortex are
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parts of the adrenal glands that are paired organs that cap the superior borders of the
kidneys (Van De Graaff, 2000). They are embedded against the muscles of the back in a
productive pad of fat. Each gland consists of the outer adrenal cortex and inner adrenal
medulla that function as separate glands (Van De Graaff, 2000). The hormones these
structures release are epinephrine, norephinephrine, and cortisol which function to
mobilize fuels, including lipids and other body fats during a stress response. Other effects
of the activation of the sympathetic nervous system include increased HR, metabolism,
respiration, and BP. The increased BP results from the body’s vasoconstriction of the
veins and arteries which if experienced over prolonged periods of time may lead to
hypertension. The response of increased BP is the focus of the present study.
Additionally, there is a decrease in digestion and reproductive activity, which in
combination facilitate the body’s ability to survive a threat (Lambert & Kinsley, 2005).

The adaptive value of the increased sympathetic activity in a' physically
threatening fight-or-flight situation is obvious. Nevertheless, what purpose does it serve |
in the psychological stressors so common to modern life, when neither fight nor flight is
appropriate (Vander, Sherman, & Luciano, 1998)? The current study attempts to add
information supporting that this fight-or-flight reaction, if prolonged, will enhance the
development of CVD, through the lasting effects of extended cardiovascular reactivity,
specifically increased BP.

The current study added to the mounting body of literature that focuses on using
relaxation techniques as an alternative or adjunctive form of treatment for HBP,

hypothesizing that relaxation treatment may be a remedy, at least in part, for the HBP
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disparity in America. This study also examined the possible moderating role of anger

coping style in the BP-relaxation technique interaction.

Research Questions

The current study answered five questions:

1.

Can relaxation techniques be effective at reducing BP during a recovery period
following a stressful event?

Is there one relaxation technique that is superior to the other (specifically, MR
versus DB) at reducing BP during a recovery period?

How is anger coping style related to BP?

Is anger coping style a moderator of resting BP, the reactivity of BP during a
stressful event, and during post-stress responses? Does anger coping style interact
with the relaxation techniques on the BP recovery responses?

Will higher cardiovascular responders have higher mean baseline BPs?
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CHAPTER 11

REVIEW OF LITERATURE

Historic Development of the Mind/Body Connection

The concept that strong negative emotions and the stressors encountered
throughout the course of normal life processes can adversely affect one’s health is not a
new notion. This conception has existed since biblical times during which people referred
to “dying of grief.” In “Charmides” by Plato, Socrates stated, “Let no one persuade you
to cure his headache until he has first given his soul to be cured, for this is the great error
of our day in the treatment of the human body, that physicians separate the soul from the
body” (Siegman, 1994, p. 3).

Although there was a rise of modern scientific medicine during the Renaissance
period (which spanned from the 14" through the 17" centuries), there were still those
who continued to acknowledge the role of psychological factors in physical disease
(Siegman, 1994). For example, William Harvey (1628), known as the father of
cardiovascular physiology, wrote “A fnental disturbance provoking pain, excessive joy,
hope or anxiety extend to the heart, where it affects its temper, and rate, impairing
general nutrition and vigor” (Siegman, 1994, p. 4). Additionally, Dr. J. Archer, a noted
17" Century physician, wrote: “The observations I have made in the practice of physicks
these several years has confirmed me in this opinion, that the origin or cause of most men
and women’s sickness, disease, and death is first some great discontent which brings a

habit of sadness of the mind” (Siegman, 1994, p. 4).
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In the 20™ and 21 centuries, the anger-health concept evolved into numerous
research studies to support the idea that psychological constructs can affect a person’s
physiological health (Engebretson & Stoney, 1995; Finney, Stoney, and Engebretson,
2002; Johnson & Broman, 1987; Richards, Alvarenga, & Hof, 2000; Suinn, 2001).
Emphasizing much attention on the theory of Type A Behavior Pattern or Type A
personality, the expression of anger and hostility was weighed as a major coronary-prone
component directly associated with CVD. The consensus concerning Type A personality
and CVD was that adverse health effects resulted from the over expression (Anger Out)
or the under expression (Anger In) of angry feelings.

