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ABSTRACT
Objectives: To assess whether depression and
anxiety increase the risk of mortality and major adverse
cardiovascular events (MACE), among patients with
and without coronary artery disease (CAD).
Design and setting, and patients: DECADE
(Depression Effects on Coronary Artery Disease Events)
is a prospective observational study of 2390 patients
referred at the Montreal Heart Institute. Patients were
followed for 8.8 years, between 1998 and 2009.
Depression and anxiety were assessed using a
psychiatric interview (Primary Care Evaluation of
Mental Disorders, PRIME-MD). Outcomes data were
obtained from Quebec provincial databases.
Main outcome measures: All-cause mortality and
MACE.
Results: After adjustment for covariates, patients with
depression were at increased risks of all-cause
mortality (relative risk (RR)=2.84; 95% CI 1.25 to 6.49)
compared with patients without depression. Anxiety
was not associated with increased mortality risks
(RR=0.86; 95% CI 0.31 to 2.36). When patients were
stratified according to CAD status, depression
increased the risk of mortality among patients with no
CAD (RR=4.39; 95% CI 1.12 to 17.21), but not among
patients with CAD (RR=2.32; 95% CI 0.78 to 6.88).
Neither depression nor anxiety was associated with
MACE among patients with or without CAD.
Conclusions and relevance: Depression, but not
anxiety, was an independent risk factor for all-cause
mortality in patients without CAD. The present study
contributes to a better understanding of the relative
and unique role of depression versus anxiety among
patients with versus without CAD.

INTRODUCTION
Depressive disorders are the most common
psychiatric disorders among patients with
coronary artery disease (CAD).1 2

Consequently, a large number of studies have

assessed the relationship between depressive
symptoms and disorders and CAD. A
meta-analysis revealed a pooled ORs of 2.25

Strengths and limitations of this study

▪ To our knowledge, it is the first study to examine
the relative and independent effect of depressive
and anxiety disorders on the prospective risk of
major adverse cardiovascular events and mortal-
ity among patients with and without coronary
artery disease.

▪ The use of a valid structured clinical interview to
assess depressive and anxiety disorders consti-
tutes another important strength. The large
sample size (n=2390), the inclusion of both men
and women, the inclusion of several important
covariates in the analyses, the relatively long
follow-up period (8.8 years), and the use of
objective administrative database data to assess
outcomes are other important strengths.

▪ Body mass index (BMI) had to be imputed for
about half of the sample, which could have
biased our results. However, we conducted the
statistical models a second time without BMI as
a covariate, and we obtained the same pattern of
results, suggesting that our results have not
been influenced by this limitation.

▪ Despite a high sample size, the low prevalence
of the individual psychiatric disorders (eg, major
depression, generalised anxiety disorder) pre-
vented us from assessing their individual effect
on outcomes, which would have been interesting
and informative. Also, the low mortality rate in
our sample could have resulted in a lack of
power to detect differences in our stratified
analyses.

▪ This was a primarily male (67%) sample, and
may therefore not be representative of the
general population. However, the proportions of
men and women in this study are consistent with
referral statistics to nuclear exercise stress tests.
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(95% CI 1.73 to 2.93) for all-cause mortality, 2.71 (95%
CI 1.68 to 4.36) for cardiac mortality, and 1.59 (95% CI
1.37 to 1.85) for cardiac events, associated with depres-
sive symptoms or disorders among patients postmyocar-
dial infarction (MI).3 Recently, results of a review of
meta-analyses further supported the recommendation
that the American Heart Association elevate depression
to the status of an official risk factor for adverse medical
outcomes in patients with acute coronary syndrome.4

