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■ ABSTRACT

Depression is a primary risk factor for ischemic heart
disease (IHD) and a secondary risk factor for worsened
prognosis in patients with IHD and heart failure.
Mental stress–induced myocardial ischemia appears to
be a significant mechanism by which depression
increases the risk of death and morbidity in patients
with IHD. A number of trials have evaluated the effect
of therapy for depression in patients with cardiac dis-
ease, and more are ongoing. Selective serotonin reup-
take inhibitors (SSRIs) are effective in improving
depressive symptoms in cardiac patients and are rela-
tively safe in these patients; tricyclic antidepressants
are less safe in these patients. Early evidence suggests
that antidepressant therapy with SSRIs may be associ-
ated with improved cardiac outcomes in depressed
cardiac patients, but further study is needed.

O
ver the past several decades, a large body of
evidence has emerged demonstrating the
adverse impact of depressive disorder on
heart disease. This evidence confirms the

early suspicion of observant clinicians that psycholog-
ical factors play a significant role in the genesis and
course of heart disease, as well as confirming the
ancient belief in a mind-body connection in general
and a connection between human moods and the
heart in particular. Given the high prevalence of these
two disorders, we need a better understanding of the
impact of depressive disorder on heart disease, the pro-
posed underlying pathophysiologic mechanisms, and
the effects of treating depression in relation to risk
reduction in patients with heart disease.

In this article, I will focus on (1) reviewing the
results of meta-analyses examining the association of
depression with cardiac diseases, (2) discussing the
relationship between depression and mental

stress–induced myocardial ischemia, (3) reviewing
the available studies of the treatment of depression in
patients with cardiac disease, and (4) discussing
future directions for research in this area.

■ ASSOCIATION OF DEPRESSION WITH 
PROGRESSION OF CARDIAC DISEASES

As a disease of the brain, depression is common. The
lifetime prevalence of major depressive disorder, a sig-
nificant form of depression, is 16.2%.1 The point preva-
lence of depression in medically ill patients is much
higher, ranging from 20% to 50%, and the prevalence
of milder depression is even more common. Despite
this substantial prevalence, depression (especially in its
milder forms) is rarely recognized. It often occurs insid-
iously, confusing its sufferer into believing that it is part
of his or her character rather than an illness. 

An invisible killer
The adverse effects of depression manifest in many
aspects of life⎯from relationships to job performance
to compliance with medical treatments⎯and can be
so severe as to render the condition an “invisible
killer.” The first evidence of this emerged in the med-
ical literature in 1937 when Malzberg2 reported that
patients with melancholia had a significantly higher
death rate than the general population and that car-
diac death occurred in more than 40% of those
patients. Although it took another several decades for
the field to accelerate, ample data have now been
gathered to prove an unshakable association between
depression and progression of cardiac diseases. Instead
of reviewing results of each study, I will present the
results of several meta-analyses.

Prognosis of post–myocardial infarction patients
with depression 
In a meta-analysis published in 2004, van Melle et al3

examined data derived from the MEDLINE, EMBASE,
and PsycINFO databases between 1975 and 2003 on
the prognostic association of post–myocardial infarc-
tion (MI) depression with mortality and cardiovascular
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events. Twenty-two studies met the selection criteria
(post-MI status with measurement of depression and up
to 2 years of follow-up); these studies included a total
6,367 post-MI patients and had an average follow-up of
13.7 months. The analysis revealed that post-MI
depression was associated with each of the following:

• All-cause mortality (fixed-effects odds ratio [OR]
= 2.38; 95% confidence interval [CI], 1.76 to
3.22; P < .00001) 

• Cardiac mortality (fixed-effects OR = 2.59; 95%
CI, 1.77 to 3.77; P < .00001)

• Occurrence of cardiovascular events (random-effects
OR = 1.95; 95% CI, 1.33 to 2.85; P = .0006).

