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Myocardial Infarction and Depression

nly Incident Depressive Episodes After Myocardial
nfarction Are Associated With New Cardiovascular Events
eter de Jonge, PHD, Rob H. S. van den Brink, PHD, Titia A. Spijkerman, MD, Johan Ormel, PHD
roningen, the Netherlands

OBJECTIVES The purpose of this research was to study whether incident and non-incident depression after
myocardial infarction (MI) are differentially associated with prospective fatal and non-fatal
cardiovascular events.

BACKGROUND Post-MI depression is defined as the presence of depression after MI. However, only about
one-half of post-MI depressions represent an incident episode, whereas the other half are
ongoing or recurrent depressions. We investigated whether these subtypes differ in cardio-
vascular prognosis.

METHODS A total of 468 MI patients were assessed for the presence of an International Classification
of Diseases-10 depressive disorder during the year after index MI. A comparison was made
on new cardiovascular events (mean follow up: 2.5 years) between patients with no, incident,
and non-incident post-MI depression by survival analysis.

RESULTS Compared with non-depressed patients, those with an incident depression had an increased
risk of cardiovascular events (hazard ratio [HR] 1.65; 95% confidence interval [CI] 1.02 to
2.65), but not those with a non-incident depression (HR 1.12; 95% CI 0.61 to 2.06), which
remained after controlling for confounders (HR 1.76; 95% CI 1.06 to 2.93 and HR 1.39; 95%
CI 0.74 to 2.61, respectively).

CONCLUSIONS Only patients with incident post-MI depression have an impaired cardiovascular prognosis.
A more detailed subtyping of post-MI depression is needed, based on an integration of recent
findings on the differential impact of depression symptom profiles and personality on cardiac
outcomes. (J Am Coll Cardiol 2006;48:2204–8) © 2006 by the American College of

ublished by Elsevier Inc. doi:10.1016/j.jacc.2006.06.077
Cardiology Foundation
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he effects of depression after myocardial infarction (MI)
n cardiovascular prognosis are poorly understood. Post-MI
epression is associated with a 2 to 2.5 times increased risk
f cardiovascular events, but in most studies that tested for
he confounding effects of MI severity, the effects of
epression reduced or disappeared (1). Moreover, treatment
f post-MI depression does not seem to affect prognosis (2).
s a result, it remains unclear whether depression should be

onsidered a causal risk factor for cardiovascular prognosis.
eanwhile, the importance of other psychosocial factors as

redictors of adverse events in patients with coronary heart
isease has been increasingly acknowledged, including the
ype-D construct—the tendency to experience negative
motions and to inhibit self-expression in social interactions
3,4), and anxiety (5).

See page 2215

Post-MI depression is conveniently defined as the pres-
nce of depression after an MI. However, about one-half of
he post-MI depressions have been preceded by or are
ontinuations of pre-MI depressive episodes (non-incident
epression) (6–8). Several reports indicate that patients

From the Department of Psychiatry, University Medical Centre Groningen,
niversity of Groningen, Groningen, the Netherlands.
c
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ccepted June 6, 2006.
ith incident post-MI depressions resemble non-depressed
I patients in terms of personality but have experienced a
ore severe MI that may have triggered their first-ever

epression (6,7). Lloyd and Cawley (7) found that these
ncident post-MI depressions often recovered without in-
ervention. Recently, we confirmed that post-MI patients
ith incident depression had experienced more severe MIs,
hereas patients with non-incident depression had higher
euroticism levels (8).
To establish whether post-MI depression is a causal risk

actor for cardiovascular prognosis, it is crucial to compare
atients with incident versus non-incident post-MI depres-
ion. Because incident post-MI depression may be con-
ounded by the severity and consequences of the MI, the
trongest non-experimental support for a causal effect of
epression is found when non-incident post-MI depression
redicts poor cardiovascular prognosis. However, it is im-
ortant to state that this would not prove causality. Alter-
ative explanations, such as a shared genetic vulnerability
or depression and cardiovascular disease, recently reported
y McCaffery et al. (9), may still account for this association.
f interest, recently Grace et al. (10) reported that subjects
ith self-reported depressive symptoms (Beck Depression

nventory) after acute coronary syndromes (ACS) but no
istory of depression had a 1.78 (95% confidence interval
CI] 0.96 to 3.30) increased rate of 5-year mortality,

ompared with depressed ACS patients with a history of
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epression. We set out to test their findings, comparing the
ardiovascular effects associated with incident and non-
ncident post-MI depression, but now based on a formal
sychiatric diagnosis of depressive disorder.