Studies have also found increased risks of morbidity and
mortality associated with depression among initially
healthy participants. A meta-analysis assessing its impact
on the development of CAD revealed a relative risk
(RR) of 1.64 (95% CI 1.29 to 2.08) associated with
depression.5 Though there is an extensive literature
linking depression to poorer cardiac outcomes in both
patients with CAD and healthy cohorts, most studies
have relied on self-report questionnaires (eg, Beck
Depression Inventory, BDI) to assess depressive symptom
levels,6 7 rather than psychiatric interviews to assess clin-
ical depression.
Anxiety disorders are also very common among

patients with CAD, but less evidence exists regarding
their association with adverse outcomes in these patients
with established CAD. For example, a review by Suls and
Bunde8 identified 14 studies examining the relationship
between anxious symptoms or disorders and cardiac
morbidity and mortality among patients with CAD. Of
these studies, five demonstrated positive associations,
while eight found no association and one reported an
inverse relationship suggesting a protective effect of
anxiety. Differently, results appear more consistent
across studies assessing the association between anxiety
and the development of CAD. A meta-analysis of 20
studies including 249 846 initially CAD-free participants
suggested that anxiety is associated with an increased
risk of incident CAD (HR=1.26, 95% CI 1.15 to 1.38)
and cardiac mortality (HR=1.48, 95% CI 1.14 to 1.92).9

The authors also reported a non-significant trend for an
association between anxiety and non-fatal MI (HR=1.43,
95% CI 0.85 to 2.40). The overall anxiety data might
reflect some inconsistencies in the anxiety-CAD relative
to the depression-CAD literature.
Surprisingly, few studies have assessed the relative and

independent effects of depressive and anxiety disorders
on CAD morbidity and mortality. This is important as
depressive and anxiety disorders are highly comorbid
(both in the general population10 11 and in patients
with CAD12 13). Moreover, though the two disorders
share many clinical characteristics (eg, sleep distur-
bances, concentration difficulties11), they can also
present with very different patterns of symptoms (eg,
passivity and lack of motivation in depression vs compul-
sive and/or exaggerated proactive behaviours in
anxiety).11 It is therefore important to assess their rela-
tive effects on CAD morbidity and mortality. To our
knowledge, no studies to date have assessed these asso-
ciations in patients with and without CAD within the

same cohort. This makes it difficult to tease apart the
importance of psychiatric morbidity at different stages of
the CAD process.
In this study, we aimed to assess the relative and inde-

pendent associations between depressive and anxiety dis-
orders and all-cause mortality and major adverse
cardiovascular events (MACE), in a cohort of stable
patients with and without established CAD, referred for
nuclear medicine-based exercise stress testing. We
hypothesised that patients with a depressive or an
anxiety disorder would be at increased risk of all-cause
mortality and MACE, compared with patients with no
depressive or anxiety disorder. Furthermore, we hypothe-
sised that patients with and without CAD with a depres-
sive or an anxiety disorder would be at increased risk of
all-cause mortality and MACE, and that the relationship
would be stronger among the CAD group compared
with the non-CAD group.

METHODS
Population
Patients referred for a single-photon emission CT
(SPECT) exercise stress test between September 1998
and June 2002 in the Department of Nuclear Medicine
of the Montreal Heart Institute (MHI) were approached
to take part in this study. A total of 2460 patients agreed
to participate in the study. Patients were eligible if they
were between 18 and 75 years of age and could speak
English or French. Patients were excluded if they had a
medical condition that conferred a greater chance of
morbidity or mortality than CAD (eg, cancer) or a docu-
mented cardiac event (eg, MI) within the past 6 weeks.
Written informed consent was obtained from all
participants.

Procedure
At baseline, patients were invited to participate in this
study after completing their exercise testing. SPECT
imaging was completed approximately 45 min after the
end of the stress test. Immediately following SPECT
imaging, patients were met by a research assistant who
conducted a psychiatric, sociodemographic, and medical
history interview.
For the follow-up measures, documented medical data

