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Abstract
Background—Both N-terminal pro B-type natriuretic peptide (NT-pro BNP) and depressive
symptoms independently predict cardiac events in heart failure (HF) patients. However, the
relationship among NT-pro BNP, depressive symptoms, and cardiac event is unknown.

Methods and Results—Blood was drawn to measure NT-pro BNP and depressive symptoms
were measured by the Patient Health Questionnaire 9 (PHQ-9) among 210 patients with HF. Data
about cardiac event-free survival were collected for the average follow-up period of 397 days. Cox
proportional hazards regression with survival curves were used to determine the relationship of NT-
pro BNP and depressive symptoms to cardiac event-free survival. Higher NT-pro-BNP confers
greater risk of cardiac events among those with depressive symptoms than those without depressive
symptoms (p for the interaction = .029). Patients with NT-pro BNP > 581 pg/ml and total PHQ-9
score ≥ 10 had a 5.5 times higher risk for cardiac events, compared to patients with NT-pro BNP ≤
581 pg/ml and total PHQ-9 score < 10 (p = .001).

Conclusions—The prognostic association of NT-pro BNP with cardiac event-free survival in
patients with HF differed by the presence of depressive symptoms. Monitoring and treatment of
depressive symptoms may be important for improving cardiac event-free survival in patients with
HF.
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INTRODUCTION
Heart failure (HF) currently afflicts approximately 5.3 million people in the United States.1
Approximately 27% of patients with HF are rehospitalized in the 90 days after discharge for
decompensated HF and about one third of these patients have multiple admissions.2, 3 The
annual hospitalization rate for a primary or secondary diagnosis of HF increased approximately
1.5 times during the past decade.4, 5 HF is the major cause of death for individuals over 65
years old with one year mortality rates of about 20%.3, 6

Accordingly, prior investigators have focused on identifying predictors of adverse outcomes
following HF diagnosis. B-type natriuretic peptide (BNP) and N-terminal pro BNP (NT-pro
BNP) have been identified as biological markers that provide prognostic and diagnostic value
in individuals with symptoms of decompensated HF.7-9 The presence of depressive symptoms
is a significant problem for many patients with HF. Approximately 22% of patients with HF
suffer from clinical depression,10 while up to 36% have significant depressive symptoms.11,
12 Individuals can experience significant depressive symptoms without the diagnosis of major
depressive disorder.13 A recent meta analysis demonstrated that patients with HF who have
depressive symptoms are more than twice as likely to die or experience a cardiac event when
compared to those without depressive symptoms.10

To date, researchers have compared the prognostic value of NT-pro BNP relative to other
traditional risk factors such as age, gender, ischemic heart disease, body mass index (BMI),
New York Heart Association (NYHA) functional class, left ventricular ejection fraction
(LVEF), and comorbidities.14-16 However, the prognostic value of NT-pro BNP has not been
considered in the context of psychosocial factors. Given the high prevalence of depressive
symptoms and their prognostic implications in HF, study of the prognostic value of NT-pro
BNP in the context of depressive symptoms may be particularly important and clinically
relevant. Thus, the purpose of this study was to determine whether the association of NT-pro
BNP with cardiac event-free survival differed by the presence of depressive symptoms among
HF patients.

METHOD
Design and procedure

This was a prospective study of patients with HF recruited from outpatient HF clinics between
January 1, 2004 and December 31, 2007. Patients were recruited from one regional tertiary
medical center and several community hospitals located in Lexington, Kentucky. Approval
from the Institutional Review Board at each of the hospitals was obtained prior to the study.
Written informed consent was obtained from patients. At baseline, all patients visited the
General Clinical Research Center to have blood drawn and complete baseline questionnaires.
After baseline assessment, patients were followed by monthly telephone interview for 12-
months.

