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Sick at heart:
The pathophysiology of negative emotions

T

he notion that emotional states can influence
health is an enduring idea. In 1628, William
Harvey noted that a mental disturbance can
affect the heart and impair its function.
However, it is only in the past several decades that rigorous and methodologically sound epidemiologic
research has begun to provide compelling evidence of
the link between emotions and cardiovascular diseases, with relative risk estimates that are comparable
to those for known risk factors such as smoking. As a
result, negative psychological states are beginning to
be recognized as risk factors for the development of
cardiovascular disease, believed to adversely affect cardiovascular health through multiple pathways.
This article reviews the epidemiologic evidence
supporting the role of negative emotion in the development of one form of cardiovascular disease—coronary heart disease (CHD)—and briefly discusses the
mechanisms that may help us to understand this relationship. It is worth noting, however, that there is
evidence of similar relationships between negative
emotions and other cardiovascular outcomes (eg,
stroke), as well as between the related experience of
chronic stress (eg, caregiver burden, work stress, marital stress) and a range of cardiovascular diseases.
■ EPIDEMIOLOGIC STUDIES
Clinicians have long been familiar with the possibility that acute or extreme emotion can bring on cardiac
arrest. As reviewed in other articles in this supplement, there is growing scientific evidence for this
phenomenon, which has been variously referred to as
acute myocardial stunning, voodoo death, fatal pleasures, and tako-tsubo cardiomyopathy.
However, there is also growing evidence that negative emotions have cumulative pathophysiological
effects and can ultimately lead to CHD events, via
accumulation of damage through a steady activation of
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key neurohormonal systems and other mechanisms.1–3
For example, in one of the most compelling
demonstrations of this association, a recent case-control study of 29,972 patients from 52 countries,
known as INTERHEART, assessed the impact of
nine conventional risk factors on incident acute
myocardial infarction (MI).4 Psychosocial distress
conferred a greater adjusted relative risk of acute MI
than did hypertension, abdominal obesity, diabetes,
and several other traditional risk factors. A high
level of psychosocial distress increased the relative
risk of MI more than 2.5-fold compared with a low
level of psychosocial distress, and this relationship
was maintained after including all the other risk factors in the models simultaneously. The populationattributable risk (ie, the incidence of disease in the
population that would be eliminated if the exposure
were removed) of psychosocial distress for acute MI
was 32.5%.
How might negative emotions play a role in CHD?
Negative emotions may have direct physiologic
effects on the development of CHD via repeated sympathetic nervous system and hypothalamic-pituitaryadrenocortical axis activation, immune dysregulation,
and inflammation. Negative emotions might indirectly influence CHD via motivation of behaviors
detrimental to health. For example, individuals who
experience high levels of anxiety are more likely to
smoke and less likely to engage in physical activity.
As alluded to earlier, negative emotions may be
involved in triggering a coronary event. Finally, negative emotions may also exacerbate disease progression or reduce survival either via direct physiological
effects or through reduced compliance with recommended medical regimens.
It is generally accepted that emotions may influence health behaviors or compliance with medical
regimens. Thus, for the remainder of the article, I will
focus on the most controversial of these possible links,
the role of negative emotion in the etiology of CHD.
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between chronic anxiety and incident coronary heart disease was
explored, the risk ranged from 1.5 to nearly 8.0.

Three negative emotions influence CHD
To date, consistent with findings from the INTERHEART study,4 a body of epidemiologic evidence supports an etiologic link between three negative emotions and development of CHD: anger, anxiety, and
depression. Numerous prospective studies that have
controlled for a broad range of CHD risk factors have
established a positive association between these three
emotions and incident CHD events. Most of these
studies also controlled for a number of health behaviors, including smoking; if such behaviors are believed
to be on the pathway between negative emotions and
CHD, then risk estimates derived from these studies
are likely to be underestimates.
The evidence presented below is derived solely
from prospective studies, designed to look at incidence of CHD, considering only “hard” disease outcomes (eg, nonfatal MI, sudden death) in populationbased samples with individuals who are disease-free at
the start of the study. Not all studies include men and
women, but findings across studies to date suggest
that effects are similar.
Anxiety and CHD. Chronic anxiety appears to
increase the risk of incident CHD, with risk estimates from 1.5 to 7, depending on the type of anxiety measure used and the form of the analysis
(Figure 1).5–15 The landmark Northwick Park Heart
Study followed 1,457 initially healthy men for about
10 years.9 Those with the highest levels of phobic
anxiety had a relative risk (RR) of fatal CHD of 3.77
(95% confidence interval [CI]: 1.64–8.64) compared with men reporting no anxiety, after controlCLEVELAND CLINIC JOURNAL OF MEDICINE
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FIGURE 1. In 11 prospective studies in which an association
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depressed mood and incident coronary heart disease.

