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Abstract

Objective—Hostility is associated with incident cardiovascular disease (CVD) events, independent
of traditional risk factors. Increased platelet reactivity and thrombus formation over a disrupted
coronary plaque is fundamental for CVD event onset. We examined the association between hostility
and platelet reactivity in individuals without a prior history of CVD events.

Methods—Hypertensive patients (n=42) without concomitant CVD event history completed the
50-item Cook-Medley Hostility Scale, and a subset score of 27-items (Barefoot Ho) was derived.
We examined the relation between Barefoot Ho scores and platelet aggregation. We also examined
individual components of Barefoot Ho (aggressive responding, cynicism, and hostile affect) and their
associations with platelet aggregation. Platelet reactivity, induced by ADP, was assessed by standard
light transmission aggregometry, the current gold standard method of platelet aggregation
assessment.

Results—Barefoot Ho scores were significantly related to increased rate of platelet aggregation in
response to ADP. Further, of the three Barefoot Ho components, only aggressive responding was
independently associated with increased platelet aggregation rate. The strength of these relationships
did not diminish after adjusting for several standard CVD risk factors.

Conclusions—These data demonstrate that hostility, particularly the aggressive responding
subtype, is associated with platelet reactivity, a key pathophysiological pathway in the onset of CVD
events.
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Introduction

Atherosclerosis-related cardiovascular disease (CVD) events including coronary heart disease
(CHD), peripheral vascular disease, and stroke remain the leading causes of morbidity and
mortality in industrialized nations (1,2). Multiple risk factors for these events have been
identified, including age, male gender, hypertension, hypercholesterolemia, low high-density
lipoprotein cholesterol, cigarette smoking, and diabetes (3). These established risk factors do
not account for many patients with CVD events, prompting a search for “non-classic” risk
factors. This search has identified several psychosocial factors including hostility, that are
related to an increased CVD event risk, independent of traditional risk factors (4).

Hostility is generally seen as a persistent personality trait with attitudinal features such as
cynicism and suspiciousness of others that predispose hostile individuals to respond to
interpersonal stress with anger. Numerous methods have been used previously to characterize
hostility including structured interviews and self-report measures (5). The weight of the
evidence suggests that hostility, regardless of how it is assessed, is a relatively stable
characteristic that prospectively predicts CVD-related morbidity events and mortality (6-11).

Atherosclerosis is the result of a complex interaction between the arterial wall and circulating
elements (2). The endothelium plays a pivotal role in regulating hemostatic, inflammatory, and
reparative responses to local injury (12). Endothelial dysfunction may promote inflammation,
oxidation of lipoproteins and lipid accumulation, smooth muscle proliferation, extracellular
matrix deposition or lysis, and thrombogenesis. These processes contribute to plaque
development and progression, and subsequent vulnerability and rupture. Platelet-thrombus
formation over a disrupted or eroded atherosclerotic plague plays a major role in CVD event
onset (13,14). The severity of a CVD event is related to the magnitude and stability of the
formed thrombus, modulated by a number of local and systemic thrombogenic factors
including platelet reactivity (15).

Several mechanisms have been proposed to explain the relation between hostility and incident
CVD events including behavioral pathways (i.e. unhealthy lifestyle), co-existance of other
psychosocial factors, autonomic imbalance, an abnormal hypothalamic-pituitary-adrenal axis,
and elevated inflammatory status (4,16). Given the central role of platelets in CVD event onset,
exaggerated platelet reactivity is a plausible biological mechansim that explains the hostility-
CVD incidence link. There are however, only a few studies concerning the relationship between
hostility and platelet reactivity. These few studies are limited by the inclusion of individuals
with pre-existing CVD event history, some of whom were taking antiplatelet agents at the time
of the study (17,18). In addition, these studies did not examine either the relation between
hostility and basal levels of platelet reactivity, or specific receptor pathways of platelet
activation. The latter would clarify the molecular basis of hostility’s impact on platelet
reactivity. Finally, these studies did not use light transmission aggregometry (LTA), the gold
standard methodology for measuring platelet activation that has been used in prior studies
linking platelet activity to subsequent CVD events (19-21).

