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EPIDEMIOLOGY OF CARDIOVASCULAR DISEASE

ABSTRACT

Psychosocial and behavioral factors, including mood (depression, anxiety, anger, and stress), personality
(Type A, Type D, and hostility), and social support, are associated with both the development and
progression of cardiovascular disease. “Negative” emotions have been associated with increased rates of
cardiovascular death and recurrent cardiac events, although the mechanisms responsible for this
association remain unclear. A number of pathophysiological mechanisms have been proposed to explain
these relationships, including hypothalamic-pituitary-adrenal axis dysregulation, platelet activation,
and inflammation. Behavioral factors also have been implicated, such as nonadherence to prescribed
medical therapies and physical inactivity. Several randomized trials of patients with cardiovascular
disease have examined the impact of pharmacologic and behavioral treatments on hard cardiovascular
disease events as well as on cardiovascular disease biomarkers of risk. Although psychological
treatments generally have been shown to improve quality of life and psychological functioning among
cardiac patients, the benefit of psychological interventions with respect to improving clinical outcomes
has not been conclusively demonstrated.

© 2011 Sociedad Espaiiola de Cardiologia. Published by Elsevier Espaiia, S.L. All rights reserved.

Aspectos psiquiatricos y conductuales de la enfermedad cardiovascular:
epidemiologia, mecanismos y tratamiento

RESUMEN

Los factores psicosociales y conductuales, incluido el estado de &nimo (depresion, ansiedad, enojo y
estrés), la personalidad (Tipo A, Tipo Dy hostilidad) y el apoyo social se asocian tanto al desarrollo como
alaprogresion de enfermedad cardiovascular. Las emociones «negativas» se han asociado a un aumento
de las tasas de muerte cardiovascular y a eventos cardiacos recurrentes, aunque contindan sin estar
claros los mecanismos que explican esta asociacion. Se han propuesto diversos mecanismos
fisiopatologicos para explicar estas relaciones, como la alteracion de la regulaciéon del eje
hipotalamo-hipofiso-suprarrenal, la activacidon plaquetaria y la inflamacién. Se han involucrado
también factores conductuales, como la falta de adherencia a los tratamientos médicos prescritos y la
inactividad fisica. En varios ensayos aleatorizados llevados a cabo en pacientes con enfermedad
cardiovascular, se ha examinado el impacto de los tratamientos farmacologicos y conductuales en las
variables «duras» de eventos cardiovasculares y en los biomarcadores del riesgo de enfermedad
cardiovascular. Aunque en general se ha observado que los tratamientos psicologicos mejoran la
calidad de vida y la funcién psicologica en los pacientes cardiacos, el efecto beneficioso de las
intervenciones psicoldgicas en cuanto a la mejora de los resultados clinicos no se ha demostrado de
manera concluyente.

© 2011 Sociedad Espafiola de Cardiologia. Publicado por Elsevier Espaiia, S.L. Todos los derechos reservados.

improvements in non-surgical treatments such as angioplasty
and advances in medical management, has the impact of CVD

Cardiovascular disease (CVD) is a major public health burden
in the industrialized countries, including the United States and
Europe.! For decades CVD has been the leading cause of mortality
and disability in the Western world and only recently, with
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begun to fall behind cancer in terms of its associated mortality.?
However, it remains one of the most common and costly ailments
in the Western world. The most recent estimates from the
American Heart Association suggest that one third of American
adults, nearly 80 million individuals, have some form of CVD, the
most common forms including hypertension, coronary heart
disease (CHD), chest pain, heart failure, and stroke.? Mortality
data suggest that CVD was the underlying cause in 36.3% of
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Abbreviations

CABG: coronary artery bypass graft

CHD: coronary heart disease

CRP: C-reactive protein

CVD: cardiovascular disease

MDD: major depressive disorder

MI: myocardial infarction

SES: socioeconomic status

SSRI: selective serotonin reuptake
inhibitors

deaths in 2004, with current estimates that a death occurs from
CVD every 36 5.2 In 2007, the estimated direct and indirect cost of
CVD was $431.8 billion. Although the impact of CVD has been
relatively less in Spain, it remains a major public health burden’
and there is evidence to suggest that CVD may be increasing in
recent years.*

It has been estimated that 700 000 Americans would have a
new myocardial infarction (MI) in 2007 and about 500 000 would
experience a recurrent attack. In addition, silent MIs are
common, with an estimated annual incidence of 175 000. More
than half of the CVD events in adults under age 75 are due to CHD,
and after age 40 lifetime risk of CHD is 49% for men and 32% for
women.? Estimates from the American Heart Association suggest
that 38% of people who experience an Ml in a given year will die
from it. Data from prospective cohort studies have found that
CVD risk factors (eg, hypertension, diabetes, physical inactivity,
etc.) play a major role in the development of CHD. Case-control
studies from 52 countries report that modifiable risk factors
account for more than 90% of the risk of initial CHD. These factors
include cigarette smoking, abnormal blood lipid levels, hyper-
tension, diabetes, abdominal obesity, physical inactivity, low
daily fruit and vegetable consumption, alcohol overconsumption,
and psychological factors.>” The direct and indirect cost of CHD
alone, ignoring other CVD factors, was estimated in 2007 to be
$151.6 billion.

