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Abstract
Context: Symptoms of depression and cardiovascular disease overlap substantially. Differentiating
between dimensions of depressive symptoms may improve our understanding of the relationship
between depression and physical health.

Objective: To compare symptom dimensions of depression as predictors of cardiovascular-related
death and events among women with suspected myocardial ischemia.

Design: Cohort study of women with suspected myocardial ischemia who were evaluated at baseline
for history of cardiovascular-related problems, depressive symptoms using the Beck Depression
Inventory (BDI), and coronary artery disease severity via coronary angiogram. Principal components
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analyses (PCA) of the BDI items were conducted to examine differential cardiovascular prognosis
according to symptom dimensions of depression.

Setting: The Women's Ischemia Syndrome Evaluation (WISE), a National Heart, Lung, and Blood
Institute (NHLBI)–sponsored multi-center study assessing cardiovascular function using state-of-
the-art techniques in women referred for coronary angiography to evaluate chest pain or suspected
myocardial ischemia.

Participants: 550 women (mean age = 58.4 [11.2] years) enrolled in WISE and followed for a
median of 5.8 years.

Main Outcome Measures: Cardiovascular-related mortality and events (stroke, myocardial
infarction, and congestive heart failure).

Results: Using a three-factor structure from PCA, somatic/affective (hazards ratio [HR]=1.35, 95%
confidence interval [CI]=1.04-1.74) and appetitive (HR=1.42, 95%CI=1.21-1.68) but not cognitive/
affective (HR=.89, 95%CI=.70-1.14) symptoms predicted cardiovascular prognosis in adjusted
multivariate Cox regression analysis. Using a two-factor structure from PCA, adjusted results
indicated that somatic (HR=1.63, 95% CI=1.28-2.08) but not cognitive/affective (HR=.87, 95% CI=.
68-1.11) symptoms predicted worse prognosis.

Conclusions: In a sample of women with suspected myocardial ischemia, somatic but not
cognitive/affective depressive symptoms were associated with an increased risk of cardiovascular-
related mortality and events. These results support the need to research dimensions of depression in
CVD populations and have implications for understanding the connection between depression and
CVD.

Unstructured Abstract—Differentiating between dimensions of depressive symptoms may
improve our understanding of the relationship between depression and cardiovascular disease (CVD).
This study examined depressive symptom dimensions as predictors of cardiovascular-related death
and events among women undergoing coronary angiography to evaluate suspected myocardial
ischemia (n=550; mean age=58.4 [11.2] years). Baseline evaluation included depressive symptom
assessment using the Beck Depression Inventory (BDI) and coronary artery disease severity testing
via coronary angiogram. Incidence of the women's cardiovascular-related mortality and events
(stroke, myocardial infarction, and congestive heart failure) was tracked for a median of 5.8 years.
Principal components analyses (PCA) of the 21 BDI items were conducted to derive depression
symptom dimensions. Using a three-factor structure, somatic/affective (HR=1.35, 95%
CI=1.04-1.74) and appetitive (HR=1.42, 95%CI=1.21-1.68) but not cognitive/affective (HR=.89,
95%CI=.70-1.14) symptoms predicted cardiovascular prognosis in adjusted multivariate Cox
regression analysis. Using a two-factor structure, adjusted results indicated that somatic (HR=1.63,
95% CI=1.28-2.08) but not cognitive/affective (HR=.87, 95% CI=.68-1.11) symptoms predicted
prognosis. Thus, in a sample of women with suspected myocardial ischemia, somatic but not
cognitive/affective depressive symptoms were associated with worse cardiovascular prognosis.
These results support the need to research depressive symptom dimensions in CVD populations and
have implications for understanding the connection between depression and CVD.

The co-existence of depression and cardiovascular disease (CVD) has been well-established
1. Although knowledge about the etiology, biology, and treatment of depression and CVD has
increased in the past two decades 2, the exact mechanisms linking these two illnesses have yet
to be established. Research has demonstrated that depression and CVD may each precede the
other, that they may develop concurrently, and that early signs of CVD may be mistaken for
depressive symptoms 2. Even in the absence of clearly delineated mechanisms for their
relationship, the co-existence of depression and CVD is associated with worse CVD prognosis
2, 3. Disappointingly, treatment of depression in CVD patients has not been demonstrated to
reduce subsequent clinical events (e.g., ENRICHD 4, SADHART 5, and MIND-IT 6 trials).
However, since the treatments in these trials only partially alleviated depressive symptoms,
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the conclusion cannot be definitively made that depression treatments do not improve CVD
prognosis. Nevertheless, these unsuccessful studies underscore our incomplete understanding
of the link between depression and CVD 7.

The Beck Depression Inventory (BDI, 8) is a 21-item self-report measure of depressive
symptoms that is frequently used within CVD populations 9. The BDI assesses both cognitive/
affective and somatic depressive symptoms 10. The BDI's somatic items (e.g., difficulty
sleeping, fatigue), frequently overlap with symptoms experienced by individuals with a variety
of medical illnesses, making depression severity difficult to assess with this measure in medical
populations 11. Nevertheless, the majority of researchers conducting depression studies on
cardiovascular patients utilize the BDI rather than other self-report measures that contain
primarily or exclusively cognitive/affective symptoms, such as the Hospital Anxiety and
Depression Scale (HADS; 12).

