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Cognitive Behavioral Therapy in Depressed
Cardiac Surgery Patients
Role of Ejection Fraction

Boyoung Hwang, PhD; Jo-Ann Eastwood, PhD; Anthony McGuire, PhD; Belinda Chen, MPH;
Rebecca Cross-Bodán, PhD; Lynn V. Doering, DNSc

Aims: The aim of this study was to evaluate the relationship of ejection fraction (EF) and depressive symptoms

in cardiac surgery patients assigned to nurse-guided cognitive behavioral therapy (CBT) or usual care (UC).

Methods: Depressive symptoms were assessed using the Beck Depression Inventory (BDI). Seventy-seven patients

(31%women; mean [SD] age, 63.6 [9.8] years) received 8weeks of either CBT or UC. Using repeated-measures analysis

of variance, changes in depressive symptoms over time were evaluated. Results: There was a significant

interaction among time, treatment group, and EF status (P = 0.019). In the patients with preserved EF

(Q40%), mean BDI scores in the UC group worsened by 1.9%, whereas those in the CBT group improved

by 31.0%. In the patients with low EF (G40%), mean BDI scores worsened by 26.8% and improved by 75.3%

in the UC and CBT groups, respectively. Conclusions: Nurse-guided CBT is effective in reducing depressive

symptoms after cardiac surgery, particularly in patients with low EF.

KEY WORDS: cardiac surgery, cognitive behavioral therapy, depressive symptoms, ejection fraction

Background

Depression is common in patients who undergo cardiac
surgery, with the reported prevalence ranging from 15%
to 38%.1Y6 Moreover, depression has been reported to
be an independent predictor of delayed recovery,2 in-
creased rehospitalization,4,5 and increased cardiac mor-
tality2Y5 after cardiac surgery. The detrimental effect of
depression on mortality is long lasting, as shown in

studies that followed patients for 5 to 10 years after car-
diac surgery.1,6,7

Low ventricular ejection fraction (EF) (ie,G40%Y45%)
indicates ventricular systolic dysfunction, the most com-
mon cause of heart failure.8 It has been found to be a
strong predictor of short-term and long-term mortality
after cardiac surgery.5,7,9 Because both depression and
low EF have been identified as predictors of poor out-
comes, several researchers have examined the effect of
depression on patient outcomes in relation to EF. Ana-
lyzing longitudinal data from 883 patients who underwent
cardiac surgery, Kendel et al10 reported that increased
depressive symptoms predicted functional decline
during 1 year after surgery. Furthermore, they found
that the adverse effect of depression on postoperative
physical functioning was significantly stronger in pa-
tients with low EF than in patients with preserved EF.
Similar findings were reported in patients with heart
failure. Following 510 patients with heart failure during
a 6-year period, Johansson et al11 reported that depres-
sive symptoms were an independent predictor of car-
diovascular mortality and all-cause mortality even after
adjustment for age, gender, New York Heart Associa-
tion class, EF, and B-type natriuretic peptide. Moreover,
they found that patients with low EF and depressive
symptoms had the highest risk for cardiovascular mor-
tality compared with patients with low EF without de-
pressive symptoms and those who had preserved EF
with and without depressive symptoms after adjust-
ment. These findings suggest an additive adverse effect
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of low EF and depression on the outcomes of patients
with heart disease.

The most recent guidelines from the American Heart
Association and the American Psychiatric Association12

recommend cognitive behavioral therapy (CBT) as a
treatment option for depression in patients with heart
disease. A recent Cochrane review13 concluded that psy-
chological interventions, most of which included CBT
strategies, resulted in small to moderate improvements
in depression and fewer cardiac deaths among patients
with heart disease. In addition, in a recent systematic
review of psychological interventions for depression in
patients with heart disease, Dickens et al14 reported
that CBT was the only psychological intervention that
showed significant effects in high-quality trials and there-
fore recommended CBT for the treatment of depression
in this population. However, there are only a few studies
that examined the effect of CBT in cardiac surgery pa-
tients.15Y17 These studies showed that 4 to 12 sessions
of individual CBT resulted in greater improvements in
depressive symptoms and quality of life compared with
usual care (UC) or supportive stress management among
patients who underwent cardiac surgery.

