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Abstract

Background: Depression has been shown to be an independent risk factor for short-term mortality in patients with

coronary artery disease (CAD). There are studies suggesting that depression might also be associated with long-term

mortality. Anxiety has also been associated with mortality. This study aimed to further investigate the predictive value of

depression and anxiety symptoms on all-cause mortality, 10 years after percutaneous coronary intervention (PCI).

Methods: The study population comprised a consecutive series of CAD patients (n¼ 1411) treated with PCI between

September 2001 and October 2002 at the Erasmus Medical Centre, Rotterdam. The Hospital Anxiety and Depression

Scale (HADS) was completed by 1112 patients at baseline to assess levels of depression and anxiety. The endpoint was

defined as all-cause mortality.

Results: The prevalence of depression and anxiety was 24.8% and 27.7%, respectively. The cumulative all-cause mortality

rate in depressed patients was 37% versus 20% in non-depressed patients (log-rank p< 0.001). After adjustment,

depression remained a predictor of all-cause mortality (hazard ratio (HR) 1.77; 95% confidence interval (CI)

1.36–2.29). Cumulative survival rates did not differ for anxious versus non-anxious patients (log-rank p¼ .79).

However, after adjustment, anxiety was associated with an increased risk for all-cause mortality (HR 1.50; 95% CI

1.14–1.98). A sub-analysis showed that cumulative survival rates did not differ for depressed and anxious patients

versus depressed but non-anxious patients (log-rank p¼ 0.46).

Conclusions: Depression is associated with an increased risk of 77% for all-cause mortality, 10 years post-PCI, inde-

pendently of anxiety. Although anxiety was associated with all-cause mortality, it has no additional value in the case of co-

occurring depression.
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Introduction

The survival of patients with coronary artery disease
(CAD) has improved since the introduction of the
drug-eluting stent (DES) in the early 2000s.1 Known
cardiac risk factors, such as hypertension, hypercholes-
terolaemia, diabetes mellitus, rheumatoid arthritis and
renal failure, have been found to predict adverse car-
diac events.2–5 Besides these well-known conventional
risk factors, psychological factors, such as symptoms of
depression and anxiety, might be of similar importance
in predicting adverse events post-PCI. Targeting these
psychological symptoms may provide possibilities to
further improve the prognosis of CAD patients.

The prevalence of depression in patients with CAD
ranges from 25% to 50%.6–9Meta-analyses have already
shown that depression is a risk factor for short-term
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mortality in CAD patients.10–13 An increased mortality
risk for patients with depressive symptoms after a myo-
cardial infarction has been described, up to 5 years of
follow-up.14–16 Unfortunately, relatively little research
into the impact of depression on long-term mortality
(>5 years) has been done.17,18

In contrast to a wealth of data on the relationship
between depression and outcome, much less is known
on the association between anxiety and mortality. One
meta-analysis on the prognostic association of anxiety
after myocardial infarction showed a 36% increased
risk of adverse cardiac outcomes. Regarding all-cause
mortality, anxiety was associated with an almost 50%
higher short-term mortality.19 However, literature on
the association between anxiety and long-term mortal-
ity is lacking.

Considering the previous indications that depression
and anxiety might be risk factors of long-term mortal-
ity, this prospective study aims to further investigate
the predictive value of both depression and anxiety
symptoms on long-term mortality, i.e. 10 years after
percutaneous coronary intervention (PCI).

Methods

Inclusion

This prospective cohort consists of a consecutive series
of CAD patients (n¼ 1411) treated with PCI between
September 2001 and October 2002 at the Erasmus
Medical Centre, Rotterdam. The design of this registry
has been published previously.20 At 6 months post-PCI
(defined as baseline) all patients received a standardized
questionnaire. Assessment of 6 months post-PCI was
chosen to ascertain a stable medical condition.21 In
total, 1112 (78.8%) of the eligible 1411 patients returned
the Hospital Anxiety and Depression Scale (HADS)
questionnaire at baseline. All patients were prospect-
ively followed. No clinical or anatomical exclusion cri-
teria were applied. This study was not subject to the
Dutch Medical Research Involving Human Subjects
Act. Approval from the local research ethics committee
to conduct this prospective follow-up study was not
required at the time of enrolment. Moreover, the study
was conducted according to the Helsinki Declaration.22

All patients consented to participation in this study.

