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artery disease (CAD), but few have examined this relation in those with chest pain who do
not have obstructive CAD on angiography. The aim of this study was to compare the
prevalence of depression amongst patients with chest pain in the presence or absence of
obstructive CAD and a healthy control group without chest pain. This prospectively
designed, observational cohort study used 2 independent data sets: (1) The Queen Elizabeth
Hospital Coronary Angiogram Database (n [ 1,144), consisting of 819 patients with
obstructive CAD and 325 patients with nonobstructive CAD (NoCAD), all of whom had
chest pain and (2) the North West Adelaide Health Study (NWAHS; n [ 3,168), a pop-
ulation-based biomedical cohort, from which patients with chest pain were excluded. The
presence of depression was determined by a previously validated method using the Short
Form 36. The prevalence of depression differed among the 3 groups, with 63% in those with
NoCAD, 53% in those with CAD, and only 24% in the healthy NWAHS cohort. Analysis of
the angiography cohort revealed age, gender, antidepressant medication, previous
myocardial infarction, previous airway disease, Short Form 36 physical summary score,
Seattle Angina Questionnaire physical limitation score, and NoCAD on angiography to be
independent predictors of depression. In conclusion, these findings highlight the importance
of screening for depression in patients with NoCAD. Crown Copyright � 2013 Published
by Elsevier Inc. All rights reserved. (Am J Cardiol 2013;112:656e659)
Depression is reported to occur in 10% to 40% of patients
with coronary artery disease (CAD)1,2 and is an independent
predictor of mortality in those who experience acute
myocardial infarctions (AMIs).3,4 Coronary angiography is
the benchmark investigation for the evaluation of CAD and
enables the distinction between patients who have obstruc-
tive CAD and those who do not have significant CAD, that
is, nonobstructive CAD (NoCAD). Patients with NoCAD
constitute a puzzling cohort for clinicians, because symp-
toms are often indistinguishable from those with obstructive
CAD,5 yet the causes of the chest pain may be diverse,
including cardiac (coronary spasm and microvascular
dysfunction) and noncardiac (esophageal reflux, musculo-
skeletal, and psychiatric) disorders.5e7 Although many
studies have focused on the prevalence of depression in
patients with obstructive CAD, few have investigated its
prevalence in those with NoCAD, despite psychiatric
conditions’ potentially contributing to the associated chest
pain. In the present study, we examined the relation between
depression and the presence or absence of obstructive CAD
by (1) comparing the prevalence of depression in patients
with chest pain and obstructive CAD or NoCAD, using
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a healthy control cohort as a reference population and (2)
determining if the presence or absence of obstructive CAD
is an independent predictor of depression.

Method

This prospectively designed cohort study used 2 inde-
pendent data sets to evaluate 3 study groups: (1) a healthy
control group derived from the North West Adelaide Health
Study (NWAHS) and (2) patients with chest pain with or
without obstructive CAD on angiography obtained from
The Queen Elizabeth Hospital (TQEH) Coronary Angio-
gram Database. The 2 data sets recruited patients from the
same geographic region, the northwestern districts of
Adelaide.

Details of the design used in the NWAHS have been
previously reported.8,9 In brief, the NWAHS is a population-
based biomedical cohort study investigating the prevalence
of chronic conditions and health-related risk factors.
Households within the northwestern districts of Adelaide
with telephone numbers in the electronic directory were
randomly selected and invited to participate in the study.
Analysis of bias in the study showed no differences in self-
reported general health status and social demographics
compared with the general population.10 Those recruited
underwent telephone interviews to ascertain their health
problems and completed health status questionnaires.8,9 The
original NWAHS consisted of 4,060 participants. For this
study, those with histories of chest pain or cardiac disorders
or who had missing cardiovascular data were excluded from
the analysis, thereby resulting in a “healthy cohort” of 3,168
participants (mean age 52 � 15 years, 54% women).
www.ajconline.org
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Table 1
Baseline characteristics of NWAHS healthy controls and chest pain patients

Characteristic Healthy Controls
(n ¼ 3,168)

Obstructive CAD

Yes
(n ¼ 819)

No
(n ¼ 325)