Beck and colleagues recognized the potential for misdiagnoses among patients with certain
medical conditions and designed a modified version of their original scale to assess depressive
symptoms within medical populations: the BDI for Primary Care 13. This modified version
includes only the cognitive/affective items from the original scale, thus circumventing the
potential problem of overlapping depressive and CVD symptoms and reducing the potential
for misdiagnoses of depression. However, only one identified study 14 has used this modified
scale (referred to as the BDI-Fast Scale) to examine the relationship between depressive
symptoms and subsequent cardiovascular events in patients with CVD.

On the other hand, Simon and von Korff 15 concluded in a meta-analysis that somatic
depression symptoms do not constitute a significantly greater proportion of overall depressive
symptoms among medically ill patients than among generally physically healthy individuals
– a finding that argues against the necessity of using depression measures that de-emphasize
somatic symptoms when assessing CVD populations. Taken together, the literature on this
topic remains inconclusive, and whether or not measures such as the BDI are biased by somatic
symptom overlap remains unclear since this possibility has not been tested empirically.

Recently, de Jonge and colleagues 16 used factor analysis to examine the differential abilities
of cognitive/affective and somatic depressive symptoms as assessed by the BDI to predict CVD
prognosis within a mixed-gender post-myocardial infarction (post-MI) population. Their
analysis revealed three factors, which they labeled cognitive/affective, somatic/affective, and
appetitive, based on a combination of the labels used by Beck and Steer 10 in the BDI manual
and Morley et al. 17 in a factor analysis of the BDI items in a chronic pain population. Neither
of the factor structures from the two prior reports 10, 17 aligned precisely with those discovered
in the two post-MI samples (which were subjected to cross-validation through multi-sample
structural equation modeling) examined by de Jonge and colleagues (13). Results revealed a
significant bivariate association between the somatic/affective symptom scale score and CVD
prognosis, such that somatic/affective symptoms predicted a higher risk of events. The
relationship between cognitive/affective symptoms and CVD prognosis was not statistically
significant. Neither of the two factors remained significant in multivariate analyses with
combined cardiovascular-related events and mortality as the endpoint. However, the somatic/
affective factor's hazard score was only slightly reduced after covariate adjustment (from 1.39
to 1.30), and it continued to predict cardiovascular-related mortality. Appetitive symptoms, a
factor comprised of only two BDI items (loss of appetite and weight loss) did not significantly
predict CVD prognosis in any of the models. Moreover, at baseline, four indicators of poor
physical health were significantly correlated with somatic/affective and appetitive symptoms,
while only one was related to cognitive/affective symptoms 16. Notably, the reporting of these
analyses 16 have been called into question 18, particularly with regard to de Jonge et al.'s failure
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to address issues that may impact the results' interpretability, such as multicollinearity and high
inter-factor correlations.

Watkins et al. 19 examined cognitive and somatic symptoms of depression as assessed by the
BDI in relation to medical comorbidities following acute MI among patients enrolled in the
ENRICHD trial. The researchers separated the items according to their face content, creating
a cognitive and a somatic factor. Results revealed that although both factors were positively
and statistically significantly correlated with medical comorbidity, the relationship was
stronger for somatic (r=.24) than for cognitive (r=.06) symptoms 19.

The purpose of the current study is two-fold: 1) to create composite factors (e.g., somatic,
cognitive/affective) from the 21 BDI items via data reduction techniques in a sample comprised
of women with suspected myocardial ischemia; and 2) to subsequently examine and compare
the differential associations of these identified depressive symptom types with cardiovascular-
related events, including congestive heart failure (CHF), myocardial infarction (MI), stroke,
and cardiovascular-related death, over a median of 5.8 years. In light of the previously
summarized research conducted on this topic in similar cardiac populations, we hypothesized
that somatic but not cognitive depressive symptoms would predict cardiovascular-related
events in this sample.

Methods
Study Design

Women undergoing angiography for suspected myocardial ischemia at one of four sites
(University of Alabama at Birmingham; University of Florida, Gainesville; University of
Pittsburgh, Pittsburgh, PA; and Allegheny General Hospital, Pittsburgh, PA) were enrolled in
the Women's Ischemia Syndrome Evaluation (WISE) study. The WISE study was designed to
improve the understanding and diagnosis of ischemic heart disease in women. Exclusion
criteria included current pregnancy, cardiomyopathy, recent myocardial infarction or
revascularization procedure (percutaneous coronary intervention [PCI], coronary artery bypass
graft [CABG]), a history of congenital heart disease, language barrier preventing questionnaire
completion, and an inability to provide consent, among others. The complete design and
methodology of the WISE study are described elsewhere 20. In short, each woman's
demographic characteristics, cardiovascular risk profile, and history of other known risk factors
were gathered in an extensive baseline evaluation. Race was determined via participants' self-
reported selection from a list of options created by the research team, including an “other”
option, in order to assess whether cardiovascular-related health differences exist among women
from various racial backgrounds. To enable the assessment of psychosocial characteristics that
may be related to cardiovascular outcomes, the women completed a battery of psychosocial
questionnaires, including the BDI 8 to assess depressive symptoms. All participants were
queried about their history of certain cardiovascular-related events and conditions, including
CHF, PCI, CABG, MI, cerebrovascular disease (e.g., stroke, transient ischemic attack),
peripheral vascular disease (e.g., claudication, peripheral vascular surgery), as well as
cardiovascular risk factors (e.g., diabetes, hypertension, dyslipidemia). The WISE
Angiographic Core Laboratory, which was blinded to all other subject data, analyzed coronary
angiograms using a quantitative method described in detail elsewhere 21. The angiogram
results were used to assign each participant a continuous coronary artery disease severity score
based on a modified Gensini index 22.