Baseline characteristics

Socio-demographic characteristics included age and
gender. Clinical characteristics included cardiac history
(previous myocardial infarction (MI), coronary artery
bypass grafting (CABG) surgery or PCI), indication
for PCI (stable angina pectoris, unstable angina pec-
toris or acute MI), CAD risk factors (hypertension,

hypercholesterolaemia, diabetes mellitus, family history
of CAD, multi-vessel disease (multi-vessel disease vs.
single-vessel disease), self-reported smoking, body
mass index (BMI)) and medication use (aspirin, cal-
cium-antagonists, beta-blockers, oral nitrates, diuretics,
angiotensin-converting enzyme (ACE)-inhibitors, sta-
tins and psychopharmaceuticals, which comprised anti-
depressants and anxiolytics). Information on clinical
variables was collected at the time of the index PCI
and at baseline and recorded in the institutional
database.

Anxiety and depression

The Dutch version of the HADS was completed by
patients at baseline. The HADS has a subscale for
depression (HADS-D) and a subscale for anxiety
(HADS-A). Each subscale consists of seven items
(score range: 0–3). Levels of depression and anxiety
were considered clinically relevant at a cut-off score
of �8 on each subscale.23 The Dutch HADS has been
proven to be a valid and reliable instrument to detect
symptoms of anxiety and depression.24

Endpoint

The clinical endpoint was defined as all-cause mortality.
Mortality status was ascertained yearly by contacting
the Civil Registry. As a result, all patients had a follow-
up duration between 10 and 11 years. Follow-up dur-
ation was truncated at 10 years in the analyses. Survival
status was known in 99.1% of patients.

Statistical analyses

Group differences between depressed and non-
depressed, and anxious versus non-anxious, patients
were examined using the Chi-square test for nominal
variables and Student’s t-test for independent samples
for continuous variables. Cumulative survival curves
according to depression and anxiety (i.e. absent versus
present, cut-off score of �8) were constructed using the
Kaplan–Meier method. The log-rank test was used to
compare cumulative survival curves between groups.
Univariable and multivariable Cox regression models
were used to examine the predictive value of depression
and anxiety on all-cause mortality. Covariates were
forced into the model. In multivariable analysis, we
adjusted for socio-demographic characteristics (age
and gender) and clinical characteristics (cardiac history,
indication for PCI, hypertension, hypercholesterol-
aemia, diabetes mellitus, family history of CAD, multi-
vessel disease, self-reported smoking and medication).

Symptoms of depression and anxiety often coexist in
patients.25 Furthermore, women aremore likely thanmen
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to experience symptoms of depression26 and anxiety.27

Therefore, additional multivariable Cox regressions
were used to test for possible interactions between depres-
sion and anxiety; depression and gender; and anxiety and
gender. In addition, a sub-analysis was performed to
evaluate the predictive value of depression (D) and anx-
iety (A) combined on 10-years all-cause mortality.
Patients were categorized into four groups: no psycho-
logical symptoms (D�A�); anxiety but no depression
(D�Aþ), depression but no anxiety (DþA�); depression
and anxiety (DþAþ). Hazard ratios (HRs) with their
corresponding 95% confidence intervals (CIs) were
reported for multivariable Cox regression analyses. All

results were based on two-tailed tests and a p-value
<.05 was used to indicate statistical significance. All stat-
istical analyses were performed using SPSS for Windows
21.0 (SPSS Inc., Chicago, Illinois, USA).

Results

Patient characteristics

The final sample consisted of 1112 patients (28%
female; mean age 62 years). The prevalence of depres-
sion was 24.8% (276/1112) (Table 1). The prevalence of
anxiety was 27.8% (309/1112).

Table 1. Baseline characteristics of depressed versus non-depressed patients and anxious versus non-anxious patients.