covering the period between recruitment until 31
December 2008 were obtained from the Régie de l’assur-
ance maladie du Québec (RAMQ), and included details
and dates of all billable medical events occurring in the
province. The RAMQ is the governmental institution
responsible for the management of the Quebec public
healthcare system and public medication insurance pro-
gramme. Official mortality data over the same period
was obtained from the Institut de la statistique du
Québec, the governmental institution which is in charge
of the recording and dissemination of Quebec’s demo-
graphic and economic statistical data, including date
and cause of death.
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Baseline assessment of myocardial ischaemia
All participants underwent nuclear (SPECT) exercise
stress testing (treadmill, Bruce protocol) according to
standard procedures.14 As such, patients were on con-
tinuous ECG recording while exercising, using a stand-
ard 12-lead ECG configuration (Marquette Medical
Systems Inc, Milwaukee, Wisconsin, USA), and a radio-
isotope (Technetium (99mTc) sestamibi) was injected
when patients reached maximal exercise capacity. All
patients exercised until exertion or until a technician
terminated the test for clinical reasons (eg, significant
ECG ischemia, arrhythmia). Patients underwent SPECT
imaging 45 min after the completion of their treadmill
test. A positive SPECT (Irix-3 model, Philips, Inc,
Cleveland, Ohio, USA) diagnosis of myocardial ischae-
mia was defined as a two point change in the stress-rest
differential score, independent of any underlying myo-
cardial necrosis,14 using standard software (Autoquant,
Media Cybernetics, Gale Group, Framingtion Hill,
Michigan, USA). All diagnoses were made in the clinical
setting by qualified nuclear medicine physicians.

Baseline assessment of risk factors
Data regarding medications, cigarette smoking, diabetes,
hypertension, dyslipidaemia, body mass index (BMI)
and history of CAD were collected through a sociodemo-
graphic and medical interview. Participants reporting
current or history of cigarette smoking were categorised
as smokers. History of CAD was determined by patients’
self-report of a previous MI, percutaneous coronary
intervention or coronary artery bypass graft (CABG).

Baseline psychiatric assessment
Depressive and anxiety disorders were assessed at base-
line using the Primary Care Evaluation of Mental
Disorders (PRIME-MD).15 The PRIME-MD is a semi-
structured psychiatric interview which was developed to
identify the most common Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV)
disorders seen in primary and tertiary care settings.
Validation studies reported a κ value of 0.71, a specificity
of 88% and a sensitivity of 83% for the depression
module of the PRIME-MD, which is comparable to
longer interviews such as the Structured Clinical
Interview for DSM-IV (SCID).15 16

Follow-up outcomes
MACE were categorised according to the standard
protocol published by the WHO,17 and included
cardiac mortality, non-fatal MI, revascularisation proce-
dures (percutaneous transluminal coronary angioplasty
(PTCA) and CABG), and cerebrovascular events (ie,
stroke). See online appendix 1 for a complete list of
events (excluding cardiac mortality) and procedures
coding classification according to International
Classification of Diseases (ICD)-9 (before 1 April 2006),
ICD-10 (from 1 April 2006) and the Manuel des
médecins omnipraticiens et spécialistes (for

intervention procedures). Cause of death was coded
according to the ICD system. See online appendix 2 for
the list of cardiac primary causes of death observed
within the present sample (which were included in the
definition of MACE).

Data reduction and statistical analyses
All data were analysed using SAS V.9.2 (SAS Institute,
Cary, North Carolina, USA). Of the 2460 participants
initially recruited, 70 were lost to follow-up due to
missing data in the matching process (eg, absence of
social insurance number or birth date) with the RAMQ
databases, resulting in a final sample of 2390 patients.
One-way general linear models and χ2 analyses were
used to compare baseline sociodemographic and clinical
characteristics of patients with and without depressive
and anxiety disorders, and with and without CAD. Since
height and weight were collected among the second half
of the sample only, BMI could not be calculated for 66%
of the sample. As data were missing for some variables
(see table 1 for details), multiple imputation proce-
dures18 were performed to estimate missing values. This
procedure creates five data sets for each variable con-
taining missing data. More specifically, it uses all other
available data to calculate plausible values representing
the uncertainty about the right data to impute. Each of
these imputed data sets is then analysed using standard
procedures for complete data, and the final results
come from the combination of these five analyses, which
is obtained through the SAS PROC MIANALYZE
statement.
Cox regression models were used to assess the main