Anger Defined

Anger is a phenomenon that has received much attention from trying to precisely
define it to investigating the physiological affects the body experiences during bouts of
anger. Defined by Merriam-Webster Online Dictionary (2009) anger is a strong feeling of
displeasure and usually of antagonism; or rage. Spielberger and colleagues (1988) define
anger as a term for an emotion with ;:orresponding feelings and physiological arousal
closely associated with hostility and aggression. These three constructs (anger, hostility,
and aggression) together have been termed the “AHA! Syndrome,” studied extensively
by Spielberger (Spielberger et al., 1988; Spielberger et al., 1995).

The working definitions Spielberger and his associates (1988) used in the
development of the anger scales of the State-Trait Anger Expression Inventory (STAXI),
utilized in the present study, were as follows: Anger-In was defined on the basis of how
often an individual experiences but does not express angry feelings, rather than in terms

of the psychoanalytic construct of anger turned against the ego. Anger-Out was defined in
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terms of the frequency that an individual engages in aggressive behavior when motivated
by angry feelings (Spielberger et al., 1988, 1995). Anger-Out may be expressed in
physical or motor behavior acts such as slamming doors or assaulting others, or in verbal
behavior such as in the form of criticisms, threats, insults, or extreme use of profanity.
These physical and verbal manifestations of Anger-Out may be directed toward the
source of provocation or frustration, or they may be expressed indirectly toward
individuals or objects associated with, or symbolic of, the provoking agent (Spielberger et
al., 1995). The STAXI also differentiates State Anger (current experience) from Trait
Anger (more permanent personality traits).
Anger and General Health

There have been various studies assessing the association of emotions such as
fear, depression, anxiety, and anger on various medical disorders that utilized the STAXI
(Spielberger et al., 1985). Studies concerning anger and its association with various
morbidities such as hypertension (Johnson & Spielbergef, 1992), headaches (Venable et
al., 2001), the experience and reported severity of pain (Bruehl et al., 2006; Suinn, 2001),
anorexia nervosa (Geller et al., 2000), acne (Rapp et al., 2004), and immune
responsiveness (Suinn, 2001) have greatly increased our understanding of anger as an
emotional condition that is hazardous to health.
Anger and Blood Pressure

For many years, researchers have suspected that anger, conceptualized as a
personality factor, is associated with the development of hypertension (Schwartz et al.,
1981; Siegman, 1994; Sinha et al., 1992). Three variables of anger along with BP were

assessed by Goldstein, Edelberg, Meier, and Davis (1988) using 45 non-medicated
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participants with a mean age of 50.2 years. Using the Survey of Affective Stress scale, a
seven item questionnaire that asked the subjects to indicate on analog scales the
frequency and intensity of experienced affects at work and in home environments
(Goldstein et al., 1988). The three variables assessed included Experienced Anger, the
product of the rating the subject gave to frequency of anger experienced at work and to
the intensity of anger experienced at work plus that experienced at home [work frequency
x intensity + home frequency x intensity]; Expressed Anger, the sum of the rating the
subject gave to the likelihood others would be aware of their anger at home plus whether
others would be aware of their anger at work; and Family Expressed Anger, a rating of
the subjects perception of the expression of ahger in their families when they were
growing up (Goldstein et al., 1988).

Goldstein and associates (1988) found that Expressed Anger was inversely
associated with SBP and DBP, while Family Expressed Anger showed this inverse
relationship with SBP only (Goldstein et al., 1988). No relation was found for HR and the
anger variables (Experienced and Expressed Anger). Although Experienced Anger was
not related to the cardiovascular measures, it was significantly associated with Expressed
Anger and Family Expressed Anger. The researchers suggested thatvthe inverse
relationship between Expressed Anger and BP provides further support for the hypothesis
that suppression of anger plays a major role in the tonic [marked by prolonged muscular
contraction] elevation of BP (Goldstein et al., 1988). Interestingly, the suppression of
anger expression was found to be associated with DBP elevations but not with increased
HR (Goldstein et al., 1988).