All participants provided written informed consent that was approved by the institutional
review board (IRB) at their local WISE clinical site. Although 936 women were enrolled in
WISE, this study examined a sub-sample of 550 women for whom data were available on all
variables included in the analyses. Most of the missing data points (269[29%]) were due to the
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fact that psychosocial questionnaires, including the BDI, were not added to the WISE protocol
until the study's second year. The remaining missing data points (117[12.5%]) were due to
missing follow-up or covariate data and/or incomplete BDI scores (i.e., skipping BDI items).

Clinical event tracking
Women were contacted via telephone and/or mail six weeks post-baseline and annually
thereafter for a median of 5.8 years to track their subsequent adverse cardiovascular events
(HF, stroke, and MI) and mortality, together referred to as clinical events or cardiovascular
prognosis. The names of treating physicians, clinical centers, and hospitals were collected and
subsequently contacted for relevant documentation and test results of reported clinical events.
Death certificates were obtained in order to confirm deaths reported by significant others and
were reviewed by an independent study physician blinded to the patient's CVD status or other
study data. For purposes of the current study, deaths were counted as clinical events if they
were classified as definitely or probably due to cardiovascular reasons.

Statistics
Principal components analysis (PCA) was conducted using the WISE sample (n = 550) in order
to reduce the 21 individual BDI items into fewer factors/components while retaining original
item information. PCA was selected rather than factor analysis for two primary reasons: 1) its
ultimate goal is to reduce data into components useful for other purposes (in this case to predict
cardiovascular prognosis according to aggregate types of depressive symptoms rather than
individual depressive symptoms), as opposed to the primary goal of factor analysis, which is
to reveal underlying variables that cause manifest variables to covary 23; and 2) its superior
ability to remedy multicollinearity among factors, should they exist 23, 24.

Promax rotation was selected since it is an oblique method, which allows factors to correlate
with each other (as BDI factors are expected to do), as opposed to an orthogonal method, which
artificially forces factors to be uncorrelated 23, 25. Factor scores were calculated on the basis
of unstandardized item factor loadings and transformed into standardized z-scores (using the
Anderson-Rubin method) to increase their interpretability.

PCA was first conducted to examine a solution with all factors with eigenvalues > 1. A scree
plot of eigenvalues and the number of complex items were used as additional criteria for
selecting the best overall solution 26. Although three factors emerged in this initial analysis, a
combination of the aforementioned criteria indicated that either two or three factors may form
the optimal solution of the analysis. Subsequently, a PCA specified to extract only two factors
was completed for two purposes: 1) to permit a comparison between two data-driven solutions,
since the original PCA's results were inconclusive in terms of whether a two- or three-factor
solution was optimal; and 2) to examine a solution comparable to the traditional two-factor
structure of the BDI (i.e., cognitive vs. somatic symptoms).

Bivariate correlations between all pairs of factors in each solution were conducted to assess
inter-factor correlations. Three diagnostic tests for multicollinearity – variance inflation factor
(VIF), tolerance, and condition number or index (κ) – 24 were examined within linear
regression analyses in which raw factor scores predicted time to first event after baseline.
Subsequently, multivariate hazard ratios and 95 percent confidence intervals (CI) were
computed using Cox regression in order to examine differences in time to first event among
the women according to standardized factor scores. Angiographic severity scores were
included as a covariate in adjusted multivariate models in order to control for baseline CAD
severity. An additional covariate included in the adjusted multivariate models, history of prior
CVD, was determined by adding the total number of cardiovascular-related events or
conditions (PCI, CABG, CHF, MI, cerebrovascular disease, peripheral vascular disease) each
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woman had reportedly previously experienced. Four additional covariates (education, race,
history of diabetes, history of smoking) were included in ancillary adjusted multivariate models
that were conducted to further scrutinize the relationship between depression symptom types
and cardiovascular outcomes. These four covariates were selected from a larger pool of CVD
risk factors based on their sustained individual prediction of cardiovascular outcomes after
depression dimension factor scores, angiographic severity scores, and history of prior CVD
were included in the model. Analyses were conducted using SPSS Version 11.5, and the
significance criterion was set at p < .05.

Results
Baseline characteristics of the women are listed in Table 1. Notably, 39% of the women
reported a history of at least one cardiovascular-related event or condition before baseline
evaluation, including approximately 17% who had previously experienced multiple events or
conditions. Coronary angiography severity scores were positively skewed, indicating a low
amount of coronary obstruction within this population. Approximately half of the women
reported that they were current or former smokers. A large majority of the women (83.6%)
identified themselves as white, and 41% reported that they had obtained at least some higher
education after achieving a high school diploma or equivalent.

Principal Components Analysis
KMO (.931) and Bartlett's test of sphericity (p<.001) indicated that the factor matrix was
adequate for data reduction. Both models contained some items that loaded >.32 on more than
one factor (i.e., crossloading), making the classification of these items uncertain 23. Similarly,
the irritability item did not attain this minimum >.32 loading on any factor in either model,
indicating that it may not contribute to and/or belong with any of the identified factors 23.