Total Depression No depression p Anxiety No anxiety p

Number of patients (%)

n¼ 1112 n¼ 276

(24.8%)

n¼ 836

(75.2%)

n¼ 309

(27.8%)

n¼ 803

(72.2%)

Socio-demographic characteristics

Age, mean� SD 62.4� 11.0 63.4� 11.6 62.0� 10.8 .07 61.0� 11.4 62.9� 10.8 .01

Female gender 27.9% 37.0% 24.9% <.001 40.1% 23.2% <.001

Cardiac history

Previous MI 38.2% 38.8% 38.0% 0.8 37.2% 38.6% 0.7

Previous PCI 21.7% 29.0% 19.3% .001 25.9% 20.0% .03

Previous CABG 11.3% 14.5% 10.3% .06 11.7% 11.2% 0.8

Indication for PCI

Stable angina pectoris 50.0% 54.7% 48.4% 53.1% 48.8%

Unstable angina pectoris 35.7% 33.7% 36.4% 32.7% 36.9%

Acute myocardial infarction 14.3% 11.6% 15.2% 14.2% 14.3%

CAD risk factors

Hypertension 40.4% 43.8% 39.3% 0.2 43.7% 39.2% 0.2

Hypercholesterolaemia 80.3% 79.0% 80.7% 0.5 78.0% 81.2% 0.2

Diabetes mellitus 14.0% 18.5% 12.6% .01 16.8% 13.0% 0.1

Family history of CAD 29.5% 25.0% 31.0% .06 32.0% 28.6% 0.3

Multi-vessel disease 53.1% 58.0% 51.4% .06 55.7% 52.1% 0.3

Smoking 31.3% 33.7% 30.5% 0.3 37.5% 28.9% .006

BMI, mean� SD 26.8� 3.8 27.1� 4.0 26.7� 3.7 0.3 27.1� 4.1 26.7� 3.6 0.2

Medication

Aspirin 94.8% 93.4% 95.3% 0.2 94.1% 95.1% 0.5

Calcium-antagonists 50.8% 52.2% 50.4% 0.6 50.5% 50.9% 0.9

Beta-blockers 66.0% 60.6% 67.8% .03 60.6% 68.1% .02

Oral nitrates 14.8% 17.5% 13.9% 0.1 16.6% 14.1% 0.3

Diuretics 14.9% 17.9% 13.9% 0.1 15.3% 14.7% 0.8

ACE-inhibitors 31.9% 32.1% 31.8% 0.9 31.3% 32.1% 0.8

Statins 72.8% 65.3% 75.3% .001 67.4% 74.9% .01

Psychopharmaceuticals 30.2% 27.9% 31.0% 0.3 29.8% 30.4% 0.8

Psychological characteristics

Depression 63.8% 9.8% <.001

Anxiety 27.8% 71.4% 13.4% <.001

p values adjusted for statistical significance.

HR, Hazard Ratio; CI, Confidence Interval; MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft;

CAD, coronary artery disease.
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Depression and all-cause mortality

The median follow-up was 10.6 years (range 10.0–11.2).
The cumulative all-cause mortality was 15% versus 7%
at 5 years and 36% versus 20% at 10 years in depressed
versus non-depressed patients, respectively (log-rank
p< .001; Figure 1). Depression was a predictor of
higher all-cause mortality (HR 2.11; 95% CI 1.65–
2.69). After adjustment for baseline characteristics,
depression remained an independent predictor of
all-cause mortality (HR 1.77; 95% CI 1.36–2.29;
Table 2). Although the percentage of female patients
was significantly higher in the group of depressed
patients (37%) than in the group of non-depressed
patients (25%), no interaction between gender and
depression was found. A separate multivariable Cox
regression testing for possible interactions also did not
show an interaction between depression and anxiety.

Anxiety and all-cause mortality

Cumulative survival rates did not differ for anxious ver-
sus non-anxious patients (log-rank p¼ 0.79; Figure 1).
Unadjusted, no association with all-cause mortality was
found (HR 1.23; 95% CI 0.97–1.63). However, after
adjustment for baseline characteristics, multivariable
Cox regression analysis showed an increased risk for
all-cause mortality (HR 1.50; 95% CI 1.14–1.98).
Although the percentage of female patients was

significantly higher in the group of anxious patients
(40%) than in the group of non-anxious patients
(23%), no interaction between gender and anxiety
was found. As mentioned before, there was no inter-
action between anxiety and depression.