ling for a range of known coronary risk factors.
Since then, 10 additional studies have produced
largely consistent findings. For example, the most
recent study used data from a nationally representative study of the US population and found that anxiety was associated with 60% excess risk of CHD in
both men and women, an effect that was independent
of smoking and other known risk factors.15
Depression and CHD. To date, most of the research
on negative emotions and CHD has focused on depression. In 2002, a meta-analysis of 11 published studies
demonstrated a strong positive association between
depression and incident CHD, with a RR of 2.69 (95%
CI: 1.63–4.43) for individuals with clinically relevant
levels of depression, and a RR of 1.49 (95% CI:
1.16–1.92) for individuals with depressed mood.16
Since then, 10 additional prospective studies have confirmed a significant association of similar magnitude
between depression and development of CHD (Figure
2).15,17–25 Risk was increased not only for clinically relevant levels of depression, but also as depressive symptoms increased. This graded effect has also been identified with both anger and anxiety.
Post-traumatic stress disorder (PTSD) is linked
closely with both anxiety and depression and has
long been hypothesized to be associated with development of CHD. Interestingly, findings in select
samples are beginning to emerge that are consistent
with studies on anxiety or depression and CHD.26
However, further work is needed to confirm this association and determine whether it holds in diverse
populations.
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FIGURE 3. Five prospective studies showed significant associations between anger symptoms and incident coronary heart disease
with follow-up of 5 to 15 years.

Anger and CHD. Similar to findings with anxiety
and depression, although there are fewer studies, those
on anger and CHD suggest increased relative risk associated with higher levels of anger. In five prospective
studies that included initially disease-free individuals,
higher levels of anger symptoms were significantly associated with a 1.5- to 3-fold excess risk of incident CHD
over follow-up periods of 5 to 15 years (Figure 3).27–31
Dose response between emotions and CHD risk
While clinicians often think of emotional disturbance
as occurring at a certain level of symptomatology or
when a specific set of criteria are met, in fact, emotions occur on a continuum that ranges from normal
to pathologic, and the components (cognitive, biological, and behavioral) that characterize an emotion are
the same regardless of where on the continuum they
fall. The pathologic end of the spectrum is defined not
by different components, but rather by a high frequency and intensity of emotion, occurring in generally
inappropriate situations. As a result, the study of emotion and CHD does not fit neatly into traditional epidemiologic models that compare exposure with nonexposure, because all humans are exposed in some way
to emotion, even if at a level defined as normal.
Studies of negative emotions and CHD incidence
consistently suggest a dose-response relationship
between levels of emotion and risk, rather than a
threshold effect. These findings suggest that individuals with subclinical levels of symptoms may still be at
increased risk for CHD.
Several studies looking at anxiety or anger provide
a clear illustration of this type of dose-response relaCLEVELAND CLINIC JOURNAL OF MEDICINE
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FIGURE 4. Among 1,305 participants in the Normative Aging
Study who completed the revised Minnesota Multiphasic
Personality Inventory (MMPI-2), men reporting the highest levels of
anger (score of 5 to 14) had a relative risk of 2.66 for developing
coronary heart disease compared with men reporting the lowest
levels of anger (score of 0 or 1). Adapted from data in reference 29.

