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Abstract
Objective—To determine whether depression is associated with worse cardiac disease severity in
patients with stable coronary heart disease (CHD). There is considerable evidence that depression is
a risk factor for adverse cardiovascular events in patients with CHD. However, a frequent criticism
of this literature is that the association between depression and adverse cardiovascular outcomes may
be confounded by worse baseline cardiac disease severity in depressed patients.

Method—In a sample of 1020 outpatients with stable CHD, we examined the association between
major depression (assessed using the Computerized National Institute of Mental Health Diagnostic
Interview Schedule) with measures of cardiac disease severity, including systolic dysfunction,
diastolic dysfunction, exercise-induced ischemia, and cardiac wall motion abnormalities. Cross-
sectional univariate and multivariate models controlling for demographic and clinical variables were
computed.

Results—Of the 1020 participants, 224 (22%) had current (past month) major depression. After
adjustment for age, major depression was not associated with systolic dysfunction, diastolic
dysfunction, inducible ischemia, or cardiac wall motion abnormalities. Similarly, multivariate
models revealed no significant relationship between major depression and cardiac disease severity.

Conclusions—Overall, we found little evidence that depression is associated with worse cardiac
disease severity. This suggests that greater baseline cardiac disease severity is unlikely to be
responsible for the increased risk of CHD events in depressed patients.
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INTRODUCTION
A large body of evidence suggests that depression is a risk factor for morbidity and mortality
in patients with existing coronary heart disease (CHD) (1). Recent meta-analyses and
systematic reviews have concluded that the presence of depression is associated with an
approximately two-fold increase in cardiac morbidity and mortality for various CHD
populations, including patients with recent acute myocardial infarction (AMI), patients
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awaiting coronary artery bypass graft (CABG) surgery, and patients post revascularization
(2–7).

The possibility that the relationship between depression and cardiac prognosis is confounded
by cardiac disease severity is a continual source of controversy. There may be a direct
physiological link between the severity of cardiac disease and depression, and/or the severity
of cardiac disease may be related to depression via patient illness perceptions (e.g., due to
worsening symptoms or diagnostic feedback). If patients with depression have greater baseline
cardiac disease severity, then the relationship between depression and future cardiovascular
events may be due to underlying disease severity rather than depression (8–12).

In recent meta-analyses, Barth et al. (2), van Melle et al. (7), and Nicholson et al. (13) noted
that studies in this area have varied considerably with respect to statistical control for potential
confounders like cardiac disease severity. For example, although some studies have controlled
for disease severity by including measures like left ventricular ejection fraction (LVEF) and/
or Killip Class in statistical models (14–21), a sizable number have not. An additional concern
is the possibility that measures of cardiac disease severity have been incomplete. Thus, even
if studies have utilized measure(s) of disease severity for statistical control, some degree of
residual confounding may remain (22).

We are not aware of prior studies that specifically have aimed to examine the multivariate
association of depression with measures of cardiac disease severity such as systolic
dysfunction, diastolic dysfunction, exercise-induced ischemia, and cardiac wall motion
abnormalities. However, many prospective studies with the specific aim of investigating the
association between depression and outcomes for patients with CHD have reported univariate
associations between depression and disease severity measures at baseline. Some of these
studies have reported an association between depression and lower LVEF and/or higher Killip
Class (21,23), but many others have found no relationship between depression and various
measures of cardiac disease severity (15–19,22,24–28). In addition, prior studies that have
found a relationship between depression and outcome have sampled patients after acute CHD
events such as AMI (14,17,27,29) or CABG surgery (16,19). Because rates of elevated
depressive symptoms are particularly high at the time of hospitalization and tend to decrease
within the subsequent months (16,30–32), increased scores at the time of hospitalization may
be more likely to indicate transient distress rather than true clinical depression. Thus, studies
are needed to investigate the relationship between depression and cardiac disease severity,
utilizing a stable CHD sample, multivariate models, and comprehensive measures of cardiac
disease severity and depression.