ETHODS

he DepreMI (Depression after Myocardial Infarction)
tudy (8) is an observational cohort study of 468 patients
ospitalized for an MI between 1997 and 2000 in the north
f the Netherlands. Details of the study have been described
lsewhere.
ssessment of depressive disorder. The presence of a

ifetime depressive disorder was assessed in a face-to-face
nterview at 3 and 12 months post-MI with the Composite
nternational Diagnostic Interview (CIDI) (11). The CIDI
s a fully structured interview using International Classifi-
ation of Diseases-10 diagnostic criteria for depression, with
xcellent inter-rater reliability and good test–retest reliabil-
ty and validity that allows for the identification of incident
nd non-incident post-MI depression.
ersonality traits. At 3 months post-MI, patients filled in

he neuroticism and extraversion subscales of the Eysenck
ersonality Questionnaire (12) consisting of 12 items for
ach subscale. The traits neuroticism and extraversion were
hosen, as they resemble the tendency to experience nega-
ive emotions and inhibit self-expression in social interac-
ions, which are the key factors of type D personality. At 12
onths post-MI, the type-D scale-16 (DS16) was admin-

stered to assess type D personality (13). The DS16 ques-
ionnaire consists of 8 statements concerning social inhibi-
ion and 8 statements concerning negative emotions. In
oncordance with previous work, the presence of type D
ersonality is operationalized as having a score above the
edian of both subscales of the DS16.
aseline cardiac status. Baseline cardiac status was as-

essed during admission by the presence of a previous MI,
evascularization (percutaneous transluminal coronary an-
ioplasty or coronary artery bypass grafting), presence of
eart failure (Killip class �II), left ventricular ejection
raction �40%, anterior site of MI, and infarct size (log
reatinine phosphokinase MB [CPK], calculated from the
eak CPK level, which was based on a repeated assessment

Abbreviations and Acronyms
ACS � acute coronary syndromes
CBT � cognitive behavioral therapy
CI � confidence interval
CIDI � Composite International Diagnostic

Interview
ENRICHD � Enhancing Recovery in Coronary Heart

Disease trial
HR � hazard ratio
MI � myocardial infarction
t every 6 h during the acute phase of the MI). m
isability. At 12 months post-MI, patients were asked to
ndicate how many days they were not able to do daily
ctivities (i.e., work, housework, studies, leisure activities)
ue to physical or emotional problems during the last
onth, in accordance with the work by Broadhead et al.

14). The resulting variable was dichotomized as �1 week
isability or at least 1 week disability.
ardiovascular events. Cardiovascular mortality and

ardiac-related readmissions after discharge from the hos-
ital were identified using regular patient interviews, hos-
ital records, and data from the treating specialist and
rimary care physician. Two cardiologists, blinded for the
epression status of the patient, independently evaluated the
ature (cardiovascular or not) and time of onset of end
oints. Mean follow-up duration was 2.5 years (SD 0.8).
tatistical analysis. Three groups of patients were defined
s: 1) patients with a post-MI depressive episode who had
ot been depressed before the index MI (incident post-MI
epression); 2) patients with a post-MI depressive episode
ho had also been depressed before the index MI (non-

ncident post-MI depression); and 3) MI patients with no
ost-MI depression. These 3 groups were compared on
aseline demographic and cardiologic characteristics, per-
onality traits, and disability by chi-square tests for categoric
ata and by analysis of variance for continuous variables
sing Fisher least-square differences, and on prospective
non-)fatal cardiovascular events by means of survival
nalysis.

To estimate the effects on event-free survival, Kaplan-
eier plots were compared for patients with no post-MI

epression, incident post-MI depression, and non-incident
ost-MI depression using pairwise log-rank tests. Cox
egression analyses were conducted, evaluating the univari-
te effects of incident and non-incident post-MI depression,
ompared with MI patients with no post-MI depression,
nd the multivariate effects after controlling for age, gender,
nd education level because they are risk factors for both
epression and cardiac disease, and for left ventricular
jection fraction �40% and revascularization because they
re associated with cardiac prognosis and with incident
ost-MI depression.