effect of depressive and anxiety disorders on time to first
event. For each of the main outcome variables (all-cause
mortality or MACE), three models were computed:
model 1 included the presence of depressive disorders
and the presence of anxiety disorders as separate inde-
pendent variables, and was conducted using the whole
sample of patients (ie, 2390 patients with and without a
history of CAD). Model 2 also included depressive and
anxiety disorders as the independent variables, but was
conducted among patients only with CAD, while model
3 tested the effects of depressive and anxiety disorders
among patients with no CAD. The first occurrence of
the outcome variable was taken as the event for analysis.
Owing to the known association of the following vari-
ables with CAD,19 all regression models were adjusted
for baseline age, sex, smoking status, history of CAD (in
model 1 only), diabetes, hypertension, dyslipidaemia,
SPECT evidence of exercise-induced myocardial ischae-
mia and BMI. All covariates were determined a priori as
recommended.20

RESULTS
Sociodemographic and clinical characteristics
The sample was composed of 789 (33%) female and
the mean (SD) age at baseline was 57 (SD=9) years.

Pelletier R, et al. BMJ Open 2015;5:e006582. doi:10.1136/bmjopen-2014-006582 3

Open Access

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2014-006582 on 15 D

ecem
ber 2015. D

ow
nloaded from

 

http://bmjopen.bmj.com/


Participants were followed for a mean (SD) period of
8.8 (1.3) years (range from 1.0 to 10.1). In total, 721
(30%) patients had at least one MACE during the
follow-up period, and 165 (7%) cases of mortality were
observed (see figure 1). A total of 48% of all deaths
were due to cancer and 32% were due to cardiac causes
(table 1).

All-cause mortality
Main effects of depressive and anxious disorders: whole
sample
When adjusting for covariates, depressive disorders, but
not anxiety disorders, were associated with all-cause mor-
tality, such that patients who suffered from a depressive
disorder at baseline were nearly three times more likely
to die compared with patients with no depressive dis-
order at baseline (table 2).

Main effects of depressive and anxiety disorders: stratified
by CAD status
Our results revealed an association between depressive
disorders and all-cause mortality in the non-CAD group

only. Specifically, depressed patients without CAD were
more than four times more at risk of dying than non-
depressed patients without CAD. However, patients with
CAD who also had a depressive disorder were not at
increased risk of mortality when compared with their
non-depressed counterparts (figure 2). Finally, there
was no association between anxiety disorders and all-
cause mortality among either the CAD or the non-CAD
group.

Sensitivity analyses: the association between depressive and
anxiety disorders, and specific causes of death
In order to better understand how depressive and
anxiety disorders influence the risk of mortality, we
conducted sensitivity analyses assessing the association
between depressive and anxiety disorders, and cancer
and CVD deaths separately. Results of this analysis
yielded no significant association between depressive
(adjusted RR=2.30; 95% CI 0.58 to 10.00) or anxiety
disorders (adjusted RR=0.26; 95% CI 0.03 to 2.03) on
CVD mortality. On the other hand, results suggested a
trend for an association between depressive disorders

Table 1 Baseline characteristics as a function of psychiatric groups and CAD status

Per cent (n)

Depressive

disorder

n=572

No depressive

disorder

n=1818

Anxiety

disorder

n=476

No anxiety

disorder

n=1914

CAD

n=917

No CAD

n=1295

Missing

data (n)

Demographics

Age, years (mean±SD) 57±8.52 56±7.86 55±8.98 54±8.06 56±8.52 54±8.41 8*

Female 41 (235)† 30 (545) 43 (88)‡ 30 (574) 16 (147)§ 45 (583) 9*

Caucasian 99 (566) 99 (1800) 99 (226) 99 (1895) 99 (908) 99 (1282) 183

Postsecondary education 57 (326) 59 (1073) 52 (115)‡ 60 (1148) 56 (514) 60 (777) 1340

Cohabitating 64 (366)† 73 (1327) 67 (66) 72 (1378) 72 (660) 70 (907) 1340

Medical history

Smoking, past or current 71 (406) 70 (1273) 72 (160) 70 (1340) 81 (743)§ 62 (803) 335*