Prognosis of depressed patients 
with ischemic heart disease
In another 2004 meta-analysis, Barth et al4 examined
the association of depression with mortality among
patients with other forms of ischemic heart disease
(IHD) (ie, beyond just MI) using data derived from
English- and German-language databases (MEDLINE,
PsycINFO, and PSYNDEX) from 1980 to 2003. A total
of 11,905 patients from 20 cohorts were included.
Although depression assessment was heterogeneous
among the studies included, the unfavorable impact of
depression on mortality among IHD patients was con-
sistently observed regardless of whether the depression
was self-reported or detected by psychiatric profession-
als. The risk of dying in the first 2 years after initial
assessment was more than two times higher in patients
with high depressive symptoms than in those with low
depressive symptoms (OR = 2.24; 95% CI, 1.37 to
3.60). This negative prognostic impact remained over
the long term and after adjustment for other risk factors
(hazard ratio [HR] = 1.76; 95% CI, 1.27 to 2.43).
Although clinical depression had no significant effect
on mortality within the first 6 months after initial
assessment (OR = 2.07; 95% CI, 0.82 to 5.26), after 2
years it was associated with a greater than twofold higher
risk of death (OR = 2.61; 95% CI, 1.53 to 4.47).4

Prognosis of depressed patients with heart failure
Several studies over the past decade, including one from
my research group,5 have prospectively examined the
impact of depression on outcomes in patients with heart
failure (HF). Rutledge et al6 used meta-analysis to sum-
marize the findings of eight independent cohort studies
that tracked the association between depression and
mortality or cardiac events in a total of 1,845 patients
with HF; follow-up ranged from 6 months to more than
4 years. They found that those patients who were
depressed had higher rates of death and secondary
events (relative risk [RR] = 2.1; 95% CI, 1.7 to 2.6)

compared with their nondepressed counterparts, as well
as trends toward increased health care use and higher
rates of hospitalization and emergency room visitation.

Development of ischemic heart disease
in depressed patients
To assess depression’s role as a potential predictor of
IHD development, Rugulies7 reviewed data from
MEDLINE (1966 to 2000) and PsycINFO (1887 to
2000), selecting 11 cohort studies based on assess-
ment of patients by standardized psychometric scale
(clinical depression or depressed symptoms) and
“hard” events (fatal/nonfatal MI, coronary death, or
cardiac death). Among the 36,549 individuals in
these studies, the overall RR for development of IHD
in depressed subjects (as compared with nondepressed
subjects) was 1.64 (95% CI, 1.29 to 2.08; P < .001).
Sensitivity analysis revealed that clinical depression
was a stronger predictor of IHD (RR = 2.69; 95% CI,
1.63 to 4.43; P < .001) than depressive symptoms
were (RR = 1.49; 95% CI = 1.16 to 1.92; P = .02). 

In summary, individuals with depressive disorder,
even mild forms, are more likely to develop IHD than
are individuals without depression. The increased like-
lihood of developing IHD is independent of conven-
tional risk factors. Therefore, depression is a primary risk
factor for IHD. Depression is also a secondary risk factor,
independent of conventional risk factors, for signifi-
cantly worse prognosis in patients with MI, other forms
of IHD, and HF. Depression’s adverse effect on HF prog-
nosis is independent of the baseline impairment in car-
diac function and of the ischemic etiology of HF.

■ DEPRESSION AND MENTAL STRESS–INDUCED
MYOCARDIAL ISCHEMIA

Of the numerous proposed pathophysiologic mecha-
nisms explaining the adverse impact of depression on
cardiac diseases, I would like to emphasize the clinical
and research significance of mental stress–induced
myocardial ischemia (MSIMI).

Myocardial ischemia is an important measure of
the clinical manifestation of IHD. Ambulatory elec-
trocardiographic monitoring yielded the insight that
myocardial ischemia occurs frequently and transient-
ly during daily living; it usually occurs in the context
of a lower heart rate, is asymptomatic or silent, does
not necessarily involve high-intensity physical activ-
ity, and commonly occurs in conjunction with
increased negative emotions.8,9

Over the past 2 to 3 decades, several laboratories
have consistently demonstrated that mental stress
testing elicits myocardial ischemia in patients with
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documented IHD.8,10,11 The prevalence of MSIMI,
defined by wall motion abnormality and/or signifi-
cantly reduced ejection fraction, is comparable to
that of exercise-induced myocardial ischemia in the
laboratory setting.12

Differences from exercise-induced ischemia
MSIMI differs from exercise-induced ischemia in sev-
eral notable ways. It occurs silently most of the time
and rarely results in ischemic electrocardiographic
changes. Mental stress induces greater frequency and
severity of left ventricular dysfunction. Furthermore,
mental stress testing causes a greater diastolic blood
pressure response but a modest increase in heart rate,
whereas exercise testing elicits a smaller elevation in
diastolic blood pressure but a several-fold increase in
heart rate. 