Attempting to find a relation between psychological variables and hypertension,
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Friedman, Schwartz, Schnall, Landsbergis, Pieper, Gerin and Pickering (2001) utilized a
sample of 283 men between the ages of 30 and 60 assessing both ambulatory and casual
(or clinic) BP measures. However, these researchers failed to find a relationship between
anger and BP. A number of psychosocial questionnaires were utilized including the
STAXI, the Trait Anxiety, and the Spielberger Anger Expression scale. No psychological
variable distinguished between normotensive and mildly hypertensive participants.
Additionally, neither casual nor ambulatory diastolic hypertension was associated with a
pattern of psychological variables different from that of men with normal pressures
(Friedman et al., 2001). The researchers gave a number of possible explanations for their
“lack of significant findings including assessing the wrong psychological variables, using
the wrong cut off for BP to distinguish hypertensives from non-hypertensives, using a
mostly white sample, and the lack of using a clinical sample of hypertensives (Friedman
et al., 2001).
As evidenced by the two previously reviewed studies, there is inconsistency in the
results of studies investigating anger and BP. Some studies show changes in DBP as a
result of the experience of anger and some show changes in SBP. In an attempt to find
some consistency in the studies relating anger and BP, some researchers have conducted
meta-analyses. One such meta-analysis was conducted by Schum, Jorgensen,
Verhaeghen, Sauro and Thibodeau (2003) who reviewed fifteen studies published
between the years 1993 and 2002, assessing the relationship of trait anger and ambulatory
BP. Overall, a significant positive correlation between the experience of anger and SBP

was found. However, there was no relationship found for anger and DBP.
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Anger and Cardiovascular Réactivity

The studies in the previous section provide evidence that the experience of anger
and trait coping style to deal with the anger can affect cardiovascular responses which
can include cardiovascular reactivity. Carroll, Phillips, Der, Hunt, and Benzeval (2011)
conducted a study that examined the reactivity hypdthesis. These researchers collected
data at three time points, during the initial baseline (completed in 1987), 5 years later, and
their current study which reports results of analyses conducted 12-years after the original
baseline. There were 1196 participants involved in the study (73% of the participants for
whom baseline cardiovascular reactivity data was available); 645 (55%) women and 551
(45%) men (Carroll et al., 2011). The researchers examined whether BP reactions to
acute mental stress predicted future resting BP levels, as well as the temporal drift in
resting BP (Carroll et al., 2011).

The acute stress task used by Carroll and associates (2011) was the Paced
Auditory Serial Addition Test (PASAT), in which the participant added sequential
number pairs while, at the same time, retained the second pair in memory to add to the
next number presented. The answers were given orally by the participant and the series of
single-digit numbers were presented by audiotape (Carroll et al., 2011). The results of the
Carroll and associates (2001) study revealed that SBP reactivity was positively correlated
with resting SBP 12 years later, the greater the SBP reactivity, the higher the subsequent
resting SBP (Carroll et al., 2011). There was no such correlation between DBP reactivity
and subsequent resting DBP (Carroll et al., 2011). SBP reactivity positively predicted risk
for hypertension and DBP reactivity did not significantly predict hypertension 12 years

later (Carroll et al., 2011).
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The influence of stress as experienced by various emotional states, including
anger, on cardiovascular reactivity was found to be of interest to researchers. Schwartz,
Weinberger, and Singer (1981) conducted a fascinating study assessing the differences in
cardiovascular reactivity following experiences of various emotions: anger, happiness,
sadness, fear, and relaxation via imagery. The participants included 32 healthy college
students with previous acting experience in either high school or college. This criterion
was chosen to increase the likelihood that subjects would be relatively comfortable in the
otherwise novel task of publicly self-generating emotional states (Schwartz et al., 1981).
Each subject participated in six trials, one for each condition, which was counterbalanced
across subjects. The imagery conditions differentially affected patterns of cardiovascular
activity. For DBP, the mean increase during anger was sigﬁiﬁcantly higher than during
any of the five other conditions. Twenty-five of the thirty- two subjects had greater
increases in DBP during anger than during the other emotion conditions. Mean arterial
pressure was also higher in anger than with the other emotions. The BP increases
associated with fear were similar to all of the other emotions, except during relaxation.
For SBP, anger produced the highest mean increase, but it was not significantly different
from fear, sadness, or happiness (Schwartz et al., 1981). Further, the statistical analyses
performed (comparison of means, regression weights, and discriminate functions)
highlighted anger as the opposite of relaxation (Schwartz e-t al., 1981).

