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Hopelessness and hostility are linked to progression of carotid atherosclerosis (PCA). The
purpose of this study was to replicate such relations and to evaluate the role of biologi-
cal pathways involving hyperactivation of the sympathetic nervous system (SNS) and the
hypothalamic—pituitary—adrenocortical (HPA) axis. PCA was evaluated by 4-year change in
three ultrasound measures of intima-media thickness (IMT) in 1027 men aged 42-60 years
at baseline. Effect modification and mediation of relationships between psychosocial factors
and PCA were examined for the measures systolic blood pressure (SBP), fibrinogen, and
waist-to-hip ratio (WHR), levels of which are indicative of activity along these pathways.
Hopelessness and hostility were associated with PCA. Fibrinogen mediated to a moderate
extent the association between hopelessness and PCA. SBP significantly modified the rela-
tion between hostility and PCA in participants of moderate hostility. The above biological

pathways are implicated in the mechanisms connecting hopelessness, hostility, and PCA.
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INTRODUCTION

Psychological conditions such as depression,
hopelessness, and hostility are associated with an
elevated risk of cardiovascular disease and all-
cause mortality. Depression has been associated with
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an increased risk of developing and dying from
cardiovascular disease (CVD) (Anda et al, 1993;
Aromaa et al.,, 1994; Bruce et al., 1994; Everson
et al., 1996, 1997a; Glassman and Shapiro, 1998;
Musselman et al, 1998; Rozanski et al., 1999;
Rugulies, 2002). A related psychological construct,
hopelessness, is implicated as conferring an indepen-
dent risk of developing CVD. While lack of hope
is often considered an integral part of depression
(Brown and Harris, 1978), hopelessness may func-
tion independently from depression (Alloy et al.,
1988; Greene, 1989). Observational studies and an-
imal models of hopelessness have linked hopeless-
ness with an elevated risk of sudden death and
CVD (Anda et al., 1993; Bruhn et al., 1974; Engel,
1968; Ritcher, 1957). The Kuopio Ischemic Heart
Disease (KIHD) study cohort showed that middle-
aged men with high levels of hopelessness had a
greater risk of incident myocardial infarction (MI)
and CVD-specific and all-cause mortality (Everson
et al., 1996, 1997a). Such men also developed more
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atherosclerosis over a 4-year interval, independent
of depression and traditional cardiovascular risk
factors.

Hostility is associated with negative affective
characteristics including suspicion, cynicism, anger,
aggression, and irritability (Julkunen et al., 1994;
Maruta et al., 1993). Analyses of the KIHD study
showed that men with high cynical distrust and
anger-control scores had close to twice the level
of progression of carotid atherosclerosis over a
2-year period than men with lower scores (Julkunen
et al., 1994). Adjustments for various biological
and socioeconomic risk factors eliminated these
associations, however. Similarly, men with hostility
scores in the top quartile had more than twice the
risk of all-cause mortality, cardiovascular mortality,
and MI as compared to men with scores in the lowest
quartile (Everson et al., 1997b). In this study, SES
and biological risk factors only slightly attenuated
the associations, whereas behavioral risk factors
considerably attenuated them. Some, but not all,
studies of these relationships in other populations
have reported an association between hostility and
an elevated risk of CVD (Barefoot et al., 1995; Hearn
et al., 1989; Iribarren et al., 2000; Maruta et al., 1993;
Matthews et al., 1998).

Unhealthful behavior is known to mediate, in
part, associations between negative psychological
conditions and CVD risk (Glassman et al., 1990;
Kaplan and Keil, 1993; Musselman et al, 1998;
Niedhammer et al., 1998; Rozanski et al., 1999; Twisk
et al., 2001; Ziegelstein et al., 1998). Recent stud-
ies have also implicated neuroendocrine pathways
in the mechanisms underlying the link between psy-
chosocial state and risk of CVD (Anda et al., 1993;
Everson et al., 1997b; Markowe et al., 1985; McEwen
and Stellar, 1993; Miller et al., 2002; Pope and Smith,
1991; Suarez et al., 1998). Persons with depressive
disorders may experience chronic hyperactivation
of the sympathetic nervous system (SNS), and of
the sympathetic-adrenal medullary (SAM) system
specifically, resulting in greater blood pressure and
heart rate, constriction of peripheral blood vessels,
and higher circulating levels of epinephrine and nore-
pinephrine (Cohen and Rodriguez, 1995; Laghrissi-
Thode et al., 1997; Musselman et al., 1996). High hos-
tility individuals also experience SNS hyperactivity
(Rozanski et al., 1999; Suarez and Blumenthal, 1991;
Suarez et al., 1998).