The current study addresses these shortcomings. Specifically, we used LTA to determine
whether trait hostility, assessed by the Cook-Medley Hostility Scale, is associated with higher
levels of platelet reactivity in a healthy sample without prior CVD event history, none of whom
were taking antiplatelet agents. We also explored individual hostility subscales including
aggressive responding, cynicism and hostile affect, in order to determine the relative
contributions of these components to the reactivity of platelets.
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Study Population

Procedures

The sample was comprised of 42 participants, enrolled between May 2003 to January 2006,
from a larger intervention study investigating the effects of stress reduction, using the Lifeskills
Workshop, on blood pressure and hostility. In the parent study, employees with hypertension
(140-179 mmHg/90-109 mmHg) were enrolled from Mount Sinai Medical Center and
Columbia University Medical Center. People were excluded for the presence of a DSM-1V
mood/thought disorder, chronic renal disease, hypertension related to pregnancy, and
congestive heart failure. For this substudy, participants with a history of CHD events, stroke/
transient ischemic attack, and/or symptomatic peripheral vascular disease were excluded.
Participants on antiplatelet or anticoagulant medications were also excluded, as these agents
could affect platelet function. Written informed consent was obtained from all subjects, and
the study was approved by the Institutional Review Boards of both Medical Centers.

Prior to randomization, subjects reported to the research lab at the Center for Behavioral
Cardiovascular Health in the morning after an overnight fast of at least 8 hours. Questionnaires
were completed, after which venous blood was collected into 3.2% sodium citrate tubes using
a 19-gauge butterfly needle. The citrate tubes were immediately spun at 180 g for 10 minutes
to obtain platelet rich plasma (PRP). The remaining plasma was centrifuged at 1800 g to obtain
platelet poor plasma (PPP).

Assessment of Hostility

Although there are a number of methods used to assess hostility, the Cook-Medley Hostility
Scale was chosen as it is one of the most widely used hostility questionnaires in cardiovascular
research (7). It consists of 50 self-report, true-false items drawn from the Minnesota
Multiphasic Personality Inventory, and it has acceptable convergent and discriminant validity
(22). As in a recently published multi-center study that found a relation between hostility and
CVD events in women (11), the primary measure of hostility in our study is a sum of 27 items
(Barefoot Ho) from the larger 50-item questionnaire. The Barefoot Ho score is a summary
score of three constructs - aggressive responding, cynicism, and hostile affect - relevant to the
experience and expression of hostility (11,23).

Aggressive responding is the tendency to use anger and aggression as primary responses to
problems or to endorse these behaviors as justified (23,24). Cynicism is the inclination to have
misanthropic beliefs, including the attribution of selfish motives to other people's acts (5).
Hostile affect measures the negative emotions including anger, impatience, and loathing when
dealing with others in social relationships (10,23). Barefoot et al. (23) among others (11) have
demonstrated that these three hostility components are key factors in the prediction of all-cause
mortality and non-fatal CVD events.

Assessment of Platelet Reactivity

Platelet reactivity was assessed within 2 hours of the blood draw, using standard light
transmission aggregometry (LTA), the de facto gold standard and most widely used
methodology for the assessment of platelet activation (25). The platelet count of the PRP was
assessed, and adjusted to 250,000/mm3 using PPP. LTA was assessed with a Four Channel
Optical Aggregometer (Model 470VS, Chronolog Corp, Havertown, PA) with an Aggro/Link
computer interface and software, which automatically analyzed and saved each experimental
run. With PPP as a reference, aggregation was expressed as the aggregation rate (initial slope)
after induction with a platelet agonist, as previously described (26-28). The aggregation rate
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is an index of the velocity of platelet aggregation (26—28). Platelet aggregation was induced
using two doses of adenosine diphosphate (ADP, 5 uM and 10 uM). As described below, the
two ADP doses were combined into a single ADP-induced platelet aggregation measure. A
multitude of studies that have demonstrated a link between ADP-induced platelet aggregation
and CVD events (29-32).