PSYCHOSOCIAL FACTORS AND CARDIOVASCULAR DISEASE

Although traditional risk factors explain a substantial amount
of CVD risk, psychological factors have also been shown to predict
adverse CVD outcomes.® In addition, it is very likely that
psychological factors are associated with the level of CVD risk:
for example, it is well known that they are associated with
cigarette smoking and physical activity levels.” Multiple psycho-
logical factors, each reviewed elsewhere,®~'° have been examined
as potential risk factors for CVD and generally fall into one of
3 broad domains: a) negative affective states including depression,
anxiety, anger, and distress, b) personality factors such as Type A
behavior pattern, hostility, and Type D personality, and c) social
factors including socioeconomic status (SES) and low social
support.

THE RELATIONSHIP OF NEGATIVE AFFECT
AND CARDIOVASCULAR DISEASE

Depression

Of all the psychological factors, depression has received the
most research attention during the past decade. Indeed, due to

the overwhelming number of studies associating depression and
CVD, recent clinical recommendations include depression
screening and treatment among cardiac patients as a standard
of care.!’ Depression has been variously defined in CVD
research, and may vary from subclinical depressive symptoms
to a full major depressive disorder (MDD), as defined in the
Diagnostic and Statistical Manual of Mental Disorders - 4th
edition.’> MDD is characterized by depressed mood and/or loss
of interest or pleasure in activities that represent a change from
baseline function, as well as sleep disturbance, psychomotor
retardation/agitation, feelings of guilt or worthlessness, sig-
nificant weight loss or weight gain, fatigue or loss of energy,
difficulty concentrating or making decisions, and recurrent
thoughts of death. In order for these symptoms to be considered
MDD, they must also have some functional impact: in other
words, they must be of sufficient severity to interfere with
regular activities.

Depression is common among individuals with heart disease,
particularly following MI, with more than 1 in 5 patients
meeting diagnostic criteria.’®> Depression is also 3 times more
common in patients after an acute MI than in the general
community.'"¥ Initial research into the relationship between
depression and CVD was spurred by observational data showing
that depression diagnosed during hospitalization for CHD was
associated with significantly increased risk of death within the
following year. Frasure-Smith et al.'® first demonstrated this in a
small sample of patients hospitalized for CHD, finding that
depression during the hospitalization significantly increased the
risk of death within the following 6 months. These findings were
soon amplified, as the authors extended their study to find that
depression during hospitalization was associated with a more
than 3-fold increased risk of CHD within 18 months of the
hospitalization.!®

One of the most interesting findings is that the association
between depression and CHD events appears to be dose-
response: as levels increase, so too does the risk of CHD. In a
study of 5-year CHD survival among cardiac patients, Lesperance
etal.” found that incremental increases in depression, measured
by the Beck Depression Inventory (BDI), were associated
with dose-response increases in CHD risk. In this study,
depressive symptoms were assessed both during hospitalization
and again at a 1-year follow-up. Interestingly, improvements in
depression were associated with a modestly reduced CHD risk,
but only among those individuals with mild depression at
baseline. Those participants with moderate-to-severe depressive
symptoms did not experience a reduced risk of CHD with
decreasing levels of depressive symptoms. Compared with
participants having minimal levels of depression, participants
with moderate-to-severe depression had a 3-fold increased risk
of cardiac death.

The CHD risk associated with depressive symptoms has also
been examined in several research syntheses. Rugulies'® con-
ducted a meta-analysis of all prospective studies examining
depression and risk of CHD. Eleven studies were eventually found
to meet inclusion criteria. Across all studies, depression was
either assessed by self-report through questionnaires or by
clinician-diagnosed depression. The authors examined their
findings using both categories of depression. When CHD risk
estimates were combined across studies, depression was
associated with a significantly increased risk of CHD with a
combined risk ratio (RR) of 1.64 (95% confidence interval
[CI] = 1.29-2.08, P<.001), with significant heterogeneity between
studies. In sensitivity analyses, the authors found that clinician-
diagnosed depression was a stronger predictor of depression
(RR=2.69) compared with depressive symptoms (RR=1.49).
These results have generally been replicated by subsequent
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meta-analyses. Wulsin et al.'® reported an identical risk
associated with depression in prospective studies (RR =1.64).
Barth et al.2° found that depression not only increased the risk of
cardiac mortality, but that the reported risk was greater in
studies using longer follow-ups (odds ratio [OR]=2.61 vs
OR=2.07 in those with shorter follow-ups). Van der Kooy
et al.,! in an examination of the effect of depression on CVD,
found that although depression was associated with greater risk
of CVD (RR = 2.54), higher quality studies found that this effect
was most prominent for cerebrovascular disease (RR=1.76).
Finally, Nicholson et al.>? examined the effects of depression on
cardiac outcomes in prospective studies examining post-MI
patients, as well as following coronary artery bypass graft (CABG)
and angioplasty. They reported similar findings, with post-MI
depression doubling the risk of cardiac mortality (RR=2.05),
whereas a similar but weaker effect was observed following
revascularization (RR =1.67).