Depressed persons can suffer chronic stimu-
lation of the hypothalamic—pituitary—adrenocortical
(HPA) axis, with consequent elevated secretion
of glucocorticoids, leading to increased release of
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insulin and hyperlipidemia, hypercholesterolemia,
hypertension, hypertrophy of the adrenal gland,
and injury to the intima and vascular endothelial
cells (Bjorntorp, 1997; Checkley, 1996; Cohen and
Rodriguez, 1995; Tsigos and Chrousos, 2002). De-
pression may increase the risk of cardiac events by
way of reduced heart rate variability and impaired
vagal control (Musselman et al., 1998; Rozanski et al.,
1999). Hostility is also associated with a heightened
reactivity of the HPA axis, high platelet reactiv-
ity, high daily-life ambulatory blood pressure, hyper-
cortisolemia, and elevated circulating levels of cat-
echolamines, along with a clustering of unhealthy
lifestyle behaviors (Everson et al., 1997b; Pope and
Smith, 1991; Rozanski et al., 1999; Suarez et al., 1998).

A greater understanding is needed of the bi-
ological pathways linking affective disorders and
CVD. One way in which the influence of these
pathways can be examined is by determining the
extent to which levels of physiological measures
linked to overactivity of the SNS or the HPA axis
mediate or moderate some or all of the association
between affective disorders and CVD. Negative
affective states such as hopelessness or hostility
likely influence human biology over both the short-
and the long-term (Kelly et al., 1997; McEwen, 1998).
Intermediate biological changes along the SNS or
HPA axes, detectable by changes in physiological
markers, may be involved in mediating longer-term
health outcomes. On the other hand, it may be the
case that specific physiologic measures involved in
these biological pathways simply covary with the
states of hopelessness or hostility, serving perhaps in
the short term to modify, rather than mediate, the ef-
fects of negative affective states on the development
of atherosclerosis over 4 years.

In an attempt to further describe the impact
of activity along these pathways, the present study
sought to examine the influence of three physiolog-
ical measures linked to SNS and/or HPA activity in
the association between affective disorders and CVD
previously observed in the KIHD Study. Specifically,
we evaluated the exploratory hypotheses that the in-
fluences of hopelessness and hostility on 4-year pro-
gression of carotid atherosclerosis (PCA) are modi-
fied or mediated by plasma fibrinogen, systolic blood
pressure (SBP), and waist-to-hip ratio (WHR). Each
of these variables has been previously implicated in
the pathways by which affective disorders are linked
to CVD (Bjorntorp, 1997; Glassman et al., 1990;
Glassman and Shapiro, 1998; Musselman et al., 1996;
Pratt et al., 1996; Rozanski et al., 1999). Plasma fib-
rinogen is an acute phase reactant and marker of
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inflammation in the cardiovascular system. It plays
a fundamental role in thrombus formation, strongly
affects platelet aggregation, and its concentration in-
creases in response to a wide array of stressors in
humans (Kelly et al., 1997; Saadeddin et al., 2002).
Fibrinogen is also independently associated with de-
pression and the related condition of vital exhaus-
tion (Kop, 1999; Kop et al., 2002). Hypertension,
an important independent risk factor for CHD, has
been shown to develop in response to the adminis-
tration of corticosteroids, and may result from hy-
peractivity of the SAM axis, which can occur in
depressed and high-hostility individuals (Bjorntorp,
1997; Musselman et al., 1998). Abdominal adipose tis-
sue indexed by WHR is linked to insulin resistance,
and is a stronger risk factor than obesity for CHD,
stroke, and mortality (Ferland et al., 1989). Insulin re-
sistance and its sequelae may reflect hyperactivity of
the HPA axis due to psychosocial stress (Bjorntorp,
1997; Kelly et al., 1997). Additionally, visceral obesity
may be a function of elevated cortisol due to upregu-
lated HPA activity (Mayo-Smith et al., 1989). Plasma
fibrinogen, SBP, and WHR are thus each related to
CVD and also potentially influenced by the patho-
physiological responses that can occur in individuals
with high hopelessness or hostility.

Analysis of mediation or effect modification
by these measures has the potential to clarify the
simple previously observed associations, and may
thus lead to more sophisticated hypotheses to test
whether (over)activity of the SNS and/or HPA axis
is implicated in the link between negative affective
states and CVD. Evidence for a biologically plausi-
ble mechanism of mediation would support a role
for the SNS or HPA axis as a temporal intermedi-
ary between negative affective exposure and CVD
risk. Evidence of effect modification by these biolog-
ical measures could highlight the possible effects of a
short-term biological response to a negative affective
state on the long-term potential impact of such states
on atherogenesis. Differentiation of the effects of the
physiological measures is one of the steps needed in
the process of unraveling the still poorly understood
specific risks of negative affective states such as hope-
lessness or hostility.