BMI (mean±SD) 27±4.83 27±4.31 28±4.46 27±4.67 28±4.61 27±4.89 1577*

Hypertension 44 (252) 43 (113) 43 (782) 44 (842) 49 (449)§ 40 (518) 185*

Dyslipidaemia 64 (366)† 58 (157) 58 (1054) 59 (1129) 79 (724)§ 45 (583) 184*

Diabetes 11 (63) 11 (33) 9 (164) 11 (211) 14 (128)§ 8 (104) 185*

History of CAD 41 (235) 41 (124) 36 (654)‡ 43 (823) NA NA 178*

Exercise-induced ischaemia 40 (229) 41 (124) 38 (691) 41 (785) 59 (541)§ 29 (376) 65*

Medications

ACE inhibitors 15 (86) 17 (41) 15 (1273) 17 (325) 24 (220)§ 12 (155) 182

Vasodilators 32 (183) 31 (88) 34 (618) 30 (574) 47 (431)§ 19 (246) 182

β-blockers 35 (200) 36 (110) 34 (618) 36 (689) 53 (486)§ 24 (311) 182

Diuretics 6 (34) 8 (14) 7 (127) 8 (153) 8 (73) 7 (91) 182

Any anti-BP medication 54 (309) 58 (154) 54 (982) 56 (1072) 74 (679)§ 42 (544) 182

Ca-channel blockers 20 (114) 18 (55) 18 (327) 18 (345) 25 (229)§ 14 (181) 181

Any lipid-lowering

medications

52 (297) 48 (149) 44 (800)‡ 50 (957) 75 (688)§ 31 (401) 181

Any anti-ischaemic 57 (326) 55 (160) 57 (1036) 55 (1053) 77 (706)§ 40 (518) 185

Aspirin 48 (275)† 54 (149) 48 (873)‡ 54 (1034) 80 (734)§ 34 (440) 185

Antidiabetic 8 (46) 8 (25) 7 (127) 8 (153) 11 (101)§ 6 (78) 184

*Variables included in the multiple imputation procedure.
†Significantly different from the ‘no depressive disorder’ group.
‡Significantly different from the ‘no anxiety disorder’ group.
§Significantly different from the ‘no CAD’ group.
BMI, body mass index; BP, blood pressure; CAD, coronary artery disease.
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and cancer deaths (adjusted RR=3.06; 95% CI 0.90 to
10.39), but no association between anxiety disorders
and cancer deaths (adjusted RR=1.06; 95% CI 0.25
to 4.52).

Major adverse cardiovascular events
Main effects of depressive and anxiety disorders: whole
sample
Results suggested no association between depressive
disorders and the risk of MACE in the whole sample.
On the other hand, there was a non-statistically signifi-
cant trend for an increased risk of MACE among
patients with anxiety disorders (table 2).

Main effects of depressive and anxiety disorders: stratified
by history of CAD
Our results revealed non-statistically significant trends
for associations between depressive disorders and MACE
in the non-CAD group, and between anxiety disorders
and MACE in both the CAD and the non-CAD groups
(table 2).

DISCUSSION
Results of the present study partially confirmed our
hypotheses by indicating that patients with a depressive,
but not anxiety disorder, were at an increased risk of all-
cause mortality. When our sample was stratified accord-
ing to CAD status, we also observed that depressive disor-
ders remained associated with mortality, but in patients
without CAD only. Of note, these relationships were
independent of traditional CAD risk factors, as well as
anxiety disorders. These results are consistent with
others who have found symptoms of depression (rather

Figure 1 Raw proportions of all-cause mortality and major

adverse cardiovascular events (MACE), according to

depressive disorders, anxiety disorders and cardiovascular

event (CAD) status.

