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Abstract

OBJECTIVE—To examine the relationship of depression and survival of patients with chronic
heart failure (HF) over a 12-year follow-up period.

BACKGROUND—The survival associated with depression has been demonstrated in HF patients
for up to 7 years. Longer-term impact of depression on survival of these patients remains
unknown.

METHODS—Prospectively conducted observational study examining adult HF patients who
were admitted to a cardiology service at Duke University Medical Center between March 1997
and June 2003 and completed the Beck Depression Inventory (BDI) scale. The National Death
Index was queried for vital status. Cox proportional hazards modeling was used to determine
association of survival and depression.

RESULTS—During a mean follow-up of 1792.33+£1372.82 days (median 1600; range 0-4683),
733 of 985 HF participants died of all causes, representing 80% of those with depression
(BDI>10) and 73% of those without (p=0.01). Depression was significantly and persistently
associated with decreased survival over follow-up (Hazard Ratio [HR] 1.35, 95% Confidence
Interval [C1] 1.15-1.57) and was independent of conventional risk factors (HR 1.40, 95% CI 1.16-
1.68). Furthermore, survival was inversely associated with depression severity (BDlgontinuous HR
1.02, 95% CI 1.006-1.025, p=0.001).

CONCLUSION—The impact of co-morbid depression during index hospitalization on
significantly increased mortality of HF patients is strong and persists over12 years. These findings
suggest that more investigation is needed to understand the trajectory of depression and the
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mechanisms underlying the impact of depression as well as to identify effective management
strategies for depression of patients with HF.
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BACKGROUND

METHODS

Participants

Chronic heart failure (HF) is a highly prevalent and costly disease in the U.S.
Approximately 5.8 million individuals are affected in the United States, with 670,000 new
cases diagnosed each year and an incidence rate of 10 per 1000 after the age of 65. Nearly
300,000 will die of HF annually and 20% die within one year of diagnosis [1]. Five-year
mortality in heart failure remains high (59% in men, 45% in women) despite advances in
interventions. The cost for HF has been increasing and is estimated at 39.2 billion annually

[1].

More than 20% of HF patients suffer from depression [2]. Abundant evidence demonstrates
a strong relationship between depression and HF [2-10]. These patients experience 2 to 3-
times higher morbidity and mortality in the years following depression detection than their
non-depressed counterparts [2, 8, 11]. The additional effect of depression on poor outcomes
in heart failure has been demonstrated in many studies over periods from six months to
seven years [6, 8, 9, 11]. With few individuals surviving past seven years and half expected
to die within five, we set out to determine the association between baseline measures of
depression among individuals hospitalized with HF beyond that timeline. The association of
depression and survival over a 2.5 year period in this cohort was presented in 2001 [8].

Study participants were adult patients with cardiac disease and history of HF, ages 18 years
or older, who were admitted to a university-based cardiology service between March 1997
and June 2003. Eligible patients were those whose New York Heart Association (NYHA)
class of HF were Il or greater; who had an ejection fraction (EF) 35% or less by
angiography, echocardiography, or radionuclide study; or both, and recruited consecutively
following the index admission. Patients were excluded if they were pregnant, had active
suicidal ideation, had planned major surgery, or were unable to provide informed consent.
All study activities were approved by the institutional review board and all participants
provided informed consent.

Study Variables at baseline

During the index hospitalization, all participants completed the Beck Depression Inventory
(BDI). This is a self-administered, 21-item questionnaire used to screen for depression and
assess the severity of depression [12]. Clinically significant depression for this study was
defined as a total BDI score of >10. This cut-off has demonstrated diagnostic [13] and
prognostic validity [4, 6-8, 14, 15]. Demographic data including age, gender, race (white vs.
other), and marital status; heart failure status including EF, etiology of heart failure
(ischemic vs. non-ischemic), history of coronary artery bypass graft (CABG), history of
myocardial infarction (MI), and NYHA class (Il vs. 111/1V) were collected. Other clinical
indicators included reason for index admission, diabetes status, use of selective serotonin
reuptake inhibitors (SSRIs), and use of other antidepressants.
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Survival Information

The National Death Index (NDI) was queried to identify the vital status of participants. The
query was completed on December 29, 2009. September 19, 2009 was the date of the last
death captured via the search.