METHODS
Study Population

The KIHD study was designed to investigate
previously undetermined risk factors for ischemic
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heart disease, carotid atherosclerosis, and related
outcomes in a population-based sample of middle-
aged men in eastern Finland, an area of high coro-
nary morbidity and mortality (Keys, 1980; Salonen,
1988). Reports from the KIHD study have fo-
cused on the association between hostility and
hopelessness, and PCA and cardiovascular mortal-
ity (Everson et al. 1996, 1997a,b; Greenglass and
Julkunen, 1991; Julkunen et al., 1994; Lynch et al.,
1998; Wilson et al., 1993). The study population and
manner of recruitment have been described pre-
viously (Salonen, 1988). Briefly, in its entirety the
KIHD study surveyed 2682 men (82.9% of those el-
igible) aged 42, 48, 54, or 60 years at time of entry
between March 1984 and December 1989. A follow-
up evaluation, restricted to those who underwent ul-
trasound examination of the carotid arteries at base-
line, was conducted on 1038 men. Fifty-two of the
1229 participants eligible for the follow-up evalu-
ation could not participate on the basis of having
moved, or because they were severely ill, or had died;
a further 139 men refused to participate or could not
be located. Data were obtained on 1027 men; there
were 236, 242, 283, and 266 men in the 42-, 48-, 54-,
and 60-year-old age groups, respectively. The mean
follow-up duration was 4.2 years after the baseline
survey (range: 3.9-5.1 years). For each participant,
the follow-up survey was conducted during the same
month, and at the same time of day, as the base-
line survey conducted previously. For the purposes of
the present analysis, complete covariate measures
were available for 921 men in the analysis using
hostility scores and 990 men in the analysis using
hopelessness scores.

Psychosocial Measures

Hopelessness was assessed at baseline with two
questionnaire items scored on a 5-point Likert scale
(Everson et al., 1997a). These items were as fol-
lows: “I feel that it is impossible to reach the goals
I would like to strive for” and “The future seems to
me to be hopeless, and I can’t believe that things are
changing for the better.” Questions were summed
and the score distribution, ranging from 0 to 8, di-
vided into three levels: “Low hopelessness” (scores
of 0, 1, or 2, including 58.3% of all scores), “mod-
erate hopelessness” (scores of 3, 4, or 5, represent-
ing 32.9% of the sample), and “high hopelessness”
(scores of 6, 7, or 8, accounting for 8.8% of the sam-
ple) (Everson et al., 1997a). The “low” and “mod-
erate” groups were pooled into a single category
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to enable greater statistical power. These catego-
rizations were employed in order to further ex-
plain the specific relationships between psychosocial
conditions and atherosclerosis previously reported
(Everson et al., 1997a).

Hostility was assessed at baseline by self-
report using a questionnaire mailed to participants
approximately half way through the first (2-year)
follow-up period (Julkunen et al., 1994). This analysis
restricts its consideration of hostility to cynical dis-
trust (Greenglass and Julkunen, 1991), a measure of
the cognitive component of hostility from the Cook—
Medley Hostility Scale (Cook and Medley, 1954).
Eight items from the cynical distrust scale were used.
This abbreviated scale correlates with the original
Cook-Medley scale (r = 0.77, p < 0.001) and is held
to be a valid, reliable, and specific measure of hos-
tility and distrust. Cronbach’s alpha for the Cynical
Distrust Scale is 0.81, evidence of sufficient inter-
nal consistency (Everson et al., 1997b). Sample items
from this scale are as follows: “It is safer to trust
nobody” and “Most people make friends because
friends are likely to be useful to them.” Response op-
tions were on a 4-point Likert scale as follows: 0 =
completely agree; 1 = somewhat agree; 2 = some-
what disagree; 3 = completely disagree. Items were
reverse scored and summed, providing a Cynical Dis-
trust Scale score of from 0 to 24. Participants were
grouped into Low, Moderate, and High hostility cat-
egories by tertiles. Tertile categorization was used in-
stead of dichotomization (Julkunen et al., 1994) in or-
der to further differentiate between subjective levels
of hostility.

Marital status was categorized as either “single,”
“married,” or “divorced/widowed.” Smoking was as-
sessed by questionnaire and persons classified as ei-
ther “current smoker,” “former smoker,” or “never
smoked.” Treatment for hypertension or hyperlipi-
demia was assessed by medication usage. Education
was recorded as number of years of total education
completed. Season of the year was not included as
a covariate given no evidence of confounding effects
in previous KIHD analyses (Wilson et al., 1993). This
present analysis used baseline values of psychosocial
variables to predict 4-year change in intima-media
thickness (IMT) measures.

Biological Measures
Biological measures included in this analysis are

known to be associated with CVD-related mortality
and acute myocardial infarction (Lynch et al., 1996).
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Measures included plasma fibrinogen, WHR, and
SBP. Fibrinogen was determined based on clotting of
diluted plasma with excess thrombin using fresh sam-
ples after 12-h abstinence from food and coffee, and
3-day abstinence from alcohol (Clauss, 1957). The
coefficient of variation for the day-to-day measure-
ment of variability for serum fibrinogen assays was
5.5%. WHR was calculated as hip girth (cm) into
waist girth (cm). BMI was not included in analyses
given collinear relations with WHR. Three measures
of SBP were taken with the participant supine, and
averaged. This analysis used baseline values of bio-
logical measures in assessing interaction with base-
line psychosocial measures to predict 4-year change
in IMT. Treatment for hypertension was accounted
for as a covariate in analyses, assessed by review of
medications (Lynch et al., 1998).