In a sample of 1020 patients with stable CHD, we sought to examine the relationship between
major depression and cardiac disease severity, including systolic dysfunction, diastolic
dysfunction, exercise-induced ischemia, and cardiac wall motion abnormalities, as measured
by stress echocardiography.

METHODS
Participants

Study participants were enrolled in the Heart and Soul Study, a longitudinal study of
psychosocial risk factors and clinical outcomes in patients with CHD (33). We used
administrative databases to identify patients with stable CHD at two Veterans Affairs medical
centers, one university medical center, and nine public health clinics in the San Francisco Bay
Area. Patients were eligible to participate in the study if they had a history of myocardial
infarction or coronary revascularization, angiographic documentation of ≥50% stenosis in at
least one coronary artery, or evidence of exercise-induced ischemia by treadmill or cardiac
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perfusion testing. Patients were excluded if they were unable to walk one block, had
experienced an acute coronary syndrome within the prior 6 months, or were planning to move
out of the local area within 3 years. Between September 2000 and December 2002, a total of
1024 participants were enrolled in the study, and 1020 completed the diagnostic interview for
depression. Participants underwent a baseline study examination that included a
comprehensive health interview, blood samples, medical history questionnaire, psychosocial
questionnaire, and exercise treadmill test with stress echocardiography. The Institutional
Review Board at each of the sites approved the protocol, and all participants provided their
written informed consent.

Measures
Depression Measures—To assess for the presence of major depression within the past
month, a trained research assistant administered the Computerized National Institute of Mental
Health Diagnostic Interview Schedule (CDIS-IV). The CDIS-IV is a computerized version of
the Diagnostic Interview Schedule, a structured measure designed to assess for DSM-IV
(Diagnostic and Statistical Manual of Mental Disorders, 4th Edition) psychiatric diagnoses
(34). Participants who met the criteria for major depression within the past month were
informed of the results of the depression assessment, encouraged to discuss their symptoms
with their primary care provider, and provided a list of additional local resources for treatment.

Prior research has suggested that both major depression and elevated depressive symptoms are
associated with adverse cardiovascular outcomes (16,23,27,35). Therefore, we also assessed
the presence of depressive symptoms, using the Patient Health Questionnaire (PHQ-9). The
PHQ-9 is a nine-item, self-report measure designed to assess for the severity of depressive
symptoms within the past 2 weeks. It has good validity for use in primary care, is based on
DSM-IV criteria for major depression, and with only nine items, offers a low burden for study
participants (36). We evaluated the PHQ-9 both as a continuous variable and as a dichotomous
variable, using the standard cut-point of ≥10 (37).

Cardiac Function Measures—We performed a comprehensive assessment of cardiac
disease severity, including systolic function, diastolic function, exercise-induced ischemia, and
cardiac wall motion abnormalities. A complete resting two-dimensional echocardiogram, using
an Acuson Sequoia Ultrasound System (Mountain View, California) with a 3.5-MHz
transducer and Doppler ultrasound examination, including all standard views and subcostal
imaging of the inferior vena cava, was performed just before and immediately after exercise.
We obtained standard two-dimensional parasternal short-axis and apical two- and four-
chamber views during held inspiration; these were planimetered, using a computerized
digitization system to determine end-diastolic and end-systolic left ventricular volume (38).

We calculated LVEF as follows: (end-diastolic volume − end-systolic volume)/end-diastolic
volume. Systolic dysfunction was defined as LVEF ≤50%. We defined diastolic dysfunction
as the presence of at least one of the following: 1) impaired relaxation = E/A ratio ≤0.75 and
systolic dominant pulmonary vein flow; 2) pseudonormal = 0.75 < E/A < 1.5 and diastolic
dominant pulmonary vein flow; and 3) restrictive filling = E/A ratio ≥1.5 and diastolic dominant
pulmonary vein flow (39–41). All individuals underwent echocardiography, although the
echocardiographic parameters necessary for ventricular dysfunction classifications were
missing for some (n = 2 missing LVEF and n = 212 missing diastolic dysfunction classification
because of a rhythm other than sinus, moderate-to-severe mitral regurgitation, or difficulty
determining velocity time integral in the pulmonary vein).