Age (yrs)*,† 52 � 15 62 � 11 57 � 12
Women*,† 1,714 (54%) 215 (26%) 185 (57%)
Hypertension*,† 622 (22%) 533 (66%) 182 (58%)
Hypercholesterolemia*,† 1,600 (56%) 589 (75%) 184 (60%)
Diabetes mellitus*,† 217 (8%) 263 (33%) 58 (18%)
Number of risk factors*,†

0 1,096 (35%) 58 (7%) 54 (16%)
1 1,308 (41%) 219 (27%) 113 (35%)
2 644 (20%) 315 (38%) 110 (34%)
3 110 (3.5%) 198 (24%) 43 (13%)
4 10 (0.5%) 29 (4%) 5 (2%)

Family history of CAD*,† 1,554 (54%) 418 (55%) 189 (62%)
Smoking status*,†

Ex-smoker 1,052 (37%) 340 (43%) 102 (32%)
Current smoker 527 (18%) 174 (22%) 58 (18%)

Angiographic
presentation*

Stable chest pain
pattern

— 505 (62) 253 (78%)

Previous AMI* — 250 (31%) 20 (6%)
Previous angina pectoris — 360 (44%) 134 (41%)
Previous airway disease — 139 (18%) 69 (22%)
Previous heart failure* — 18 (2%) 0 (0%)
Previous musculoskeletal

disease
— 107 (14%) 57 (18%)

Previous stroke/transient
ischemic attack

— 46 (6%) 25 (8%)

Antidepressant
medication

— 91 (11%) 47 (15%)

Health/psychological
indexes

SAQ angina frequency — 63 � 28 65 � 24
SAQ angina stability — 41 � 33 44 � 31
SAQ physical

limitation
— 58 � 24 60 � 25

SAQ quality of life — 43 � 22 44 � 22
SF-36 physical

summary score*,†
49 � 10 36 � 10 38 � 11

SF-36 mental summary
score*,†

51 � 10 43 � 11 41 � 11

Depression*,† 697 (24%) 394 (53%) 186 (63%)

Data are expressed as mean � SD or number (percentage). Values may
not add up to the total, because of missing cases.
SAQ ¼ Seattle Angina Questionnaire.
* p <0.05, obstructive CAD versus NoCAD.
† p <0.05 among healthy controls, obstructive CAD, and NoCAD.
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The coronary angiography cohort included patients who
underwent angiography for the evaluation of chest pain at
TQEH from 2003 to 2007. This hospital provided cardiac
catheterization facilities for the northwestern districts of
Adelaide. The database was established to determine the
clinical characteristics, health status, and subsequent
outcomes of patients who underwent coronary angiography
for the evaluation of chest pain. On the basis of the subse-
quent coronary angiographic findings, patients were
grouped into those with obstructive CAD (i.e., coronary
artery stenosis �50%) and those with NoCAD (i.e., normal
coronary angiographic results or minor lesions [<50%]). Of
the 1,268 patients recruited to TQEH Coronary Angiogram
Database, 124 had alternative cardiac causes of their chest
pain (e.g., severe aortic stenosis) and were excluded from
the analysis. Of the remaining 1,144 patients, 819 had
obstructive CAD (mean age 62 � 11 years, 26% women),
and 325 had NoCAD (mean age 57 � 12 years, 57%
women).

Variables recorded in the NWAHS and TQEH Coronary
Angiogram Database included (1) demographics (age,
gender, the Socio-Economic Indexes for Areas Index of
Relative Socioeconomic Disadvantage (IRSD)),11 (2)
cardiac-associated risk factors (smoking status, hypertension,
hypercholesterolemia, diabetes mellitus, family history of
CAD, number of risk factors, acute or stable chest pain pattern
at angiography presentation, previous AMI, angina pectoris,
heart failure, stroke or transient ischemic attack, airway
disease, and musculoskeletal disease), (3) depression-
associated risk factors (antidepressant medication), and (4)
psychometric data obtained from the Short Form 36 (SF-36)
mental and physical summary scores and Seattle Angina
Questionnaire domains. The IRSD quintiles are produced by
the Australian Bureau of Statistics11 to measure socioeco-
nomic status by postal code. IRSD scores are grouped into
quintiles (highest, high, middle, low, and lowest) for analysis,
where the highest quintile represents postal codes with the
highest IRSD scores (most advantaged areas) and the lowest
quintile represents postcodes with the lowest IRSD scores
(most disadvantaged areas).11 Of relevance, most TQEH
Coronary Angiogram Database patients completed ques-
tionnaires before the coronary angiographic study, so that
patients and clinicians were unaware of the diagnosis of
obstructive CAD or NoCAD.