Although most of the research on depression and cardiac
outcomes has focused on post-MI patients, several important
studies have linked depression to adverse cardiac outcomes in
other samples. At Duke University, for example, Blumenthal et al.?3
found that among patients undergoing CABG, moderate to severe
depression before surgery and persistent depression following
surgery are associated with increased risk of death for up to
10 years following CABG. Similar findings have been reported in
heart failure patients, with greater levels of depression predicting
increased risk of mortality and rehospitalization.?* Similarly,
Sherwood et al. at Duke University demonstrated that depression
was predictive of mortality and hospitalizations, and that
persistent depression was a marker for increased mortality in
heart failure patients.2’

Several studies have reported that individual differences in
background and depression characteristics may be important
determinants of the relationship between CVD and depression.
Recent evidence, for example, suggests that individuals with
treatment-resistant depression may be at increased risk for CHD.
Although definitions vary, treatment-resistant depression typi-
cally includes individuals who have failed to respond to a single
trial of monotherapy, although more stringent criteria have also
been applied. In a recent review, Carney et al.%® present evidence
from several clinical trials showing that individuals with treat-
ment-resistant depression have a higher risk of mortality following
ML

Anxiety

Anxiety has also been associated with increased cardiac
mortality, although the findings are much less consistent and
appear to depend, in part, on the severity of CVD. Anxiety
disorders as a category are also much more heterogeneous than
MDD, encompassing diverse diagnoses such as generalized
anxiety disorder, social phobia, phobic anxiety, obsessive
compulsive disorder, and post-traumatic stress disorder.!?
Several prospective studies have suggested that clinically
diagnosed anxiety disorders, as well as increasing symptoms
of anxiety, may be predictive of CHD events. For example, Janskzy
et al?’ recently examined the relationship between any
diagnosis of anxiety and subsequent CHD events in a sample
0of 49 321 Swedish men ages 18 to 20, followed prospectively over
a 37-year period. Participants were initially diagnosed by a
psychologist using a structured interview and the International
Classification of Diseases — 8th revision. Over the 37-year follow-
up, the presence of anxiety was associated with more than twice
the risk of CHD (hazard ratio [HR]=2.17) and of acute MI
(HR =2.51). Interestingly, the authors did not find a significant

association between depression and CVD outcomes in this study.
In a meta-analysis of 20 studies, including 249 846 individuals
followed for more than 11 years, Roest et al.>® also found a
relationship between anxiety and CHD Anxious individuals had
higher rates of CHD (HR=1.26) and cardiac death (HR=1.48)
after controlling for other background factors and health
behaviors.

There also is evidence that phobic anxiety may be associated
with increased CHD risk, and that this risk may be primarily for
cardiac outputs resulting from arrhythmias. Watkins et al.?°
found that the presence of phobic anxiety was associated with
increased risk of CHD and sudden cardiac death, but only among
women. Albertet al.>° reported similar findings among women
participating in the Nurses’ Health Study. The authors prospec-
tively followed 72 359 women for 12 years. They found that the
presence of phobic anxiety, determined by self-reported symp-
toms on the Crisp-Crowne Index, was associated with an
increased risk of sudden cardiac death and fatal MI, but not with
nonfatal MI.

Although anxiety appears to be associated with increased risk
of CHD, it is also often comorbid with depression. Negative
affect, which is a more general trait typified by negative
emotional experiences, may be said to encompass both anxiety
and depression. Several studies have therefore attempted to
examine the unique and combined effects of these two
psychosocial factors as they relate to CHD outcomes. In a study
of 5073 middle-aged, healthy Dutch women, Denollet et al.>!
examined the relationship between anxiety and health out-
comes while controlling for depression. At a 10-year follow-up
assessment, they found that anxiety was associated with a
77% increased risk of mortality, a nearly 3-fold increased risk of
CHD (HR=2.77), and a tendency to be associated with an
increased risk of breast cancer. Depression was not associated
with increased risk of mortality or health outcomes in this
study. Several studies have examined the combined risk
associated with depression and comorbid anxiety. Phillips
et al.>? found that individuals with generalized anxiety disorder
and depression were at greater risk for CHD than individuals
with either condition alone, although it appeared that cardio-
vascular comorbidities were the strongest predictor of CHD
outcomes in this study. In contrast, data from the Women’s
Ischemia Syndrome Evaluation suggested that depression
and anxiety interact in predicting CHD events in a different
manner: women with depression and lower levels of anxiety
were at increased risk of CHD, while women with depression
and higher anxiety were not.3 It should be noted that several
studies have found that anxiety may actually lower the risk of
CHD. Data from the HUNT study, a population-based study of
>60 000 individuals, found that higher anxiety was associated
with reduced rates of CHD and all-cause mortality.>* Similar
results have been reported from samples without CHD at
baseline.®’