We then performed a symptom-limited, graded exercise treadmill test according to a standard
Bruce protocol. To achieve maximal heart rate, participants who were unable to continue the
standard Bruce protocol were switched to lower settings on the treadmill and encouraged to
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exercise for as long as possible. Immediately after exercise, participants underwent a repeat
echocardiogram. Apical two-chamber, four-chamber, and precordial long-axis and short-axis
views were obtained to detect the development of wall motion abnormalities during exercise.
The presence of inducible ischemia was defined as the presence of new echocardiographic wall
motion abnormalities at peak exercise that were not present at rest.

To account for both fixed and exercise-induced wall motion defects, we also calculated the
wall motion score index at peak exercise (38). Each of 16 wall segments in the left ventricle
was scored based on the contractility visualized at peak exercise (1 = normal, 2 = hypokinetic,
3 = akinetic, 4 = dyskinetic, 5 = aneurysm). The wall motion score index was defined as the
sum of wall motion scores divided by the number of segments visualized, with a normally
contracting left ventricle receiving a wall motion score index of 1 (16/16=1), and higher wall
motion scores indicating worse contractility.

Demographic and Clinical Characteristics—Demographic data and medical history
were obtained by self-report questionnaire. Height and weight were measured at the study
appointment to calculate body mass index (BMI). Resting blood pressure was measured, using
a standard sphygmomanometer. High-density lipoprotein cholesterol, low-density lipoprotein
cholesterol, total cholesterol, C-reactive protein, and NT-pro-B-type natriuretic peptide were
measured from venous blood samples after a 12-hour fast. Creatinine clearance was calculated
from a 24-hour urine collection sample. Participants brought their medications to their study
appointments and current medications were recorded.

Statistical Analysis
For descriptive purposes, participants were grouped based on the presence or absence of current
major depression (by CDIS-IV) and compared on clinical and demographic variables, using
the general linear model for continuous variables and χ2 tests for categorical variables.
Similarly, the association of depression with each measure of cardiac function was evaluated,
using the general linear model for continuous variables and logistic regression for dichotomous
outcome variables. Separate models were computed for each measure of cardiac function. For
the primary analyses, we compared cardiac function in patients with and without current major
depression according to the CDIS-IV. To address the possibility that some patients met the
study inclusion criteria on the basis of false-positive treadmill test results, we repeated the
primary analysis excluding these 328 participants.

For the secondary analysis, we evaluated the association between depressive symptoms
(entered both as continuous and dichotomous variables) and all measures of cardiac function.
Both univariate and multivariate models were computed. The following clinical and
demographic variables were selected a priori for inclusion in the multivariate models, and were
retained regardless of statistical significance: age, sex, marital status, diabetes,
revascularization, smoking, BMI, physical activity, antidepressant use, statin use, and
creatinine clearance. Because depression was associated with younger age, we also computed
a model controlling for age only to highlight the effect of age in the unadjusted models. Because
few women were included in the analyses, we tested for an interaction between CDIS-IV major
depression and sex to explore the possibility that any relationship between depression and
cardiac function would vary by sex.

RESULTS
Of the 1020 participants, 224 (22%) had current (past month) major depression. Compared
with nondepressed participants, those with current depression were younger, less likely to be
male, married or physically active, and more likely to smoke. Participants with major
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depression were less likely to have been revascularized, less likely to use statins, more likely
to use antidepressants, and had better creatinine clearance (Table 1).

Major depression was associated with better cardiac functioning in the univariate analyses
(Table 2). However, after controlling for younger age and other covariates, major depression
was no longer associated with better cardiac function. Overall, we found no evidence that major
depression was associated with systolic dysfunction, diastolic dysfunction, inducible ischemia,
or wall motion abnormalities. The results including the entire sample were similar to results
excluding the 328 participants with positive treadmill tests (multivariate models: systolic
dysfunction, p = .14; diastolic dysfunction, p = .94; wall motion score index, p = .41; LVEF,
p = .13).

