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Objective: To assess the association of depression following myocardial infarction (MI) and cardiovascular prognosis. Methods:
The authors performed a meta-analysis of references derived from MEDLINE, EMBASE, and PSYCINFO (1975-2003) combined
with crossreferencing without language restrictions. The authors selected prospective studies that determined the association of
depression with the cardiovascular outcome of MI patients, defined as mortality and cardiovascular events within 2 years from
index MI. Depression had to be assessed within 3 months after MI using established psychiatric instruments. A quality assessment
was performed. Results: Twenty-two papers met the selection criteria. These studies described follow up (on average, 13.7 months)
of 6367 MI patients (16 cohorts). Post-MI depression was significantly associated with all-cause mortality (odds ratio [OR], fixed
2.38; 95% confidence interval [CI], 1.76-3.22; p <.00001) and cardiac mortality (OR fixed, 2.59; 95% CI, 1.77-3.77; p <.00001).
Depressive MI patients were also at risk for new cardiovascular events (OR random, 1.95; 95% CI, 1.33-2.85; p = .0006).
Secondary analyses showed no significant effects of follow-up duration (0—6 months or longer) or assessment of depression
(self-report questionnaire vs. interview). However, the year of data collection (before or after 1992) tended to influence the effect
of depression on mortality (» = .08), with stronger associations found in the earlier studies (OR, 3.22; 95% CI, 2.14-4.86)
compared with the later studies (OR, 2.01; 95% CI, 1.45-2.78). Conclusions: Post-MI depression is associated with a 2- to 2.5-fold
increased risk of impaired cardiovascular outcome. The association of depression with cardiac mortality or all-cause mortality was
more pronounced in the older studies (OR, 3.22 before 1992) than in the more recent studies (OR, 2.01 after 1992). Key words:

epidemiology, depression, meta-analysis, myocardial infarction, prognosis, risk factors.

CI = confidence interval; CA = cardiac arrest; CABG = coronary
artery bypass graft; CAD = coronary artery disease; DIS = modified
version of the National Institute of Mental Health Diagnostic Inter-
view Schedule; DM = diabetes mellitus; DSM = Diagnostic and
Statistical Manual of Mental Disorders; DISH = Depression Inter-
view and Structured Hamilton; ENRICHD = Enhancing Recovery
in Coronary Heart Disease Patients Randomized Trial; FU = follow
up; HADS = hospital anxiety and depression scale; IHD = ischemic
heart disease; KSb-S = Klinische Selbstbeurteilungsskalen aus dem
Miinchner psychiatrische Informations-System; LVEF = left ven-
tricular ejection fraction, MADRS = Montgomery Asberg Depres-
sion Rating Scale; MI = myocardial infarction; MIND-IT = Myo-
cardial INfarction and Depression—Intervention Trial; NA = not
available; OR = odds ratio; PVC = premature ventricular contrac-
tion; SCID = Structured Clinical Interview for DSM; SCL-90 =
90-item Symptom Check List; SSRI = selective serotonin re-uptake
inhibitor.

INTRODUCTION

n the year 2020, the top two contributors to the worldwide
burden of disease are predicted to be ischemic heart diseases
(IHD) and major depression (1). During the last decades, a
large number of studies were reported discussing the relation
of IHD and depressive illness. In long-term prospective stud-
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ies, depression emerged as an independent risk factor for the
development of IHD (2—4). On the other hand, patients with
established IHD are at risk to develop depression (5). Many
studies reported on the prevalence and consequences of post-
myocardial infarction (MI) depression. Major depression fol-
lowing MI is a common disorder, affecting approximately
18% of all MI patients (5), and it is a major predictor of
disability (6) and poor quality of life (7) in the year post-MI.
It also causes a delayed return to work and it complicates
medical therapy as a result of its association with noncompli-
ance (8). Moreover, the question arises whether post-MI de-
pression is a risk factor for cardiovascular morbidity and
mortality (9,10). Although the number of positive studies in
this field is steadily growing, the debate continues since the
publication of a few negative studies (11,12). These appar-
ently conflicting results prompted us to find an answer to the
following question: What is the association of depression with
the cardiovascular outcome of patients following myocardial
infarction in terms of mortality and cardiovascular events?

Although a few narrative reviews have been published on
this issue (13,14), to our knowledge, no meta-analysis has
been carried out.

METHODS

Aim

The aim was to identify all studies that were available by January 2004
comparing cardiovascular prognosis of depressed MI patients with a control
group of nondepressed MI patients. We have chosen for a systematic identi-
fication, appraisal, synthesis, and statistical aggregation according to prede-
termined methods (15).