A key mechanism: Transient coronary vasoconstriction
One of the underlying mechanisms by which mental
stress induces myocardial ischemia in susceptible
patients is transient coronary vasoconstriction. Yeung
et al13 used an intracoronary Doppler catheter to assess
the change in coronary blood flow during mental stress
testing and endothelium-dependent vasodilation in a
group of patients with IHD. Coronary artery responses
varied from 38% constriction to 29% dilation, with
changes in coronary blood flow ranging from a decrease
of 48% to an increase of 42%. Interestingly, although it
has been proposed that mental stress triggers release of
catecholamines that induce coronary vasoconstriction,
the direction and magnitude of the change were not
predicted by changes in heart rate, blood pressure, or
plasma norepinephrine level. The change in coronary
perfusion was correlated, however, with the response to
acetylcholine infusion.13

Dakak et al14 showed that while the coronary
microcirculation dilated during mental stress testing
in individuals without IHD, it failed to dilate during
such testing in IHD patients, a response that is likely
mediated by alpha-adrenergic receptor activation.
Furthermore, systemic vascular resistance has been
found to increase significantly during mental stress
and to be positively correlated with increases in plasma
epinephrine.15 In contrast, systemic vascular resistance
was reduced significantly during exercise testing, and
there was no relationship between the exercise-
induced hemodynamic change and the plasma epi-
nephrine level.15 Compared with exercise-induced
ischemia, epinephrine-induced ischemia (which may
occur during emotional distress) is marked by smaller
increases in heart rate and rate-pressure product and
by a marked increase in contractility.16

MSIMI predicts cardiac events
From a prognostic standpoint, MSIMI consistently pre-
dicts an increase in future adverse cardiac events.11,17–19

In a sample of 132 IHD patients with a recent positive
exercise test,11 MSIMI was associated with an increase
in cardiac events during 5-year follow-up (OR = 2.8;
95% CI, 1.0 to 7.7; P < .05) independent of patients’
age, history of prior MI, or baseline cardiac function. In
contrast, exercise-induced ischemia was not predictive
for adverse cardiac events (OR = 1.5; 95% CI, 0.6 to
3.9; P = .39) in this same sample. 

Depression correlates with MSIMI occurrence
More relevant is the finding that depression is associ-
ated with the occurrence of MSIMI (Figure 1).
Following withdrawal of antianginal medication for
at least 48 hours, we tested 135 patients with stable
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FIGURE 1. Association of myocardial ischemia (as indicated by
wall motion abnormality [WMA]) and depressive symptoms (Center
for Epidemiological Studies Depression Scale [CES-D] score), accord-
ing to the source of ischemia, in a study of 135 patients with stable
ischemic heart disease.20 Solid green line represents the fitted prob-
ability of WMA; dotted lines are 95% confidence limits.

Adapted from American Heart Journal (Jiang W, et al. Depression and 
increased myocardial ischemic activity in patients with ischemic heart disease.
Am Heart J 2003; 146:55–61.), copyright 2003, with permission from Elsevier.
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IHD using the Center for Epidemiological Studies
Depression Scale (CES-D) to evaluate for depressive
symptoms and using radionuclide ventriculography to
detect the occurrence of wall motion abnormalities
during mental stress and exercise testing.20 The men-
tal stress tasks used in this study included mental
arithmetic, public speaking, a mirror trace task, read-
ing, and a type A videotaped structured interview. 