Anger and Hostility

In a meta-analysis of prospective studies associating anger and
hostility with future CHD, Chida et al.?® found that higher levels of
anger and hostility were associated with poorer outcomes in both
healthy and cardiac populations. Among individuals healthy at
study entry, higher levels of anger and hostility were associated
with 19% greater risk of developing CHD (HR=1.19). Cardiac
patients with higher anger and hostility were also at greater risk,
with greater anger and hostility associated with poor cardiac
prognosis (HR = 1.24). Interestingly, the authors found the risk
associated with anger and hostility among healthy individuals was
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stronger in men than women, and the longer the duration of study
follow-up, the greater the strength of the association. Another
more recent study of women reported similar results. Tindle
et al.>” analyzed this relationship in a prospective study of 97 253
women participating in the Women’s Health Initiative who were
free of CVD and cancer at study entry. They found that the most
cynical, hostile women had higher rates of CHD, CHD mortality,
and all-cause mortality. The relationship of anger and CVD may be
affected by social and other moderating factors such as physical
fitness. For example, Lampert et al.3® found that greater physical
activity and anger were associated with increased incidence of
implantable cardioverter-defibrillator discharge among cardiac
patients.

Stress

The relationship of psychosocial stress and CVD can be
considered in two broad categories: acute stressors, or triggers,
and chronic stress. These kinds of stress have important
distinctions because of how they affect the cardiovascular system
and what potential mechanisms may contribute to the develop-
ment and clinical manifestations of CVD. Acute mental stress
impacts CVD physiology by increasing the risk for arrhythmias,
myocardial ischemia, and MI>%4° which may be proximally
measured by physiological reactivity to mental stress in a
laboratory and in real life situations. Acute stressors may include
situations such as catastrophic events (war, earthquakes, etc.),
intense sporting events (eg, World Cup soccer), and acute physical
activity (eg, exercise or sexual activity). Chronic factors, in contrast,
may be associated with CVD through chronic physiologic changes,
such as persistently elevated blood pressure, coagulation factors,
etc. Chronic stressors may include work-related stress, marital
dissatisfaction, neighborhood factors (crowding, etc.), and lower
SES.

Acute Stress

Evidence from naturalistic and animal models*! suggests that
acute elevations in stress are associated with increased
arrhythmic activity. In a K-9 model of stress reactivity, Lown
et al.*! and Matta et al.*?> have shown that stress induction
reduces the threshold for arrhythmias and increases the
frequency of ventricular arrhythmias. Acute MI, sudden cardiac
death, and cardiac deaths have all been shown to increase
following natural disasters, such as earthquakes** and bliz-
zards,** as well as societal stressors such as military strikes like
the 1991 Israeli war and the week following the events of
September 11, 2001. Following the collapse of the World Trade
Center buildings, arrhythmic events increased more than 2-fold
over the following several weeks in comparison to the weeks
preceding September 11th and during the same time in the
preceding year.*> Numerous studies using similar case-control
methodologies have found that acute stressors like these, such
as the San Francisco earthquake of 1989, the Athens earthquake
of 1981, and the 1995 Hanshin-Awaji earthquake in Japan,
increase the risk of cardiac death among individuals with
CvD.%®

Chronic Stress

Various forms of chronic stress appear to increase the risk
of CVD. Work-related stress has been studied extensively,
and several previous meta-analyses have attempted to quantify
this relationship. One of the most often cited theories explaining

this relationship is the Karasek job strain model,4” which
proposes that the combination of low decision latitude and
heavy job demands is the most predictive of CVD, whereas
either in isolation is not. Although this specific pattern of job
strain has not always predicted CVD outcomes, other correlates
of work stress have been associated with greater cardiac risk.®
Eller et al*® conducted a meta-analysis to examine this
question, quantifying the relationship between multiple work-
related psychosocial factors and ischemic heart disease. They
found that high psychological demands, lack of social support,
and iso-strain were associated with increased risk of ischemic
heart disease, whereas effort-reward imbalance, job insecurity,
and long working hours were not related. However, it must be
noted that in this study these effects could only be generalized
to men, as few studies have examined these effects among
women.

One of the most comprehensive studies to examine the
association between stress and CVD outcomes was INTERHEART.
In this case-control study, 11 119 cases and 13 648 controls
from 52 countries were compared on psychosocial and
behavioral risk factors, incorporating patient data from 262
medical centers from diverse geographic regions. After control-
ling for demographic and medical factors, individuals experien-
cing a first MI had greater work stress, stress at home, general
stress, and permanent stress in comparison with age- and sex-
matched controls.’® In addition, a composite measure of
psychosocial function, which included a measure of perceived
stress, was associated with more than 2.5-fold increased
chances of having an MI, comparable to the association observed
with diabetes.?