Subsequent to the aforementioned study a similar study was conducted by Sinha,
Lovallo, and Parsons (1992), in which the researchers examined the differential patterns
of cardiovascular reactivity during various emotions, also including joy, sadness, fear,

and anger. The cardiovascular measures evaluated in this study were HR, BP, stroke
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volume (the volume of blood pumped from one ventricle of the héart with each beat),
peripheral vascular resistance (vascular resistance to the flow of blood in peripheral
arterial vessels that is the function of the internal vessel diameter), cardiac output
(amount of blood pumped by the left ventricle each minute), and indices of myocardial
contractility. The indirect measures of myocardial contractility were pre-ejection period
(PEP) (the time interval from the beginning of electrical stimulation of the ventricles to
the opening of the aortic valve) and left ventricular ejection time (LVET) (the time
interval from opening to closing of the aortic valve), aésessed using impedance
cardiogram (Sinha et al., 1992).

The participants included twenty-seven males between 21 and 35 years of age.
The participants created personalized emotion scripts that were screened for their ability
to evoke relatively pure emotions. The participants were also screened for imagery
ability. Participants received prerecorded relaxation instructions and after the relaxation,
the participant engaged in seven imagery trials interspersed by two neutral imagery
conditions. The order of the imagery trials was randomized.

After comparing the various emotional states, anger showed the largest effects on
the cardiovascular system (Sinha et al., 1992). Increased DBP in énger was associated
with maintained levels of peripheral vascular resistance and increased cardiac output and
HR compared with changes during neutral imagery (Sinha et al., 1992). Sadness
produced moderate increases in BP and vascular resistance and a decrease in cardiac
output compared with changes in neutral imagery. Additionally, fear, action, and joy
produced similar BP changes in which SBP increased and DBP was relatively

unchanged. The measurement of cardiac output and determination of vascular resistance
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changes during emotional imagery demonstrate that emotion-specific BP responses are
produced by underlying patterns of cardiovascular activation, which differ between the
major categories of emotions (Sinha et al., 1992).

The Sinha and associates (1992) and Schwartz and colleagues (1981) studies both
compared the influences of various emotions on cardiovascular reactivity and
consistently found that anger showed pronounced cardiovascular reactivity. There are
studies that focus primarily on the influence of negative emotions, i.e. anger and
cardiovascular reactivity. In one such study, Engebretson, Matthews, and Scheier (1989)
tested the hypotheses that the influence of anger expression style on psychophysiological
responses would be limited to subjects exposed to anger instigation (i.e. a harassing
confederate), and that the specific paftern of psychophysiological responses would vary
as a function of whether subjects were induced to use their preferred versus non-preferred
mode of anger expression styles in response to the instigation. These researchers tested
these hypotheses by evaluating seventy-eight male college students who worked on a task
with either a harassing (annoying) or a pleasant confederate. The participants then wrote
either a negative or a positive evaluation of the confederate in which they interacted. Data
were collected on the participant’s preferred anger coping style (Anger in or Anger out)
and BP and HR were evaluated throughout the experiment.

The results of the Engebretson and associates (1989) study revealed that the
subjects who were harassed had greater SBP, DBP, and HR responses than did the non-
harassed subjects. Additionally, subjects who characteristically express anger outwardly
produced larger SBP reéponses during the study than did subjects who characteristically

hold their anger in. Furthermore, Newman-Keuls post hoc tests indicated that among
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harassed participants, acting in a manner consistent with one’s usual anger expression
style (i.e. anger-in style subjects writing a positive evaluation and anger-out style subjects
writing a negative evaluation) led to significant reductions in SBP (Engebretson et al.,
1989). Additionally, the more negative the confederate was perceived to be, the greater
the magnitude of SBP changes during the experiment and evaluation task (Engebretson et
al., 1989).

Neumann, Brown, Waldstein, and Katzel (2006) tested whether a 6-month
walking program (aerobic exercise) would attenuate cardiovascular reactivity to anger-
provoking stressors in sedentary older adults who manifest exercise-induced myocardial
ischemia (SI) and had no history of coronary artery disease (CAD). SI is myocardial
ischemia not accompanied by angina and is associated with increased risk for subsequent
cardiac events in middle-aged and older individuals. Twenty-five adults (17 men and 8
women; age 56-83 years) were selected because they were at increased risk for future
coronary events, but were free of potential confounders (i.e. physiological effects of drug
therapy for cardiac symptoms, symptomatic myocardial ischemia, and prior myocardial
infarction) (Neumann et al., 2006). The participants were randomized to 6 months of
aerobic-exercise intervention (n = 14) or 6 months of wait-list control (n = 11) as they
entered the study (staggered enrollment).