Depression and anxiety combined

Cumulative survival rates did not differ for depressed
and anxious patients versus depressed but non-anxious
patients (log-rank p¼ 0.46), or for anxious but non-
depressed patients versus patients without psycho-
logical symptoms (log-rank p¼ .07) (Figure 2). Both
groups that included patients with symptoms of depres-
sion showed an increased risk for all-cause mortality,
while patients with only symptoms of anxiety showed
no significant difference in risk for all-cause mortality
when compared with patients without these

Table 2. Multivariable Cox regressions of depression and

anxiety.

Depression Anxiety

HR 95% CI HR 95% CI

Depression 1.77 1.36–2.29

Anxiety 1.50 1.14–1.98

Socio-demographic characteristics

Age 1.08 1.07–1.10 1.09 1.07–1.10

Female gender 1.47 1.10–1.96 1.47 1.09–1.98

Cardiac history

Previous MI 1.27 0.98–1.66 1.28 0.98–1.66

Previous PCI 1.37 1.03–1.82 1.38 1.04–1.84

Previous CABG 1.12 0.80–1.57 1.11 0.80–1.58

Indication for PCI 0.97 0.81–1.17 0.96 0.80–1.16

CAD risk factors

Hypertension 1.19 0.92–1.54 1.19 0.92–1.54

Hypercholesterolaemia 1.03 0.73–1.46 1.10 0.78–1.55

Diabetes mellitus 1.29 0.93–1.78 1.31 0.95–1.81

Family history of CAD 0.96 0.70–1.30 0.92 0.68–1.26

Multi-vessel disease 1.12 0.85–1.47 1.13 0.86–1.48

Smoking 1.41 1.04–1.89 1.44 1.07–1.94

Medication

Aspirin 0.65 0.40–1.06 0.64 0.40–1.04

Calcium-antagonists 1.27 0.93–1.74 1.28 0.94–1.75

Beta-blockers 0.81 0.62–1.05 0.80 0.61–1.04

Oral nitrates 1.22 0.89–1.67 1.25 0.91–1.71

Diuretics 1.31 0.96–1.78 1.34 0.98–1.83

ACE-inhibitors 1.19 0.90–1.56 1.18 0.90–1.55

Statins 0.65 0.47–0.90 0.61 0.44–0.85

Psychopharmaceuticals 0.92 0.65–1.28 0.91 0.65–1.28

Multivariable Cox regressions were adjusted for age, gender, previous MI,

previous PCI, previous CABG, indication for PCI, hypertension, hyperch-

olesterolemia, diabetes mellitus, family history of CAD, multi-vessel

disease, self-reported smoking, cardiac medication and psychopharma-

ceuticals, comprising antidepressants and anxiolytics.
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Figure 1. Cumulative survival curves of (a) depressed versus

non-depressed patients; (b) anxious versus non-anxious patients.
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psychological symptoms (Table 3). The 95% CIs of
patients with depression and anxiety (DþAþ) and
patients with depression but no anxiety (DþA�) com-
pletely overlap (1.43–2.53 versus 1.52–3.25). Therefore,
their HRs can be interpreted as indicating similar
results.

Discussion

Symptoms of depression were associated with an
almost two-fold higher risk of mortality in PCI patients
after 10 years of follow-up. Furthermore, symptoms of
anxiety also were associated with an increased risk of
50% higher 10-year mortality.

Our sub-analysis on the combined effect of depres-
sion and anxiety indicates that depression seems to be
the main contributor to long-term mortality. It also
indicates that the presence of anxiety does not influence
all-cause mortality in the case of co-occurring symp-
toms of depression.

The strengths of our study comprise the prospective
study design, the large sample size, the absence of clin-
ical or anatomical exclusion criteria, and the follow-up
duration of 10 years. To our knowledge, this is the first
study to evaluate the independent predictive value of
both depression and anxiety in PCI patients with a
follow-up of 10 years.

The findings on depression are in concordance with
earlier published studies that found an association
between depression and all-cause mortality.17,18,28

With a 77% increased risk at 10 years post-PCI, it is
clear that depression is a risk factor for long-term mor-
tality in PCI patients. Our results support the recently
published statement regarding depression by the
American Heart Association (AHA).29 The AHA con-
ducted a systematic review on depression and poor
prognosis among patients with acute coronary syn-
drome (ACS), concluding that health organizations
should consider depression as an official risk factor
for poor prognosis after ACS.

