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The Impact of Body Mass Index on the Link
Between Depressive Symptoms and Health
Outcome in Patients With Heart Failure
Eun Kyeung Song, PhD, RN; Debra K. Moser, DNSc, RN, FAAN; Rebecca L. Dekker, PhD, APRN;
Terry A. Lennie, PhD, RN, FAAN

Background: Depressive symptoms are predictors of shorter cardiac event-free survival, whereas increased body

mass index (BMI) is associated with longer cardiac event-free survival in patients with heart failure (HF). However,

the impact of BMI on the link between depressive symptoms and cardiac event-free survival is unexplored.

The purpose of this study was to determine whether the relationship between depressive symptoms and cardiac

event-free survival differs among HF patients stratified by BMI tertiles. Methods: A total of 297 outpatients

with HF completed the Patient Health Questionnaire-9 to assess depressive symptoms. Bodymass indexwas calculated

as weight in kilograms divided by height in meters squared. Patients were followed for 1 year to determine cardiac

event-free survival. Cox proportional hazard regression with survival curves was used to determine the relationships

among depressive symptoms, BMI, and cardiac event-free survival. Results: Both depressive symptoms (P G .001)

and lower BMI (P = .002) are independent predictors of shorter cardiac event-free survival after controlling for age, gender,

etiology, total comorbidity scores, ejection fraction, New York Heart Association functional class, and prescribed

medications. Patients with depressive symptoms had shorter cardiac event-free survival compared with patients

without depressive symptoms in the lowest (P = .001) and middle (P = .036) BMI tertiles. There was no difference

in cardiac event-free survival between patients with and without depressive symptoms in the highest tertile (P = .894).

Conclusions: Higher BMI has a protective role in the adverse effect of depressive symptoms on health outcomes

in patients with HF.

KEY WORDS: body mass index, depression, disease-free survival, heart failure

Depressive symptoms are common in patients with
heart failure (HF).1 One in 5 patients with HF ex-

periences major depressive disorder,2 and an even higher
percentage of patients with HF experience depressive
symptoms.2 Prevalence rates of depressive symptoms

range from 11% to 35% in outpatients with HF.2,3 Pre-
vious researchers have demonstrated that depressive
symptoms are contributors to shortened survival in pa-
tients with HF.2,3 In the largest study to date on self-
reported depressive symptoms and survival in patients with
HF, researchers found that depressive symptoms were inde-
pendently associated with long-term mortality. Patients
with HF who had depressive symptoms experienced a
50% increase in the risk of death compared with pa-
tients with no depressive symptoms.3 Researchers have
proposed several physiological and behavioral mecha-
nisms that may explain the relationship between depres-
sive symptoms and survival in patients with HF, including
heightened levels of inflammation, sympathetic nervous
system activation, poorer adherence to medication, and
less physical activity.3,4

In contrast, it is suggested in a growing body of evidence
that higher body mass index (BMI) is associated with im-
proved survival in patients with HF.5,6 A meta-analysis
of 9 studies with more than 28 000 participants dem-
onstrated that patients with HF who are overweight or
obese have a lower risk for all-cause and cardiovascular
mortality.7 The protective effect of body fat on survival
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is surprising given that obesity is a known risk factor for
the development of HF.8 Researchers have labeled this
unexpected phenomenon the ‘‘obesity paradox’’ or ‘‘re-
verse epidemiology.’’ Reverse epidemiology refers to the
association between traditional risk factors and improved
survival once a person develops a certain health condi-
tion.9 Possible mechanisms underlying the obesity paradox
in patients with HF include better tolerance of inflamma-
tion and neurohomormal drugs and more exercise because
of higher body weight causing increased work during
daily activites.10

To date, no researchers have explored whether BMI
affects the relationship between depressive symptoms
and survival in patients with HF. Therefore, the aim of
this study was to determine whether the effect of depres-
sive symptoms on cardiac event-free survival in patients
with HF differs among different BMI groups.

Methods

This investigation was a prospective, descriptive exam-
ination of the relationship between depressive symptoms,
BMI, and cardiac event-free survival in patients with HF
between September 1, 2011, and December, 31, 2012.