Sample
Patients recruited had a diagnosis of chronic HF with impaired left ventricular systolic function
(LVEF ≤ 40%) or preserved systolic function (LVEF > 40%) and any NYHA functional class.
Diagnosis of chronic HF and HF etiology were confirmed by a cardiologist using established
criteria. Patients were included in this study if they had undergone evaluation for HF, were
receiving stable doses of drugs for at least three month and had not been referred for heart
transplantation. Patients were excluded if they had valvular heart disease, peripartum heart
failure, myocarditis or other known inflammatory process, history of cerebrovascular accident
or recent myocardial infarction within past 3 months, or any co-existing terminal illness.
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A total of 222 patients were eligible for this study. Six patients withdrew and one patient refused
to participate. Five patients were lost to follow-up. Thus, data from 210 patients were included
in the analysis.

Measurements of variables
N-terminal pro B-type natriuretic peptide (NT-pro BNP)—We used NT-pro BNP as
it may be considered the best marker of prognosis in patients with HF.9, 17 BNP is a 32 amino
acid polypeptide secreted by ventricular walls of the heart.9 In response to excessive stretching
and tension of the myocardium, BNP’s precursor pro BNP splits into BNP and the
physiologically inactive remnant, NT-pro BNP.18 The half-life of NT-pro BNP is 120 minutes;
whereas, the half-life of BNP is around 20 minutes.19, 20 Higher levels of NT-pro BNP than
BNP were detected in patients with left ventricular dysfunction,7, 21 whereas, the serum level
of BNP and NT-pro BNP are similar in people without HF.

Except for taking their regularly prescribed medication, patients fasted overnight and blood
samples were drawn into chilled tubes containing EDTA. Although fasting is not required for
the measurement of NT-pro BNP, patients were fasting for other aspects of the protocol. The
electrochemiluminescence immunoassay (Roche Diagnostics)9 was used to assess NT-pro
BNP concentration. The detectable range of NT-pro BNP with this technique is 5 to 35,000
pg/mL. The technician who performed these assays was blinded to patient status. NT-pro BNP
has been approved for use in diagnosing HF by the FDA.22 Because there is no standard value
to determine prognosis,9, 23, 24 a receiver operating characteristic (ROC) curve was used to
assess the prognostic value of NT-pro BNP. The area under the curve for the ROC curve was .
695, significantly different from the null value of .5 (p = .005); NT-pro BNP discerned cases
from non-cases approximately 70% of the time. It was determined from the ROC curve using
the median split of NT-pro BNP (581 pg/ml) to predict cardiac events resulted in the optimal
combination of sensitivity (65%) and specificity (55%). With 581 pg/ml as the cut-off point,
time to first cardiac event was significantly different between the two groups (p = .005).

Depressive symptoms—Depressive symptoms were measured by the Patient Health
Questionnaire 9 (PHQ-9).25, 26 The PHQ-9 is based directly on the diagnostic criteria for major
depressive disorder in the DSM-IV.25, 26 It consists of 9 items; little interest or pleasure,
feeling down or depressed, trouble falling or staying asleep, or sleeping too much, feeling tired,
poor appetite or overeating, feeling bad about themselves, trouble concentrating, moving or
speaking so slowly or fidgety, and thought of suicide or hurting themselves.25, 26 These 9
items are self-rated by the patient on a 4-point scale ranging from 0 (not at all) to 3 (nearly
every day). The scores can range from 0 to 27 and higher scores indicate more severe depressive
symptoms. Patients were categorized into 2 groups based on their PHQ-9 total score: those
with depressive symptoms (total PHQ-9 score ≥10) and those without depressive symptoms
(total PHQ-9 score <10). Ten is the published cut-point.25 This cut-point has a sensitivity of
83% and a specificity of 90% for diagnosing major depressive disorder.25 The PHQ-9 has
been used in scores of studies to assess for depressive symptoms and has evidence of reliability
and validity. In this study, the Cronbach’s alpha coefficient of the PHQ-9 was 0.76.