tionship. Using data from the Normative Aging
Study, Kawachi et al followed 1,305 initially diseasefree community-dwelling men for 7 years.29 Anger was
measured using self-reported symptoms from the
revised Minnesota Multiphasic Personality Inventory.
Men with the highest levels of anger had more than
2.5 times the risk of incident CHD relative to those
with the lowest levels of anger (Figure 4). Those with
only slightly elevated levels of anger also had a significantly elevated risk of developing CHD.
Similar findings were obtained in this sample when
examining effects of worry, a cognitive component of
anxiety, over approximately 20 years of follow-up
among initially disease-free men. Men reporting the
highest levels of a particular type of worry had an
adjusted RR of 2.41 (95% CI: 1.40–4.13) for nonfatal
MI compared with men reporting the lowest levels of
worry, and those with a moderate level of worry also
demonstrated a somewhat elevated risk of developing
CHD.12 In positing possible mechanisms, such studies
have considered atherogenic pathways as well as alterations in the electrical stability of the heart.
However, these studies may not rule out the possibility that extreme emotion states may “trigger”
CHD. There is some evidence for this type of effect as
well, more specifically in relation to “triggering.” For
example, in a case-crossover study by Mittleman et al
designed to look at whether emotions might have
strong short-term effects, the risk of MI was found to
more than double in the 2 hours after an episode of
either anger or anxiety.32 Interestingly, chronic aspirin
use appeared to mitigate this increased risk of MI with
episodes of extreme emotion.
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FIGURE 5. Chronic anxiety in both men and women was associated with an increase in common carotid artery intima-media thickness (CCA-IMT), indicating increased atherosclerosis progression,
over 4 years of follow-up in a population-based sample of 726 subjects with no history of coronary heart disease at baseline. Adapted
from data in reference 34.

■ PROPOSED MECHANISMS
Mechanisms by which negative emotions may predispose to CHD are beginning to be explored. Both animal and human studies have considered a variety of
pathophysiologic effects of distress, including sympathetic nervous system hyperresponsivity and endothelial injury. Research in humans has explored two pathways in some detail. For example, research on anxiety
suggests that one key mechanism linking anxiety and
CHD may be altered cardiac autonomic control. Data
from the Normative Aging Study, which previously
identified an excess risk of CHD associated with anxiety, have also shown a link between high levels of
anxiety and reduced heart rate variability.33 With each
increase in anxiety symptoms, there was a corresponding decrease in heart rate variability.
An atherogenic pathway, promoted by recurring
activation of the sympathetic nervous system and the
hypothalamic-pituitary-adrenal axis, has also been
explored. For example, in a population-based sample
of 726 men and women who were healthy at baseline,
Paterniti and colleagues showed that high levels of
sustained anxiety were associated with increased progression of atherosclerosis over a 4-year period as
measured by changes in common carotid artery intima-media thickness (Figure 5).34 Findings from this
study were all the more convincing because the primary effects were maintained after controlling for a
wide array of potential confounders.
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A general effect of distress?
The consistency of findings across the three negative
emotions in relation to CHD risk raises the question
of whether effects of anxiety, depression, or anger are
unique, or if there is some general effect of distress.
Little work to date has been able to clearly tease apart
these relationships due to methodological and data
limitations. However, limited work in the area hints
at several important issues.
It is clear that general distress shared by these negative emotional states is a key factor.35 However, anxiety has been shown to predict CHD outcomes independently of depression, although depression has
received far more attention from investigators.
The uniqueness of these three negative emotions
as risks for incident CHD was recently explored in a
prospective study of a population that was disease-free
at baseline and was followed for 11 years.36 General
stress, anxiety, and depression measured at study entry
were each strong predictors of incident CHD over the
follow-up period; anxiety and depression (but not
anger) remained independent predictors even when
entered into the model together and after controlling
for known CHD risk factors. Such findings suggest
the importance of continuing to consider these specific emotions separately as well as considering general distress, and perhaps focusing more attention on
anxiety as an important risk factor.
■ FUTURE DIRECTIONS
Identification and use of biomarkers
A critical next step to understanding the epidemiologic
findings reported above is to examine the biology of the
relationship between psychological distress and CHD.
To better understand this biology, appropriate biomarkers need to be identified. Numerous studies have linked
anger, anxiety, and depression to a range of biomarkers
that have also been linked to CHD, including C-reactive protein, fibrinogen, cortisol, and interleukin-6.3,37
Other work in animals has shown that nuclear factor
kappa beta controls various genes that are upregulated
in both atherosclerosis and psychosocial stress.38 To
date, however, few studies in humans have yielded sufficient information on psychological factors, biomarkers, and disease outcomes to allow formal testing of
these pathways, so new studies are needed.
Gene-environment interactions
Another productive avenue for exploration may be to
consider gene-environment interactions. For example, genes may contribute to variation in response to
the environment or susceptibility to infection. They
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may also alter the effectiveness of interventions or
susceptibility to adverse effects from interventions.
One recently identified gene, stathmin, may be of
particular interest. Stathmin has been linked to fear
and anxiety. Recent studies in mice have found that
it is enriched in the amygdala, which is the location
of the fear circuitry in the brain.39 Knockout mice
lacking stathmin show an absence of fear.
The catechol-O-methyltransferase (COMT) gene
is also of potential interest. In a recent investigation
using data from 1,234 women who participated in the
Nurses Health Study (a study of 120,000 nurses), a
polymorphism in the COMT gene was linked to phobic anxiety.40 In a separate study that included these
same women in the sample, phobic anxiety was associated with an increased risk of developing CHD (RR
= 1.59, 95% CI: 0.97–2.60).5
Other work has suggested the importance of a polymorphism of the serotonin transporter gene, 5HTT.
In a variety of studies, this polymorphism has been
linked to anxiety and depression as well as to longevity, and may therefore be worthy of exploration in relation to CHD.
Work on mechanisms and pathways clearly highlights the importance of bringing together multiple
approaches, including research on animals and humans
as well as experimental and observational studies.
Psychological resilience?
Another area of interest is whether psychosocial factors
may confer resilience. Most research to date has focused
on pathologic effects, but other evidence suggests that
positive social interactions offer a degree of protection
from illness. Studies have just begun to explore whether
positive psychological factors and emotional states may
also confer resilience in relation to CHD.
One prospective study found that optimism was
associated with reduced risk of CHD. Thus, after controlling for known coronary risk factors as well as negative emotions, individuals with the highest levels of
optimism had approximately half the risk of developing CHD as did individuals who were more pessimistic.41 Other work has since replicated these findings in other samples.42,43 In another study, optimism
was associated with a slower rate of atherosclerotic
progression over a 3-year period.44 A greater understanding of how psychological factors may impact
CHD risk may be obtained by considering a fuller
spectrum of psychological factors in relation to CHD,
including both positive and negative states.3
Randomized trials needed
Ultimately, randomized clinical trials are needed to
CLEVELAND CLINIC JOURNAL OF MEDICINE