Our results indicate that symptoms of anxiety at
baseline are predictive of long-term mortality in
patients post-PCI. This is not surprising, considering
the fact that anxiety and depression have a shared com-
ponent. The ‘Tripartite Model of Anxiety and
Depression’ suggests that anxiety and depression have
a common background, both stemming from the ‘nega-
tive affectivity’ concept.30 Anxiety may also accelerate
different direct and indirect processes involved in
the pathogenesis of cardiovascular diseases, such as life-
style risk factors and myocardial perfusion.31 The lit-
erature on anxiety and mortality in CAD patients
consists of mixed conclusions. While a recent study
found no association between anxiety and all-cause
mortality32 and another claimed that anxiety
reduced mortality and major adverse cardiovascular
events 5 years post-PCI,33 our study found similar
results to those of a meta-analysis.19 However, as
shown by our sub-analysis, anxiety disappears as a pre-
dictor of mortality when symptoms of depression are
also present.

In this study, the impact of important life events (e.g.
conflicts or serious problems in the family, at work,
etc.) on depression and anxiety could not be investi-
gated. Future research should also include the impact
of stressful life events on depression and anxiety and
their consequences.

Depressed patients seem to use statins less than non-
depressed patients (65% versus 75%). The same can be
said of anxious patients versus non-anxious patients
(67% versus 75%). One would also expect a higher
percentage of statin use than 73% in PCI patients.
This can be explained by the fact that widespread use
of statins started after the publishing of the
Scandinavian Simvastatin Survival Study (4S) results
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Figure 2. Cumulative survival curves of patients categorized

into four groups: no psychological symptoms (D�A�); anxiety

but no depression (D�Aþ); depression but no anxiety (DþA�);

depression and anxiety (DþAþ). Cumulative survival rates did

not differ for DþAþ versus DþA� (log-rank p¼ .46) or for

D�Aþ versus D�A� (log-rank p¼ .07).

Table 3. Cox Regression of depression and anxiety combined.

HR 95% CI

D�A� (No depression, no anxiety) 1.00 reference

D�Aþ (No depression, anxiety) .62 .36–1.05

DþA� (Depression, no anxiety) 2.22 1.52–3.25

DþAþ (Depression, anxiety) 1.90 1.43–2.53

Patients were categorized into four groups: no psychological symptoms

(D�A�); anxiety but no depression (D�Aþ); depression but no anxiety

(DþA�); depression and anxiety (DþAþ).

Dijk et al. 5

 at PENNSYLVANIA STATE UNIV on September 18, 2016cpr.sagepub.comDownloaded from 

http://cpr.sagepub.com/


XML Template (2015) [6.2.2015–2:23pm] [1–7]
//blrnas3.glyph.com/cenpro/ApplicationFiles/Journals/SAGE/3B2/CPRJ/Vol00000/150009/APPFile/SG-CPRJ150009.3d (CPR) [PREPRINTER stage]

in 1994.34 Since then, the percentage of patients using
statins has increased over time. Due to our inclusion
period, from September 2001 to October 2002, the per-
centage of statin use in our study is lower than would
be expected nowadays. The lower statin use in
depressed patients and anxious patients might partly
explain the higher mortality risk of these patients.
However, we correctly adjusted for the use of statins
in our multivariable analyses.

A limitation of our study is that, due to missing data,
cardiovascular mortality could not be used as an end-
point in the analyses besides all-cause mortality.
Another limitation is the possibility of selection bias.
At baseline, 299 patients did not return the question-
naire. Perhaps symptoms of depression and anxiety
were more frequent in these non-responders.

Conclusion

Our study shows that both depression and anxiety are
independently associated with an increased risk of 77%
and 50%, respectively, for all-cause mortality 10 years
post-PCI. However, in the case of co-occurring depres-
sion and anxiety, anxiety disappears as a predictor of
mortality. Depression and anxiety should be measured
in PCI patients in poor health in order to optimize
treatment. Future research should be aimed at investi-
gating the effects of psychological interventions proven
to be effective in targeting symptoms of depression and
anxiety in patients suffering from these risk factors.
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