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Abstract
The remarkable decline in cardiovascular disease (CVD) experienced in developed countries over
the last 40 years appears to have abated. Currently, many CVD patients continue to show cardiac
events despite optimal treatment of traditional risk factors. This evidence suggests that additional
interventions, particularly those aimed at nontraditional factors, might be useful for continuing the
decline. Psychosocial stress is a newly recognized (nontraditional) risk factor that appears to
contribute to all recognized mechanisms underlying cardiac events, specifically, (a) clustering of
traditional cardiovascular risk factors, (b) endothelial dysfunction, (c) myocardial ischemia, (d)
plaque rupture, (e) thrombosis, and (f) malignant arrhythmias. A better understanding of the
behavioral and physiologic associations between psychosocial stress and CVD will assist researchers
in identifying effective approaches for reducing or reversing the damaging effects of stress and may
lead to further reductions of CVD morbidity and mortality.
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Cardiovascular disease (CVD) remains the largest contributor to morbidity and mortality in
developed countries.1 Advances in prevention and treatment in the last 40 years have resulted
in a 40% decline in mortality from this disease. 1 Despite this remarkable success, it is sobering
to note that the decline has abated recently,2 paradoxically despite continued reductions in
traditional risk factors.3 Up to 50% of patients with established coronary artery disease have
recurrent cardiac events, such as myocardial infarction and cardiac death, even with aggressive
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management of traditional risk factors.4 From these observations, it is clear that additional
therapies aimed at managing nontraditional risk factors might be useful.

Recently, many studies have demonstrated that psychosocial stress is a risk factor for
cardiovascular disease in both patients with established disease5,6 and nondiseased individuals.
7 Although most of these studies appear to support a simple, direct relationship between
psychosocial stress and CVD, the magnitude of risk varies considerably across studies,5–8 and
not all have demonstrated such positive findings.9,10 Given the complex nature of human
behavior, it is likely that the relationship between psychosocial stress and CVD is mediated at
many points along the sequence of pathophysiologic steps and conditions thought to be
responsible for CVD events.

A model of the recognized steps leading to the different events characterizing CVD is shown
in Figure 1. This model generalizes from many studies. All these mechanisms are not
necessarily at work in each individual with fatal CVD. At the beginning are the traditional risk
factors, many of which are thought to contribute directly to endothelial dysfunction and
atherosclerosis. Next in line is myocardial ischemia, which can be enhanced by arterial
vasomotor dysfunction. Plaque rupture and thrombosis contribute to or trigger myocardial
infarction, and the presence of malignant arrythmias can mean the difference between survival
and death. As reviewed here, evidence now exists that links each of these steps to psychosocial
stress in a way that may help to explain the lack of consistency among studies relating
traditional risk factors to CVD. The results reviewed also point to a need for continued
mechanistic understanding as an aid to identifying effective therapies in the psychosocial arena.

In the remainder of this article, we review the literature on pathophysiological mechanisms
linking psychosocial stress and CVD events and introduce evidence suggesting new therapies
that can be effective in further lowering CVD morbidity and mortality.

Pathophysiological Mechanisms Linking Psychosocial Stress and CVD
Events
Psychosocial Stress and Clustering of Traditional Cardiovascular Risk Factors

Traditional cardiovascular risk factors, as outlined in the Framingham Study, include cigarette
smoking, hypertension, diabetes mellitus, dyslipidemia, family history of premature coronary
disease, and sedentary lifestyle.11 It is clear that psychosocial stress, assessed by a variety of
measures, directly correlates with a higher prevalence and clustering of traditional
cardiovascular risk factors (see Williams et al12 and Siegler et al13 for reviews). For example,
although Type A behavior personality is no longer considered a traditional cardiovascular risk
factor, it correlates with increases in blood pressure, cardiac reactivity, blood cholesterol, and
cigarette smoking, as well as poorer diet and exercise habits.14 Indeed, the strength of the
association between Type A behavior personality and the clustering of traditional risk factors
probably explains the variable penetrance of Type A as a risk factor for CVD, depending on
the completeness and accuracy of collection and statistical covariance analyses of traditional
risk-factor data. Researchers found similar clustering when they considered psychosocial stress
measures such as hostility,15 depression,16 and low socioeconomic status/social support.17

Indeed, adverse psychosocial variables are likely to cluster among themselves (eg, hostility,
depression, lack of social support) as and also predicting clustering of traditional CVD risk
factors.18

Psychosocial Stress and Atherosclerosis
Not surprisingly, most of the above-mentioned psychosocial variables have also been
demonstrated to correlate with measures of atherosclerosis. Carefully controlled studies in
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cynomolgus monkeys have demonstrated the roles of psychosocial stress,19 including social
distress20 created by varying cage rotations/restrictions, in atherosclerosis as measured at
necropsy. It is noteworthy that the dominant male monkeys appear most susceptible to the
stress-induced atherosclerosis, 21 suggesting a parallel to the research on human Type A
behavior.