Statistical Analyses

Results

Prior to analysis, the two measures of ADP-induced platelet aggregation were evaluated for
outliers and other distributional problems. Each measure of ADP-induced platelet aggregation
had one substantial outlier and the measures were winsorized to reduce the effect of these
extreme scores on the analyses. Descriptive statistics are presented as mean = SD. A simple
linear regression model was estimated with the Barefoot Ho total score as the primary predictor.
Subsequently, a multiple linear regression using the 3 hostility components of the total score
(aggressive responding, cynicism, and hostile affect) was estimated. The dependent measure
in these analyses was the aggregated measure of the two ADP-induced platelet reactivity
indices. Specifically, this measure was formed by standard (z) scoring the two ADP measures
and then averaging them. This procedure insures that each measure contributes equally to the
aggregate score. We chose to aggregate the two ADP measures because they were substantially
correlated (r = .62). This approach created a more reliable index of platelet aggregation, and
more efficient analyses.

Both regression models were re-examined after adjusting for age, sex, body mass index, pulse
pressure, hyperlipidemia, diabetes, and active smoking, to determine contributions of hostility
and its components on platelet reactivity, independent of traditional CVD risk factors. These
CVD risk factors were chosen a priori as covariates, because previous studies have shown a
strong and consistent relation of each to platelet reactivity (33). Statistical analyses were
performed using SPSS v.16 (SPSS Inc, Chicago, IL).

Characteristics of the Participants

Table 1 shows the characteristics of the study participants. Overall, participants were middle
aged, mostly female, and mildly hypertensive.

Hostility and Platelet Reactivity

Table 2 shows the relationship between Barefoot Ho score and ADP-induced platelet reactivity.
Barefoot Ho score was significantly positively associated with rate of platelet aggregation in
response to ADP. This strength of this relation did not diminish after adjustment for several
covariates (Table 3).

Cynicism, Hostile Affect, Aggressive Responding and Platelet Reactivity

Table 4 shows the correlations among the three hostility components, while Table 2 shows the
relationship of these with ADP-induced platelet reactivity. Only aggressive responding
independently predicted the rate of platelet aggregation to ADP, while cynicism and hostile
affect did not. Figure 1 shows the partial regression plots of the relationship of each hostility
component, controlling for the other two subscales, along with mean 95% CI. Finally, as with
the results for the total Barefoot Ho score, the strength of the relationship between aggressive
responding and ADP-induced platelet reactivity was not reduced after covariate adjustment
(Table 3). Cynicism and hostile affect remained unrelated to platelet reactivity.
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Discussion

Research has shown that hostility is associated with increased risk of incident CVD events,
independent of traditional risk factors (6,10,23,34). Given the central role of platelet-
thrombosis in initiating CVD events (13,14), increased platelet reactivity has strong appeal as
a viable candidate mechanism linking hostility and incident CVD events. In the present study,
we demonstrate for the first time that hostility is significantly associated with increased platelet
reactivity in participants without prior CVD event history. Our findings suggest that the higher
risk of incident CVD events associated with hostility may in part be explained by exaggerated
platelet reactivity.

Few prior studies have examined the relationship between hostility and platelet reactivity,
though the methods utilized to assess hostility and platelet function were different than those
utilized in the current study. Markovitz et al. (18) found that indices of hostility derived from
the Type A Structured Interview (SI) predicted changes in B-thromboglobulin (BTG), a non-
specific marker of platelet activation, in response to this interview and additionally a stressful
public speaking task. The small sample included both post-myocardial infarction patients
(n=14), many of whom were taking anti-platelet agents, and controls (n=15). Within group
(post-myocardial infarction patients and controls) relationships between hostility and increases
in BTG with psychological stress, and between trait hostility and basal levels of platelet
reactivity were not reported. In a subsequent study, Markovitz et al. (17) reported a possible
relationship between trait hostility and levels of platelet aggregation in the absence of a
psychological stressor. GPI1b/1l1a receptor activation and binding, determined by flow
cytometry using either blood from a bleeding time wound or a peripheral vein, was assessed
in 55 men and women (32 patients with history of myocardial infarction and 23 healthy
controls). Sl-rated Hostility (Potential for Hostility) was not related to platelet aggregation in
the entire study sample. There was, however, a relationship reported between hostility and
wound-induced platelet aggregation in CHD patients but not in healthy controls.