The three-factor solution's aptness was questionable due to the third factor's inclusion of only
two items, which may render it unstable and weak, as at least three items are generally advised
to comprise each factor 23. The item loadings for these three factors are presented in Table 2.
Based on the face content of the items that loaded on each of them, the three factors were
conceptualized as 1) cognitive/affective, 2) somatic/affective, and 3) appetitive.

The second PCA, constrained to two factors, appeared to produce an adequate solution. Both
factors had eigenvalues > 1, the scree plot supported a two-factor solution, and both factors
were comprised of multiple, strongly-loading items. Based on the face content of the items that
loaded on these factors, they were conceptualized as 1) cognitive/affective and 2) somatic. All
of the affective items that had higher loading values on the somatic/affective component of the
three-factor solution loaded more strongly on the cognitive/affective component of the two-
factor solution, except for the irritability item, which loaded weakly (.313) on the somatic
factor. In addition, the two appetitive items (loss of appetite and weight loss) from the three-
factor solution loaded on the somatic component of the two-factor solution.

Analysis of Individual BDI Items and Sub-scale Scores
Means of the total BDI score and sub-scale scores for each of the factor structures are listed in
Table 3. Also listed in Table 3 are the percentages of the total BDI score attributable to each
factor, as well as the mean score on each item (possible range: 0-3) within each factor. Somatic/
affective symptoms comprised nearly three-fourths of the total BDI score in the three-factor
structure, and somatic symptoms comprised more than two-thirds of the total score in the two-
factor structure. All items were positively skewed, with all but two item means < 1.
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As expected, correlations among sub-scale scores (i.e., inter-factor correlations) were large
and significant. The strong correlation between the somatic/affective and cognitive/affective
sub-scale scores in the three-factor solution (r=.66) was reduced in the two-factor solution (r=.
61) but remained large nonetheless. The correlations between appetitive and somatic/affective
symptoms (r=.26) and between appetitive and cognitive/affective symptoms (r=.23) in the
three-factor solution were much lower but still statistically significant. Despite these large
inter-factor correlations, multicollinearity did not appear to pose a problem, as the diagnostic
test values were all well within acceptable limits 24 (VIF: 1.079-1.816; tolerance: .551-.927;
κ: 2.243-5.305).

Relationship between Factor Structure and Cardiovascular Prognosis
Altogether, 91 (16.5%) of the women experienced at least one adverse cardiovascular-related
outcome during the mean 5.8-year follow-up period, for a total of 107 independent events,
including those experienced by women who had multiple events. Among these events were 31
cases of CHF, 19 cases of MI, 28 cases of stroke, and 29 cardiovascular-related deaths. An
additional 19 women died from causes not determined to be cardiovascular-related. Results
from unadjusted and adjusted multivariate Cox regression analyses in which the three factors
from the initial PCA or two from the second PCA were included as the independent variables
predicting cardiovascular events are presented in Tables 4 and 5, respectively. None of the
cognitive/affective factors was significant in any of the models. However, the somatic/affective
and appetitive components of the three-factor model were significant predictors of events in
the unadjusted and adjusted multivariate analyses. Similarly, the somatic factor of the two-
factor structure remained significant in both the unadjusted and adjusted multivariate models.
In identical models with only 1) cardiovascular-related death or 2) non-cardiovascular-related
death as the outcome of interest, none of the factor components remained significant after
adjustments.

Ancillary Analyses
Results from the ancillary adjusted multivariate Cox regression analyses in which four
additional variables were included as covariates are also presented in Tables 4 and 5. The
previously significant relationship between the somatic/affective component of the three-factor
model and cardiovascular prognosis failed to remain statistically significant after controlling
for the four additional covariates. None of the predictive values of the other factors from either
of the models decreased appreciably in these ancillary analyses.

Discussion
In a sample of 550 women with suspected myocardial ischemia, symptom dimensions of
depression measured by the BDI and determined through PCA were examined in relation to
cardiovascular prognosis over 5.8 years of follow-up. Results indicated that somatic/affective
and appetitive but not cognitive/affective symptoms of depression significantly predicted
cardiovascular events in a three-factor model. Similarly, somatic but not cognitive/affective
symptoms significantly predicted cardiovascular events in a two-factor model. These findings
persisted in models adjusted for history of CVD events and conditions as well as CAD severity
at baseline. Thus, the predictive ability of somatic symptoms was not entirely attributable to
increased somatic symptomotology due to more severe physical disease at baseline, although
an overlap of somatic symptoms between depression and physical illness cannot be dismissed.

Mechanisms
Results from this study have implications for the mechanisms by which depression may affect
cardiovascular prognosis. Individuals reporting depressive symptoms at baseline, when their
CVD symptoms were acute, may have subsequently engaged in negative health behaviors often
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associated with both depressed mood and the progression of CVD, such as smoking and
physical inactivity. Alternatively, perhaps certain physiological correlates of depression (e.g.,
inflammation, ANS activity) contributed to the worse prognosis 27. Likewise, somatic
symptoms may be more closely related to the physiological alterations associated with
depression; indeed, somatic symptoms are reminiscent of the vital exhaustion concept 28.
These hypotheses differ from the idea that somatic depressive symptoms may simply be
physical manifestations of more severe CVD but do not negate the somatic-CVD link. Indeed,
the relationship between somatic/affective depressive symptoms and cardiovascular prognosis
remained after controlling for CAD severity score and history of CVD. However, since many
factors play prognostic roles in CVD outcomes, our ability to characterize baseline disease
severity was limited. Moreover, the greater prevalence of somatic than cognitive/affective
symptoms in this population should also be noted, as somatic symptoms had greater potential
for statistical relationships with cardiovascular prognosis.