The experiment included a cardiovascular reactivity session in which four
measurements of DBP, SBP, and HR data were collected every minute. The participants
performed three 3-minute tasks, each followed by a 10 minute recovery period. The tasks
were as follows: 1) a personally relevant anger-recall task, in which participants were

asked to recall and speak about an event that occurred within the preceding year that
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made them feel angry, irritated, upset, or frustrated; 2) a standardized role-play scenario
designed to elicit anger and hostility by asking the participant to discuss the inadequate
care of someone to whom the participant is close (e.g. spouse, parent, or sibling) by a
hostile and difficult nursing-home administrator; and 3) mental arithmetic consisting of
standardized subtraction of serial 7s with minor levels of harassment (i.e. participants
were firmly urged to complete the calculations quickly and accurately complete the task),
similar to the current study. The tasks were presented in fixed order (Neumann &
Waldstein, 2001; Neumann et al., 2006). There was also an exercise training condition
with a goal to increase the participants’ VOnmax (maximal aerobic capacity) by 10% or
more, without changing their weight (Neumann et al., 2006). The participants exercised
by walking on a treadmill three times per week for 6 months.

The results of the Neumann and colleagues (2006) study revealed significant
increases in SBP, DBP, and HR responses from baseline to task across the three anger
inducing task conditions during the first time period. Results also showed a significant
interaction effect of Treatment Group x Time on DBP reactivity. Specifically, reductions
in DBP reactivity were noted for the exercise group after aerobic conditioning relative to
the control group. Overall, this study revealed that anger inducing tasks (a stressor) can
result in increased cardiovascular responses.

Anger and Cardiovascular Recovery

The previous section contained studies that reviewed cardiovascular responses
duﬁng a stressor in relation to anger and anger expression. This next section reviews
studies involving how anger and anger expression affect BP following stress, some

involving harassment as in the procedure for the current study. Faber and Burns (1996)
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conducted a research study assessing the degree to which individuals’ expressed anger
during harassment would mediate relationships between anger management style and
cardiovascular recovery from harassment. The researchers also examined gender
differences in anger management style and cardiovascular recovery from harassment. To
accomplish their goals, Faber and Burns used a within-subjects design and had the
subjects tell stories in response to Thematic Apperception Test (TAT) cards under
harassment or non-harassment conditions. The baseline rate of angry words spoken by
the participant was assessed during the non-harassment phase. The degree to which
words reflecting angry affect increased from the non-harassment to harassment phases
was inferred to represent a reaction to anger instigation (Faber & Burns, 1996).

The sample consisted of 31 men and 32 women (age range = 18-30, M = 20.0)
(Faber & Burns, 1996). The baseline BP was obtained while the participant sat quietly for
five minutes. The testing period, in which the participant told stories based on the TAT
cards (with either harassment or non-harassment), was followed by a 5-minute recovery
period during which the subject relaxed and BP was measured again (Faber & Burns,
1996). The dependent mealc,ures in the Faber and Burns study were SBP, DBP, and HR.
Anger management style was assessed using the Anger-Expression Inventory by
Spielberger (1985); the anger in and anger out subscales only. Expressed anger was
assessed via audiotaped responses to the TAT, coded by two raters. Expressed anger was
defined in terms of two kinds of words which were uttered by subjects when telling their
stories: words connoting aggressive behavior (e.g. hit, kill, push) and words reflecting

angry or hostile affect (e.g. angry, irritated, stupid) (Faber & Burns, 1996). Two distinct
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variables were revealed, expressed aggressive behavior (EAB) and expressed
angry/hostile affect (EAHA) (Faber & Burns, 1996).

The results indicated that for SBP only, an overall effect for gender emerged, with
men showing higher SBP across the baseline, non-harassment, harassment, and recovery
phases (Faber & Burns, 1996). SBP and DBP increased significantly from baseline to
harassment. HR increased significantly from baseline to non-harassment phase but HR
did not increase additionally from non-harassment to the harassment phase. A gender
main effect emerged for the EAHA ratio only, which indicated that women used a higher
ratio of angry/hostile affect words to total words than men across the non-harassment and
harassment phases (Faber & Burns, 1996). Overall, the degree of expressed anger
increased when the experimenter became critical of subjects’ stories, and this effect was
similar for men and women, indicated by an increase in angry words (Faber & Burns,
1996).