Carotid Atherosclerosis

Carotid atherosclerosis was examined using
high-resolution B-mode ultrasound measurements
of intima-media thickness of a 1.0-1.5 cm section
at the distal end of both the right and left com-
mon carotid artery (CCA) proximal to the carotid.
Carotid atherosclerosis evaluated by B-mode ultra-
sound is an accepted measure of atherosclerosis and
is associated with coronary artery disease (CAD)
(Crouse, 2001; Crouse et al., 1996). The protocol for
this procedure has been reported earlier (Salonen
and Salonen, 1993). The precision of the measure
is £0.03 mm (Salonen et al., 1993). Ultrasound im-
ages were focused on the posterior wall, with the sub-
ject supine, after a 15-min rest. IMT was assessed
using Prosound software, which utilizes an edge-
detection algorithm designed for ultrasound scan-
ning enabling detection, tracking, and recording of
the lumen/adventitia and media/adventitia interfaces
(Selzer et al., 1994).

The present analysis used three measures of
IMT, each assessed at baseline and at follow-up
4 years later. Mean IMT was defined as the mean
of some 100 IMT readings taken from each CCA.
Maximum IMT represents the average of the max-
imum IMT measured in the right and left CCA’s.
Plaque height was defined as the difference between
the maximum and minimum IMT averaged over the
left and right CCA. Each IMT measure represents
a potentially different aspect of atherosclerotic
progression, with changes in mean IMT serving as
an overall measure of atherosclerotic progression
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(Lynch et al., 1997). Maximum IMT indicates the
depth of the greatest lesion intruding into the lumen,
while plaque height indicates the roughness of the
arterial wall represented by the range of IMT and
hence assessing how steeply atherosclerotic lesions
protruded into the lumen. Progression of carotid
atherosclerosis (PCA) was evaluated as the 4-year
change in IMT value, recorded as the follow-up
measure of IMT minus the baseline measure of IMT
for each of the three IMT variables. These measures
have been described more fully elsewhere (Lynch
et al., 1997; Salonen, 1988).

Data Analysis and Statistics

We used linear regression models to examine
relations between psychosocial measures of hope-
lessness and cynical hostility, and progression of
atherosclerosis over 4 years (as estimated by mean
change in three measures of IMT). The first set
of models controlled for age and baseline level of
carotid atherosclerosis; the second set of models
also controlled for the covariates plasma fibrinogen,
SBP, WHR, education level, smoking status, marital
status, and treatment for hypertension. Slightly dif-
ferent numbers were used in these models compared
to the analysis by Everson et al. due to the different
covariates and categorizations used (Everson et al.,
1997a).

Operationalization of the hostility and hopeless-
ness exposure measures as indicator variables al-
lowed for a thorough analysis of effect modification
and mediation at different levels of exposure. Cat-
egorization of the exposures also obviated the need
to transform these measures, as such transformation
would have resulted in greater difficulty interpret-
ing the results of analysis. Path analysis was consid-
ered, but the use of indicator variables made meet-
ing this analytic technique’s assumptions (e.g., linear
relationship among the variables, interval scale data
for all variables, uncorrelated residual error terms for
endogenous variables) problematic (Bollen, 1998).

PCA was regressed (in separate models) on
each psychosocial predictor. The determination of
whether biological variables of SBP, WHR, and fib-
rinogen modified the effect of psychological predic-
tors on PCA was made based on whether the addi-
tion of an interaction term representing a biological
variable and the psychosocial predictor resulted in a
significant (p < 0.05) change in the predictive capac-
ity of the model, assessed by single and multiple par-
tial F tests (Kleinbaum et al., 1998).
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The three biological variables were further ex-
amined as potential mediators of the relationship be-
tween the two psychosocial predictors and PCA. Me-
diation was defined in terms of the extent to which an
intermediate variable “explains” an association be-
tween a predictor and a criterion, where the predic-
tor is an independent variable, and the criterion is
the dependent variable. A covariate may be a me-
diator according to the following conditions: 1) when
the mediator is regressed on the exposure, the expo-
sure must affect the mediator; 2) when the outcome is
regressed on the exposure, the exposure must affect
the outcome; and 3) when the outcome is regressed
on both the mediator and the exposure, the mediator
must independently affect the outcome (Baron and
Kenny, 1986; Hoyle and Kenny, 1999; Kenny et al.,
1998).