Statistical Analyses

RESULTS

Summary statistics expressed as percentages, means, and standard deviations were used to
describe demographic and clinical characteristics of participants. Bivariate associations of
covariates among those without versus with clinically significant depression (BDI score <10
and =10, respectively) and alive versus dead were assessed using X2 tests for categorical and
t-tests for continuous variables. Cox proportional hazards modeling was used to determine
the association of depression (BDI <10 vs. BDI = 10) with survival. Dose effect of
depression, using BDI first as a continuous then an incrementally categorical measure (BDI
scores <5, 5-9, 10-18, and =19) [11], on survival was also evaluated by the Cox
proportional hazards model. Depressive symptoms (cognitive/affective vs. somatic/
affective) [16] were assessed in the same way using the respective BDI subscales. The
independent association of depression with survival was assessed in a multivariate model by
adjusting for variables that were previously utilized and are recognized as common risk
factors of HF prognosis [11], including age, sex, race, marital status, NYHA class, ischemic
etiology of HF, history of CABG, and diagnosis of diabetes.

The study population consisted of 985 HF patients who provided consent. During a mean
follow up of 1792.33+1372.82 days (median 1600; range 0-4683), 733 (74.4%) of the
cohort patients died. Descriptive analyses of the overall study population and by depression
status are given in table 1.

Overall, 295 (30.13%) scored =10 on the BDI, indicating clinically significant baseline
depression. The depressed and not depressed groups were similar with regards to gender,
race, EF, ischemic etiology of HF, history of MI, and diagnosis of diabetes. Those who were
depressed were significantly younger (67.99 vs. 69.54 years, p=0.05), more likely to be
unmarried (66.92 vs. 51.55%, p<0.001), had greater NYHA class score (class I11/1V: 73.56
Vvs. 64.66%, p=0.007), and had undergone fewer CABG procedures (40.31 vs. 50.26%,
p=0.01). As expected, greater proportions of depressed individuals were prescribed SSRIs
(21.80 vs. 10.76%, p<0.001) and other antidepressants (2.42 vs. 0.75%, p=0.03) than non-
depressed.

Eighty percent of those with depression at baseline (BDI = 10) and 73% of those without
depression were deceased at follow-up (p=0.01). The patients who died had notably shorter
duration of follow up (mean 974.0+1035.52 days, median 1229) than those who remained
alive (mean 3460.97+753.17 days, median 3255). Those who died were also older (70.64 vs.
64.40 years, p<0.001) and had higher BDI scores (mean 8.62 vs. 7.21; p=0.01). In terms of
cardiac history, they were more likely to have had HF due to ischemic etiology (65.02 vs.
50.20%, p<0.001), a history of CABG (50.15 vs. 35.90%, p<0.001), greater EF (>20; 30.68
vs. 23.27%, p=0.03), and a NYHA class I11/1V (70.77 vs. 57.14%, p<0.001). They were
more likely to be diabetic (45.23 vs. 32.52%, p<0.001). Baseline SSRI use was similar
between those who died and survived (14.43 vs. 13.11%, p=0.6). Only 12 patients used non-
SSRI antidepressants at baseline and a non-significantly higher proportion was found among
the deceased (1.54% vs. 0.41%, p=0.17).