Literature Search

For our search, the electronic databases MEDLINE, EMBASE, and
PSYCINFO (1975-2003) were used. In our prespecified protocol, we used
the following terms: “depression,” “depressive disorder,” “depressive
symptoms,” “mood disorder,” “affective disorder,” and “myocardial in-
farction” without language restrictions. We included both published and
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unpublished data (eg, doctoral dissertations). We completed the list with
references derived from our personal database (eg, reference lists of
review articles, books, abstracts, and personal communications).

Selection

In the resultant dataset, two independent raters from a pool of 5 investi-
gators (J.v.M., P.d.J., T.S., R.v.d.B., M.v.d.B.) identified studies that met the
eligibility criteria according to the following 3 steps:

1. Patients who were hospitalized, or had been hospitalized, for MI in
whom depression as an emotional state was measured (in contrast to,
for example, “ST-segment depression” on an electrocardiogram).

2. Depression had to be determined within 3 months after MI using
methods originally designed to assess depression (standard self-report
questionnaires, standardized psychiatric interviews) and validated else-
where. Of note, self-report questionnaires are used to assess depressive
symptomatology, whereas psychiatric interviews are standardized mea-
sures for the assessment of a depressive disorder. It is important to
realize that depression is measured as a “state” and not as a “trait.”
Only studies presenting original data were selected (eg, reviews and
editorials were excluded).

3. From the remaining set of studies, we selected in a third step, prospec-
tive studies that assessed cardiovascular prognosis in a depressed
patient group compared with the cardiovascular prognosis in a control
group. Only studies were used that focused on the following outcomes
(or a combination of these end points): a) all-cause mortality or b)
cardiac mortality; cardiovascular events (eg, myocardial infarction,
unstable angina, need for revascularization, arrhythmia)

Because we were interested in the association of post-MI depression and
relatively short-term prognosis, we selected studies reporting end points
within 24 months after the index MI. During the whole selection procedure,
in case of disagreement between two raters, the five investigators discussed
the difference of opinion until consensus was reached.

Different articles using the same patient group were reviewed only if they
reported on different end points or differed in follow-up period. In case of
multiple analyses on the same patient group, we chose the article that
represented the data best (ie, the article with the most complete representation
of variables, necessary to calculate the depression associated risk of cardio-
vascular events post-MI). When evaluating the comprehensive work of Fra-
sure-Smith et al. we used, when possible, the results of the Care As Usual-arm
of the M-HART trial (16) and the EPPI-trial (9) as the authors did in a recent
article (17). Studies on mixed patient groups (eg, MI and unstable angina)
were included only when follow-up data of the patients with MI were
separately presented. Data from blind placebo-controlled medication trials in
which depression was measured as part of an ancillary study were included in
the review process (18,19), but only data derived from patients randomized to
placebo (18) were taken into analysis. If necessary, the coordinators of the
eligible studies were asked for details.

The following aspects of methodologic quality were rated independently:
sample size, representativeness of the study population (eg, did the research-
ers include specific in-/exclusion criteria such as sex or arrhythmia at base-
line), percentage lost to follow up, and factors controlled for. The measure of
depression was of such importance for the quality of the study that we decided
to make this a separate inclusion criterion (ie, only validated measures of
depression). Like Wulsin and Singal (2), we chose not to use quality scoring,
which weights the contribution of each study to the meta-analysis on the basis
of the quality score. The main criticism of incorporating quality scoring
weights into metaanalyses is that there are no validated measures of quality
and the use of subjective rating scales may lead to bias (20).

Quantitative Data Synthesis

Data from all studies reporting on identical endpoints were pooled using
Review Manager (RevMan) version 4.2 for Windows of The Cochrane
Collaboration. When possible, we related the end points to depressive disor-
der (instead of depressive symptoms), and we chose the analysis describing
the longest follow-up period (up to a maximum of 24 months). To pool data
across the studies, we converted the time-related data into raw data (2 X 2
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tables). Thus, for all studies, irrespective of the presented effect measure (ie,
risk ratio, odds ratio, or hazard ratio), data were converted into (unadjusted)
dichotomous outcomes. We then calculated odds ratios and 95% confidence
intervals. The fixed method was used to generate a summary estimate of odds
ratios and the appropriateness to combine results was tested using chi-squared
analysis. Depending on the outcome of the test for heterogeneity (21), we also
used the random effects method and compared results of both statistical
methods.

In two studies (22,23), depressive symptoms were not presented as a
dichotomous variable, but as a continuous variable. In these cases, we esti-
mated the number of patients above and below the established cutoff point of
the depression scale using the mean depression score and standard deviation
that were reported based on the assumption of normal distribution. We then
calculated odds ratios for the depression-related cardiovascular events.