Relationship stress also appears to increase the risk of CHD
among women who are married or cohabitating. Orth-Gomer
et al.>! studied this relationship in a prospective study of women
with a history of CHD participating in the Stockholm Female
Coronary Risk Study, finding that higher levels of relationship
stress were associated with a nearly 3-fold increase in the risk of
recurrent CHD during a 5-year follow-up, after accounting for
background and health-related factors. Interestingly, work-
related stress was not associated with increased events in this
study.

Cardiovascular Stress Reactivity

Stress reactivity, which examines physiological responses to
standardized laboratory stressors such as public speaking or
mental arithmetic tasks, has also been examined. Cardiovascular
variables examined have been diverse, but have typically included
blood pressure, heart rate, heart rate variability, or changes in
ejection fraction. Several studies have also examined physiolo-
gical changes with mental stress as a predictor of subsequent
cardiovascular outcomes, such as intima medial thickness, the
development of clinical hypertension, and atherosclerotic dis-
ease. In a meta-analysis of physiological responses to mental
stress, Chida et al.>2 found that greater reactivity and slower
recovery from stress was associated with poorer cardiovascular
outcomes, and that these findings were strongest for the
development of hypertension and higher levels of intima medial
thickness.

Stress also appears to be an important predictor of myocardial
ischemia during daily life among cardiac patients. Gabbay et al.>3
found that strenuous physical activity and stressful mental
activities were predictive of myocardial ischemia. Similarly,
Gullete et al.>* found that the relative risk of ischemia increased
2-fold among cardiac patients during periods when they reported
feeling tension, sadness, or frustration. Our group also has
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demonstrated that, among post-MI patients, diary-reported
stressful events were associated with increased irregular heart
rates.>

Laboratory paradigms have been used to study the relation-
ship between stress and ischemia among cardiac patients.®
Studies typically use a standardized mental stress induction
procedure, like a difficult mental task (eg, mental arithmetic,
maze trace, etc.) or public speaking. Multiple studies are
available showing that mental stress induction increases
ischemia in anywhere from 20%-55% of participants with
CHD. Although it is clear that mental stress increases ischemia
among CHD patients, it is less clear how well this acute
induction is predictive of coronary events. Several studies have
shown that stress-induced ischemia provides important infor-
mation about cardiac prognosis, as several reports have shown
that the presence of mental-stress-induced ischemia is pre-
dictive of clinical events in patients with CHD. Jiang et al.>’
found that mental-stress-induced ischemia was associated with
a nearly 3-fold increased risk of recurrent cardiac events among
patients with CHD, and that the change in ejection fraction
during mental stress was an important predictor of event-free
survival.

PERSONALITY AND CARDIOVASCULAR DISEASE
Type A Behavior Pattern

Several personality factors have been related to increased risk
of CVD, particularly Type A and Type D personality types. Type A
behavior is characterized by intense ambition, competitiveness,
time urgency, and hostility.3® Initial studies showed that
individuals with Type A personalities were at greater risk for
CVD,”® but subsequent studies have failed to support these
findings and meta-analyses of prospective studies have reported
a nonsignificant association between Type A personality and
subsequent CVD events.>® Although the overall relationship
between the Type A personality profile and CVD events has not
been predictive of subsequent CVD events, it appears that the
hostility component of this personality structure is an important
predictor of CVD risk.>®

Type D Personality

In recent years, Dutch researchers shifted focus on personality
characteristics to a combination of negative affect and social
inhibition, which they have termed “Type D personality.” Type D
individuals are thought to experience more chronic levels of
general distress which are not easily recognized because they are
not expressed. Among patients with ischemic heart disease, the
combination of high emotional negativity and high social
inhibition have been associated with a nearly 2-fold increased
risk of adverse cardiac outcomes,®° and the association between
Type D personality and CVD appears to be independent of CVD risk
factors.®! In a review of prospective studies examining Type D
personality and CVD outcomes, Denollet et al.®? found a >2.5-fold
increased risk of CVD events among individuals with a Type D
personality, and these effects were relatively consistent across
studies, suggesting a stable association. In addition to Type A and
Type D, there is preliminary evidence that cluster-B personality
disorders, including histrionic, borderline, narcissistic, and
antisocial personality disorders, are also associated with
increased CVD risk, although few studies have examined this
association.®®

SOCIAL FACTORS AND CARDIOVASCULAR DISEASE
Social Support

Social factors, including social support and SES, have also
been linked with CVD outcomes. Social support may act as a
buffer against negative life events, serving a protective function.
Several forms of social support have been identified in the
existing literature: structural support refers to the size, type, and
density of one’s social network, and the frequency of contact one
has with this network. Functional support, sometimes referred to
as tangible support, refers to the support provided by one’s
social structure. This includes elements of instrumental,
financial, informational, appraisal, and emotional support. In
one of the most comprehensive reviews of social support and
heart disease to date, Lett et al.®* conducted a comprehensive
review of published studies examining the social support and
heart disease relationship. The authors found that low social
support was associated with a 1.5- to 2-fold increased risk of
CVD in both healthy and cardiac populations, and it appeared
that perceived functional support was a more important
predictor of outcomes than structural support in cardiac
populations.