The mean CES-D score was 8.2 (SD = 7.4; range, 0
to 47) and the median score was 7. Logistic regression
models using restricted cubic splines revealed a curvi-
linear relation between CES-D scores and the probabil-
ity of ischemia triggered by mental stress testing and
exercise testing. For patients with CES-D scores less
than or equal to 19 (81.5% of the study population), a
5-point increment in the CES-D score was associated
with a roughly twofold increase in the likelihood of
MSIMI (Figure 1A). For patients with CES-D scores
greater than 19, the relation between scores and
ischemia during mental stress tended to be inverse
(Figure 1A), but these patients represented a small por-
tion of the study sample (18.5%). In contrast, depres-
sion was not related to the occurrence of exercise-
induced ischemia (Figure 1B). This finding strongly
indicates that MSIMI may be a significant mechanism
by which depression increases the risk of mortality and
morbidity in patients with IHD. A few patients in this
study had severe depressive symptoms (CES-D scores >
19), which makes interpretation of the result very diffi-
cult. Because only 18.5% of the patients had CES-D
scores greater than 19, this pattern of results needs to be
confirmed in a sample with a greater representation of
these more severely depressed patients.20

■ INSIGHTS FROM STUDIES OF DEPRESSION 
THERAPY IN CARDIAC PATIENTS

To date, six trials evaluating therapies targeting
depression or depression-related problems in patients
with cardiac diseases have been completed, and an
additional trial is ongoing (Table 1). 

Among antidepressants, selective serotonin reup-
take inhibitors (SSRIs) have been uniformly demon-
strated to be effective in improving depressive symp-
toms and relatively safe for cardiac patients.21–24 Not
surprisingly, tricyclic antidepressants have been found
to cause more cardiac problems.21 Mirtazapine, a cen-
tral nervous system alpha-2 antagonist, failed to
improve depressive symptoms in depressed post-MI
patients in the Myocardial Infarction and Depression
Intervention Trial (MIND-IT),25,26 but because the
results from this study have been presented only in
abstract form, more details will be necessary to gain

insight into explanations for this failure. 
Although psychotherapy has been found to be

quite effective among depressed patients without
other medical illnesses, its effectiveness among
patients with cardiac disease has not been impressive
to date (Table 1).

No evidence of prognostic benefit from psychotherapy
Results from evaluations of psychotherapeutic inter-
ventions on cardiac prognosis have been rather disap-
pointing (Table 1). The Enhancing Recovery In
Coronary Heart Disease Patients (ENRICHD) study,27

which involved randomization of 2,481 post-MI
patients with depression and/or low perceived social
support to usual care or cognitive behavior therapy,
failed to show an impact of cognitive behavior therapy
on the combined end point of death or nonfatal MI.
Similarly, the Montreal Heart Attack Readjustment
Trial (M-HART)28 failed to demonstrate a benefit from
home-based psychosocial nursing intervention on car-
diac prognosis in IHD patients. These studies suggested
that psychotherapeutic intervention might have differ-
ing or even opposite effects on the two genders.

Potential prognostic benefit from antidepressant therapy
In theory, adequate treatment of depression could
affect dysregulated physiologic factors as well as dysreg-
ulated psychosocial factors, thereby leading to
improved cardiac outcomes. There is physiologic evi-
dence to support beneficial pleiotropic effects of anti-
depressant medications in IHD, such as reduced
platelet activity29–31 and improvement in low heart rate
variability32–34 with both sertraline and paroxetine.

The MIND-IT study evaluated mirtazapine for post-
MI depression using a randomized placebo-controlled
design.25 However, this trial failed to find a significant
treatment effect for either depression or cardiac out-
comes.26 These results may have been related to a lack
of statistical power, as only 209 treated patients were
compared with 122 patients receiving usual care. This
trial also raises the question whether any nontricyclic
antidepressant (other than SSRIs) might have benefi-
cial effects on cardiovascular outcomes, or whether
such an effect might be limited to SSRIs alone.

Provocative results emerged from the Sertraline
Antidepressant Heart Attack Randomized Trial
(SADHART),23 a randomized, double-blind, placebo-
controlled investigation of the safety and efficacy of
sertraline for major depressive disorder among 369
patients with recent MI or unstable angina. Patients
receiving sertraline had fewer cardiac events (death,
MI, stroke, worsened angina, or onset of HF) com-
pared with patients taking placebo. The relative risk
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ratio for having at least one cardiac event was 0.77
with sertraline therapy, but this reduction in risk was
not statistically significant (95% CI, 0.51 to 1.16).
Although these findings suggest that sertraline may
improve cardiac outcomes, the study was not ade-
quately powered to detect differences on this measure.
Power calculations indicate that in order to confirm a
20% reduction in relative risk in a randomized trial, a
sample of at least 4,000 depressed patients with acute
coronary syndrome would be required.23 Based on the
cost of SADHART, the estimated expense to com-
plete such a study is approximately $200 million. 