In secondary analyses, we studied the influence of year of data collection
(before or after 1992), assessment of depression (psychiatric interview or
questionnaire), and duration of follow up (0—6 months or longer). The year
1992 was chosen in our secondary analyses because this resulted in two, with
respect to the amount of studies, comparable groups. As a result of the limited
number of studies investigating the risk of cardiovascular events, we were not
able to conduct secondary analyses on this end point. Differences in odds
ratios between types of studies were assessed by comparing the pooled odds
ratio in one group with that of the other group of studies using chi-squared
analysis comparing logarithms of the odds ratios.

Funnel plots were constructed by plotting the effect measure against the
inverse of its standard error (SigmaPlot 8.0 for Windows). Its asymmetry was
tested by significance tests using linear regression methods.

RESULTS

A flow diagram of the literature search is shown in Figure
1. The agreement rates (Cohen’s kappas) for the 3 steps in the
selection procedure were 0.91 (standard error [SE] 0.01), 0.87
(SE 0.02), and 0.80 (SE 0.06), respectively, referring to a
good/very good consistency of judgments by the raters (24).
Our search yielded 22 prospective studies in which the asso-
ciation of depression following MI and prognosis was deter-
mined. These 22 studies described follow-up data of 16 dif-
ferent cohorts, which comprised 6367 MI patients (2056 cases
and 4311 control subjects). We were forced to exclude some
often-cited articles written by well-respected authors. These
studies did not meet our inclusion criteria because of two
reasons. First, the assessment of depression did not take place
in the first 3 months post-MI (25). Second, some studies used
unvalidated measurements of depression (26-28).

We were able to select 37 different analyses on the pre-
specified end points (Table 1). The mean age at the time of the
index MI was 61 years; 75% were men; mean time to follow
up was 13.7 months. The proportion of MI patients with
depressive symptoms or depressive disorder at baseline
ranged from 8% to 47% and from 5% to 47%, respectively.

From the 37 different analyses on the prespecified end
points, 22 reported significant (p < .05) results and 15
reported nonsignificant results after univariate analysis
(59% vs. 41%, respectively). Of the 22 studies with signif-
icant results in univariate analysis, 12 studies conducted
multivariate analyses (55%). From these 12 studies (Table
2), 8 reported significant and 4 studies reported nonsignif-
icant results after controlling for other clinical variables.
The reported multivariate odds ratios were generally some-
what lower than the univariate odds ratios.
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Figure 1.
articles.

Flow chart representing the literature search. N = number of

Additional Information by Personal Communication

We contacted authors of five included studies for further
information on study characteristics. In the study by Mayou et
al. (12), the psychiatric measure comprised the Hospital Anx-
iety and Depression (HAD) Scale. Based on their HAD score,
MI patients were divided in distressed (depression score
greater than 10 or summed depression and anxiety scores
greater than 19) and nondistressed persons. The authors sub-
sequently analyzed whether distress was significantly associ-
ated with mortality. Mayou provided us with the survival data
of the depressed MI patients, Silverstone provided us with the
follow-up period of his study (29), and Irvine (18) supplied the
exact numbers of the depressed vs. nondepressed MI patients
in the placebo arm of their study who reached an end point.
Carney (30) and Strik (31) provided us with additional infor-
mation concerning end points within 24 months post-MI in
their studies.

Mortality and Cardiovascular Events

Nine studies (12,18,29,30,32-36) with a total of 3082 pa-
tients reported on all-cause mortality (Figure 2). The pooled
odds ratio of all-cause mortality after MI in 952 depressed
patients compared with 2130 nondepressed patients was 2.38
(95% confidence interval [CI], 1.76-3.22; p < .00001).

Nine studies (9-11,17,18,37—40), 6 cohorts with a total of
3343 patients reported on cardiac mortality (Figure 3). The
pooled odds ratio of cardiac mortality after MI in 1091 de-
pressed patients compared with 2252 nondepressed patients
was 2.59 (95% CI, 1.77-3.77; p < .00001).
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Nine studies (22,23,29,35-37,40—42) with a total of 3401
patients reported on cardiovascular events (Figure 4). Al-
though definitions of cardiovascular events varied between
studies, all studies reported on the combined end point of
cardiac death, cardiac arrest, and recurrent MI. When the
results were pooled, the odds ratio was 1.64 (95% CI, 1.37—
1.97; p = .0006). Because the odds ratios among these studies
were heterogeneous (p = .005), we pooled the results follow-
ing the random method. This resulted in a comparable esti-
mate of the overall odds ratio (odds ratio [OR], 1.95; 95% CI,
1.33-2.85; p = .0006).