In bivariate analysis (Table 2), survival was most strongly associated with age,
demonstrating a 4% increased risk for mortality with each 1-year increase in age (HR 1.04,
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95% CI 1.03-1.04, p<0.001). This was followed by the NYHA class I1I/IV (HR 1.45, 95%
Cl 1.23-1.70, p<0.001), ischemic etiology of HF (HR 1.40, 95% CI 1.20-1.63, p<0.001),
history of CABG (HR 1.38, 95% CI 1.18-1.61, p<0.001) and a diagnosis of diabetes (HR
1.32,95% CI 1.14-1.52, p<0.001). Depression was significantly associated with decreased
survival (HR 1.35, 95% CI 1.15-1.57, p<0.001; figure 2). Baseline EF (p=0.05) and marital
status (p=0.06) were not significantly associated with mortality risk but were included in the
multivariate analysis since they were identified a priori as meaningful covariates and
included in previous survival analysis [8]. After adjusting for these variables (see table 2)
depression (BDI<10 vs. BDI =10) remained highly and significantly associated with
decreased survival (HR 1.40, 95% CI 1.16-1.68, p<0.001). Age, NYHA class, history of
CABG, and diabetes diagnosis remained independently associated with decreased survival
in the multivariate analysis.

Cox Proportional analyses for the association of depression severity using BDI as
continuous and categorical measure with survival demonstrate a significant dose effect of
depression on increased mortality. BDI sub-scale analysis [16] revealed a significant
association between survival and somatic/affective symptoms but no significant association
between survival and cognitive/affective symptoms. Results of the relationship of BDI as
dichotomous, categorical, continuous, and subscale scores with mortality, both unadjusted
and adjusted for risk factors, are given in table 3. Kaplan Meyer survival curves for
depression (BDI <10 vs. =10) and depression severity (categorical BDI) are shown in
figures 1 and 2, respectively.

DISCUSSION

Our results demonstrate that among individuals with HF, depressive symptoms measured at
one point in time significantly and substantially impact long-term survival. The results imply
that a HF patient with clinically significant depressive symptoms (BDI =10) may have
approximately 40% higher chance to die at any time over a 12-year period than HF patients
without the depression. This finding is unique to the current literature in the duration of this
effect: up to 12 years. This depression-related decreased survival is independent of clinical
features and pertinent demographic characteristics, such as age, NYHA class, HF etiology,
history of CABG, diabetes, ejection fraction, and marital status. Not surprisingly, age was
most strongly associated with mortality in the current study population; however, depression
was a stronger predictor than NYHA class, history of CABG, and diabetes diagnosis. This is
consistent with the mortality analysis at 2.5 years in the same cohort [11]. The association
between EF and survival appears reduced over time (Chi-square at 2.5 years: 9.40 and 17.35
on univariate and multivariate analyses, respectively [11]; present study: 3.77 and 13.22). In
contrast, the association between BDI and survival increased (Chi-square at 2.5 years: 13.96
and 8.92 [11]; present study: 13.95 and 12.77). This shift can be understood from a clinical
perspective in that improved medical management among patients with low EF could have
diminished its impact on mortality while depressed individuals are less likely to receive such
medical management, rehabilitation and necessary interventions [3]. Further, similar efforts
to treat depression in those with HF do not seem to positively impact mortality outcomes
despite improvement in symptoms [17-19].

Previously, increased mortality among depressed heart failure patients has been
demonstrated in various study populations and over follow up as great as 7 years.
Depression has been associated with decreased survival in heart failure patients in one study
of over 90 days [3] and another study up to an average of 986 days [20]. Other studies have
shown that depression was associated with increased mortality in HF patients with atrial
fibrillation over three years [6] and in non-ischemic HF patients over five years [5]. In a six-
year follow up study, Johansson and colleagues found that depressive symptoms trebled the
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risk of cardiovascular mortality and more than doubled all-cause mortality in HF patients
over six years [9]. In perhaps the most appealing finding, Junger and colleagues found that
the risk of mortality in heart failure conferred by depression is not only elevated compared
with no depression but continues to increase over time (30 months) to achieve a HR of 8.0
[10].

Notable in these studies and in our own findings is that depression measured at one point in
time continues to be associated with mortality over time. Important questions for
investigation are why baseline depression remains such a strong predictor of mortality over
increasingly longer follow up periods, even more so than traditional risk factors; and what
impact remission or recurrence of depression might have over the course of HF. One
possible explanation for the current findings is that medical management for cardiovascular
disease has improved at a faster pace than the management of depression. Decreased use of
HF management programs by depressed individuals may further widen the survival gap [3].