The SADHART-CHF trial is a randomized, dou-
ble-blind, placebo-controlled study examining sertra-
line’s efficacy for major depressive disorder among
patients with HF, as well as its effects on mortality and
cardiac outcomes. This trial is in its last year of enroll-
ment, and results will be forthcoming in 2008.

■ FUTURE DIRECTIONS
These recent insights into depression’s impact on cardiac
disease give rise to several new questions to consider: 

• Expand research to patients with depressive
symptoms? To date, investigations into treatment
effects have focused only on patients with cardiac dis-

ease who have major depressive disorder. However,
depressive symptoms as reported on self-administered
questionnaires consistently have been shown to be a
risk for poor cardiac outcomes. Should we expand our
interventional studies to patients with self-reported
depressive symptoms?

• How thoroughly to test for differences among
antidepressants? Three of the six SSRIs have been
studied among depressed cardiac patients. Based on
the available findings, can we assume that all SSRIs
have the same efficacy and safety profiles and are
similarly cardiovascularly protective? Should every
antidepressant or SSRI be tested? Should head-to-
head comparison studies be conducted? Tricyclic
antidepressants are cardiotoxic, and central nervous
system alpha-2 antagonists like mirtazapine may not
be effective, but what about other types of antide-
pressants for depressed cardiac patients?

• Is there a role for studying surrogate end points?
Studies examining the effects of an intervention on
mortality and/or morbidity can be very expensive. As
research budgets tighten, can we instead test the effects
of depression therapy on some surrogate end points?

Our laboratory has been funded by the National
Heart, Lung, and Blood Institute to compare the effects

IMPACTS OF DEPRESSION ON CARDIAC DISEASE

TABLE 1
Summary of clinical trials of depression therapy in patients with cardiac disease

Trial (yr) Therapies No. pts Randomized Treatment period End points and results

Roose et al21 Nortriptyline vs paroxetine 81 Yes 6 wk •Depression: both effective
and Nelson et al22 •Drug safety: nortriptyline toxic
(1998–99)

SADHART Sertraline vs placebo 369 Yes 24 wk •Depression: effective vs placebo
(2002)23 •Safety: safe

CREATE Citalopram ± IPT 284 Yes 12 wk •Depression: citalopram effective,
(2007)24 IPT not effective

MIND-IT Mirtazapine vs placebo 331 Yes 24 wk •Depression: no difference vs placebo
(2006)25,26 •Prognosis: no difference vs placebo

ENRICHD CBT vs usual medical care 2,481 Yes 11 sessions •Depression: CBT modestly effective
(2001)27 over 6 mo •Prognosis: no difference vs usual care 

M-HART Home nursing intervention 1,376 Yes 1 yr •Prognosis: no improvement 
(1997)28 (vs usual care) for compared with usual care

psychological distress

SADHART-CHF Sertraline vs placebo 500 Yes 12 wk •Depression: results pending
(ongoing) •Prognosis: results pending

CBT = cognitive behavior therapy; CREATE = Canadian Cardiac Randomized Evaluation of Antidepressant and Psychotherapy Efficacy; ENRICHD = Enhancing Recovery in
Coronary Heart Disease Patients; IPT = interpersonal psychotherapy; M-HART = Montreal Heart Attack Readjustment Trial; MIND-IT = Myocardial Infarction and Depression
Intervention Trial; SADHART = Sertraline Antidepressant Heart Attack Randomized Trial
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of escitalopram with those of placebo on MSIMI in
patients with stable IHD and a score of 5 or greater on
the Beck Depression Inventory. This study, the Re-
sponses of Myocardial Ischemia to Escitalopram Treat-
ment (REMIT) trial, will provide SSRI therapy to
patients with a broad spectrum of depressive symptoms
(not just major depressive disorder), assess the ischemic
activity induced by mental stress testing as its primary
end point, and explore the effects on other hypothesized
mechanisms of depression that adversely affect cardiac
diseases (platelet aggregation, inflammatory biomark-
ers, etc). Stay tuned for the results in the near future.
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