Other risk factors—The following variables have been identified as traditional risk factors
which are associated with prognosis of patients with HF in prior resesearches5, 24, 27-32; older
age, female gender, ischemic heart disease as underlying HF etiology, low BMI, worse NYHA
functional class, lower LVEF, and comorbidities such as diabetes and renal dysfunction are
associated with poor prognosis in patients with HF. Data on age, gender, etiology of HF, BMI,
NYHA functional class, LVEF, and total comorbidity score using the Charlson comorbidity
index were collected through patient interview and medical record review.

Song et al. Page 3

J Card Fail. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Cardiac event-free survival—The primary outcome of this study was a composite end-
point of time to first event of emergency department (ED) visit, hospitalization, or death due
to HF exacerbation and other cardiac-related problems for 12-months follow-up periods.
During monthly telephone follow-up interviews, patients were asked about all hospitalization
or ED visits. The date and cause of any reported events determined by monthly telephone
interview were confirmed by hospital record review by a nurse with expertise in HF. Data about
death were obtained from family members, physicians, medical record, and death certificates.

Statistical Analysis
Statistical analyses were conducted using SPSS for Windows 16.0. The ANOVA or chi-square
test was used to compare difference in sample characteristics of patients categorized into 4
groups by the median value of NT-pro BNP and by total PHQ-9 score of 10. Cox proportional
hazards regressions were used to determine whether NT-pro BNP and depressive symptoms
were independent predictors of cardiac event-free survival in patients with HF after controlling
for age, gender, etiology of HF, BMI, NYHA functional class, LVEF, and total comorbidity
score. Cox proportional hazards regression with standard survival curves was used to determine
whether the association between NT-pro BNP and cardiac event-free survival differed by
presence of depressive symptoms among patients with HF after adjusting for the same risk
factors, and the interaction of depression and NT-pro BNP. The statistical significance of the
interaction of NT-pro BNP by depressive symptoms was assessed using likelihood ratio test,
comparing the models with main effects only with the models that included the interaction
term. Proportional hazard assumption indicated that covariates are independent with respect
to time and their hazards are constant over time.33 Proportional hazard assumptions were
confirmed through visual inspection of the log (−log) survival curves. A hazard ratio (HR) for
cardiac events was obtained for all independent variables along with 95% confidence intervals
(CIs).

RESULTS
Sample characteristics

Sample characteristics are displayed in Table 1. The majority of the patients were over 60 years
old with an age range of 24 to 87 years. As a group, patients were primarily in NYHA functional
class II/III. Nearly two thirds had ischemic heart disease as the underlying etiology of HF.
Almost one third of the patients had preserved systolic function with LVEF > 40%. The
common comorbidities were hypertension and diabetes mellitus. The mean value of NT-pro
BNP was 733 pg/ml while the median value was 581 pg/ml with a range from 143 to 3301pg/
ml. Twenty seven percent of patients had depressive symptoms as indicated by a PHQ-9 score
greater than or equal to 10. Approximately 25% of patients taking antidepressant agents had
higher total PHQ-9 scores indicating greater depressive symptoms than patients who were not
prescribed antidepressants (8.4 ± 5.6 vs 5.5 ± 5.3, p < .001).

Different sample characteristics in 4 groups classified by levels of NT-pro BNP and presence
of depressive symptoms

Sample characteristics of patients categorized by level of NT-pro BNP and by the presence of
depressive symptoms are shown in Table 2. Women more commonly had depressive symptoms
than men. Patients with depressive symptoms had worse NYHA functional class and higher
total comorbidity scores than those without depressive symptoms. Patients with high
concentrations of NT-pro BNP had lower BMI and more ischemic heart disease than patients
with low concentrations of NT-pro BNP. Patients who had depressive symptoms were
prescribed antidepressants more than those without depressive symptoms.
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Cardiac event-free survival
During the average follow-up period of 397 days, 13 patients (6.2%) died, 36 (17.1%) were
hospitalized, and 9 (4.3%) had ED visits due to decompensated HF and cardiac-related cause.
The average time to the first event of ED visits, hospitalization, or mortality was 235 days.