Procedures

Institutional review board approval was obtained before
recruitment. The investigation conformed to the principles
outlined in the Declaration of Helsinki. All patients gave
signed informed consent to participate in this study. After
body weight and height were measured, patients com-
pleted a series of questionnaires. Then, all patients were
followed for up to 1 year to determine cardiac event-free
survival.

Sample

Patients with HF were recruited from an outpatient HF
clinic in an academic medical center located in Seoul,
Korea. Patients were eligible to participate if they had a
confirmed diagnosis of chronic HF for at least 2 years,
nonpreserved left ventricular systolic function defined
as left ventricular ejection fraction (LVEF) less than 50%,11

no change in prescribed dosages of medications during
the previous 3 months, and the ability to read and speak
Korean. Patients were excluded for acute myocarditis,
history of cerebral vascular accident or myocardial in-
farction in the past 3 months or major stroke sequelae,
coexisting terminal illness, or current psychiatric disor-
ders. We included patients with all levels of depressive
symptoms; however, we excluded patients who were di-
agnosed by a psychiatrist to have major depressive dis-
order and were currently undergoing treatment such as
cognitive behavior therapy or group therapy. To avoid
obtaining weights of patients with acute fluid volume
overload, an HF nurse conducted a physical examination

at the time of weight measurement to rule out the pre-
sence of ankle edema, significantly increased jugular
venous distension, and ascites.

Considering an ! value of .05, 80% power (1 j "),
a total of 8 independent variables, and previously reported
hazard ratio of depressive symptoms and BMI,2,8 the re-
quired sample size of this study was estimated at 88 by
using G*Power analysis program.

A total of 329 eligible patients were invited to par-
ticipate in this study. Ten patients declined; 7 were not
interested and 3 were already participating in another
study. Eight patients withdrew because of long distance
from home and 5 withdrew because of concerns about
privacy. Four patients did not complete the question-
naires and 5 patients were lost follow-up. Thus, data from
297 patients were included in this study.

Measurements

Body Mass Index
Body mass index was used as an indicator of body fat
mass and was calculated as weight in kilograms divided
by height in meters squared.12 Height and weight were
respectively measured to the nearest 0.1 cm and 0.1 kg
by a trained research assistant at the outpatient HF clinic
using an electronic scale (Dong Sahn Jenix, Seoul, Korea).
Body weight and height were measured with the par-
ticipant in light clothes without shoes in the morning
before breakfast and taking prescribed medications.

Depressive Symptoms
Depressive symptoms include depressed mood, guilt,
hopelessness, low self-esteem, fatigue, sleep disturbances,
appetite change, and inability to concentrate.7 Depres-
sive symptoms were measured using the Patient Health
Questionnaire-9 (PHQ-9), a 9-item questionnaire used
to assess the presence and severity of depressive symp-
toms.13 The PHQ-9 is based on the Diagnostic and
Statistic Manual, Fourth Edition (1994) criteria for
major depressive disorder.13 Each item is used to evaluate
symptoms occurring over the past 2 weeks and is scored
from 0 (absence of symptoms) to 3 (presence of symptoms
nearly every day). A score of 10 or greater indicates the
presence of depressive symptoms. The Korean version of
the PHQ-9 has established reliability, with Cronbach’s
! of .87 in a previous study14 and .88 in this study.

Cardiac Event-Free Survival
The primary end point was cardiac event-free survival.
A cardiac event was defined as the combined end point
of death or hospitalization due to cardiovascular prob-
lems. A trained research assistant blinded to BMI and
depressive symptom scores reviewed monthly follow-up
telephone calls and hospital administrative databases.
Hospitalizations were verified with hospital records.
Causes and dates of deaths were determined through

530 Journal of Cardiovascular Nursing x November/December 2015

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.



hospital record review, family verification, and death
certificates.

Other Risk Factors
Data on age, gender, etiology of HF, New York Heart
Association (NYHA) functional class, LVEF, total comor-
bidity scores as assessed by the Charlson comorbidity
index, and prescribed medications were obtained from
patients’ interview and confirmed through a review of the
patients’ medical records.