Table 2 Main effects of depressive and anxiety disorders

on all-cause mortality and MACE

Variables main

effect

All-cause

mortality* MACE*

RR 95% CI RR 95% CI

Depressive disorders

All 2.84 1.25 to 6.49 1.03 0.68 to 1.58

Non-CAD 4.39 1.12 to 17.21 1.44 0.73 to 2.82

CAD 2.32 0.78 to 6.88 0.88 0.49 to 1.59

Anxiety disorders

All 0.86 0.81 to 2.36 1.44 0.91 to 2.27

Non-CAD 0.61 0.13 to 3.04 1.25 0.62 to 2.51

CAD 0.95 0.25 to 3.69 1.62 0.88 to 3.00

*Adjusted for age, sex, smoking, history of CAD, diabetes,
hypertension, dyslipidaemia, exercise-induced myocardial
ischaemia and BMI.
BMI, body mass index; CAD, coronary artery disease; MACE,
major adverse cardiovascular events; RR, relative risk.

Figure 2 Survival curves in depressed and non-depressed

patients with and without cardiovascular event (CAD).
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than disorders), but not anxiety, to be associated with an
increased risk of all-cause mortality among patients with
heart failure and among patients referred for an exer-
cise stress test.21–23

The implications of our results are that depression
and anxiety may act differently on health-related factors
associated with mortality. Although both disorders have
been associated with some similar behavioural and
physiological mechanisms that may increase the risk of
mortality (eg, increased cigarette smoking24 25 and
alcohol consumption,26 27 impaired hypothalamic–pituit-
ary–adrenal (HPA) axis function28 29), these disorders
have also been found to differ according to some other
important health factors. For example, a meta-analysis
on the effects of anxiety and depression on patient
adherence to medical treatment30 found the associations
between anxiety and non-adherence with medical regi-
mens to have small and non-significant effect sizes. In
contrast, the relationships between depression and non-
adherence were significant and considerable. Compared
with depressed patients, individuals with anxiety disor-
ders might be more hypervigilant and proactive regard-
ing their health, possibly because they are known to be
more sensitive to even small bodily changes.11 31 This
hypervigilence might bring patients to consult their
physicians more often and to better follow their
recommendations. These protective behaviours may
counterbalance some adverse effects of other known
mechanisms associated with anxiety, such as sympathetic
hyperactivity and platelet aggregation.32

Consistent with results for the entire sample, there was
no effect of anxiety on the risk of mortality in patients
with or without CAD. However, depressive disorders
were predictive of mortality, but only among patients
with no CAD. The explanations for this unexpected
finding are unclear. It is possible that CAD itself confers
more important physiological consequences than
depressive disorders, and would therefore explain the
risk of mortality better than depression among patients
who already have confirmed CAD. It is also possible that
this result may be driven by cause of death in patients
with and without CAD. Indeed, patients with CAD may
have been more likely than the non-CAD to die from
cardiovascular than from other causes such as cancer,
and cardiovascular deaths were not associated with
depression in sensitivity analyses. In order to test this
hypothesis, we conducted an exploratory analysis, and
found that patients with CAD died more often from car-
diovascular diseases then from other causes, when com-
pared with patients without CAD (F=13.87, p<0.001).
This could explain the absence of significant association
between depressive disorders and mortality among
patients with a history of CAD.
Finally, it is possible that the failure to find an associ-

ation between depression and mortality in patients with
CAD is due to differences in the populations and
recruitment centres. For example, our sample was
recruited from the MHI, which is a highly specialised

tertiary care cardiology centre. For example, this cardi-
ology hospital includes a Department of Psychosomatic
Medicine, whose mission is to ‘provide medical and psy-
chiatric expertise to help doctors diagnose and treat
mental symptoms that may appear during a hospital stay
or as a result of surgery or that may be detected during
a consultation in an outpatient clinic’. The MHI’s treat-
ment and referral practices, for both cardiovascular
disease and depressive disorders, might therefore differ
from those of other studies who have recruited from
general hospital settings.33 34 This may have improved
patient’s psychological and cardiovascular prognoses
and study outcomes. This difference could also explain
the lower mortality rate observed in our study, versus
rates observed in previous studies.22 33 34