The efficacy of CBT has been established for depres-
sion among patients with heart disease.13,14 Despite the
findings from previous studies demonstrating an addi-
tive adverse effect of low EF and depression on the
outcomes of patients with heart disease,10,11 the effect
of CBT on depressive symptoms has never been evalu-
ated in relation to EF. Therefore, we conducted a sec-
ondary analysis of data from a clinical trial testing the
effect of nurse-guided CBT compared with UC on de-
pressive symptoms among patients recovering from car-
diac surgery.17 Specifically, the aim of the present study
was to examine whether the effect of CBTon depressive
symptoms is different between cardiac surgery patients
with low EF (G40%) and those with preserved EF (Q40%).

Methods

This was a secondary analysis of data from a random-
ized clinical trial of CBT compared with UC in patients
recovering from cardiac surgery. The study methods
have been described in greater detail elsewhere.17 The
primary study was conducted at 5 tertiary care centers
in California and was approved by the institutional re-
view board.

Sample and Procedure

Patients who underwent cardiac surgery (coronary ar-
tery bypass grafting or valve replacement/repair) at the
participating hospitals were screened for the primary
study. Exclusion criteria included younger than 30 years,
residing outside the greater Los Angeles area, presence
of cognitive impairment or major comorbid psychiatric

condition (schizophrenia, bipolar disorder, substance
abuse), and current autoimmune disorder or malignancy.
Patients who met eligibility criteria and consented to
participate were approached after surgery and before
hospital discharge. Sociodemographic data were collected
using a brief questionnaire. Depressive symptoms were
assessed with the Beck Depression Inventory (BDI).18

Clinical data were collected from medical records. Within
a month after hospital discharge, a trained research nurse
called the patients at home to reassess depressive symp-
toms. The patients with BDI scores of greater than 10
at either baseline or 1 month after discharge or those
who had a history of depression were interviewed at
home by a trained research nurse using the Structured
Clinical Interview forDiagnostic and Statistical Manual
of Mental Disorders, Fourth Edition (SCID-I).19

On the basis of the SCID-I interview and after con-
firmation of depression status by a panel of mental
health professionals, 81 participants who met criteria
for major or minor depression were randomized to re-
ceive either 8 weeks of nurse-guided CBT or UC. At
8 weeks, the presence of clinical depression was re-
evaluated via the SCID-I by a trained research nurse,
who was blinded to the treatment group.

The home-based nurse-guided CBT was conducted
by 4 advanced practice nurses with expertise in cardiac
and/or psychiatric care. All of them had completed stan-
dardized CBT training (Beck Institute, Philadelphia,
Pennsylvania). The intervention consisted of 8 weekly
sessions of therapy, each of which lasted 50 to 60 min-
utes. All sessions were conducted one-on-one in person
without family members present. Details regarding the
intervention and methods used to ensure fidelity and
consistency of the intervention have been described
elsewhere.17

The patients in the UC group received referrals to
their primary care providers and mental health services.
In addition, they received short biweekly follow-up tele-
phone calls from study staff during an 8-week period.
Telephone calls were aimed primarily at maintaining
ongoing contact to facilitate patients’ retention in the
study and did not include assessment of depressive symp-
toms. A semiscripted outline was used for these telephone
calls to ensure consistency.