Further investigation is needed to understand potential mediators of mortality in HF for
which depression may be marker or a cause. Severity of depression may fluctuate over time
but depressive symptoms measured once may reflect certain psychosocial factors that persist
beyond a single depressive episode, contributing to a low likelihood of depression
remission, or predisposing an individual to experience a recurrent depression episode. These
may include maladaptive coping strategies [21], poor mood repair responses [22], and social
isolation [7]. Health behaviors such as inactivity [7, 23], engagement in outpatient disease
management programs [3], and exposure to cardiac interventions [3] also mediate the effects
of depression on mortality. The current study demonstrates that those with depression
underwent significantly fewer bypass procedures despite having similar coronary artery
disease risk profiles (i.e. ischemic etiology and diabetes diagnosis). Decreased medication
adherence among depressed individuals with HF, while not yet studied, is also likely a factor
given findings in other chronic and cardiac diseases [24, 25]. This evidence suggests that the
depressed patients could benefit from available medical interventions as well as their non-
depressed counterparts if their depression could be successfully treated, thereby allowing
appropriate access to care.

Our findings have remarkable implications for treatment of depression in HF. The impact on
mortality mediated by physiologic, behavioral, and psychosocial factors could, theoretically,
be attenuated through depression management. Likewise, novel treatments targeting these
mediators of survival in HF and depression may also prove useful. However, studies testing
these hypotheses are limited. For example, while SSRIs are safe from a cardiovascular
standpoint and improve depression in patients with ischemic heart disease [26-28], the only
completed large trial examining the effects of sertraline in HF patients with co-morbid major
depressive disorder has failed to demonstrate superiority over placebo for either depression
or cardiovascular prognosis [28]. Results of this study raise speculation that depression in
HF may respond differently, or prove more resistant, to pharmacological interventions.
Kulcu et al. conducted a small study (N=43) that found that aerobic exercise improves
depressive symptoms (BDI; p=0.004), METs (metabolic equivalent of tasks), oxygen
consumption, and exercise time over 8 weeks compared to a non-exercise group [29]. This
finding, coupled with those of Zuluaga and colleagues that found inactivity mediates the
relationship between depression and mortality [23], suggests that behavioral activation in the
form of exercise among HF patients with depression merits further study. Discerning
exercise benefits from the psychosocial support afforded by such intensive treatment
programs will be critical in such studies. This hypothesis was noted in post hoc analyses of
SADHART, ENRICHD, and SADHART-HF, in which data indicate significant
improvement of depression and improved cardiovascular prognosis from trial participation
alone, independent of intervention assignment [17-19].
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While evidence on the improvement of depression in HF remains equivocal, a recent small
study highlights the risk of worsening depression. In this first prospective study of mortality
in HF and depression, worsening depressive symptoms over 1-year follow up was associated
with increased hospitalizations or death in HF patients compared to stable or improved
symptoms [30].

Study Limitations

Conclusions

Our study has limitations. Like many previous studies, we had only one baseline measure of
depressive symptoms. Therefore, we were not able to investigate whether changes in
depressive symptoms may have any effect on survival. Depression status might have
changed substantially over the study duration, and the relation of depression measured
during the index admission to mortality might have changed accordingly, though others have
not found this to be the case [31]. Antidepressant prescription data collection was limited to
baseline; adherence and course of treatment were not measured at all. It is also unknown
whether participants received antidepressant treatment for depression beyond the index
admission which may impact overall mortality. Only limited clinical data were collected
upon index admission and thus more recently studied risk factors for mortality in HF could
not be examined (e.g. renal function) as these data were not collected. No biological samples
were collected from participants, preventing further investigation of underlying mechanisms
which might explain the long-term impact of depression in our cohort. Cause of death was
not known; therefore, we cannot determine whether depression is more highly associated
with either cardiovascular death or other causes of death. Furthermore, information
regarding suicide in this population would further delineate the impact of the death

modality.