The results also indicated that the higher the endorsement of an anger-out anger
management style by men and women, the greater was the increase in the expression of
words connoting angry/hostile affect from non-harassment to harassment (Faber &
Burns, 1996). Additionally, anger out subscale scores were positively associated with
SBP changes during harassment (Faber & Burns, 1996). Additionally, the results suggest
that both men and women high on anger-out showed the highest SBP elevations during
harassment, but that during early and middle phases of recovery, men high on anger-out
and women low on anger-out showed levels of SBP sustained above baseline levels or

slower SBP recovery (Faber & Burns, 1996). EABCH (EAB and EAHA residualized
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change scores) X gender interactions were found for DBP during the recovery period
(Faber & Burns, 1996). No significant effects were found for HR during recovery.

Lai and Linden (1992) conducted another study assessing cardiovascular
recovery. The stressor utilized in this study was serial subtraction with repeated
interruptions and harélssment to provoke anger, extending Hokanson’s research, which
showed that for men anger release after provocation, tends to accelerate cardiovascular
recovery (Lai & Linden, 1992). Lai and Linden (1992) tested male and female
undergraduate students; 105 subjects (56 females and 49 males) with a mean age was 19
years (SD = 3).

The Spielberger Anger Expression Scale was utilized to measure the students’
usual way of coping with their anger (anger-in vs. anger-out). A double criterion (i.e.
self-report and peer evaluation) was utilized to assess the subjects true method of
handling their anger. In addition to the participants rating their usual mode of anger
expression, a package was sent to their peers (i.e. roommate, family member, etc.) who
assessed the participant’s usual mode of anger expression. Only subjects whose self-
reported was consistent with their peer’s reported opinion of their anger expression style
were allowed to participate in the study.

The baseline (adaptation) phase lasted for 15 minutes, during which the
participant completed the state portion of the Spielberger State-Trait Anger Scale, and
unrelated questionnaires including the Pennebaker’s Inventory and the Cognitive portion
of the Schwartz Cognitive and Somatic Anxiety Questionnaire (Lai & Linden, 1992). The
unrelated questionnaires were used in the study to conceal the true purpose of the study

and were not involved in the data analysis. At the end of the math task, the subjects who
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were randomly assigned to an opportunity for emotional release condition (N =53)
completed a written evaluation for 10 minutes (this was the recovery period). The written
instruction required the participant to answer the evaluation in an open and frank manner
to improve the design of the study, and they were told that the experimenter would not
suffer undesirable consequences (Lai & Linden, 1992). The writing task (or recovery
phase) lasted 10 minutes.

HR, SBP, and DBP were measured throughout the experiment. These
measurements were assessed every 2 minutes during the adaptation phase and at minutes
3,7,and 11 (i.e. 1 minute after each harassment) during the experimental provocation
phase, and at minutes 1, 5, and 9 of the recovery phase (Lai & Linden, 1992). The results
of the Lai and Linden (1992) study revealed no gender differences for baseline HR, DBP,
or pre-test state anger ratings (Lai & Linden, 1992). Men showed consistently greater
cardiovascular task levels than women for HR, SBP, and DBP. There was no main effect
for anger expression style or gender x style interaction for either SBP or DBP, but on HR,
there was a trend for a gender x anger style interaction (p = 0.06) (Lai & Linden, 1992).
Anger in men showedA greater HR responses than anger-out men. Additionally, regarding
the effectiveness of the experimental manipulation on state anger, a main effect for the
period variable was revealed such that increases in state anger from pre-test to post-test
were observed. Females given the opportunity for anger expression were angrier at the
end of recovery than females not given the opportunity to reveal their anger (Lai &
Linden, 1992). In regards to the effectiveness of the written evaluation as a tool for anger
expression, there were no main or interaction effects suggesting that all subjects,

irrespective of gender and or anger expression style, expressed the same amount of
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negative emotion when asked to evaluate the experimenter (Lai & Linden, 1992). Anger-
in women reached lower levels of SBP after 10 minutes of recovery than anger-out
women (Lai & Linden, 1992). For men, significant effects were noted for HR and on
DBP (Lai & Linden, 1992). Men with an opportunity to release anger recovered.better
on HR than men without an opportunity and men with an opportunity to release anger
also showed a similar trend towards faster DBP recovery. Anger-in and anger-out did not
affect recovery rates of BP or HR, and no interactions were noted (Lai & Linden, 1992).
Men’s recovery was affected by the situational manipulation allowing anger release but
not by the trait-type anger-in/out distinction; whereas the recovery of women was only
affected by the anger-in/anger-out distinction and not by the absence or presence of a
situational anger release opportunity (Lai & Linden, 1992).