Instruments

The Charlson Comorbidity Index (CCI) was used to
assess the number and severity of medical comorbidities.20

It is the most extensively studied comorbidity index
available.21

Depressive symptoms were measured with the BDI,
a 21-item self-report questionnaire with 2 subscales as-
sessing cognitive-affective and somatic symptoms.18 In
the current study, the ! coefficient of the BDI was 0.87.
The cognitive-affective factor includes negative self-view,
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depressive mood, anhedonia, pessimism, irritability, sui-
cidal ideation, and indecisiveness; the somatic factor
includes somatic items (sleep disturbance, fatigability,
change in appetite or weight, loss of libido), together with
the items on social withdrawal and work inhibition.22

The presence or the absence of clinical depression
was determined using the SCID-I. It is a semistructured
interview that is widely accepted and has been used as
a criterion reference in studies evaluating other question-
naires for the identification of axis I disorders.19 Criteria
for major and minor depression in the SCID-I are consis-
tent with theDiagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, Text Revision.

Analysis

Data were analyzed with IBM Statistical Package for
the Social Sciences 21 (IBM, Armonk, New York, 2012).
Baseline characteristics between the patients with low
EF (G40%) and preserved EF (Q40%) were compared
using #2 tests, Student t tests, and Mann-Whitney U tests,
as appropriate. Changes in depressive symptoms over
time by treatment group and EF status were evaluated
using repeated-measures analysis of variance, control-
ling for baseline differences between the patients with
and without low EF. The models included a fixed time
factor; 2 grouping factors (CBT vs UC and low vs pre-
served EF); the 2-way interaction terms between time
and 2 grouping factors; and the 3-way interaction term
of time, treatment group, and EF group. Analyses fol-
lowed intention-to-treat principles, in which baseline
scores or last BDI scores were imputed for individuals
who were excluded or did not finish 8 weeks of CBT.
Similar models were evaluated for the BDI-cognitive/
affective and BDI-somatic subscales. The statistical signi-
ficance level was set at P G 0.05. For pairwise compar-
isons, the Bonferroni method was used to adjust for
multiple comparisons.

Results

For the primary study, 45 patients were assigned to
the CBT group and 36 patients were assigned to the
UC group. Three patients from the CBT group and
1 patient from the UC group had no EF data and there-
fore were excluded from this analysis. Sixty-four indi-
viduals (83%) had preserved EF; 13 (17%) had low EF.
Eighty-eight percent of the patients in the CBT group
and 77% of the patients in the UC group had preserved
EF. There were no significant differences between the
patients with low EF and those with preserved EF in age,
race/ethnicity, educational level, marital or employment
status, type of cardiac surgery, or antidepressant use
(Table). No significant differences were found between
the patients with and without low EF in their baseline
BDI scores (P = 0.46), baseline cognitive-affective scores
(P = 0.16), or somatic subscale scores (P = 0.70). How-

ever, the patients with low EF had higher scores on the
CCI, indicating that they had worse comorbidities com-
pared with the patients with preserved EF (P = 0.01).
Therefore, CCI scores were controlled for in the follow-
ing analyses.

The results of the repeated-measures analysis are
displayed in Figure. For the total BDI, both patients
with and without low EF benefited from CBT, com-
pared with similar patients in the UC group (time by
treatment group interaction, F1,71 = 16.66, P G 0.001).
There was a significant 3-way interaction effect among
time, treatment group, and EF status (F1,71 = 5.78, P =
0.019). In the patients with preserved EF, mean BDI
scores in the UC group increased by 1.9% (indicating
worsening symptoms; P = 0.88), whereas mean BDI
scores in the CBT group decreased (indicating symptom
improvement) by 31.0% (P = 0.006). In the patients
with low EF, mean BDI scores worsened by 26.8% (P =
0.23) and improved by 75.3% (P = 0.001) in the UC
and CBT groups, respectively. Similar improvement for
the participants who received CBT with and without
low EF was noted for the BDI subscales as well. Signi-
ficant interactions of time by treatment by EF status were
observed for the cognitive/affective symptoms (F1,70 =
8.04, P = 0.006) and for somatic symptoms (F1,69 =
4.65, P = 0.034).