The results of the current study, while demonstrating similarities to these earlier investigations,
extend them considerably. Most importantly, the current study utilizes a method to assess
platelet reactivity that has been linked to CVD related prognosis (29,30,35-40), thereby
providing stronger evidence of a link between hostility and CVD events. Furthermore, the study
sample, while characterized by the presence of hypertension, was without prior history of CVD
events. Yet contrary to the latter study by Markovitz (17), hostility predicted increased platelet
reactivity in CVD event-free individuals. This disparity may be explained by the different
methods that were used to assess platelet function. With the greater sensitivity in the platelet
methods used here, we may have been able to discern aspects of platelet function among at
risk, otherwise healthy individuals that the BTG and GP Ilb/llla receptor flow cytometry
methods could not. Furthermore, the ability of these earlier methods to detect an effect for the
individuals with CHD event history may have been influenced by that group’s use of anti-
platelet agents. Since these agents are known to reduce CVD events (41), it is difficult to fully
interpret the earlier findings.

Of note, we found the aggressive responding subscale to be more highly predictive of platelet
aggregation than the other two subscales. Only the aggressive responding subtype was
independently associated with increased platelet aggregation. The reason for this finding is not
known. In our study, there were moderate correlations among the different hostility subscales.
These results, which are consistent with other studies (11,24), suggest that individual hostility
components such as aggressive responding may be conceptually distinct. The aggressive
responding subtype derived from the Barefoot Ho scale is similar to the “hostile style”
component of the SI. Aggressive responding measures the respondent’s tendency to use anger
and aggression as instrumental responses, while “hostile style” on the Sl assesses the subject’s
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actual use of these tendencies during the SI. Thus, it may be that individuals with expressive
forms of hostility are susceptible to exaggerated platelet aggregation.

Barefoot et al. (23) found aggressive responding, cynicism, and hostile affect were each
significantly related to age-adjusted survival. Previously, Kawachi et al. (10) found that
aggressive responding independently predicted incident CHD related morbidity/mortality at
7-years among men, whereas cynicism and hostile affect did not. Olson et al. (11) found that
aggressive responding and cynicism but not hostile affect predicted 4-year risk of CVD events
in women who had undergo diagnostic coronary angiography for suspected CHD. The risk of
an adverse cardiovascular event was greater for each point increase in the aggressive
responding score (16% excess risk for each point increase) compared to the cynicism score
(7% excess risk for each point increase), suggesting that aggressive responding may be a
particularly high risk subtype. Lastly, data from the Normative Aging Study (24) showed that
aggressive responding was the only one of the three Barefoot Ho hostility components to
significantly predict allostatic load score, a cumulative physiological measure of chronic stress.
These latter finding suggests that within the trait hostility construct, the aggressive responding
component, may be associated not only with increased platelet reactivity, but also with a
number of other biological dysregulations.

In our study, hostility was associated with increased platelet reactivity to ADP. ADP stimulates
both P2Y12 and P2Y1 platelet receptors (42,43). The Gg-coupled P2Y 1 receptor is responsible
for intracellular calcium mobilization, shape change, and initiation of aggregation; the Gi-
coupled P2Y12 receptor is responsible for the completion of the aggregation to ADP and
potentiation of aggregation and secretion by other platelet agonists (42,43). It is intriguing to
consider that trait hostility may be associated with abnormalities in the P2Y1 and/or P2Y12
receptor pathways. Assuming this hypothesis is correct, however, it is unclear whether the ADP
platelet receptors or post-ADP receptor platelet activation pathways are altered among
individuals characterized by hostility. Further examination into the relationship between
hostility and specific platelet pathways of ADP-induced aggregation may help identify
underlying molecular dysregulations of platelet aggregation.