Treatment implications
Differentiating between cognitive and somatic symptoms of depression may also have
important treatment implications. A question that has been posed many times but continues to
emerge is whether treating depression within the context of CVD can improve future physical
health outcomes in addition to allaying depressive symptoms. Although treatment trials have
been largely discouraging 4-6, hope still remains that treating depression will increase event-
free survival. Indeed, a secondary analysis of patients in the ENRICHD trial who were treated
with anti-depressants in addition to CBT indicated that this combination treatment was
associated with increased event-free survival, despite a lack of relatively greater improvement
in BDI scores over time 29. Similarly, results from the SADHART trial 30 showed a trend
toward increased event-free survival among depressed post-MI patients treated with sertraline.
Moreover, non-responders to mirtazapine in MIND-IT experienced worse prognosis compared
to treatment responders and untreated controls 31. However, the fact that these three studies'
primary results showed no effect of depression treatment on cardiovascular prognosis 4-6 must
be emphasized.

The precise mechanisms underlying the effectiveness of anti-depressants are unknown. As
suggested by the ENRICHD writing group 4, these results may indicate that anti-depressants
improve CVD prognosis through mechanisms not mediated by decreased depressive
symptoms. Previous observational research also demonstrated a reduced risk for MI associated
with antidepressants, particularly SSRIs 32. These results may reflect the inhibitory effects of
SSRIs on platelets 33 or combinations of other effects. Perhaps other types of depression
treatments should be more thoroughly examined in this context. For example, recent evidence
demonstrates that exercise is as efficacious at alleviating depressive symptoms as
antidepressants 34 and also improves clinical outcomes in CHD patients 35.

One potential criticism on this topic is that the small effects of minimal reductions in depressive
symptoms seen in treatment studies (1-4% of variance) could not realistically be expected to
translate into end results related to cardiovascular prognosis. However, minimal to modest
improvements in other risk factors for worse cardiovascular prognosis (e.g., overweight/
obesity, inactivity, hyperlipidemia, hypertension) are often associated with improved
prognosis 36, 37. The null primary findings of studies on the effect of depression treatment on
cardiovascular prognosis 4-6 underscore our currently incomplete understanding of the
depression/CVD link.

Comparison with previous research
We attempted to closely duplicate the methods employed by de Jonge and colleagues 16 in
order to facilitate an accurate comparison of the two studies' results. Our ability to generally
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support the previous findings strengthens the literature on this topic. However, in the process
of reproducing their methodology, we sacrificed a certain degree of quality control, particularly
with regards to omitting certain covariates in the primary multivariate models. Therefore, we
conducted ancillary adjusted multivariate analyses, controlling for four additional variables
that appeared to statistically influence the relationship between depression dimensions and
cardiovascular outcomes. The inclusion of these covariates resulted in a diminished
relationship between somatic/affective symptoms of depression (from the three-factor model)
and cardiovascular risk that was no longer statistically significant. However, the relationships
between cardiovascular risk and both appetitive (from the three-factor model) and somatic
(from the two-factor model) symptoms of depression remained significant after adjusting for
these four additional covariates.

Many items loaded strongly or even nearly equally well on more than one dimension in this
study and the de Jonge study 16, suggesting that some symptoms measure more than one
construct in cardiovascular populations. A few key differences between de Jonge's study and
the current one should be noted, however. Although both samples initially produced a three-
factor structure, three of the BDI items that loaded on either the somatic/affective or cognitive/
affective component in one sample loaded on the opposite component in the other sample
(Table 1). No obvious explanations for these specific items' variability are apparent. However,
the populations from which the samples were drawn are different in some noteworthy respects.
For instance, the WISE population consists solely of women who presented with signs and
symptoms of myocardial ischemia at baseline, while the two populations from which de Jonge's
samples were drawn included both genders, and all had recently experienced an MI – a major
event that may have impacted responses to the BDI in a much different way than symptoms
of myocardial ischemia would have. The varying degrees of disease severity among the samples
may also help to explain the differential results.

Barefoot and colleagues 38 reached quite different conclusions in their examination of the
relationship between depressive symptoms and prognosis. This group reported that negative
affective symptoms of depression (including sadness, crying, suicidal ideas, irritability, and
restlessness), but not well-being, somatic, or appetitive symptoms, predicted mortality in CAD
patients. Although Barefoot et al. 38 also used factor analytic techniques in their study,
depressive symptoms were assessed using the Zung Self-Rating Depression Scale (SDS39)
rather than the BDI, so differences between their results and ours should be interpreted with
caution. Nevertheless, since these two particular scales contain relatively equal representations
of cognitive/affective and somatic symptoms of depression, other potential explanations for
the differing study results may be more plausible.

Another noteworthy point to consider is that all of the aforementioned studies that have used
factor analysis to examine the differential effects of cognitive/affective and somatic symptoms
of depression on CVD prognosis have included both genders in their CVD patient populations,
unlike the WISE population. Although no significant differences have been found between
genders on cognitive symptoms of depression, women tend to report more somatic depression
symptoms than men 40. Perhaps the somewhat differing results obtained between this study
and those of the similar studies can be attributed to the greater elevation and representation of
somatic symptoms within this exclusively female sample.