Type A behavior personality,14 hostility,22 depression/hopelessness,23 and job stress24 have
all been found to correlate with atherosclerosis in humans when researchers use measures such
as coronary angiography or carotid artery intimamedia thickness. In general, these human
studies have adjusted for the traditional cardiovascular risk factors, suggesting that the
psychosocial stress variables provide additional independent risks. Pathophysiologic links
between psychosocial stress and atherosclerosis that are independent of traditional
cardiovascular risk factors may include inflammation-induced low-density lipoprotein (LDL)-
cholesterol oxidation, elevated shear stress, and adverse catecholamine and reproductive
hormonal changes that lead to increased endothelial damage.25

Psychosocial Stress and Endothelial Function
There is evidence that endothelial dysfunction is one of the earliest signs of atherosclerosis so
that the balance of local arterial mediators results in a loss of functional dilation. 26 Recent
evidence also suggests that arterial vasomotor dysfunction plays an important role in acute
cardiac events and death. Inappropriate vasoconstriction, or a lack of coronary artery dilation
in response to an increased demand, is present in stable coronary heart disease.27,28 These
symptoms can be the result of the underlying atherosclerosis and can contribute to the genesis
of myocardial ischemia. Arterial vasomotor function reflects both endothelial function and the
function of other local regulators, as well as systemic activity of the autonomic nervous system.

Preliminary work in both animals and humans suggests that psychosocial variables influence
endothelial function. Psychosocial stress created by frequent cage rotation produced
endothelial dysfunction in a primate model, even in the absence of diet-induced atherosclerosis,
29 with a notable gender difference. In males, the dominant monkeys had the greatest
endothelial dysfunction,29 whereas in females the subordinates demonstrated the greatest
abnormalities,30 suggesting that behavioral and physiological gender differences may have
implications for CVD.

One human angiographic study has demonstrated a relationship between reported anger and
coronary endothelial dysfunction.31 Previous work evaluating a possible surrogate of
endothelial function, peripheral vascular reactivity, has demonstrated links to psychosocial
stress in monkeys,29 hostility in humans,32 and progression of atherosclerosis in humans.33

Pathophysiologic links between psychosocial stress and endothelial function may involve
direct endothelial damage because of catecholamine and blood pressure surges, resulting in
intimal damage, inflammatory-induced free radicals blocking nitric oxide synthesis, and
increased endothelial reactivity triggered by activated platelets.34

Psychosocial Variables and Myocardial Ischemia
In the setting of atherosclerotic CVD, myocardial ischemia results when the demand for
myocardial blood flow outstrips the supply. Mechanistically, this is triggered by increases in
demand mediated by increases in heart rate and blood pressure and in reduced supply mediated
by coronary artery vasoconstriction, typically during physical and/or mental exertion. 35

Prolonged myocardial ischemia results in myocardial infarction, most typically from
obstructive thrombus formation. It is well documented now that laboratory mental stress
triggers increased blood pressure demand,36 coronary artery vasoconstriction, and reduced
blood flow37 with resultant myocardial ischemia.35 Parallel ambulatory studies in coronary
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artery disease patients in daily life show similar results38 and have been extended to
demonstrate that both the intensity of mental effort and the presence of negative mood correlate
with myocardial ischemia. In addition, both ambulatory38 and laboratory studies39 have
demonstrated correlations between hostility and ischemia in humans.

Psychosocial Stress and Plaque Rupture
Current pathophysiologic understanding suggests that acute cardiovascular events such as
myocardial infarction and unstable angina are precipitated by atherosclerotic rupture, in which
the cholesterol crystals and cellular debris are extruded into the lumen of the coronary artery
and the subendothelial collagen components are exposed to circulating blood, promoting
intracoronary thrombus.40 Although it is possible that plaque rupture is serendipitous,
increasing lines of evidence suggest it is more likely triggered by both internal and external
events.41 Specifically, it has long been noted that these acute cardiovascular events occur in a
circadian rhythm that matches the rhythm of sympathetic nervous system activity.42 Moreover,
anger and other mentally stressful experiences have been identified as triggers in a carefully
designed study of the behaviors preceding myocardial infarction.41 Pathophysiologic links
between psychosocial stress and plaque rupture may include surges in heart rate, blood
pressure, and sympathetic nervous system activity, as well as weakening of the collagenous
plaque cap from inflammatory processes, all of which may contribute to plaque instability.43