To assess the potential mediating role of the bio-
logical variables plasma fibrinogen, SBP, and WHR,
PCA was regressed (in separate models) on each of
the psychosocial predictors with covariates included
in the model to control for confounding (Hoyle and
Kenny, 1999). The percentage change in the size of
the beta coefficient for the psychosocial predictor
when a potential biological mediator was removed
from the model was calculated. A change of greater
than 15% in the beta coefficient for the predictor was
taken to suggest the presence of mediation; a change
of greater than 30% was considered to strongly sug-
gest mediation.

Analyses were conducted with the GLM and
REG procedures in SAS version 8.2. Age-adjusted
mean values of 4-year IMT were estimated and con-
trasted for each level of hopelessness and hostility
while simultaneously controlling for confounders.

RESULTS

Descriptive statistics for the psychosocial pre-
dictor variables and covariates examined are given
in Table I. There were 921 men with hostil-
ity data and complete IMT data; there were
990 men with hopelessness data and complete
IMT data. Tables IT and III present estimated mean
4-year change in IMT for each level of the three
independent variables for these men. The cell sizes
are smaller in Table III because complete covari-
ate data were not available for all men. There
were no significant differences in exposures or de-
scriptive variables between the entire cohort and
the subgroups for which complete covariates were
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Table I. Characteristics at Baseline for 1027 Eastern Finnish Men
With Follow-up Measures for 4-Year Change in Intima-Media

Thickness (IMT)*
Variable n Mean + SD
Hostility score” 921 1257 +4.19
Hopelessness score® 990 248 +£1.93
Waist-to-hip ratio (unitless) 1025 0.94 + 0.06
Age (years) 1027 51.38 + 6.64
Systolic blood pressure (mmHg) 1026 131.8 £ 16.1
Plasma fibrinogen (g/1) 974 3.00 + 0.57
Education (years completed) 1024 92+35
%

Cigarette smoking (n = 1027)

Never smokers 273 266+ 1.4

Former smokers 406 395+ 1.5

Current smokers 348 339+£15
Marital status (n = 1025)

Married/living as couple 904 882+ 1.0

Single 57 5.6 £0.7

Divorced/widowed 64 62+08
Taking Hypertensive

Medication (n = 1027)
Yes 211 205+1.3
No 816 795+13

“Not all participants contributed data for all measures.

"Scores range from 0 to 24; a higher score indicates a higher de-
gree of cynical hostility.

“Scores range from 0 to 8; a higher score indicates a higher degree
of hopelessness.

available. Model 1 is adjusted for age and base-
line IMT score only; Model 2 is adjusted for all co-
variates found to be significantly related to change
in IMT. A strong association was found between
high baseline hopelessness and hostility and 4-year
progression of IMT. Greater hostility was associ-
ated with greater 4-year change in mean and maxi-
mum IMT for both Model 1 and Model 2. Similarly,
high hopelessness individuals were characterized
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by greater 4-year change for each IMT measure.
Tables II and III include an assessment, per Everson
et al. (1997a), of the relation between mean IMT
scores by hopelessness category for those individ-
uals with baseline IMT measures greater than the
median.

Analysis of Effect Modification

SBP was dichotomized into low-moderate and
high groups, since the low and moderate SBP ter-
tiles had similar distributions for IMT, while the
high SBP tertile presented a different distribution.
Both models indicated significant effect modification
by SBP of the association between hostility scores
and 4-year change in mean IMT, maximum IMT
and plaque height. Partial F tests for effect modifi-
cation of the hostility x SBP term were statistically
significant for change in IMT measures. For mean
IMT, F =7.55 (p < 0.001); for maximum IMT, F =
5.07 (p = 0.007); and for plaque height, F = 3.83
(p = 0.02). The hostility x fibrinogen and hostility x
WHR terms were not significant. Interactions with
hopelessness were not significant.

For men in the lower tertiles of SBP, change
in the three IMT measures in the moderate hostil-
ity group was similar to those of the low hostility
group, while men in the high hostility group had the
largest (albeit not statistically significant) gain in IMT
measures (Fig. 1). Among men in the highest SBP
tertile, the moderate hostility group had greater 4-
year IMT progression than men in the low hostility
and the high hostility groups (p = 0.05). Figures 1(a)
through 1(c) illustrate the different hostility—IMT re-
lationships among the men in the highest SBP tertile
compared to those in the lower two tertiles.