In contrast to patients with CAD, depressive disorders
in patients with no CAD were predictive of worse mortal-
ity, which may be explained by many of the well-
documented mechanisms in the previous literature.
Depression’s association with decreased motivation and
compensatory behaviours11 has been linked to higher
rates of poor health behaviours (eg, non-adherence to
medical regimens,30 increased cigarette smoking35 36

and alcohol consumption,37 poor diet and physical
inactivity38), which have all been associated with higher
rates of chronic disease mortality.39–42 Depression has
also been associated with dysregulated physiological pro-
cesses (eg, impaired HPA axis function,29 43 endothelial
dysfunction,44 reduced heart rate variability45 and
increased inflammatory processes such as increased
levels of interleukin-646 47), which are also associated
with many fatal chronic diseases.48 49

Our results further suggested non-statistically signifi-
cant trends for associations between depressive disorders
and MACE in the non-CAD group, and between anxiety
disorders and MACE in both the CAD and the non-CAD
groups. It is possible that with a larger sample size and/
or more events, these associations may become statistic-
ally significant. As suggested above, the non-statistically
significant finding for an association between anxiety
disorders and risk for MACE may be explained through
hypervigilence to changes in bodily symptoms and subse-
quent proactive behaviours (eg, more frequent medical
visits,50 better adherence to medical regimens51). These
behaviours may result in earlier detection and treatment
of symptoms, which may alter the adverse physiological
effect of anxiety and lower the strength of the associ-
ation between anxiety disorders and MACE. It is note-
worthy that these results for anxiety disorders are partly
consistent with results reported in the meta-analysis
from Roest et al.9 In this meta-analysis, a non-significant
trend is reported for the association between anxiety
and non-fatal MI. The HR and 95% CI reported in
Roest study (HR=1.43, 95% CI 0.85 to 2.40) is also very
similar to what we observed in the present study
(HR=1.44, 95% CI 0.91 to 2.27).
On the other hand, the reasons for the non-significant

relationship between depressive disorders and MACE,
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especially among patients with CAD, are unclear, and
contradict most previous studies. As hypothesised above,
it is possible that the highly specialised tertiary cardi-
ology care setting of our study explains the discrepancy
between our results and those of previous studies.
Nonetheless, our results are consistent with those
reported by Welin et al,52 who found no increase in the
risk of non-fatal MI among patients with depressive or
anxious symptoms, while having reported a main effect
of depressive symptoms only on all-cause mortality.
Interestingly, the 10-year follow-up period in Welin’s
study is very close to our 9-year follow-up, and differs
from the average 2-year period of most previous studies.3

It is possible that depression and/or anxiety adversely
affect non-fatal prognosis early after MI, rather than
having a long-term effect. In that case, the association
between depression and non-fatal events would be mini-
mised in studies including a long follow-up period.
Clearly, further work is needed to disentangle these
research findings.
The absence of an association between depressive dis-

orders and the incidence of MACE, in spite of a main
effect on the risk of all-cause mortality, seems to suggest
that depressive disorders might represent one core
mechanism underlying a large and diverse set of health
risks, rather than representing a risk factor for a specific
health condition such as CAD. This is further supported
by our sensitivity analyses where the effect of depressive
disorders did not reach significance for specific causes
of death. This is also consistent with Sun et al,53 who
reported an effect of depressive symptoms on all-cause
mortality, but not on specific causes of death such as
ischaemic heart disease, stroke or cancer.

Study limitations and strengths
This study contains methodological limitations. First, by
design, this study does not infer causality, and there
could be unknown factors that were not adjusted for
that could have skewed our results. Second, the study
population consists of patients referred for a nuclear
medicine-based stress test, in which CAD was suspected
or followed up. This population is therefore neither
completely representative of the general population nor
of patients with established CAD, which affects the gen-
eralisation of the results. Third, it is possible that the
9-year follow-up period was not long enough to capture
a sufficient number of events and to further observe
increased mortality due to depression. Fourth, BMI had
to be imputed for about half of the sample, which could
have biased our results. However, we conducted the stat-
istical models a second time without BMI as a covariate,
and we obtained the same pattern of results, suggesting
that our results have not been influenced by this limita-
tion. Fifth, we did not assess treatment for depressive
and anxiety disorders nor the evolution of the disorders
over the follow-up period. The attenuation of symptoms,
or the complete psychological remission in some
patients may have influenced the adverse effect of

depressive and anxiety disorders and moderated our
results. Finally, this was a primarily male (67%) sample,
and may therefore not be representative of the general
population. However, the proportions of men and
women in this study are consistent with referral statistics
to nuclear exercise stress tests.34 54