When the PHQ score was entered as a continuous variable (or as the natural log of this variable)
in age-adjusted models, depressive symptoms were not associated with systolic dysfunction,
diastolic dysfunction, inducible ischemia, wall motion score index, or LVEF (all p >.20).
Similarly, when entered as a dichotomous variable (PHQ ≥10), depressive symptoms were not
associated with measures of cardiac disease severity, with the possible exception of worse
systolic function (Table 3). There were no significant interactions between sex and major
depression (multivariate models: systolic dysfunction, p = .41; inducible ischemia, p = .41;
wall motion score index, p = .95; LVEF, p = .82), with the exception of the unexpected finding
that major depression was associated with better diastolic function in women only (multivariate
model, p = .002).

DISCUSSION
There is considerable debate about whether the association of depression with adverse
cardiovascular outcomes is confounded by worse baseline cardiac disease severity in depressed
patients. In a sample of 1020 patients with stable CHD, we found no evidence that major
depression is associated with systolic dysfunction, diastolic dysfunction, inducible ischemia,
or cardiac wall motion abnormalities. Similarly, we found little evidence of an association
between depressive symptoms and CHD severity, with the exception of worse systolic function
in patients with PHQ-9 scores of ≥10. Overall, however, the lack of association we observed
between major depression and cardiac disease severity suggests that greater underlying cardiac
disease severity is unlikely to explain the increased risk of CHD events associated with
depression.

As shown in the analyses controlling for age only, the univariate associations we observed
between depression and better cardiac function were due, in large part, to the inverse
relationship between depression and age, such that depressed participants were significantly
younger than the nondepressed participants in our sample. This inverse association between
depression and age is a common finding in both population (42) and CHD samples (43). The
association between depression and cardiac function was no longer significant in the
multivariate models controlling for age and other demographic and clinical risk factors.

The association between PHQ-9 depressive symptoms and worse systolic function raises the
possibility that currently elevated depressive symptoms and past month clinical depression
may be differentially related to cardiac function. It is possible that the frequency and recency
of depressive symptoms captured by the continuous PHQ score may be more strongly
associated with cardiac function than the number of criteria required for a clinical diagnosis
of major depression within the past month. Nonetheless, these results should be interpreted
with caution. Not only was there no association between systolic function and depression in
the primary analysis using the CDIS-IV but the primary analysis actually suggested a
nonsignificant trend in the opposite direction. Thus, any differences in the association of
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cardiac function with depressive symptoms versus a clinical diagnosis of depression would
need confirmation in other studies.

Consistent with our present results, previous longitudinal studies have reported no significant
association between depression and baseline measures of cardiac disease severity, such as
LVEF and Killip Class (15–19,24–28), although some have reported a significant association
(21,23). Our study adds to this literature by evaluating the association of depression with
comprehensive measures of systolic function, diastolic function, inducible ischemia, and wall
motion abnormalities. It should be noted, however, that although our study suggests there is
no relationship between major depression and objective measures of disease severity, these
findings do not necessarily reflect patients’ perceptions of the severity of their illness.
Depression may be related to cardiac function via patient perceptions unrelated to objective
physiological measures. For example, Knol et al. (44) found that patients with Type 2 diabetes
who were aware of their illness had increased rates of depression, whereas those unaware of
their illness did not, highlighting the importance of patient perceptions over objective disease
severity.

Our study is unique in utilizing multivariate models and comprehensive measures of both
depression and cardiac disease severity to examine the relationship between depression and
cardiac disease severity. In addition, our study included only patients with stable CHD, whereas
prospective studies generally have included patients hospitalized with acute CHD events, such
as patients pre CABG, post AMI, or post revascularization. Depression detected in our sample
of patients with stable CHD may be more likely to reflect true clinical depression, rather than
transient distress in response to an acute event.

An important limitation of the present study is that only 184 women were included in the
primary analysis. This calls into question the generalizability of these results to women.
However, we found no consistent evidence for a sex by depression interaction. The significant
interaction between sex and diastolic dysfunction, such that major depression was associated
with better diastolic function for women, should be interpreted with caution due to the small
number of women (n = 184) in the analyses and the large number of tests in our secondary
analyses. However, the large sample size, complete statistical control, and use of
comprehensive measures of both depression and cardiac disease severity are notable strengths
of this study.