Secondary Analyses

The significant association between post-MI depression
and all-cause mortality was not influenced by the way depres-
sion was assessed (ie, questionnaire vs. psychiatric interview;
p = .60; Table 3). The same was true for cardiac mortality
(p = .63). The association between depression and cardiac
mortality or all-cause mortality was more pronounced in the
older studies (before 1992) than in the more recent studies
(after 1992; old vs. new, p = .08). Finally, we compared
studies with a short follow up (0—6 months) with studies with
a longer follow up (longer than 6 months). The all-cause
mortality risk in the first 6 months was not significantly
different (p = .48) from the risk in the next 18 months. We
found comparable results for cardiac mortality (short vs. long
follow up: p = .46).

DISCUSSION

This meta-analysis shows a consistent association between
post-MI depression and impaired cardiovascular prognosis.
This holds true for both post-MI mortality (either cardiac
mortality or all-cause mortality) and cardiovascular events.
The magnitude of the increased risk was 2 to 2.5 times. The
study populations were patients living in North America,
Europe, and Japan. Earlier studies tended to have a more
profound effect of depression on cardiovascular prognosis
than later studies. It may be possible that improvements in
cardiac care for hospitalized and rehabilitating MI patients are
responsible for this finding, but this would need further re-
search.

The results need to be considered in relation to the study
limitations. One of the most important limitations in conduct-
ing a meta-analysis is the inevitability to combine data from
studies that are not equally designed. In this meta-analysis, we
assessed the potential effect of two study characteristics: the
assessment of depression and the length of follow up. Because
questionnaires measure only selected aspects of mental state,
and a clinical interview allows for a more careful weighing of
relevant information, this seems an important study character-
istic. Similarly, post-MI depression may have a different as-
sociation with short-term prognosis compared with long-term
prognosis. However, in our study, we found no influence of
the way depression was assessed on the strength of the asso-
ciations with post-MI prognosis or of the follow-up duration.
The first finding may have important clinical implications for
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ASSOCIATION OF POST-MI DEPRESSION WITH

CARDIAC PROGNOSIS

Comparison: 01 Depr no depr
Outcome: 01 All-cause mortality
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Test for overall etfect z=5.59 p<0.00001
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Figure 2. Association between depression and all-cause mortality.

Comparison: 01 Depression versus no depression
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Figure 3. Association between depression and cardiac mortality.
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Figure 4. Association between depression and cardiovascular events.

the identification of post-MI patients with poor prognoses,
because questionnaires are easier, faster, and cheaper than
psychiatric interviews.

A second limitation is the fact that metaanalyses are prone
to publication and other forms of selection biases. The likeli-
hood of bias is illustrated by the funnel plots in Figure 5, ie,
scatterplots of the depression’s effects size in the selected
studies against the sample size. Although the funnel plots of
all-cause mortality and cardiovascular events resemble a sym-
metric inverted funnel, the plot of cardiovascular mortality is
skewed and asymmetric with smaller studies showing associ-
ations that differ systematically from larger studies. Following

Psychosomatic Medicine 66:814-822 (2004)

the linear regression approach by Egger et al. (43), we tested
the presence of asymmetry for the three different outcomes,
resulting in nonsignificant p values of the intercept for all-
cause mortality and cardiovascular events (p = .30 and p =
.20, respectively) and significant p values for cardiovascular
mortality (p = .05). Although asymmetric funnels have been
associated with publication bias (43), such plots should be
interpreted cautiously (44), and other sources of asymmetry as
true heterogeneity must be taken into account. For example,
the underlying risk may differ in MI patients, eg, MI patients
with (18) or without (32) arrhythmia, study populations with
different patients’ characteristics with respect to age (33,37)
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TABLE 3. Secondary Analyses

Number of Number of o
Studies Patients OR (95% 1)
Studies reporting on all-cause mortality
Patients with depressive disorder 1779 2.53 (1.68-3.80) } P = 0.60
Patients with depressive symptoms 1470 2.17 (1.43-3.28) ’
Studies with short follow-up 1478 2.92(1.73-4.92) } P =048
Studies with long follow-up 2501 2.34 (1.68-3.25) ’
Studies reporting on cardiac mortality
Patients with depressive disorder 222 3.65 (1.32-10.05) } P =063
Patients with depressive symptoms 2665 2.79 (1.84-4.23) ’
Studies with short follow-up 1060 3.52 (1.15-10.74) } P =046
Studies with long follow-up 2116 2.23 (1.42-3.48) ’
Studies reporting on either all-cause or cardiac mortality
Old studies 2125 3.22 (2.14-4.86) } P =008
New studies 3777 2.01 (1.45-2.78) ’

and sex (34,37). Nonetheless, in our study, we have tried to
minimize important sources of selection bias as publication
bias by including both non-English and nonpublished work in
our literature search.