Data Analysis

SPSS version 20.0 was used for data analysis; an ! level
of .05 was used throughout. All patients were divided
into tertiles to create 3 groups because of the large pro-
portion of patients in this study who were normal weight:
less than 23.0 kg/m2, 23.0 to 27.5 kg/m2, and 27.6 kg/m2

or greater. These tertiles are compatible with the cutoff
points for overweight and obesity suggested by the World
Health Organization for Asian people.15 The character-
istics of the sample were described using percentages,
means, and standard deviations. #2 Tests, 2-sample t tests,
and 1-way analysis of variance were used to determine
differences between patients with depressive symptoms
and those without depressive symptoms, as well as dif-
ferences among the 3 BMI tertiles. Hierarchical Cox
proportional hazard regression was used to determine
whether depressive symptoms and BMI were predictors
of cardiac event-free survival, after controlling for other
risk factors. Survival curves were used to compare cardiac
event-free survival over time for those with depressive
symptoms versus those without depressive symptoms in
the BMI tertiles. The time-dependent covariate analysis
was not statistically significant (P = .874), indicating

that the assumption of proportionality was reasonable.
A hazard ratio for cardiac events was obtained for all in-
dependent variables along with 95% confidence intervals.

Results

Baseline Characteristics

The mean age of the 297 patients enrolled in this study
was 64.4 T 9.8 years (Table 1). Of the patients, 28% were
women and 51% were in NYHA class III or IV. At base-
line, 45% of patients had hypertension and atrial fibril-
lation as the most common comorbidity. The total PHQ-9
score ranged from 0 to 25, with a mean score of 6.0 T 5.5.
A total of 70 patients had clinically significant depressive
symptoms as indicated by a PHQ-9 score greater than
or equal to 10. The mean BMI of the sample was 25.6 T
5.0 kg/m2 with a range of 16.5 to 35.1 kg/m2.

Depressive Symptoms-Based Differences

Table 1 is a comparison of the characteristics of patients
with and patients without depressive symptoms. Patients
with depressive symptoms were younger (P G .001), were
in worse NYHA functional class (P G .001), and had a
higher total comorbidity score (P = .030) than those
without depressive symptoms. There were no differences
in mean BMI levels between patients with and patients
without depressive symptoms.

Differences in the Baseline Characteristics
of the Body Mass Index Tertiles

The baseline characteristics of patients in the BMI ter-
tiles are displayed in Table 2. Patients in the highest ter-
tile were significantly younger (P G .001). Digoxin and

TABLE 1 Baseline Characteristics Among 2 Groups by Depressive Symptoms (N = 297)

Characteristics
No Depressive Symptoms

(n = 227)
Depressive Symptoms

(n = 70) Total (N = 297) P

Age, y 65.5 T 9.9 60.8 T 8.6 64.4 T 9.8 G.001
Female gender 63 (27.8) 21 (30.0) 84 (28.3) .715
Body mass index, kg/m2 25.3 T 5.0 26.4 T 5.0 25.6 T 5.0 .101
NYHA functional class III/IV 103 (45.4) 49 (70.0) 152 (51.2) G.001
IHD as etiology of heart failure 130 (57.3) 36 (51.4) 166 (55.9) .390
Left ventricular ejection fraction, % 30 T 10 30 T 10 30 T 10 .954
Total comorbidity score 3.2 T 1.8 3.8 T 2.2 3.4 T 1.9 .030

Hypertension 155 (70.1) 57 (83.8) 212 (73.4) .026
Diabetes mellitus 96 (42.3) 29 (42.0) 125 (42.2) .969
Atrial fibrillation 98 (44.1) 34 (50.0) 132 (45.5) .396

Medications
ACE inhibitors or ARB II 165 (72.7) 48 (68.6) 213 (71.7) .504
"-blocker 155 (68.3) 44 (62.9) 199 (67.0) .399
Digoxin 62 (27.3) 21 (30.0) 83 (27.9) .661
Diuretics 163 (71.8) 57 (81.4) 220 (74.1) .108

Data are presented as mean T SD or n (%).
Abbreviations: ACE, angiotensin-converting enzyme; ARB II, Angiotensin II receptor blocker; IHD, ischemic heart disease; NYHA, New York Heart

Association.
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diuretics were the most common prescribed medications in
the lowest tertile and middle tertile, respectively (P = .010
and P = .011, respectively). There were no significant
differences among BMI tertiles with regard to gender,
etiology, LVEF, NYHA functional class, total comorbidity
scores, and depressive symptoms.