Socioeconomic Status

A number of studies have demonstrated that SES is inversely
related to the risk of CVD. The Whitehall study was one of
the first to demonstrate that social gradients were associated
with variations in cardiac outcomes. The authors found that
gradients of SES within the British Civil Service were associated
with variations in cardiac outcomes, showing that graded
increases in SES were associated with a protective effect
on CVD outcomes.®®> What was most striking about this
study was that none of the SES groups included would be
considered to be in poverty. Interestingly, there is some
evidence that social factors interact with other psychosocial
factors in predicting CHD. For example, Merjonen et al.® found
that higher hostility was associated with CHD among men with
lower SES levels only.

MECHANISMS
Hypothalamic Pituitary Adrenal Axis Dysregulation

Dysregulation of the hypothalamic pituitary adrenal (HPA)
axis is closely tied to sympathetic activity and has been shown
to occur among individuals with depression and other psycho-
social risk factors. Chronic stimulation from this central output
induces multiple pathophysiologic responses, including increase
sympathetic nervous system activity causing heightened auto-
nomic activity, insulin resistance, hypertension, exaggerated
inflammatory response, platelet activation, endothelial dysfunc-
tion, and somatic effects, among others.® Depression in
particular has been shown to result in hypercortisolemia,
blunted HPA activity, and diminished feedback control,%” which
may in turn increase the progression of atherosclerosis.®® There
is preliminary data to suggest that HPA dysregulation may be
associated with increased risk of CVD death. In a study of
psychiatric inpatients with mood disorders, Jokinen et al.®®
found that men with HPA axis dysregulation, determined by
dexamethasone suppression test, were more likely to die from
CHD than those without it.
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Platelet Activation

Increased platelet activation has been shown to play an
important role in the pathogenesis of CVD, increasing its
progression’® and predicting incident CVD among apparently
healthy men.”' Accruing evidence over the past decade has
suggested that psychosocial factors may also be associated with
platelet activation. Although platelet activation has been most
closely related to depression,”?”3 recent evidence suggests that
other ‘negative’ psychosocial factors, such as anxiety and mental
stress,” are also associated with higher platelet levels. Zafar
etal.”® found that depressed adults with comorbid anxiety had the
highest platelet levels compared with either condition alone.
Aschbacher et al.’® have found that elevated platelet activity
following acute speech tasks about emotional interpersonal
issues and these responses remained robust over 3 years of
follow-up.

Interestingly, increased platelet activity has been associated
with higher levels of depression among both healthy populations”>
and individuals with CVD,”” leading some investigators to
hypothesize that an exaggerated platelet response may be
responsible for the relationship between depression and CVD.”*
One of the primary reasons to hypothesize that platelet activation
might partially explain psychosocial factors and CVD is their
interrelationship with serotonin, which has potent antiplatelet
activities. In addition, severity of depression has been shown to
correlate with platelet levels, and improvement in depressive
symptoms, either treated with selective serotonin reuptake
inhibitors (SSRIs) or psychotherapy, has been shown to reduce
platelet levels.”® The SSRIs also produce dose-related inhibition of
serotonin uptake of platelets and may lower the risk of CVD
events,”® although evidence for this protective effect remains
inconclusive 8°

Inflammation

Inflammatory factors, such as C-reactive protein (CRP), have
been shown to play an important role in the pathogenesis and
progression of CVD.8! The amount of circulating inflammatory
markers provides important prognostic information regarding
cardiac risk, as higher levels have been associated with
increased incidence of adverse cardiac events®? as well as
increased mortality after controlling for conventional risk
factors.®3

The relationship between psychosocial factors and altered
inflammatory function has long been recognized. The macro-
phage®* and cytokine theories®> of depression were early
hypotheses that depressive symptoms may be in part mediated
by altered endocrine function. Higher levels of inflammation,
including interleukin (IL)-6, tumor necrosis factor «, and CRP,
have been associated with various psychosocial factors includ-
ing lower SES, chronic work stress, caregiver strain, early life
adversity, hostility, and social isolation.®¢ There is also mixed
evidence suggesting that depression is associated with elevated
levels of inflammation®! and administration of inflammatory
markers has been shown to induce symptoms of fatigue,
malaise, lethargy, psychomotor retardation, irritability, and
anorexia.®” In an analysis of data describing 6914 men and
women between the ages of 18 and 39 years from the National
Health and Nutrition Examination Survey (NHANES) III, a history
of MDD was strongly associated with elevated CRP.3! Elevated
inflammatory markers have also been observed among older
individuals in the Health, Aging, and Body Composition study. In
this study of healthy older adults aged 70 to 79 years, IL-6,