Psychosocial Stress and Thrombosis
It is likely that atherosclerotic plaques rupture relatively frequently and that the propensity for
thrombus formation is a determining factor in the progression to an acute cardiovascular event.
Traditional risk factors clearly play a role in promoting thrombus formation. Research data
demonstrate that dyslipidemia,44 diabetes,45 and cigarette smoking46 promote thrombus
formation, probably through mechanisms mediated by platelets and some mechanisms not
mediated by platelets. Preliminary studies suggest that psychosocial stress also plays a role in
thrombus promotion. Pathophysiologic links appear to include increases in platelet aggregation
or reactivity associated with anger expression47 and hostility48; between Type A/hostility and
reduced bleeding time, as well as increased prostacyclin formation49; and between enhanced
platelet aggregation and mental stress related to increases in catecholamines and sympathetic
nervous system activity.50

Psychosocial Stress and Lethal Arrhythmias
Approximately half of the cardiovascular deaths experienced in the United States annually
occur suddenly because of lethal ventricular arrhythmia (ventricular fibrillation), as the
culmination of atherosclerotic plaque rupture/ischemia/infarction1 (Figure 1). We currently
have no treatment for these patients other than the autonomic defibrillators implanted in the
few who survive.

Electrical stability and ventricular fibrillation thresholds are influenced by many factors,
including the autonomic nervous system. It is clear that lowered levels of parasympathetic
nervous system tone and increased levels of sympathetic nervous system tone promote
ventricular fibrillation in the myocardial substrate at risk. Work in dogs demonstrates that
anger, produced by restraining the dog, lowers ventricular fibrillatory thresholds measured
directly by electrophysiologic testing.51

More indirect measures are needed for human work. Heart rate variability, obtained from
electrocardiographic recordings52 and baroreflex testing,53 are noninvasive correlates of
autonomic nervous system tone that are responsive to both acute54 and chronic55 stress
conditions. Multiple lines of evidence indicate that psychosocial stress, including mental stress,
54 depression,56 and anxiety,57 influences the autonomic nervous system, as measured by heart
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rate variability and baroreflex testing. Because both heart rate variability and baroreflex
measures have been demonstrated to predict future cardiovascular events,58,59 these tools
provide a particularly rich insight into the interplay between psychosocial stress and CVD.

Trials of Intervention Approaches for Psychosocial Stress
As we have indicated in this review, psychosocial stress contributes to CVD in multiple ways
and may well be the decisive factor determining survival or death in the majority of cases. It
is reasonable, therefore, to ask whether interventions on the psychosocial level can reduce
traditional risk factors for CVD or directly reduce CVD morbidity and death. A number of
studies have addressed this question in clinical trials, with encouraging results. For example,
3 meta-analyses of stress management trials found reductions of recurrent cardiac events and
death of 50% to 70%.60–62 However, the review by Linden and associates61 noted that these
effects did not persist over the long term. Moreover, recent studies with larger groups and
improved trial designs have given less impressive results,63,64 and a review of meta-analyses
has highlighted the importance of choice of a stress-reduction approach in producing desired
clinical outcomes.65

In regard to several of the risk factors that contribute to CVD, meta-analyses and direct
comparisons indicate that traditional approaches to stress reduction, such as the Transcendental
Meditation (TM) technique, are more effective than the clinically derived techniques modeled
after them.65 Part 2 of this three-part series explores the issues surrounding the effectiveness
of such interventions and reviews research on the TM technique as an example of an effective
stress-reduction approach for preventing or reversing effects of psychosocial stress on
pathophysiological mechanisms leading to morbidity and mortality from CVD.

Summary
It is clear that variables related to psychosocial stress contribute to CVD morbidity and
mortality through complex interactions along a chain of pathophysiological events. Trials of
interventions for psychosocial stress suggest that selected interventions may reduce CVD risk
by affecting multiple sites along this chain and that the magnitude of reduction is comparable
to that of other therapies, such as lipid lowering, antiplatelet or beta-blocker medications, and
revascularization procedures. Continued efforts to understand behavioral and physiologic
associations between psychosocial stress and CVD appear worthwhile and may lead to more
widespread clinical use of new therapies for decreasing the toll taken by this disease.
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Figure 1.
A model of recognized steps leading to events that characterize cardiovascular disease.

Bairey Merz et al. Page 9

Behav Med. Author manuscript; available in PMC 2010 November 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