fully understand the relationship between emotional
states and disease, as well as to determine whether the
observed epidemiologic associations are truly causal.
Thus far, with the limited evidence available, psychosocial interventions have not been shown to
reduce consistently the incidence of cardiac events in
randomized controlled trials of post-MI populations.
It is important, however, to distinguish onset from
progression when considering work in this area.
Effects of emotions on coronary health may not be
identical among individuals who are initially healthy
and those who are already diseased. Moreover, we still
have much to learn about the relationships between
negative emotion and CHD. For example, most studies of incident CHD measure chronic negative emotional experiences in middle to later adulthood. As
negative emotions are generally fairly stable and
recurrent, it is likely that these individuals have long
been exposed to such potentially toxic states. To date,
however, the duration, intensity, or reversibility of
exposure has not been established. Because patients
with negative psychological states have likely had
lifetime exposure to negative emotions, an intervention at one point in time after disease is already initiated may be insufficient to modify the disease process.
One recent study of depression in post-MI patients
found that 53% of subjects had a lifetime history of
depression prior to the occurrence of their MI, which
suggests long-term exposure and potentially irreversible damage.45 Thus, interventions may not yet
have found the appropriate etiologic window—earlier intervention may be needed. Trials in this area
have shown that patients can be successfully recruited and enrolled, and that distress can be reduced,
which is a desirable outcome in and of itself. With
better information on the nature of the exposure-disease relationship, interventions will likely be better
able to target the appropriate etiologic window and
thereby reduce the risk of adverse outcomes and cardiotoxic effects of negative emotions.
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