Discussion

To our knowledge, this is the first study that examined
the effect of CBTon depressive symptoms in relation to
EF among cardiac surgery patients. After 8 weeks of
home-based nurse-guided CBT, we found a greater ef-
fect of CBT on depressive symptoms in the patients
with low EF than in the patients with preserved EF. In
our sample, the patients with low EF had more comor-
bidities than those with preserved EF, and therefore,
comorbidities were controlled for in the analysis. The
2 groups of patients did not differ in terms of sociode-
mographic or other baseline clinical characteristics, in-
cluding baseline depressive symptoms. Therefore, the
greater effect of CBT in patients with low EF may not be
explained by any of these characteristics of the patients.
Because physical symptoms that are common in cardiac
patients, such as fatigue, loss of energy, changes in sleep
patterns, and changes in appetite, overlap with somatic
symptoms of depression,23 we analyzed cognitive-affective
and somatic symptoms of depression separately and
found larger improvements for the patients with low
EF in both cognitive-affective and somatic symptoms
compared with the patients with preserved EF. There-
fore, although we did not measure changes in physical
symptoms after surgery, the greater effect of CBT in pa-
tients with low EF may not be explained by a potential
difference in changes in physical symptoms after surgery
between patients with and without low EF.
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Although the mechanism of the greater effect of CBT
in patients with low EF than in patients with preserved
EF is yet to be determined in future research, this

preliminary finding is particularly noteworthy in view
of the results from previous studies suggesting that car-
diac patients with low EF and depressive symptoms are

FIGURE. Differences in the Beck Depression Inventory and subscale scores by treatment group and ejection fraction status,
controlling for comorbidities.

TABLE Demographics by Ejection Fraction Group

Ejection Fraction

P

Preserved EF (Q40%) (n = 64) Low EF (G40%) (n = 13)

n (%) n (%)

Female 20 (31.3%) 5 (38.5%) 0.62
Non-Hispanic white 44 (68.8%) 8 (61.5%) 0.61
Higher than high school education 47 (74.6%) 11 (84.6%) 0.44
Married or cohabitating 47 (73.4%) 7 (53.8%) 0.16
Employed 23 (35.9%) 4 (30.8%) 0.72
Nonelective surgerya 25 (39.7%) 9 (69.2%) 0.05
Type of surgery
CABG 41 (64.1%) 11 (84.6%) 0.49
AVR 11 (17.2%) 1 (7.7%)
MVR 5 (7.8%) 0
CABG and AVR/MVR 7 (10.9%) 1 (7.7%)

Postoperative complications (yes) 33 (53.2%) 7 (58.3%) 0.75
Type of depression: baseline
Major 50 (78.1%) 10 (76.9%) 0.92
Minor 14 (21.9%) 3 (23.1%)

History of depression 21 (32.8%) 5 (38.5%) 0.70
On antidepressants 24 (37.5%) 4 (30.8%) 0.65
Past smoker 34 (54.0%) 9 (69.2%) 0.31

Mean (SD) Mean (SD) P
Age, y 63.0 (9.8) 61.8 (10.3) 0.47
Body mass index, kg/m2 31.0 (9.6) 29.4 (6.3) 0.57
Charlson Comorbidity Index total score 3.6 (1.9) 5.3 (3.0) 0.01
Hospital length of stay, d 9.1 (5.5) 10.9 (5.9) 0.29
MiniYMental State Examination total score 27.5 (0.8) 27.5 (1.0) 0.93
No. grafts 2.2 (1.4) 2.4 (1.2) 0.70
Pump time, min 100.4 (56.3) 97.7 (54.7) 0.87
Cross-clamp time, min 76.9 (55.8) 71.5 (40.3) 0.75
Baseline total BDI score 15.8 (9.2) 17.8 (9.1) 0.46
Cognitive-affective subscale score 6.6 (6.0) 9.2 (6.4) 0.16
Somatic subscale score 8.1 (4.1) 8.6 (4.6) 0.70