Our study has several limitations. First, although the associations identified are plausible, our
cross-sectional study cannot discriminate between the several possible causal directions
between trait hostility and platelet reactivity. It is possible that hostility induces a higher level
of platelet reactivity. Further, although it is unlikely that platelet reactivity directly induces
hostility, exaggerated platelet reactivity could be part of a broader biological dysregulation that
renders individuals prone to hostility. Lastly, hostility and increased platelet reactivity may be
aconsequence of another yet unidentified pathologic process. A second limitation is that history
of CVD was determined by self-report. Therefore, we cannot exclude the existence of
subclinical CVD in our sample. For instance, as demonstrated by intravascular ultrasound of
the coronary arteries in transplanted hearts, subclinical atherosclerotic CHD is relatively
prevalent even in donor hearts obtained from young adults and adolescents (44). Thus, from a
practical standpoint, we cannot reliably exclude participants with all forms of subclinical CVD,
as it would require multi-modality non-invasive and invasive imaging (45-47). Further, it
would limit the external validity of our results because most prior studies linking hostility to
incident CVD events did not exclude on the basis of subclinical CVD - these studies relied on
self-report to define the presence or absence of CVD event history. Therefore, we believe that
our inclusion/exclusion criteria are reasonable. Regardless, as prior studies have shown a
relationship between hostility and subclinical CVD measures such as carotid atherosclerosis
(48,49), it is possible that the increased platelet reactivity associated with hostility is partially
explained by subclinical atherosclerosis. Third, our sample comprised mostly women. We did
not examine menopausal status or ovarian function, and therefore cannot comment on how
these factors affect the hostility-platelet aggregation link. This is an important research
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question, given the effects of hormones on cells of the vascular wall (50). Finally, the study is
also limited by the size of the cohort. Type I error is a consideration. Overall, although we
found a relationship between hostility and levels of platelet reactivity, further research should
be conducted to confirm our preliminary findings, to investigate the relations among hostility,
subclinical CVD, and platelet aggregation, to examine the role of hormones and menopause
in platelet aggregation in hostility, and to examine the generalizability of our findings to other
samples including non-employees and participants without hypertension.

In summary, our findings suggest that trait hostility is associated with increased platelet
reactivity in individuals without prior CVD event history. Additionally, these biological
dysregulations may be more strongly related to expressive forms of hostility, especially with
the aggressive responding subtype. Future studies should delve into the clinical significance
of these findings by investigating whether increased platelet aggregation mediates the hostility-
CVD event link. Possible underlying mechanisms such as abnormalities of the ADP P2Y1 and/
or P2Y12 receptor pathways, which may explain the increased platelet reactivity associated
with hostility, should also be examined. Understanding the specific biological mechanisms
involved may lead to novel therapeutic strategies to reduce the increased cardiovascular risk
associated with hostility.
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Figure 1.

Partial linear regression scatterplots are shown along with mean 95% CI for each hostility
subscale. The three hostility subscale scores (aggressive responding, cynicism, and hostile
affect) are included in a regression model. The measure “zadp” was formed by standard (z)
scoring the two ADP platelet reactivity measures and then averaging them.
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Table 1
Sample characteristics”

Characteristics Total Sample (N=42)
Age, y 485+9.7
Sex, % female 81.0
Body Mass Index, kg/m? 33.7+7.7
Blood Pressure

Systolic blood pressure, mmHg 145+ 12

Diastolic blood pressure, mmHg 88+8

Pulse pressure, mmHg 56 + 10
Diabetes Mellitus, % 119

Diet controlled, % 4.8

Oral hypoglycemic, % 7.1

Insulin, % 48
Hyperlipidemia, % 28.6
Active Smoking, % 4.8
Medications

Beta-blocker, % 23.8

Calcium channel blocker, % 19.0

Angiotensin converting enzyme inhibitor/angiotensin 11 35.7

receptor blocker, %

Diuretic, % 33.3

HMG-CoA reductase inhibitor, % 4.8
Barefoot Ho score 13£5

Aggressive responding score 5+2

Cynicism score 7+3

Hostile affect score 2x1
Platelet Aggregation Measures

Aggregation Rate to 5 uM ADP, %/min 423+9.3

Aggregation Rate to 10 uM ADP, %/min 46.3+9.4

*
Data are expressed as percentage or mean + SD.

TOf the 5 diabetic participants, 2 were diet-controlled, 1 was on metformin alone, and 2 were on both metformin and insulin.
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Correlations Among Hostility Construct Scores™

Qgg;ﬁi:xz Cynicism | Hostile affect
Aggressive _
responding
Cynicism 57 -
Hostile affect A7 57 -

*
All ps<.05.
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