Although relatively few factor analytic studies of depressive symptoms have been conducted
within CVD populations, many other populations, including those with various medical
diseases or complications, have been examined using similar analyses 41, 42. Results have
varied widely across specific types of populations, suggesting that they can probably not be
accurately extrapolated to other populations or even to other samples that vary on secondary
characteristics, as is evident by the results presented above.
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Limitations
As noted above, the results of this study cannot necessarily be extrapolated to populations other
than women with symptoms of myocardial ischemia. Also, the sub-sample of subjects included
in these analyses (550/936) may not have been completely representative of the entire WISE
sample, and power was lowered by the missing data. Self-reported cardiovascular-related
events and conditions that occurred prior to baseline were not verified by medical records and
hence may not have been entirely accurate. Furthermore, depressive symptom severity was
assessed at baseline, when some of the depressive symptoms women were experiencing may
have been temporary, attributable to their acute cardiovascular concerns. Hence, their baseline
depressive symptom levels were likely transitory – either increasing or decreasing in response
to their subsequent health status. Similarly, some women may have altered their lifestyles or
modified their risk factor profiles via medications and/or psychotherapy during follow-up, thus
increasing or decreasing their risk of events over time. Future studies would serve the literature
if they incorporated repeated assessments of depressive symptoms and other risk factors,
gathered at various points during follow-up. Future studies investigating the mechanisms
underlying the differential association between cognitive/affective versus somatic depressive
symptoms and subsequent event rates are also warranted.

A few statistics-related limitations are noteworthy. PCA is influenced by sample specific
characteristics, making the stability of its factors rather precarious. We elected to use PCA (an
exploratory method) rather than confirmatory factor analysis, despite its deviation from
standard best-practice methods for replication attempts, due to inconsistencies in the results
obtained across previous samples exploring the BDI's factor structure. Finally, PCA was
conducted using the standard matrix of Pearson correlations rather than that of polychoric inter-
item correlations, as is recommended by some researchers when analyzing ordinal variables
43.

Summary
In conclusion, in a sample of women with suspected myocardial ischemia, somatic but not
cognitive/affective depressive symptoms were associated with an increased risk of
cardiovascular-related mortality and events. These results support the need to research
dimensions of depression in CVD populations and have implications for understanding the
connection between depression and CVD.

Acknowledgements
This work was supported by contracts from the National Heart, Lung and Blood Institutes, nos. N01-HV-68161, N01-
HV-68162, N01-HV-68163, N01-HV-68164, grants U0164829, U01 HL649141, U01 HL649241, a GCRC grant
MO1-RR00425 from the National Center for Research Resources, and grants from the Gustavus and Louis Pfeiffer
Research Foundation, Denville, New Jersey, The Women's Guild of Cedars-Sinai Medical Center, Los Angeles,
California, The Ladies Hospital Aid Society of Western Pennsylvania, Pittsburgh, Pennsylvania, and The Edythe
Broad Endowment for Women's Heart Research, Los Angeles, California.

References
1. Carney RM, Rich MW, Tevelde A, Saini J, Clark K, Jaffe AS. Major depressive disorder in coronary

artery disease. Am J Cardiol 1987;60:1273–1275. [PubMed: 3687779]
2. Musselman DL, Evans DL, Nemeroff CB. The relationship of depression to cardiovascular disease:

epidemiology, biology, and treatment. Archives of General Psychiatry 1998;55:580–592. [PubMed:
9672048]

3. Naqvi TZ, Naqvi SS, Merz CN. Gender differences in the link between depression and cardiovascular
disease. Psychosomatic Medicine 2005;67(Suppl 1):S15–18. [PubMed: 15953793]

4. Writing Committee for the ENRICHD Investigators. Effects of treating depression and low perceived
social support on clinical events after myocardial infarction: the Enhancing Recovery in Coronary

Linke et al. Page 10

Arch Gen Psychiatry. Author manuscript; available in PMC 2009 June 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Heart Disease Patients (ENRICHD) randomized trial. Journal of the Americal Medical Association
2003;289:3106–3116.

5. Glassman AH, O'Connor CM, Califf RM, Sertraline Antidepressant Heart Attack Randomized Trial
(SADHART) Group. Sertraline treatment of major depression in patients with acute MI or unstable
angina. JAMA 2002;288:701–709. [PubMed: 12169073]

6. van Melle JP, de Jonge P, Honig A, et al. Effects of antidepressant treatment following myocardial
infarction. Br J Psychiatry 2007;190:460–466. [PubMed: 17541103]

7. Frasure-Smith N, Lespérance F. Depression--a cardiac risk factor in search of a treatment. Comment
on: JAMA. 2003;289:3106-16. JAMA 2003;289:3171–3173. [PubMed: 12813125]

8. Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory for measuring depression.
Archives of General Psychiatry 1961;4:561–571. [PubMed: 13688369]

9. Davidson KW, Kupfer DJ, Bigger JT, et al. Assessment and treatment of depression in patients with
cardiovascular disease: National Heart, Lung, and Blood Institute Working Group Report.
Psychosomatic Medicine 2006;68:645–650. [PubMed: 17012516]

10. Beck, AT.; Steer, RA. Manual for the Revised Beck Depression Inventory. Psychological Corp; San
Antonio, TX: 1987.

11. Rodin, G.; Craven, J.; Littlefield, C. Depression in the medically ill: An integrated approach. Brunner/
Mazel; New York: 1991.