ESULTS

f the 468 MI patients, 119 patients experienced a post-MI
epression during the post-MI year, of whom 53 (44.5%)
ere incident and 66 (55.4%) non-incident. Of the 349
atients that did not experience a post-MI depression, 22
6.3%) have had a pre-MI depression. In Table 1, a
omparison of patients with no, incident, and non-incident
ost-MI depression is given. Compared with patients with
on-incident depression cases, patients with incident
ost-MI depressions were characterized by poorer left
entricular ejection fraction (p � 0.08), a higher risk of
evascularization (p � 0.04), and more disability at 12

onths post-MI (p � 0.06). Patients with non-incident
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epression were characterized by lower education levels
p � 0.004), higher neuroticism scores (p � 0.001), and a
igher prevalence of type D personality (p � 0.05). During
ollow-up, 109 patients (23.3%) had experienced a fatal
n � 10) or non-fatal (n � 99) cardiovascular event. Of the
on-depressed patients, 21.5% experienced an event; these
ercentages were 33.3% and 22.6% for incident and non-
ncident post-MI depressions, respectively.

In Figure 1, the Kaplan-Meier plots for the 3 groups are
hown. Significant differences were observed between non-
epressed patients and patients with incident post-MI
epressions (log-rank test � 4.30; p � 0.04), but not
etween non-depressed patients and patients with non-
ncident post-MI depressions (log-rank test � 0.13; p �
.72). The hazard ratios (HR) for new cardiovascular events
ssociated with incident and non-incident post-MI depres-
ions, compared with non-depressed controls, were 1.65
95% CI 1.02 to 2.65; p � 0.04) and 1.12 (95% CI 0.61 to
.06; p � 0.72), respectively (Table 2). Controlling for age,
ender, education level, left ventricular ejection fraction,
nd revascularization essentially did not alter the HRs
incident depression: HR 1.76 [95% CI 1.06 to 2.65];
on-incident depression: HR 1.39 [95% CI 0.74 to 2.61]).
In order to exclude the possibility that a non-fatal

ardiovascular event had been the cause for the post-MI
epression rather than the consequence, we performed a
ensitivity analysis. Of the 109 cardiovascular events, 68
ccurred during the post-MI year and 41 thereafter. When
ounting only those events occurring after 1 year post-MI,
.3% of the non-depressed versus 18.5% for those with and
ncident and 6.8% with a non-incident post-MI depression

able 1. Characteristics of Patients With No, Incident, and Non

No Post-MI
Depression
(n � 349)

I

ociodemographic data
Female gender (%) 16.6
Age (yrs), mean (SE) 61.2 (0.6)
Living alone (%) 14.0
Primary school only (%) 18.6

ardiac status
LVEF �40% (%) 24.1
Killip class �2 (%) 13.5
Previous MI (%) 13.2
Revascularization 23.3
Anterior site of MI (%) 31.8
Log max CPK, mean (SE) 1.90 (0.02)

ersonality traits
Neuroticism, mean (SD) 2.5 (2.7)
Negative affect, mean (SD) 5.3 (5.6)
Extraversion, mean (SD) 6.4 (2.7)
Social inhibition, mean (SD) 12.7 (6.0)
Type D (%)* 19.7
isability at 12 months post-MI
Complete disability (�1 week during last month)* 10.3

old values are statistically significant. *The corresponding patient numbers for thes
9), non-incident depression (n � 46).

CPK � creatinine phosphokinase MB; LVEF � left ventricular ejection fraction
xperienced an event. The HRs for incident and non- i
ncident post-MI depression were 2.11 (95% CI 1.02 to
.37) and 0.76 (95% CI 0.23 to 2.51), respectively.

ISCUSSION

ur findings confirm the results that it is incident post-MI
epression that is related to cardiovascular prognosis rather
han post-MI depression per se. Patients with incident and
on-incident depression differed in terms of aspects of MI
everity, educational level, and neuroticism, but these factors
id not alter the effects on cardiovascular prognosis. Our
ndings are similar to the ones reported by Grace et al. (10),
espite the study difference in: 1) the assessment of depres-
ion (i.e., using self-report data vs. a standardized inter-
iew); 2) the timing of the assessment (i.e., during hospital
dmission vs. during 3 to 12 months post-MI); and 3) the
ssessment of cardiovascular prognosis (i.e., cardiac mortal-
ty vs. new fatal and non-fatal cardiovascular events).