The incidence of cardiac events, and 25th % and 75th % of time to first cardiac event among 4
groups categorized by NT-pro BNP and depressive symptoms is shown in Figure 1.

NT-pro BNP and depressive symptoms as independent predictors of cardiac event-free
survival

In Cox regression, high concentration of NT-pro BNP and depressive symptoms independently
predicted cardiac event-free survival after controlling for age, gender, etiology of HF, BMI,
NYHA class, LVEF, and total comorbidity score. Patients with NT-pro BNP above 581 pg/ml
were approximately twice likely to experience cardiac events as compared to those with NT-
pro BNP below 581 pg/ml (p = .027). Patients with depressive symptoms had a 2.7-fold higher
risk for cardiac events than those without depressive symptoms (p = .005) (Table 3).

The relationship of NT-pro BNP, depressive symptoms, and cardiac event-free survival
The greater risk for cardiac events of patients with NT-pro BNP > 581 pg/ml were higher in
the presence of depressive symptoms than in the absence of depressive symptoms (p for
interaction = .001). After controlling for the same risk factors, a stronger association between
NT-pro BNP and cardiac event-free survival was shown among patients with depressive
symptoms but not among those without depressive symptoms (p for interaction = .029) (Table
4).

The group who had NT-pro BNP greater than 581 pg/ml and depressive symptoms showed
shorter cardiac event-free survival than those with NT-pro BNP ≤ 581 pg/ml and no depressive
symptoms (p = .001), after adjusting for the same risk factors and the interaction of NT-pro
BNP by presence of depressive symptoms. Patients with NT-pro BNP > 581 pg/ml and
depressive symptoms exhibited a 5.5 times higher risk for cardiac events, when compared to
patients with NT-pro BNP ≥ 581 pg/ml and no depressive symptoms (Figure 2).

DISCUSSION
This is the first study to demonstrate that the prognostic relationship of NT-pro BNP to cardiac
event-free survival of patients with HF differed by the presence of depressive symptoms after
controlling for age, gender, etiology of HF, BMI, NYHA functional class, LVEF, total
comorbidity score, and the interaction between level of NT-pro BNP and the presence of
depressive symptoms. The most compelling finding of this study was the relationship of NT-
pro BNP and cardiac event-free survival among patients stratified by depressive symptoms.
The coexistence of elevated NT-pro BNP and depressive symptoms predicted the shortest
cardiac event-free survival in patients with HF. Of particular note, survival rates of patients
with high levels of NT-pro BNP in the absence of depressive symptoms were not significantly
different from those with low levels of NT-pro BNP. Thus, higher NT-pro-BNP confers greater
risk of cardiac events among those with depressive symptoms than those without depressive
symptoms.

Only one prior study demonstrated a similar relationship between BNP, depressive symptoms
and cardiac events among hospitalized patients with HF.34 Parissis and colleagues34 reported
the presence of a relationship between BNP and depressive symptoms to cardiac events within
6-month of hospital discharge without adjustments for other risk factors. Our study extended
this finding to demonstrate that NT-pro BNP was the more significant predictor for cardiac
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event-free survival when coupled with the presence of depressive symptoms. Our finding
suggests possible biobehavioral mechanisms through which depressive symptoms hasten the
progression of HF via elevated sympathetic hyperactivity, increased inflammatory cytokines,
and non-adherence to self-management. Our finding also strongly suggests that consideration
be given to the prognostic value of NT-pro BNP in patients with depressive symptoms, as
coupling of depressive symptoms and elevated concentrations of NT-pro BNP appears to
provide powerful prognostic value.