tumor necrosis factor o, and CRP were higher in depressed
subjects.®8

In a recent meta-analysis, Steptoe et al. examined the
relationship between acute psychological stress and inflammatory
markers.®® The authors’ literature search yielded 30 studies for
analysis. Their findings were that acute psychological stress was
associated with increased IL-6, IL-1[3, and a trend for an association
with higher CRP. However, it is also possible that increased
inflammatory levels are associated with cardiac outcomes only
after persistent elevations, so the findings following acute stress
may not be the same as in longer-term studies. Howren et al.%°
examined this question by studying the relationship between
depression and several inflammatory markers, including CRP, IL-1,
and IL-6 in a meta-analysis. The authors found a dose-response
relationship between depression and greater levels of inflamma-
tion across both clinical and community samples, and these
relationships persisted after controlling for background factors and
medications. In addition, the authors found evidence for several
causal relationships between depressive symptoms and inflam-
mation by examining prospective studies. They found evidence to
suggest that depression may predispose to greater inflammation,
that inflammation may increase depressive symptoms, and that
there may be a bidirectional relationship, although the number of
prospective studies available was not enough to draw conclusive
results.

Lifestyle Factors

Although multiple psychophysiological mechanisms have
been suggested as explanations for the relationship between
psychosocial factors and CVD, it is also possible that behavioral
factors may explain a substantial part of this relationship.
Various psychosocial factors have been associated with beha-
vioral factors such as physical activity and medication adher-
ence. In addition, numerous studies have shown that negative
psychosocial factors are related to increased substance use, such
as greater frequency of cigarette smoking, alcohol consumption,
and illicit drug use. Depression, for example, has been associated
with lesser participation in cardiac rehabilitation,® and with
dose-response increases in nonadherence, as data from the
Heart and Soul study found that 5% of nondepressed,
7% of mildly depressed, and 14% of depressed participants
reported some nonadherence with their medication regimen.*°
It is also possible that depression may increase the delay
between symptom onset and treatment among individuals with
CHD.]O'gl

IMPACT OF PSYCHOSOCIAL INTERVENTIONS
ON CARDIOVASCULAR DISEASE

As described above, the association between psychosocial
factors and CVD is now well established. To a lesser extent, the
benefits of altering these psychosocial risk factors also have been
studied. Multiple intervention studies have attempted to
examine whether improving psychosocial function improves
cardiac outcomes and have been the subject of several previous
reviews and one Cochrane analysis.’?~%% As noted in previous
reviews,®? the effects of psychological interventions have varied
substantially across studies, with some reporting no benefit of
therapy and others reporting up to a 70% reduction in rates of
mortality with treatment. Linden et al.® examined the CVD
effects of psychotherapy among cardiac patients in a meta-
analysis of therapy trials. Trials were included in their
meta-analysis if they were predominantly a psychological or
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behavioral intervention and had at least one control condition for
comparison. The authors found that psychotherapy was asso-
ciated with a 28% reduction in mortality in comparison with
controls, using a 2-year follow-up. They also found that studies
initiating treatment within 2 months of a cardiac event tended to
report greater benefits, and that treatment benefits were
observed only among men.

Despite these positive findings, large, controlled trials and
the only available Cochrane analysis examining the effects of
therapy on “hard” cardiac outcomes have generally reported
equivocal results. One of the largest trials to examine this
relationship was the Enhancing Recovery in Coronary Heart
Disease Patients (ENRICHD) randomized trial.>”-°® In this study,
post-MI patients who were depressed or who had low social
support were randomized to receive either usual care or a
cognitive behavioral therapy (CBT) intervention. The CBT was
initiated within several weeks following MI and patients
participated in a median of 11 individual sessions over a
6-month period. In addition, CBT participants underwent group
therapy when feasible and participants with Hamilton Rating
Scale for Depression scores >24 or with persistently elevated
BDI scores were also prescribed SSRIs. The trial showed greater
improvements in psychosocial outcomes, such as reduced
depression and increased social support, in the treatment group
compared to controls, but no greater reductions in event-free
survival.”® Interestingly, there also was evidence that treated
participants with refractory depression were at greater risk for
cardiac mortality in comparison with participants in whom
depression was improved.®®

The Cochrane meta-analysis also reported equivocal findings,
with only modest benefits of psychotherapy on CVD outcomes
among depressed adults, as well as low quality in the existing
body of literature. Rees et al.%2 examined the effects of
randomized controlled trials of nonpharmacological psychologi-
calinterventions for cardiac disease. The authorsincluded 36 trials
in their meta-analysis, incorporating data from 12 841 patients.
Approximately half of these studies were stress management
interventions and the quality of studies was generally poor, with
few concealing treatment allocation and few collecting data on
modifiable cardiac risk factors. Results showed no differences
between groups in cardiac mortality or revascularization, and
only a small reduction in nonfatal reinfarctions. Notably, the
improvement in reinfarction was not observed in the 2 largest
trials examining this endpoint and there was evidence of
publication bias.