Table II. Mean 4-Year Change (95% Confidence Interval) in Intima-Medial Thickness (IMT) for Affective

Measures: Model 1¢

Mean IMT Maximum IMT Plaque height

Hostility n =923 n=923 n=0921

Low 0.095 (0.079, 0.110) 0.238 (0.216, 0.260) 0.253 (0.233,0.272)

Moderate 0.119 (0.104, 0.135) 0.270 (0.248, 0.291) 0.280 (0.260, 0.299)

High 0.125* (0.110, 0.141) ~ 0.278* (0.256,0.300)  0.273 (0.253, 0.293)
Hopelessness n=992 n=992 n =990

Low/moderate 0.111 (0.102, 0.121) 0.260 (0.246, 0.273) 0.268 (0.256, 0.280)

High 0.136 (0.106, 0.166) 0.309* (0.267,0.352)  0.297 (0.259, 0.336)

Hopelessness (baseline IMT > median)
Low/moderate
High

n =508
0.093 (0.077, 0.110)
0.132 (0.084, 0.181)

n =506
0.239 (0.215, 0.262)
0.326* (0.254, 0.398)

n =508
0.209 (0.190, 0.229)
0.241 (0.178, 0.303)

“ Adjusted for age and baseline IMT.
*p < 0.05.
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Table III. Mean 4-Year Change (95% Confidence Interval) in Intima-Medial Thickness (IMT) for Affective

Measures: Model 2¢

Mean IMT Maximum IMT Plaque Height
Hostility n =873 n =873 n=_871
Low 0.095 (0.079, 0.111) 0.240 (0.218, 0.263) 0.258 (0.238, 0.279)
Moderate 0.119* (0.104,0.134) ~ 0.267* (0.245,0.289)  0.273 (0.253, 0.293)
High 0.122* (0.106, 0.138) ~ 0.273* (0.251,0.295)  0.270 (0.250, 0.290)
Hopelessness n =940 n =940 n =938
low/moderate 0.111 (0.101, 0.120) 0.259 (0.245, 0.272) 0.268 (0.256, 0.280)
high 0.137 (0.106, 0.167) 0.306* (0.262,0.349)  0.288* (0.248, 0.327)
Hopelessness (baseline IMT > median) n =470 n=471 n=470
low/moderate 0.093 (0.076, 0.109) 0.236 (0.213, 0.260) 0.203 (0.184, 0.223)
high 0.134 (0.083, 0.186) 0.321* (0.246,0.397)  0.226 (0.162, 0.290)

“Adjusted for baseline IMT, age, education, fibrinogen, WHR, SBP, smoking status, and treatment for hypertension.
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*p < 0.05.
Mediation by Biological Measures

Analysis of change in beta coefficients impli-
cated fibrinogen as the sole biological measure with

4-year change in mean IMT
by hostility and SBP

0.25
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Fig. 1. Mean 4-year Change in IMT measurements, according to
Baseline Hostility and Systolic Blood Pressure (SBP) (error bars
correspond to 95% confidence interval).

a role in mediating the hopelessness—IMT relation-
ship. Hopelessness was a predictor of 4-year change
in both mean and maximum IMT, for which the inclu-
sion of fibrinogen in statistical models attenuated the
extent to which the hopelessness measure was predic-
tive of change in IMT. Table I'V provides the percent-
age change in parameter estimates for hopelessness
in models when fibrinogen was included. In Model
1 the percentage change in parameter estimates was
18.0, 13.1, and 8.5% for mean IMT, maximum IMT,
and plaque height, respectively. None of these values
approach the 30% change that might imply strong
mediation; rather, percentage change in parameter
estimates for mean IMT and maximum IMT suggest
moderate mediation. The magnitude of parameter
changes was reduced in Model 2 which controlled for
all covariates. Hopelessness was not predictive of 4-
year change in plaque height with or without plasma
fibrinogen in the model; thus percentage change in
the beta coefficient for hopelessness—plaque height
with fibrinogen in the model was not informative.

DISCUSSION

This analysis examined the possible modifying
and mediating roles of three biological variables—
plasma fibrinogen, resting SBP, and WHR—on
the relationship between two negative affective
states—hostility and hopelessness—and progression
of carotid atherosclerosis in middle-aged men. Pre-
vious studies examining this cohort found that high
baseline levels of hostility (Julkunen et al., 1994) and
hopelessness (Everson et al., 1997a) were associated
with increased PCA, and the present analysis con-
firmed these earlier reports. The novel and previ-
ously untested hypotheses examined by this analysis
were that plasma fibrinogen, SBP, and WHR modify
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Table I'V. Mediation by Plasma Fibrinogen of Relation Between Hopelessness and Change in IMT

Model 1¢ Model 2°
4-yr change Without fibrinogen ~ With fibrinogen =~ Without fibrinogen = With fibrinogen

Mean IMT

Partial F-value 3.57 2.40 2.82 213

Hopelessness (p) 0.06 0.12 0.09 0.14

Beta (SE) 0.031 (0.016) 0.025 (0.016) 0.028 (0.016) 0.024 (0.016)

% Change 18.0 15.5
Maximum IMT

Partial F-value 5.80 4.39 4.56 3.78

Hopelessness (P) 0.02 0.04 0.03 0.05

Beta (SE) 0.056 (0.023) 0.048 (0.023) 0.049 (0.023) 0.045 (0.023)