Consistent with the previous studies,8, 16, 17, 35 NT-pro BNP was found to be an independent
predictor of cardiac event-free survival after adjusting for traditional risk factors in patients
with HF. Previous investigators8, 16, 17 have demonstrated that high levels of NT-pro BNP are
positively associated with increased risk for cardiac events, only in patients with impaired left
ventricular systolic function who have ischemic heart disease as an underlying etiology of HF.
We recruited patients with both impaired and preserved left ventricular systolic function.
Additionally, left ventricular ejection fraction was controlled in Cox hazard regression. Thus,
our study extends these findings to demonstrate that NT-pro BNP has prognostic value among
patients with preserved left ventricular function,8, 16, 35 but that the prognostic value is
modified by presence of depressive symptoms.

Twenty seven percent of patients in this study had depressive symptoms. This finding is similar
to previous studies,11, 12 in which depressive symptoms were measured with the PHQ-9
among patients with HF. It has been demonstrated that the presence of depressive symptoms
based on self-rated questionnaires may over-estimate the prevalence of depression when
compared to clinical depression. Depressive symptoms differ from a diagnosis of clinical
depression which is defined as a major depressive disorder in the Diagnostic and Statistical
Manual of Mental Disorders, Forth Edition (DSM-IV-TR).36 Major depressive disorders
referred to as clinical depression is diagnosed if 5 or more of 9 depressive symptom criteria
such as depressed mood, loss of interest, fatigue, and decreased ability to concentration have
been present at least most of day in the past 2 weeks, and 1 of symptoms should be depressed
mood or loss of pleasure.36 However, the presence of depressive symptoms measured by the
PHQ-9 had comparative validity with the Structured Clinical Interview for International
Classification of Diseases 10 (ICD-10) or DSM-IV as reference standards.37, 38 Furthermore,
the PHQ-9 has been recommended as a screening tool for depressive symptoms especially in
patients with heart disease.39 Therefore, the PHQ-9 could be helpful to assess depressive
symptoms easily in clinical area.

Consistent with other studies,10 patients with depressive symptoms experienced shorter earlier
cardiac event-free survival, even after controlling for other traditional risk factors. Moreover,
depressive symptoms were an independent predictor of shorter cardiac event-free survival
among patients with HF in this study. This finding suggests that depressive symptoms should
be considered a predictor of HF prognosis as well as NT-pro BNP concentration. It is
recommended that close monitoring for depressive symptoms should be emphasized in primary
care. One in four patients was taking antidepressants but their depressive symptoms in the
PHQ-9 score were still higher than patients with depressive symptoms who were not prescribed
antidepressants in our study. This result indicates that depressive symptoms of some patients
were not adequately treated. Therefore, non-pharmacological interventions identified to be
effective to decrease depressive symptoms such as cognitive behavioral therapies and exercise
programs could prevent early cardiac events in patients with HF.

Several limitations in this study should be noted. High NT-pro BNP levels have been associated
with renal dysfunction while lower levels are found in overweight or obese patients with HF.
BMI and renal dysfunction were controlled in Cox proportional hazard regression. However,
no objective measurement of renal function was included in this study. Another potential
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limitation of this study was measurement of depressive symptoms and NT-pro BNP one time
only. This precluded the possibility of following changes or patterns in these variables over
time. Longitudinal monitoring of depressive symptoms and NT-pro BNP may have produced
different findings. Future research should consider repeated measurement to further clarify
their respective roles in long-term outcomes. Stratifying the sample into four groups by NT-
pro BNP and depressive symptoms limited the sample size in each group. Future studies using
a larger sample may identify differences between groups with one of the risk factors (i.e. either
depressive symptoms or NT-pro BNP) and a group with neither risk factor. In the interim,
conclusions regarding no differences among these groups should be drawn with caution.