A third limitation is the lack of information about premor-
bid mood disorders of the included MI patients. However,
most of the selected studies were not designed to investigate
precursors of post-MI depression. It is conceivable that some
depressed MI patients were already depressed before the index
MI.

The results of this meta-analysis are pointing to a relation-
ship between depression and impaired cardiac prognosis. It is
important to assess the extent to which this relationship is
independent of other clinical variables (eg, left ventricular
ejection fraction [LVEF]). It must be taken into account that
sicker patients may have an increased risk to become de-
pressed and subsequently have a worse cardiovascular prog-
nosis. In other words, it is possible that the observed risk is in
reality caused by poor cardiac function. As was pointed out in
the selected studies, in most studies, depression was not re-
lated to the severity of cardiac disease. We analyzed those
studies reporting significant bivariate relationships between
depression and impaired prognosis. From these, several per-
formed multivariate analyses: the described multivariate odds
ratios were all, except for one, smaller than the bivariate odds
ratios. This suggests that the effect of depression on post-MI
prognosis may be partly dependent on other factors. In our
meta-analysis, the conclusion that post-MI depression is re-
lated to impaired cardiovascular prognosis is based on biva-
riate analysis, not on multivariate analysis. We therefore can-
not rule out the possibility of confounding factors that reduce
the strength of the association between post-MI depression
and cardiovascular prognosis, and we should remain careful
before making causal inferences. We recommend that future
studies will measure potential confounders (eg, LVEF, diabe-
tes mellitus, hypertension, smoking, hypercholesterolemia).

820

The potential mechanisms linking depression and impaired
cardiovascular prognosis are still poorly understood. First,
unhealthy behavior of depressed MI patients (diminished
compliance, smoking, unhealthy diet, inactivity) is important.
Second, evidence is growing that physiological mechanisms
are involved: depression in post-MI patients is associated with
an increase in sympathetic nervous system activity (45,46),
which could increase the risk for fatal arrhythmic events (47).
Another possible explanation could be the increased platelet
activation in depressed patients with IHD compared with their
nondepressed counterparts, which may point to an increased
tendency to form thrombi (48). Changes in the immune system
(49) and the hypothalamic—pituitary—adrenocortical system
(13) are also mentioned as mediators of the link between
depression and impaired cardiac prognosis. Certain antide-
pressants, tricyclic antidepressants, are also associated with
arrhythmias (50) or myocardial infarction (51). Although the
information about antidepressant use in the selected studies of
our meta-analysis is sparse, it is not likely that tricyclic anti-
depressant use is responsible for the observed association
between depression and impaired cardiac prognosis, because
post-MI depression is only treated in a small minority (32).
Finally, in a recent report, Druss et al. (52) have shown that
MI patients with comorbid mental disorders are substantially
less likely to undergo coronary revascularization procedures
than those without mental disorders. In addition, they pointed
out that physicians also prescribed significantly less throm-
bolysis, aspirin, angiotensin-converting enzyme inhibitors,
and B-blockers to MI patients with comorbid depression.
Therefore, deficits in quality of medical care seem to explain,
at least in part, the excess mortality experienced by patients
with depression after MI.

The results of the present study underscore the need for
intervention trials aimed at ameliorating the harmful effects of
depression on cardiovascular prognosis. This is obviously a
tempting speculation: treating depression and thereby improv-

Psychosomatic Medicine 66:814-822 (2004)
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Figure 5. Funnel plots of selected studies.

ing cardiovascular outcome of depressed MI patients. Re-
cently, the ENRICHD study (53) was the first clinical trial to
test whether intervening on depression (and low perceived
social support) soon after acute MI reduces mortality and
reinfarction. The intervention decreased depression and im-
proved social support more than was observed in usual care
but did not affect the primary end point of death and nonfatal
infarction. This important trial is probably the first in a row of
intervention trials investigating the effects of antidepressant
therapy for post-MI depression on cardiac prognosis. Of note,

Psychosomatic Medicine 66:814-822 (2004)

some data point to a protective role of specific serotonin
reuptake inhibitors (SSRIs) in the development of cardiac
events (54-56).

We are currently conducting a multicenter randomized,
controlled trial, the MIND-IT study (57), in which the influ-
ence of antidepressant treatment for post-MI depression on
cardiovascular prognosis and quality of life is investigated.
The results of the MIND-IT study will be available in 2005.
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