Evaluating whether laboratory-based BP recovery predicts ambulatory BP (ABP),
Trivedi, Sherwood, Strauman, and Blumenthal (2008) postulated that the recovery phase
of the stress response is an individual difference characteristic that may predict
cardiovascular risk (Trivedi et al., 2008). One hundred and eighty-two employed and
healthy adults completed the laboratory and ABP assessments on separate days. The
baseline period lasted for 20 minutes, followed by the alternating presentation of four
stressors (which were balanced using a Williams’ Square Design), and a 10-minute
recovery period. The tasks/stressors included an anger recall interview in which the
participants had 3 minutes to describe an interpersonal situation which made them angry
during the previous week. There was also a reaction time shock avoidance task in which
the participants were presented with a loud audible tone presented at varying,

unpredictable intervals over a 3 minute period. In the reaction time task, participants were
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required to press a key as fast as they could on hearing each tone and were instructed that
if the reaction time was considered too slow, a “painful but harmless” electric shock
would be delivered immediately by electrodes previously applied to the leg (shocks were
never delivered) (Trivedi et al., 2008). There was also a foot cold pressor task in which
participants placed one foot in a bucket of ice and water (0-4° C) for 2 minutes. The
fourth task was a Mirror Trace task in which participants had 3 minutes to outline a star
while viewing its reflection in a mirror, as many times as possible, while'making a
minimum of errors. If the participant deviated from the star, an aversive buzzer was
activated and a counter which recorded the number of errors was also activated (Trivedi
et al., 2008). During the ABP assessment, participants wore an ABP monitor for 24 hours
during a typical workday.

BP recovery was found to account for significant additional variance for daytime
SBP, nighttime SBP, daytime DBP, and nighttime DBP, after controlling for baseline and
reactivity BP (Trivedi et al., 2008). The study found that post-stress BP recovery was an
independent predictor of real-life BP, measured according to daytime and nighttime ABP
(SBP and DBP), after controlling for resting BP and BP reactivity (Trivedi et al., 2008).
These results suggested that persistence of the BP response following stress maybe a
more salient characteristic of the stress response in understanding its potential impact on
longer-term cardiovascular regulation (Trivedi et al., 2008). It is noteworthy that the
combination of reactivity and recovery accounted for greater variance in the researchers’
statistical models predicting ABP, compared with either one individually (Trivedi et al.,

2008). As a result, research studies that assess both cardiovascular reactivity and recovery
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may provide more beneficial information regarding the anger-CVD relation than studies
that investigate either one separately.

.Dorr, Brosschot, Sollers, and Thayer (2007) also examined the Hokanson
hypothesis, focusing on the mode of anger expression following anger instigation and its
differential effects on cardiovascular reactivity and recovery. Dorr and associates (2007)
tested differential effects of anger expression versus inhibition on cardiovascular
recovery and they examined the extent to which African Americans would exhibit greater
reactivity to racist stress (a debate procedure). To manipulate racist stress, both African
American and European American participants argued with a European American
confederate about a race-related issue, such as racial differences in intelligence. To
manipulate non-racist stress, participants argued with the confederate about non-race
related issues, such as abortion. To examine the impact of the mode of anger expression
on recovery, anger inhibition versus expression condition, participants evaluated the
confederate, whereas in the anger inhibition condition, participants evaluated their best
friend. The resulting experiment was a 2 (Ethnicity: African American versus European
American) x 2 (Debate Stressor: Racist versus Non-racist) x 2 (Anger Inhibition versus
Anger Expression) factorial design (Dorr et al., 2007).