P value in bold indicates a significant difference between the two groups at alpha = 05.
Abbreviations: AVR, aortic valve replacement/repair; CABG, coronary artery bypass grafting; MVR, mitral valve replacement/repair.
aNonelective surgery: urgent (e48 hours of catheterization) or emergent (e 24 hours of catheterization).
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at particularly high risk for adverse outcomes.10,11 Fol-
lowing 883 cardiac surgery patients for 1 year, Kendel
et al10 found a moderating effect of EF on the relation-
ship between depressive symptoms and physical function-
ing. Although increased depressive symptoms predicted
a decline in physical functioning after cardiac surgery,
the effect of depression on postoperative physical func-
tioning was greater in patients with low EF than in pa-
tients with preserved EF. In a study of 510 patients with
heart failure, Johansson et al11 reported that patients
with low EF and depressive symptoms had the highest
risk for cardiovascular mortality compared with pa-
tients with low EF without depressive symptoms and
patients with preserved EF with and without depressive
symptoms, controlling for other risk factors. Moreover,
results from the study by Horne et al24 suggest that
cardiac surgery patients with low EF are susceptible
to persistent depression if proper treatment is not pro-
vided. In this study with 436 patients undergoing car-
diac surgery, the investigators reported that, among the
patients who were depressed preoperatively, the pa-
tients with low EF were more likely to remain depressed
after surgery than the patients with preserved EF. On
the basis of these findings and our results demonstrating
a greater effect of CBT on depressive symptoms in pa-
tients with low EF, treating depression with CBT may
also contribute to preventing or minimizing adverse out-
comes after cardiac surgery and may be especially ben-
eficial for patients with low EF.

Cognitive behavioral therapy is one of the frequently
used psychological interventions to treat depressive
symptoms in patients with heart disease.14 Although
there are only a limited number of studies on the effect
of CBT in cardiac surgery patients,15Y17 CBT has been
reported to be safe and equally effective to antidepres-
sants in reducing depressive symptoms in medical pa-
tients.25,26 Cognitive behavioral therapy has also been
shown to produce longer-lasting improvement with low
relapse rates than antidepressants and to enhance the
efficacy of antidepressants in combination treatment.27

Given the substantial evidence supporting the adverse
effect of depression on short-term and long-term out-
comes of cardiac surgery patients, such as recovery and
survival after surgery,1Y7 patients undergoing cardiac

surgery need screening and treatment of depression.
Although further research is needed to replicate these
results, our findings provide preliminary evidence that
nurse-led CBT may be an efficacious treatment of de-
pressed patients after cardiac surgery, especially for those
with low EF.

A few limitations of the present study should be
noted. First, because of its small sample size, the gener-
alizability of the findings from this study is limited.
Therefore, larger clinical trials of CBT in cardiac surgery
patients are needed to confirm these findings. Especially,
the findings need to be replicated in studies with a larger
number of patients with low EF to establish the clinical
significance of the observed greater effect of CBT in pa-
tients with low EF. Second, we measured depressive
symptoms at baseline and the end of 8 weeks. There-
fore, the long-term effect of CBT on depressive symp-
toms in patients with and without low EF needs to be
determined in future research with a longer period of
follow-up. In addition, additional outcomes, including
physical functioning and mortality, need to be assessed
to determine whether the greater improvement in depres-
sive symptoms among patients with low EF after CBT
leads to improvement in these outcomes.

Conclusions

The present study provides evidence that nurse-guided
CBT is effective in reducing depressive symptoms after
cardiac surgery and is particularly effective in patients
with low EF. Although larger clinical trials are needed
to confirm our findings, we suggest that patients under-
going cardiac surgery should be screened and treated
for depression and that nurse-led CBT may be consid-
ered as a treatment option for depressed patients, par-
ticularly those with low EF, after cardiac surgery.
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