12. Zigmond AS, Snaith RP. The Hospital Anxiety and Depression Scale. Acta Psychiatrica Scandinavica
1983;67:361–370. [PubMed: 6880820]

13. Beck AT, Guth D, Steer RA, Ball R. Screening for major depression disorders in medical inpatients
with the Beck Depression Inventory for Primary Care. Behaviour Reseach and Therapy 1997;35:785–
791.

14. Doyle F, McGee HM, De La Harpe D, Shelley E, Conroy R. The Hospital Anxiety and Depression
Scale depression subscale, but not the Beck Depression Inventory-Fast Scale, identifies patients with
acute coronary syndrome at elevated risk of 1-year mortality. Journal of Psychosomatic Research
2006;60:461–467. [PubMed: 16650586]

15. Simon GE, Von Korff M. Medical co-morbidity and validity of DSM-IV depression criteria. Psychol
Med 2006;36:27–36. [PubMed: 16202189]

16. de Jonge P, Ormel J, van den Brink RH, et al. Symptom dimensions of depression following
myocardial infarction and their relationship with somatic health status and cardiovascular prognosis.
American Journal of Psychiatry 2006;163:138–144. [PubMed: 16390901]

17. Morley S, Williams AC, Black S. A confirmatory factor analysis of the Beck Depression Inventory
in chronic pain. Pain 2002;99:289–298. [PubMed: 12237207]

18. Thombs BD, Grace SL, Ziegelstein RC. Do symptom dimensions of depression following myocardial
infarction relate differently to physical health indicators and cardiac prognosis? Comment on: Am J
Psychiatry. 2006;163:138-44. Am J Psychiatry 2006;163:1295–1296. [PubMed: 16816243]

19. Watkins LL, Schneiderman N, Blumenthal JA, et al. Cognitive and somatic symptoms of depression
are associated with medical comorbidity in patients after acute myocardial infarction. American Heart
Journal 2003;146:48–54. [PubMed: 12851607]

20. Bairey Merz CN, Kelsey SF, Pepine CJ, et al. The Women's Ischemia Syndrome Evaluation (WISE)
Study: protocol design, methodology and feasibility report. Journal of American College of
Cardiology 1999;33:1453–1461.

21. Sharaf BL, Pepine CJ, Kerensky RA, et al. Detailed angiographic analysis of women with suspected
ischemic chest pain (pilot phase data from the NHLBI-sponsored Women's Ischemia Syndrome
Evaluation [WISE] study angiographic core laboratory). Am J Cardiol 2001;87:937–941. [PubMed:
11305981]

22. Sharaf BL, Williams DO, Miele NJ, et al. A detailed angiographic analysis of patients with ambulatory
electrocardiographic ischemia: results from the Asymptomatic Cardiac Ischemia Pilot (ACIP) study
angiographic core laboratory. J Am Coll Cardiol 1997;29:78–84. [PubMed: 8996298]

23. Costello A, Osborne J. Best practices in exploratory factor analysis: four recommendations for getting
the most from your analysis. Practical Assessment Research & Evaluation 2005:10.

24. Cohen, J.; Cohen, P.; West, SG.; Aiken, LS. Applied Multiple Regression/Correlation Analysis for
the Behavioral Sciences. Vol. 3rd ed.. Lawrence Erlbaum Associates; Hillsdale, NJ: 2003.

Linke et al. Page 11

Arch Gen Psychiatry. Author manuscript; available in PMC 2009 June 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



25. Gorsuch, RL. Factor Analysis. In: Schinka, JA.; Velicer, WF., editors. Handbook of Psychology:
Research Methods in Psychology. Vol. 2. John Wiley & Sons; Hoboken, NJ: 2003. p. 143-164.

26. Harman, H. Modern Factor Analysis. Vol. 3d edition, revised. University of Chicago Press; 1976.
27. Glassman AH, Shapiro PA. Depression and the course of coronary artery disease. American Journal

of Psychiatry 1998;155:4–11. [PubMed: 9433332]
28. Appels A, Kop W, Bär F, de Swart H, Mendes de Leon C. Vital exhaustion, extent of atherosclerosis,

and the clinical course after successful percutaneous transluminal coronary angioplasty. Eur Heart J
1995;16:1880–1885. [PubMed: 8682021]

29. Taylor CB, Youngblood ME, Catellier D, et al. Effects of antidepressant medication on morbidity
and mortality in depressed patients after myocardial infarction. Arch Gen Psychiatry 2005;62:792–
798. [PubMed: 15997021]

30. Glassman AH, O'Connor CM, Califf RM, et al. Sertraline treatment of major depression in patients
with acute MI or unstable angina. JAMA 2002;288:701–709. [PubMed: 12169073]

31. de Jonge P, Honig A, van Melle JP, et al. Nonresponse to treatment for depression following
myocardial infarction: association with subsequent cardiac events. Am J Psychiatry 2007;164:1371–
1378. [PubMed: 17728422]

32. Sauer WH, Berlin JA, Kimmel SE. Selective serotonin reuptake inhibitors and myocardial infarction.
Circulation 2001;104:1894–1898. [PubMed: 11602490]

33. Serebruany VL, Gurbel PA, O'Connor CM. Platelet inhibition by sertraline and N-
desmethylsertraline: a possible missing link between depression, coronary events, and mortality
benefits of selective serotonin reuptake inhibitors. Pharmacology Research 2001;43:453–462.