The participants were 24 African American and 26 European American male
college students from a large predominately European American Midwestern community
(Dorr et al., 2007). The physiological measures assessed in this study were SBP and
DBP, HR, cardiac output, and pre-ejection period (PEP) were assessed using impedance
cardiography (Dorr et al., 2007). Total peripheral resistance (TPR) was computed using a

mathematical formula (total peripheral resistance = mean arterial pressure/cardiac
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output). The results revealed that African Americans who expressed their anger had
slower SBP recovery that was generally greater than their SBP baseline and was reliably
greater than African Americans who inhibited their anger (Dorr et al., 2007). European
Americans’ SBP recovered to baseline levels independent of mode of anger expression.
African Americans who expressed their anger had DBP recovery that was slower than
both African American Inhibitors and slower than European American Expressors.
Additionally, European American Inhibitors showed slower recovery when inhibiting
their anger, but this was dnly evidenced during the first two recovery minutes (Dorr et al.,
2007). TPR during anger inhibition was associated with delayed recovery in all
participants. The reactivity results revealed that for African Americans, SBP, CO, and
HR reactivity was greater during the race debate than the non-race debate. No reliable
differencc between debates emerged for DBP, TPR, PEP, and heart rate variability
(HRV). The difference in European American’s reactivity between race and non-race
debate was not reliable (ps >.10). African Americans also showed less HRV during both
the race and non-race debates than did European Americans. These researchers did not
find reliable reactivity differences between African Americans and European Americans
on any other measure (Dorr et al., 2007).

Vella and Friedman (2009) evaluated the role of anger inhibition and hostility,
and the moderating situational influences of harassment and evaluation, in predicting
cardiovascular reactivity and recovery to mental arithmetic. To accomplish the research
goals, 48 male undergraduate students took part in 3-minute tasks. The baseline task
included the participants seated quietly. In the stressor the participant engaged in a mental

arithmetic task in which the subject performed a serial subtraction. Participants were
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either placed in a harassment or non-harassment condition to test the effect of harassment
on cardiovascular reactivity. Participants in the non-harassment condition were permitted
to complete the task without commentary. In the harassment condition, participants were
exposed to verbal harassment through audiotape recorded statements played over an
intercom.

The results of the study found that race predicted DBP in that individuals of Asian
or African American ethnicities displayed larger increases in DBP to mental arithmetic
stress relative to European American participants (Vella & Friedman, 2009). A
significant interaction was found between hostility and anger inhibition in predicting
DBP reactivity, as well as a marginal interaction between these variables for SBP
reactivity (Vella & Friedman, 2009). Results also revealed that anger inhibition
moderated the effects of hostility on DBP responders to math arithmetic stress, whereby
hostile men scoring high on anger inhibition displayed the most task reactivity, which
was significantly greater than hostile men scoring low on anger inhibition.

For the recovery analysis, the researchers found two significant 3-way
(harassment x evaluation x anger inhibition) and (harassment x evaluation x hostility)
interactions on SBP recovery during the evaluation period (Vella & Friedman, 2009). The
researchers also found the interaction between evaluation and anger inhibition to be
significant among harassed participants, whereas this interaction in the absence of
harassment was not significant (Vella & Friedman, 2009).

Neumann, Waldstein, Sollers, Thayer, and Sorkin (2004) investigated the role of
dispositional hostility in cardiovascular reactivity and the relation of dispositional

hostility during an anger recall-task. The role of distraction to post-task recovery was also
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assessed, examining the link between hostility and cardiovascular reactivity and disease.
Eighty healthy women, ages 18-30, participated in the study to evaluate dispositional
hostility and cardiovascular reactivity patterns in women (Neumann et al., 2004). The
psychosocial measures used were the Cook-Medley Hostility (Ho) Scale, the S-Anger
subscale of the STAXI, the Revised Impact of Events Scale (IES) to assess state
rumination. The dependent variables assessed were SBP and DBP, HR, Cardiac pre-
ejection period (PEP), stroke volume (SV), left ventricular ejection time (LVET), cardiac
output (CO), and total peripheral resistance (TPR) (Neumann et al., 2004).

The procedure involved the participant engaging in a 15-minute baseline period, a
3-minute anger recall task, and a 10-minute recovery period. In the anger recall task,
participants were asked to recall and talk about a recent event, occurring within the last
year, which continued to make the individual angry, frustrated, irritated, or upset
(Neumann et al., 2004). In the recovery period, the individual was randomly assigned to
either a distraction technique (i.e. reading a neutral article about the possibility of life in
outer space) or a standard recovery period (i.e. no reading or implemented distractions).
The S-Anger subscale was administered prior to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>