If depression does not serve as a marker for cardiac disease severity, then it is important to
identify the mechanisms that link depression with subsequent CHD events. There are several
plausible biobehavioral mechanisms for which there is initial empirical support, including
lifestyle factors like diet, exercise, tobacco use, heavy use of alcohol, and nonadherence to
treatment; traditional risk factors like hypertension, diabetes, obesity, and insulin resistance;
other physiological factors associated with depression, such as platelet activation, autonomic
nervous system dysregulation, endothelial dysfunction, and inflammation; and genetic factors
associated with both depression and CHD (6,45,46). It is also possible that depression increases
the risk of acute cardiac events, but not chronic atherosclerosis (47). These are important areas
for additional study, as identifying mechanisms may help to guide interventions for patients
with CHD who are at increased risk due to depression.

In sum, the results of the present study found little evidence for an association between
depression and cardiac disease severity in patients with stable CHD. This suggests that it is
unlikely that depression is confounded with disease severity in prospective studies of
depression and stable CHD outcomes.
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Glossary
AMI  

acute myocardial infarction

BMI  
body mass index

CABG  
coronary artery bypass graft

CDIS-IV  
Computerized National Institute of Mental Health Diagnostic Interview Schedule

CHD  
coronary heart disease

LVEF  
left ventricular ejection fraction

PHQ-9  
Patient Health Questionnaire
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TABLE 1
Characteristics of 1020 Study Participants With Stable Coronary Heart Disease

Variable Depressed (n = 223)
Not Depressed (n =

797) p

Age (years), mean ± SD 62 ± 11 68 ± 11 <.001

Male sex 156 (70) 680 (85) <.001

White race 135 (61) 478 (60) .90

Married 70 (32) 364 (46) .001

Medical history

 Diabetes 68 (30) 197 (25) .09

 Myocardial infarction 110 (50) 435 (55) .18

 Congestive heart failure 40 (18) 137 (17) .80

 Hypertension 158 (71) 563 (71) .99

 Stroke 33 (15) 114 (14) .84

 Revascularization 111 (50) 489 (62) .002

 COPD or asthma 44 (20) 119 (15) .08

Current smoker 64 (29) 137 (17) <.001

Regular alcohol use 67 (30) 226 (29) .64

BMI (kg/m2), mean ± SD 29 ± 5.6 28 ± 5 .02

Physically active 119 (54) 529 (67) <.001

Medication use

 β blocker 124 (56) 466 (58) .44

 Statin 130 (58) 524 (66) .04

 Aspirin 174 (78) 616 (77) .82

 Renin-angiotensin system inhibitor 110 (49) 411 (52) .55

 Antidepressant

  SSRI 63 (28) 34 (4) <.001

  Tricyclic 18 (8) 26 (3) .002

  Other antidepressant 46 (21) 33 (4) <.001

Laboratory tests

 HDL cholesterol 45 ± 15 46 ± 14 .58

 LDL cholesterol 107 ± 36 104 ± 33 .23

 Log C-reactive protein 0.75 ± 1.3 0.70 ± 1.3 .65

 Log NT pro-B-type natriuretic peptide 5 ± 1.2 5.3 ± 1.4 <.001

 Creatinine clearance 87.2 ± 30.3 79.5 ± 27.8 <.001

Cardiac function

 Resting heart rate, mean ± SD 68 ± 12 68 ± 12 .41

 Systolic blood pressure, mean ± SD 133 ± 22 133 ± 21 .89

 Diastolic blood pressure, mean ± SD 76 ± 12 74 ± 11 .14

Data are presented as number (%) or mean +/−SD.

SD = standard deviation; COPD = chronic obstructive pulmonary disease; BMI = body mass index; SSRI = selective serotonin reuptake inhibitor; HDL
= high-density lipoprotein; LDL = low-density lipoprotein.
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