34. Blumenthal JA, Babyak MA, Doraiswamy PM, et al. Exercise and pharmacotherapy in the treatment
of major depressive disorder. Psychosom Med 2007;69:587–596. [PubMed: 17846259]

35. Blumenthal JA. Depression and coronary heart disease: association and implications for treatment.
Cleve Clin J Med 2008;75(Suppl 2):S48–53. [PubMed: 18540147]

36. Unal B, Critchley JA, Capewell S. Small changes in United Kingdom cardiovascular risk factors
could halve coronary heart disease mortality. J Clin Epidemiol 2005;58:733–740. [PubMed:
15939226]

37. Ford ES, Ajani UA, Croft JB, et al. Explaining the decrease in U.S. deaths from coronary disease,
1980-2000. N Engl J Med 2007;356:2388–2398. [PubMed: 17554120]

38. Barefoot JC, Brummett BH, Helms MJ, Mark DB, Siegler IC, Williams RB. Depressive symptoms
and survival of patients with coronary artery disease. Psychosomatic Medicine 2000;62:790–795.
[PubMed: 11138998]

39. Zung WWK. A self-rating depression scale. Archives of General Psychiatry 1965;12:63–70.
[PubMed: 14221692]

40. Silverstein B. Gender difference in the prevalence of clinical depression: the role played by depression
associated with somatic symptoms. Am J Psychiatry 1999;156:480–482. [PubMed: 10080570]

41. Munoz DJ, Chen E, Fischer S, et al. Considerations for the use of the Beck Depression Inventory in
the assessment of weight-loss surgery seeking patients. Obesity Surgery 2007;17:1097–1101.
[PubMed: 17953246]

42. Wedding U, Koch A, Röhrig B, et al. Requestioning depression in patients with cancer: contribution
of somatic and affective symptoms to Beck's Depression Inventory. Annals of Oncology
2007;18:1875–1881. [PubMed: 17804477]

43. Panter AT, Swygert KA, Dahlstrom WG, Tanaka JS. Factor analytic approaches to personality item-
level data. Journal of Personality Assessment 1997;68:561–589. [PubMed: 16372867]

Linke et al. Page 12

Arch Gen Psychiatry. Author manuscript; available in PMC 2009 June 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Linke et al. Page 13

Table 1
Baseline characteristics of the WISE sub-sample included in this study

Baseline Characteristic (N=550) n % of total

Age 58.4* 11.2**

Coronary artery disease (CAD) severity score 13.3* 12.7**

High school education or less 325 59.1

White race 460 83.6

History of diabetes 119 21.6

History of hypertension (n=549) 314 57.2

History of dyslipidemia (n=519) 269 48.9

History of cigarette smoking (current or former) 288 52.4

History of any cardiovascular-related event or condition 216 39.3

History of heart failure 44 8.0

History of myocardial infarction 103 18.7

History of coronary artery bypass graft surgery 26 4.7

History of percutaneous coronary intervention 81 14.7

History of cerebrovascular disease 50 9.1

History of peripheral vascular disease 44 8.0

History of one event or condition 121 22.0

History of two events or conditions 70 12.7

History of three events or conditions 15 2.7

History of four or five events or conditions 10 1.9
*
Mean

**
Standard deviation
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Table 3
Beck Depression Inventory (BDI) Total Score and Factor Components

Variable Total Scale
Mean (SD)

Mean response
to all items on

scale (SD)

Mean (SD)
% of

Total BDI

Total BDI Score 10.4 (8.0) .50 (.38) 100%

Cognitive/affective symptoms* 3.0 (4.1) .30 (.41) 19.7 (20)

Somatic/affective symptoms* 6.7 (4.3) .75 (.48) 72.5 (22)

Appetitive symptoms* 0.74 (1.2) .37 (.59) 7.8 (14)

Cognitive/affective symptoms§ 4.5 (5.4) .35 (.41) 32.3 (24)

Somatic/affective symptoms§ 5.9 (3.6) .74 (.45) 67.7 (24)

*
Factors obtained from the three-factor principal components analysis (PCA)

§
Factors obtained from the two-factor principal components analysis (PCA)
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Table 5
Results from Cox Regression Analyses Demonstrating the Relationships Among Depressive Symptom Dimensions
from the Two-Factor Model and Cardiovascular Prognosis.

Measure Symptom Dimension from Two-Factor Model

Cognitive/Affective Somatic/Affective

Cardiovascular prognosis HR (95% CI) p HR (95% CI) p

Unadjusted multivariate analysis .79 (.62-1.02) .068 1.71 (1.36-2.14) <.001

Adjusted multivariate analysis* .87 (.68-1.11) .258 1.63 (1.28-2.08) <.001

Ancillary adjusted multivariate analysis** .81 (.64-1.03) .089 1.39 (1.08-1.79) .011

HR (95% CI) = Hazard Ratio (95% Confidence Interval)

*
Adjusted for coronary artery disease (CAD) severity scores and self-reported history of cardiovascular-related events and conditions.

**
Additional adjustments for education, race, history of diabetes, and history of smoking.
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