% Change 13.1 10.1
Plaque height

Partial F-value 1.82 1.51 0.89 0.83

Hopelessness (P) 0.18 0.22 0.34 0.36

Beta (SE) 0.028 (0.021) 0.026 (0.021) 0.020 (0.021) 0.019 (0.021)

% Change 8.5 42

“Controlling for age and baseline IMT.

bControlling for baseline IMT, age, education, fibrinogen, WHR, SBP, smoking status, and treatment for hy-

pertension.

or mediate associations between hostility and hope-
lessness and PCA, such that accounting for the role
of biological variables in associations between nega-
tive affect and PCA could further understanding of
the underlying mechanisms. Strong effect modifica-
tion by baseline SBP of the relation between hostil-
ity and PCA was observed; the impact of baseline
hostility on 4-year progression of all IMT measures
examined was significantly modified by SBP. Of the
biological variables analyzed, plasma fibrinogen ap-
peared to play a moderate role mediating the rela-
tionship between hopelessness and PCA.

Effect Modification of Hostility-PCA
by Systolic Blood Pressure

A relationship between high hostility and ele-
vated risk of CVD has been hypothesized to op-
erate through the sympathetic nervous system or
the hypothalamic—pituitary—adrenocortical axis. One
of the biological measures known as influenced by
hyperactivation of these two neuroendocrine path-
ways, SBP, was thus examined in this analysis for its
potential role as an effect modifier. Our a priori hy-
pothesis was that elevated SBP (as well as fibrino-
gen and WHR), possibly determined in part by the
physiological responses of the organism to negative
affective states, might operate to increase the effect
of negative affective states on the 4-year progres-
sion of IMT. Our results indicate that SBP appears
to be a strong effect modifier of the hostility-PCA
relationship.

The strongest effect modification observed in
this analysis concerned greater 4-year PCA among
moderate hostility men with high SBP. Moderate
hostility men experienced significantly greater PCA
if in the high SBP group as opposed to the low-
moderate SBP group. Low and high hostility men,
however, did not experience significantly different
PCA based upon SBP. Thus the hypothesis of effect
modification by SBP was partially confirmed.

Effect modification among the moderate hostil-
ity group was an unexpected finding for which vari-
ous post hoc explanations can be posited. One such
possibility is differential underlying propensities to-
wards perceiving “challenge” situations, and corre-
sponding differences in the frequency and magni-
tude of physiological responses. Men with elevated
hostility scores have been shown by some, but not
all, studies to experience an acute physiological re-
sponse (e.g., rapid release of catecholamines, raised
blood pressure and release of cortisol) to mentally
stressful situations (Brunner, 1997; Carroll et al.,
1997; Suls and Wan, 1993). Low-hostility individu-
als may perceive the balance of potentially stress-
ful interpersonal situations as neither confrontational
nor particularly challenge provoking, thus experi-
encing infrequent and/or minimal responses. Very
cynical, highly hostile individuals, at the other ex-
treme, may be inured to the occurrence of what they
perceive as challenge-provoking situations accord-
ing to their beliefs about other people’s behavior,
and thus also experience infrequent and/or minimal
physiological responses in such situations. Moderate
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hostility individuals, however, may perceive and re-
spond readily and frequently to a wide variety of in-
terpersonal challenges. Elevated blood pressure in
such individuals, then, may interact with the chronic
hyperactivity of the SNS and HPA axes resulting
from such repeated responses, thus providing an ex-
planation for the increased PCA observed among
this group. Additional studies are required to repli-
cate the nature of effect modification as observed in
this analysis.

Mediation of Hopelessness—PCA by Plasma
Fibrinogen Level

Plasma fibrinogen seems to operate as a
moderate-strength mediator of the hopelessness—
PCA relation in this analysis. Fibrinogen is a
marker of the systemic inflammation characterizing
atherogenesis (Mosesson et al., 2001; Ross, 1999;
Saadeddin et al., 2002). Its apparent mediation of the
hopelessness—PCA association here is consistent with
its role as an inflammatory marker. Injury to vascular
endothelial cells due to hyperactivation of the HPA
axis may result in higher plasma fibrinogen level. This
reading of the mediating role of fibrinogen implied
by this analysis does not ascribe a direct physiologi-
cal role to fibrinogen in the pathway between hope-
lessness and PCA. Instead, an increase in fibrinogen
may serve as a marker for cell damage, partially due
to hopelessness-induced HPA hyperactivity, which
occurs before vascular damage becomes measurable
through change in IMT thickness.