The diagnosis of depression for this study was based on
a previously validated method using the SF-36 mental
summary score.12 The SF-36 was scored using the method
of Tucker et al,13 which allows for the correlation between
physical and mental health in producing factor score weights
for the component summary scores. Using a threshold
mental summary score value of �45, this method has 93%
sensitivity and 64% specificity for the diagnosis of depres-
sion.12 On the basis of this method, patients were classified
as depressed or not depressed at the time of study
recruitment.

Statistical analyses were performed using SPSS version
17 (SPSS, Inc., Chicago, Illinois). In the univariate analyses,
ambiguous responses to categorical variables (e.g. “not
sure,” “not asked,” “not stated”) were recoded as missing
values. Patients with missing SF-36 mental summary scores
were excluded from analyses. Descriptive statistics for the
study cohorts are expressed as mean � SD for continuous
data and as percentages for categorical data. Baseline
characteristics were compared using Student’s t tests and
chi-square tests for the respective data. The primary end
point (prevalence of depression) was compared among the 3
study groups using binary logistic regression. On the basis
of the available data from the angiography database and the
prespecified depression definition (SF-36 mental summary
score �45), the study had 76% power to detect an odds ratio
(OR) of 1.44 for the prevalence of depression at the



Table 2
Multivariate predictors of depression in patients with chest pain

Predictor OR (95% CI) p Value

NoCAD 1.44 (1.03e2.03) 0.03
Age 0.97 (0.96e0.99) <0.001
Female gender 1.69 (1.23e2.32) <0.001
Antidepressant medication 2.58 (1.57e4.25) <0.001
Previous acute myocardial infarct 1.64 (1.17e2.30) 0.004
Previous airway disease 1.48 (1.01e2.17) 0.045
SF-36 physical summary score 1.03 (1.01e1.05) 0.009
Seattle Angina Questionnaire physical

limitation score
0.97 (0.96e0.98) <0.001
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0.05 significance level for NoCAD compared with ob-
structive CAD.

To determine if the presence or absence of CAD on
angiography was an independent determinant of depression,
a multivariate binary logistic regression model was devel-
oped. Comparisons between the angiographic groups for
potential univariate predictors of depression were under-
taken as described earlier. A significance level of p �0.25 in
the univariate analyses was used as a criterion for entry into
the multivariate analysis. The categorical form of SF-36
mental summary score was used as the dependent variable
(i.e., depressed or not depressed), to determine the ORs (exp
[b]) and 95% confidence intervals (CIs) of predictor vari-
ables. Missing and “not sure,” “not asked,” or “not stated”
responses (�10 cases) for the categorical covariates were
combined into a valid category to include the maximum
number of records possible in the analysis and to mitigate
bias. The identified variables from the univariate analyses
were entered into the regression model and the best
predictors selected using the backward elimination of
nonsignificant terms. Covariates were removed from the
regression model 1 by 1 according to the significance
criterion specified (p ¼ 0.05) using the log likelihood test.
The best fit model of non-nested alternatives was deter-
mined using the Akaike information criterion. The signifi-
cance level for predictors of depression in the final model
was defined as p <0.05.

Results

The clinical and psychometric characteristics of the
healthy NWAHS patients compared with those with chest
pain (obstructive and NoCAD) are summarized in Table 1.
Compared with the healthy controls, the chest pain (angi-
ography) population was older with more cardiovascular
risk factors and had a poorer quality of life. Unadjusted
analyses demonstrated a significant difference in the prev-
alence of depression among the 3 groups. Compared with
the NWAHS healthy control cohort, the OR was higher for
the obstructive CAD (OR 3.483, 95% CI 2.947 to 4.117,
p <0.001) and NoCAD (OR 5.359, 95% CI 4.166 to 6.895,
p <0.001) patients. Furthermore, depression was more
prevalent in those with NoCAD (OR 1.539, 95% CI 1.166
to 2.030, p ¼ 0.002) relative to those with obstructive CAD.