Depression measured at one point in time remains highly associated with mortality in HF up
to 12 years even when adjusted for conventional risk factors of HF prognosis. A simple self-
administered questionnaire that can differentiate a group of HF patients who are at
approximately 35-40% higher risk for dying over a 12-year period is worthy of attention.
More understanding is needed for the evolution of depression, such as whether a remission
or recurrence of depression drives the prognosis of HF patients, and whether a subgroup of
depressive patients who are more responsive to bio-psychosocial intervention can be
identified. Optimal treatment modalities for depression in HF remain poorly understood,
although increased physical activity and psychosocial support appear promising. The impact
of various classes of antidepressants on overall depression management, mortality, and key
mediators such as inflammation require further study. Novel approaches to treating
biological co-factors of the depression-mortality relationship in HF merit further study as
well. Combined treatment modalities will likely be necessary to fully address the matter of
depression in HF, to not only bring psychological relief to the patient, but also to reduce co-
morbidities and prolong survival.
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Figure 1.
Kaplan-Meier plots of survival for HF patients with a BDI = 10 vs. BDI < 10
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Kaplan— Meier Survival Plot for CHF Patients by Depression Severity
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Figure 2.
Kaplan-Meier plots of survival for HF patients by depression severity
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Table 1

Baseline characteristics of sample overall and by depression status

Total Sample BDI<10 BDI=10
Characteristic Mean (SD) or N (%) Mean (SD) or N (%) Mean (SD) or N (%) p-value*
BDI 8.27 (7.07) 4.68 (2.59) 16.58 (7.16)
Age 69.07 (10.60) 69.54 (10.17) 67.99 (7.16) 0.05
Gender 0.5
Female 368 (37.78) 252 (37.06) 116 (39.46)
Male 606 (62.22) 428 (62.94) 178 (60.54)
Race 0.7
White 708 (72.69) 492 (72.35) 216 (73.47)
Other 266 (27.31) 188 (27.65) 78 (26.53)
Marital status <0.001
Married 400 (43.96) 312 (48.45) 88 (32.08)
Not married 510 (56.04) 332 (51.55) 178 (66.92)
Ejection fraction 30.51 (12.27) 30.84 (12.03) 29.74 (12.79) 0.08
HF etiology 0.3
Ischemic 597 (61.29) 256 (37.65) 121 (41.16)
Non-ischemic 377 (38.71) 424 (62.35) 173 (58.84)
History of CABG 0.01
Yes 396 (46.86) 295 (50.26) 104 (40.31)
No 449 (53.14) 292 (49.74) 154 (59.69)
History of Ml 1.0
Yes 352 (41.66) 243 (41.61) 109 (41.76)
No 493 (58.34) 341 (58.39) 152 (58.24)
NYHA score 0.007
<3 658 (67.35) 241 (35.34) 78 (26.44)
3or4 319 (32.65) 441 (64.66) 217 (73.56)
Reason for admission 0.02
Chest pain 186 (19.10) 136 (20.00) 50 (17.01)
MI 137 (14.07) 100 (14.71) 37 (12.59)
Worsening HF 340 (34.91) 214 (31.47) 126 (42.86)
Arrhythmia 97 (9.96) 71 (10.44) 26 (8.84)
Other 2142197 159 (23.38) 55 (18.71)
Diabetic 0.8
Yes 412 (42.08) 286 (41.81) 126 (42.71)
No 567 (57.92) 398 (58.19) 169 (57.29)
Taking SSRI <0.001
Yes 135 (14.09) 72 (10.76) 63 (21.80)
No 824 (85.91) 597 (89.24) 226 (78.20)
Other antidepressant 0.03
Yes 12 (1.25) 5 (0.75) 7(2.42)
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Total Sample BDI<10 BDI=10
Characteristic Mean (SD) or N (%) Mean (SD) or N (%) Mean (SD) or N (%) p—value*
No 946 (98.75) 664 (99.25) 282 (97.58)

*
Precision of test statistic: chi-square for categorical variables or t-test for continuous variables.
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