An alternate interpretation of the mediating
role of fibrinogen demonstrated by this analysis
is that hopelessness-induced hyperactivation of the
HPA axis results in an increase in plasma fibrinogen,
which is then responsible for some of the progres-
sion of carotid atherosclerosis. The possibility that
high hopelessness may result in elevated plasma fib-
rinogen level is consistent with the allostatic load
model, wherein psychosocial stressors cause chronic
activation of the HPA axis and may result in ele-
vated risk of CVD (McEwen, 1998; McEwen and
Seeman, 1999). Studies based on this model have
found that low social class and high job stress, both
risk factors for CVD, are related to high fibrinogen
level (Markowe et al., 1985; Wilson et al., 1993). As
fibrinogen plays a role in the early stages of plaque
formation, an increase in plasma fibrinogen could re-
sult in greater progression of carotid atherosclero-
sis over time. This second interpretation of the me-
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diation analysis results places fibrinogen directly in
the biological path linking hopelessness and carotid
atherosclerosis. Unfortunately, the design of this ex-
ploratory analysis does not allow for distinguish-
ing between these two interpretations of mediation.
Studies that specifically examine physiological mech-
anisms linking negative psychosocial states and pro-
gression of atherosclerosis are needed to further
describe the role that plasma fibrinogen and other bi-
ological measures play in such relationships. It may
be that fibrinogen is both directly and indirectly in-
volved in mediating the link between hopelessness
and PCA. Specifically how and why hopelessness
might be linked, via fibrinogen, to the inflammatory
process also requires further study.

The present analysis was limited in its ability to
determine a possible mediating role of plasma fib-
rinogen due to sample size limitations. Everson et al.
reported that the association between hopelessness
and PCA was much greater among individuals whose
baseline IMT was above the median (Everson et al.,
1997a). We were unable to examine the potential me-
diating role of fibrinogen among men with baseline
IMT above the median separately from individuals
with baseline IMT below the median, as cell sizes be-
came too small for multivariate analysis when this
further dichotomization was made. Fibrinogen may
play a significantly greater role among individuals for
whom baseline IMT is in the upper half of the dis-
tribution; however, detection of a possibly greater
mediating role of plasma fibrinogen among these in-
dividuals was not practicable. Additionally, a 4-year
follow-up period may not be adequate, as document-
ing mediation of the pathophysiologic effects operat-
ing through the HPA and sympathoadrenal pathways
may necessitate a longer follow-up period for such ef-
fects to be observed.

Analytic Design

Criticism has been leveled at analyses such as
this which seek to separate the total effect of an ex-
posure (e.g., hostility or hopelessness) on a given
outcome (e.g., PCA) into indirect and direct effects
(Cole and Hernan, 2002; Poole and Kaufman, 2000;
Robins and Greenland, 1992). The argument goes
as follows: If there is confounding by an unmea-
sured variable of the relation between a mediator
and an outcome, then conditioning on the exposure—
outcome association according to the level of the me-
diator may lead to an inaccurate division of the total
effect into “indirect” and “direct” components.
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Blakely (2002) has noted that examples used to
make the case that adjusting for mediators leads to
an inaccurate partitioning of a total effect have in-
volved data either 1) simulated or hypothetical, or
2) taken from actual studies chosen for an extreme
distribution of population characteristics (Blakely,
2002). Therefore, until new and realistic examples
serve to indicate that the estimation of direct and in-
direct effects can lead to flawed conclusions in com-
mon scenarios, abandoning this method may well be
premature. Instead, the collection of data on possible
confounders, the inclusion of such data in analyses,
and consideration of assumptions that go along with
effect decomposition can serve as useful safeguards
against inaccurate conclusions (Cole and Hernan,
2002). Effect decomposition was performed in this
exploratory analysis with an awareness of the po-
tential methodological problems involved with this
technique. Recommended safeguards (Blakely, 2002;
Cole and Hernan, 2002) have been employed to-
wards assuring the valid estimation of the mediat-
ing effects of the variables examined. Attention has
been given to potential confounding of the causal in-
termediate in the biological processes under study.
Further epidemiologic and physiological studies ex-
amining the activity of plasma fibrinogen in the path-
way between negative psychosocial states and CHD
are needed to confirm the mediating role suggested
by this analysis.

CONCLUSION

This exploratory analysis attempted to discern
the roles of biological variables in pathophysiolog-
ical pathways that may operate parallel to one an-
other, may interact with each other, and may also
be influenced by unknown confounders. The HPA
axis and the sympathoadrenal system have each been
implicated in the association between the negative
affective states of depression and hostility and ele-
vated risk for CVD. Such implication is quite differ-
ent, however, from a precise explication of the roles
that each pathway plays in the link between affective
states and CVD. The extent to which each pathway
influences psychosomatic associations, and the possi-
ble interaction of these two pathways, has yet to be
elucidated. The present report supports a moderate
role for fibrinogen as a mediator of the link between
hopelessness and PCA. It also provides support for
SBP as modifying the relation between hostility and
PCA. As new studies specifically aimed at determin-
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ing the operation of the implicated pathways are un-
dertaken, a shift from exploratory analyses to a more
precise explication of roles of particular biological
measures will allow for a clearer description of the
connections between affective states such as depres-
sion and an elevated risk of CVD.
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