Univariate analyses of the TQEH angiography cohort
revealed the following as significant potential predictors of
depression: age (continuous and categorical), gender,
hypertension, hypercholesterolemia, diabetes mellitus,
number of risk factors, smoking status, family history of
CAD, antidepressant medication, angiographic presentation,
previous AMI, airway disease, heart failure, musculoskeletal
disease, stroke or transient ischemic attack, SF-36 physical
summary score, and Seattle Angina Questionnaire physical
limitation and angina stability scores. Multivariate analyses
using the Akaike information criterion to determine the
model of best fit among non-nested alternatives (continuous
vs categorical age predictors) identified 8 factors as signif-
icant independent predictors of depression in chest pain
patients, including the presence of NoCAD (Table 2).

Discussion

The major finding of this study is that depression is more
prevalent in patients with chest pain with NoCAD than
either those with obstructive CAD or healthy controls.
Moreover, NoCAD is an independent predictor of depres-
sion in patients who undergo coronary angiography for the
evaluation of chest pain. These observations have important
implications in the pathogenesis and treatment of patients
with chest pain referred for coronary angiography.

We used SF-36 mental summary scores to identify
depressed patients in healthy control and chest pain cohorts.
The method has been previously validated in similar cohorts
using a well-established depression scale (the Center for
Epidemiologic Studies Depression Scale),12 and the findings
of the present study provide further face validity for this
method. First, consistent with previous studies of depres-
sion, there was a 2-fold greater probability of depression in
patients with obstructive CAD compared with healthy
controls.14 Second, the use of antidepressants was a strong
predictor of the SF-36 scoreederived depression category
(Table 2), suggesting that it was comparable with clinician-
diagnosed and clinician-treated depression. Third, other
well-characterized predictors of depression, including
previous AMI,3 airway disease,15 and impaired physical
activity,16 were independent predictors. Given the consis-
tencies in the study findings with the established research on
depression, the novel methodologic approach is verified, so
that attention to the unique findings of this study can be
addressed.

Patients with NoCAD constitute a heterogeneous clinical
group, with multiple causes for the chest pain prompting
angiography. One study reported that 25% had psychiatric
disorders, 25% microvascular angina, 25% esophageal
disorders, and the remaining a variety of other medical
conditions responsible for the chest pain prompting angi-
ography referral.17 However, this is an oversimplification,
because these disorders may coexist or be difficult to
delineate. Cardiac syndrome X, for example, is character-
ized by normal angiographic findings despite positive results
on exercise stress testing and has been associated with
a high prevalence of depression.18e20 These findings can be
explained by 3 plausible alternative mechanisms. First, the
exercise test finding is a “false-positive,” and the source of
the chest pain is depression or some other noncardiac
disorder (e.g., esophageal reflux). Second, the patient has
a coronary microvascular disorder resulting in myocardial
ischemia producing chest pain and positive stress test
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results, with depression ensuing from the suboptimal ther-
apies available for this disabling disorder. Third, depression
and coronary microvascular disorders have a common
pathophysiologic or genetic pathway, so that the disorders
coexist.21 It may therefore be difficult to identify the
primary cause for the chest pain in patients with NoCAD,
although the presence of causative or contributory disorders
such as depression can be quantified. However, whether
treatment of the depressive illness improves the presenting
chest pain symptoms can be more readily addressed.

In a landmark study, Cannon et al22 recruited 60
consecutive patients with NoCAD and subjected them to
systematic assessment, reporting that 22% had abnormal
exercise test results, 41% had abnormal esophageal motility
testing, and 63% had �1 psychiatric disorder. Furthermore,
using a randomized, double-blind, placebo-controlled study
design, they demonstrated that imipramine therapy reduced
chest pain episodes by 52 � 25%. Because the prevalence of
depression and other psychiatric disorders were matched
between the treatment groups, the treatment effect was
attributed to the pain sensitivityealtering properties of
imipramine, although an antidepressant effect cannot be
excluded.

The present study highlights the importance of screening
for depression in patients who undergo coronary angiog-
raphy for the evaluation of chest pain. This is particularly
pertinent considering (1) the high prevalence of depression
in this population, especially in comparison with other
published studies that have undertaken screening studies
after AMI, general cardiac admissions,23 and cardiac
outpatients1 and (2) the availability of potential therapies to
alleviate chest pain22 and improve quality of life.24e26 In
conclusion, depression is prevalent in patients who undergo
coronary angiography for the evaluation of chest pain, and
those with NoCAD should be particularly targeted for
assessment.
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