CONCLUSIONS
Coexistence of elevated NT-pro BNT and severe depressive symptoms predicted shorter
cardiac event-free survival in patients with HF. NT-pro BNP was a non-significant predictor
of cardiac event-free survival in the absence of depressive symptoms. Depressive symptoms
were a strong predictor of cardiac event-free survival as well as more widely used biological
marker such as NT-pro BNP. Monitoring and treatment of depressive symptoms are important
for improving cardiac event-free survival in patients with HF. Further research is needed to
address the standard prognostic value of NT-pro BNP in HF patients with and without
depressive symptoms.
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Figure 1.
Differences in the incidence of cardiac events and time to first cardiac event among 4 groups
classified by NT-pro BNP and depressive symptoms (N = 210)
*; (25th % of time to first cardiac event, 75th % of time to first cardiac event)

Song et al. Page 10

J Card Fail. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Adjusted cardiac event-free survival among groups stratified by NT-pro BNP and depressive
symptoms (N = 210)
Survival curves were adjusted for age, gender, HF etiology, BMI, NYHA class, LVEF, total
comorbidity score, and the interaction of NT-pro BNP by depressive symptoms.
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Table 1

Patient characteristics
N = 210

Characteristics N (%) Mean ± SD

Age (years) 61 ± 11

Gender Male 147 (70.0)

Female 63 (30.0)

Body mass index (kg/m2) 31.9 ± 7.6

Normal weight (18.5 ~ 24.9) 39 (18.6)

Overweight (25.0 ~ 29.9) 54 (25.7)

Obese(≥ 30.0) 117 (55.7)

NYHA functional class I 16 ( 7.6)

II 74 (35.2)

III 90 (42.9)

IV 30 (14.3)

Heart failure etiology Non-ischemic heart disease 92 (43.8)

Ischemic heart disease 118 (56.2)

Medication ACE inhibitors 154 (73.3)

Angiotension II receptor blocker 20 ( 9.5)

Digoxin 70 (33.3)

β blocker 142 (88.2)

Diuretics 154 (73.3)

Aldosterone antagonist 43 (20.5)

Antidepressants 52 (24.8)

Left ventricular ejection fraction (%) 34.6 ± 14.4

<40% 138 (65.7)

≥ 40% 72 (34.3)

Total comorbidity score 3.4 ± 2.1

Hypertension 159 (75.7)

Diabetes mellitus 95 (45.2)

Atrial fibrillation 91 (43.3)

Cerebrovascular attack 45 (21.4)

N-terminal pro B type natriuretic peptide (pg/ml) 733 ± 504

Depressive symptoms (The Patient Health Questionnaire 9 score ) 6.3 ± 5.5

No depressive symptoms (0 to 9) 153 (72.9)

Depressive symptoms (10 to 27) 57 (27.1)

ACE, angiotensin converting enzyme, NYHA; New York Heart Association
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Table 3

Independent predictors of cardiac event-free survival in patients with heart failure
N = 210

Characteristics Adjusted
HR 95% CI p

Risk factors

 Age (year) 0.98 0.95 - 1.01 .163

 Gender Male 1.00

Female 0.79 0.39 - 1.59 .504

 Body mass index (kg/m2) 0.97 0.93 - 1.02 .277

 NYHA functional class I 1.00

II 0.96 0.32 - 2.86 .946

III 0.66 0.22 - 2.02 .468

IV 0.62 0.16 - 2.36 .481

 Heart failure etiology Non-IHD 1.00

IHD 2.02 0.98 - 4.16 .058

 Left ventricular ejection fraction (%) 0.99 0.97 - 1.02 .505

 Total comorbidity 1.03 0.87 - 1.22 .766

Independent predictors

 NT-pro BNP ≤ 581 pg/ml 1.00

> 581 pg/ml 2.02 1.08 - 3.78 .027

 Depressive symptoms
 (total PHQ-9 score)

No depressive symptoms (0 - 9) 1.00

Depressive symptoms (10 - 27) 2.70 1.35 - 5.39 .005

CI; confidence interval, IHD; ischemic heart disease, HR; hazard ratio, NYHA; New York Heart Association, NT-pro BNP; N-terminal pro B-type
natriuretic peptide, PHQ-9; the Patient Health Questionnaire 9
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