Non-incident post-MI depression cases seemed to re-
emble depression seen in the general population because
hey shared well-known risk factors for depression, such as
ow educational level and high neuroticism (15,16). Results
rom the SADHART (Sertraline Antidepressant Heart
ttack Randomized Trial) indicate that only ACS patients
ith non-incident depressions responded relatively well to

ertraline in terms of depression (17). In combination with
ur current finding that this subgroup does not have an
mpaired cardiac prognosis, this may explain the outcomes
f the ENRICHD (Enhancing Recovery in Coronary Heart
isease) trial in terms of no cardiovascular benefits of

ognitive behavioral therapy (CBT) (2). In contrast, in

dent Post-MI Depression

nt Post-MI
pression

n � 66)

Non-Incident Post-MI
Depression

(n � 53) poverall pincident-non-incident

28.8 28.3 0.02 0.95
.6 (1.5) 57.5 (1.4) 0.07 0.34
22.7 13.2 0.18 0.18
10.6 32.1 0.01 0.004

28.8 15.1 0.21 0.08
18.2 13.2 0.59 0.46
16.7 15.1 0.73 0.82
40.0 21.3 0.02 0.04
36.4 28.3 0.63 0.35

83 (0.06) 1.86 (0.05) 0.36 0.71

.3 (3.5) 7.4 (2.7) <0.001 <0.001

.0 (7.1) 13.6 (6.6) <0.001 0.03

.3 (3.0) 5.5 (2.6) 0.16 0.16

.4 (6.5) 15.2 (5.8) 0.009 0.48
38.3 57.4 �0.001 0.05

39.0 21.7 �0.001 0.06

sments were: no post-MI depression (n � 301), incident post-MI depression (n �

myocardial infarction.
-Inci

ncide
De

(

59

1.

5
11
6

14

e asses
ncident post-MI depressions, the MI itself, or its direct
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hysical or psychological consequences, may have been the
ause for depression. Support for this hypothesis is found by
elatively high levels of ejection fraction dysfunction, a
igher risk of revascularization, and more disability at 12
onths post-MI. Because specifically this subtype of

ost-MI depression had an increased risk of cardiovascular
vents, our findings stress the need for treatment strategies
or post-MI depression, which may be closer to cardiac
ehabilitation and more focused on the consequences of the

I than a purely depression-oriented approach. In fact, this
nding may explain the relatively high effectiveness of
sychoeducational interventions, including stress manage-
ent and relaxation, to prevent cardiac events in coronary

rtery disease patients (18).
What are important aspects to focus on in studying the

otential effects of depression on cardiovascular prognosis in
he post-ENRICHD era? We have observed that depres-
ion treatment strategies based on current guidelines for
epression (i.e., CBT and selective serotonin reuptake

nhibitors) may not necessarily correspond to the needs of all

Figure 1. Event-free survival for patients with no, incident

able 2. Unadjusted and Adjusted Cox Regression Models for
redicting New Cardiovascular Events

Hazard Rates
(95% Confidence Interval)

Unadjusted Adjusted

ncident post-MI depression 1.65 (1.02–2.65) 1.76 (1.06–2.93)
on-incident post-MI
depression

1.12 (0.61–2.06) 1.39 (0.74–2.61)

emale gender 1.07 (0.67–1.68) 1.03 (0.64–1.68)
ge 1.02 (1.00–1.04) 1.02 (1.00–1.04)
rimary school only 1.16 (0.74–1.82) 1.10 (0.66–1.82)
VEF �40% 1.56 (1.05–2.33) 1.70 (1.12–2.60)
evascularization 0.74 (0.46–1.19) 0.80 (0.49–1.30)
old values are statistically significant.
Abbreviations as in Table 1.
ost-MI depressed subjects. In addition, recent studies have
hown that only some symptoms of post-MI depression are
ssociated with cardiovascular prognosis (i.e., the more
omatic/affective) whereas others (i.e., the more cognitive/
ffective) are not (19). Other lines of research indicate that
ther psychological risk factors, such as anxiety or type D
ersonality, may be as important as depression in predicting
ardiac outcomes and that even minimal symptoms of
epression are already associated with increased risk (20).
e believe that future studies on the potential cardiac effects of

epression should be dedicated to: 1) a reconceptualization of
epression in the context of ACS, including its diagnosis and
reatment; and 2) the identification of relevant subtypes of MI
epression and the development of effective treatments tailored
t these specific subtypes. This could lead to new treatment
trategies to prevent future cardiac events, which may be quite
ifferent than those described in current guidelines for depres-
ion in the general population.

eprint requests and correspondence: Dr. Peter de Jonge,
epartments of Internal Medicine and Psychiatry, University
edical Centre Groningen, P.O. Box 30.001, 9700 RB Gro-

ingen, the Netherlands. E-mail: p.de.jonge@med.umcg.nl.
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