Stress management interventions among cardiac patients
have shown somewhat better results. In the Stockholm
Women'’s Intervention Trial for Coronary Heart Disease
(SWITCHD),'°° 257 women were randomized to a group-based
psychosocial intervention or usual care following a CVD event
(MI, CABG, or percutaneous coronary intervention). The inter-
vention was initiated 4 months after hospitalization. Results
showed that women in the treatment group were nearly 3 times
less likely to die during the follow-up than wusual care
participants. Although few studies have assessed surrogate
CVD endpoints, Blumenthal et al.'°"1°2 conducted several
randomized trials of stress management and aerobic exercise
in patients with CVD and evidence of stress-induced myocardial
ischemia. In their first study, which was only partially
randomized (ie, patients were randomized to exercise or
stress management, while a third nonrandom group received
the usual medical care without exercise or stress management),
results revealed that a 4-month stress management intervention
reduced myocardial ischemia during mental stress testing
among cardiac patients, and that participants in the stress
management group were less likely to have a cardiac event

during follow-up than the usual-care participants.'°!

Stress management was associated with a 75% reduction
in risk; interestingly, exercise training reduced exercise-
induced ischemia and was associated with about a 30%
reduction in risk.

In a second fully randomized trial of stress management or
exercise for cardiac patients, known as the Smart-Heart study,
myocardial ischemia was assessed during mental stress testing,
and measures of autonomic nervous system function and
endothelial function also were obtained. Participants in the
exercise and stress management groups showed improvements in
quality of life as measured by the BDI and the General Health
Questionnaire. Treatment groups showed lower reductions in
ejection fraction during mental stress, fewer wall motion
abnormalities, and improvements in flow-mediated dilation in
comparison with participants in the control group. Stress
management also showed greater improvements in heart rate
variability.

Several trials have examined the effects of antidepressant
pharmacotherapy on CVD outcomes among individuals with
depression.'®®> The SADHART trial was a randomized, double-
blind, placebo-controlled, 24-week trial of sertraline for MDD
among patients hospitalized for acute ML'% Results showed
improvement in depressive symptoms among participants treated
with sertraline, but only in patients with more severe depression.
There was no difference in the full sample. The study was a safety
trial, and was not powered to examine clinical outcomes. A second
study replicated the safety of sertraline among patients with
chronic heart failure in the SADHART-CHF trial, although sertraline
did not reduce depressive symptoms any better than placebo.
Moreover, the study found that participants treated with sertraline
had no better clinical outcomes compared to those receiving
placebo.!%®

The MIND-IT study of antidepressant therapy for MI'%6
showed similar results. In this multicenter randomized trial,
320 post-MI patients were randomized to either antidepressant
treatment with mirtazapine or placebo, or received treatment as
usual. If participants refused or did not respond to initial
treatment, citalopram was offered as a second-line intervention.
Results showed no differences between intervention and control
participants in either depressive symptoms or cardiac out-
comes.!® At least one study has compared the effects of
antidepressant therapy with psychotherapy in cardiac patients.
In a study known as the CREATE trial, Lesperance et al.'®3
examined changes in depressive symptoms in patients with MDD
and CHD. In a two-by-two design, participants were randomized
to receive Citalopram plus clinical management, interpersonal
therapy plus clinical management, clinical management only, or
placebo plus clinical management for 12 weeks. Results showed
that depressive symptoms and remission rates were significantly
improved in the Citalopram group, whereas no differences in
depression were observed between the interpersonal therapy
(plus clinical management) and clinical management alone
groups.

Although individual trials have generally reported small or
equivocal benefits of antidepressant therapy on CVD outcomes, at
least one meta-analytic study combining trial results has reported
benefits associated with treatment. As reviewed elsewhere,'®’
trials have varied in terms of their effectiveness in improving
depressive symptoms, as well as their impact on CVD events.
Mazza et al.'%” recently conducted a meta-analysis of SSRI trials
among acute CVD patients. The authors found that SSRIs tended to
improve depressive symptoms, although this relationship did not
achieve significance. However, they found that treatment was
associated with lower rates of re-hospitalization in comparison
with usual care.



P.J. Smith, J.A. Blumenthal/Rev Esp Cardiol. 2011;64(10):924-933

CONCLUSION

In conclusion, it is apparent from the present review

that psychosocial factors are related to CVD outcomes. Negative
emotions, personality factors, and low social support have
been shown to predict increased incidence of CVD and greater
risk of recurrent CVD among cardiac patients. Several patho-
physiological mechanisms have been proposed to explain this
relationship. Despite the association of psychosocial factors and
adverse CVD events, at this time there are limited data to
indicate that changes in psychosocial risk factors improve CVD
outcomes.
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