Despite the above limitations, this study has several
strengths. To our knowledge, it is the first study to
examine the relative and independent effect of depres-
sive and anxiety disorders on the prospective risk of
MACE and mortality among patients with and without
CAD. The use of a valid structured clinical interview to
assess depressive and anxiety disorders constitutes
another important strength. The large sample size
(n=2390), the inclusion of both men and women, the
inclusion of several important covariates in the analyses,
the relatively long follow-up period (8.8 years), and the
use of objective administrative database data to assess
outcomes are other important strengths.

CONCLUSION
Results of the present study suggest that patients suffer-
ing from depressive but not anxiety disorders are almost
three times more likely to die over a nearly 9-year
follow-up period, compared with patients without
depressive disorders. When considering patients with
and without CAD separately, depression appears to
increase the risk of death in non-CAD only. We also
found no conclusive evidence of an increased risk of
MACE among patients with depressive or anxiety disor-
ders, regardless of their CAD status. Overall, our results
highlight the importance of depressive disorders as a
risk factor for all-cause mortality, and therefore stress the
importance of optimal screening, referral and treatment
practices regarding depressive disorders among the
general population, and particularly among patients
who may be at risk for CAD.
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Appendix 1: Events and procedures coding classification, excluding cardiac mortality 

ICD-9 

Diagnosis Codes included Study MACE classification 

   

Acute myocardial infarction  410; 4109 Acute Myocardial Infarction 

Sub-arachnoïdal 

haemorrhage   

430 ; 4309 Stroke 

Cerebral haemorrhage 431 ; 4319 Stroke 

Other non-traumatic intra-

cerebral haemorrhage   

432 ; 4329 Stroke 

Sub-dural haemorrhage 4321 Stroke 

Cerebral thrombosis  434 Stroke 

Cerebral emboli  4341 Stroke 

Other cerebrovascular 

disease 

435 ; 4359 ; 436 ; 

4369 

Stroke 

   

ICD-10 

Diagnosis Codes included Study MACE 

classification 

   

Acute myocardial infarction I210; I211; I212; I213; 

I214; I219 

Acute 

myocardial 

infarction 

Sub-arachnoïdal haemorrhage  I60; I601; I602; I603; 

I604; I605; I606; I607; 

I608; I609 

Stroke 

Intra-cerebral haemorrhage  I61; I611; I612; I613; 

I614; I615; I616 : I618; 

I619 

Stroke 

Other non-traumatic intra-cerebral I62; I620; I621; I629 Stroke 



haemorrhage   

Cerebral infarction  I63; I631; I632; I633; 

I634; I635; I636; I638; 

I639 

Stroke 

Cerebrovascular accident not specified as 

per haemorrhage or infarction 

I64 

 

Stroke 

Specialists manual    

Procedures Codes included Study MACE 

classification 

   

Coronary artery bypass 04601; 04602; 04603; 

04604; 04605; 04606 

Revascularisation 

procedure 

Percutaneous transluminal coronary 

angioplasty 

00662; 00632 Revascularisation 

procedure 

Laser transmyocardic revascularisation by 

percutaneous transluminal pass 

00114  

 

Revascularisation 

procedure 

 

 



Appendix 2: List of cardiac causes of mortality found in the present sample  

Primary causes of death 

 

Heart failure death 

Cardiopathy death 

Myocardial infarction death 

Hypertensive cardiopathy death 

Cerebrovascular death 

Congestive heart failure death 

Myocardial ischemia death 

Arterial thrombosis death 

Cardiac arrhythmia death 

Ischemic cardiopathy death 

Aortic dissection death 

Abdominal anevrism death 

Ventricular arrhythmia death 
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