The Impact of Body Mass Index and
Depressive Symptoms on Cardiac
Event-Free Survival

Six patients (2.0%) died and 89 (30.0%) were hospi-
talized resulting from decompensated HF and cardiac-
related cause over the 1-year follow-up period.

Lower BMI and increased depressive symptoms were
predictors of shorter cardiac event-free survival in the hier-
archical Cox proportional hazard regression (Table 3),
after adjusting for age, gender, NYHA functional class,
etiology, LVEF, total comorbidity scores, and prescribed
medications. For each 1 kg/m2 decrease in BMI, patients
experienced a 3% increase in the hazard of experiencing
a cardiac event, after controlling for all other risk factors
(P = .002). The risk of cardiac events increased by 8% for
each 1-unit increase in the total PHQ-9 score (P G .001).

The Impact of Body Mass Index on the Link
Between Depressive Symptoms and
Cardiac Event-free Survival

The link between depressive symptoms and cardiac event-
free survival was compared after stratification into BMI
tertiles (Figure). There was a significant difference between
those with and those without depressive symptoms across
the 3 tertiles (P = .001).

In the lowest BMI tertile (G23.0 kg/m2), patients with
depressive symptoms had shorter cardiac event-free sur-
vival compared with those without depressive symptoms
(P = .001). At 1 year, 35% of patients with depressive
symptoms were alive without a cardiac event, compared
with 75% of patients without depressive symptoms in
the lowest BMI tertile.

In the middle tertile (23.0Y27.5 kg/m2), a similar re-
lationship was found between depressive symptoms and
cardiac event-free survival among patients (P = .036).

TABLE 2 Comparisons in Baseline Characteristics Among 3 Groups by Body Mass Index Tertile

(N = 297)

Characteristics

Body Mass Index

P
Lowest Tertile,

16.5Y22.9 kg/m2 (n = 99)
Middle Tertile,

23.0Y27.5 kg/m2 (n = 99)
Highest Tertile,

27.6Y35.1 kg/m2 (n = 99)

Age, y 68.4 T 10.1 64.4 T 9.0 60.5 T 8.7 G.001
Female gender 28 (28.3) 29 (39.3) 27 (27.3) .951
NYHA functional class III/IV 44 (44.4) 51 (51.5) 57 (57.6) .181
IHD as etiology of heart failure 60 (60.6) 60 (60.6) 46 (46.5) .069
Left ventricular ejection fraction,% 29 T 10 30 T 10 31 T 10 .188
Total comorbidity score 3.1 T 1.8 3.3 T 1.7 3.7 T 2.2 .069
Medications
ACE inhibitors or ARB II 67 (67.7) 75 (75.8) 71 (71.7) .451
"-blocker 60 (60.6) 73 (73.7) 66 (66.7) .145
Digoxin 38 (38.4) 26 (26.3) 19 (19.2) .010
Diuretics 63 (63.6) 81 (81.8) 76 (76.8) .011

Depressive symptoms 6.9 T 6.2 6.0 T 5.3 5.1 T 5.0 .081
Without (G10 intotalPHQ-9score) 72 (72.7) 72 (72.7) 83 (83.8) .104
With (Q10 in total PHQ-9 score) 27 (27.3) 27 (27.3) 16 (16.2)

Data are presented as mean T SD or n (%).
Abbreviations: ACE, angiotensin-converting enzyme; ARB II, Angiotensin II receptor blocker; IHD, ischemic heart disease; NYHA, New York Heart

Association; PHQ-9, Patient Health Questionnaire-9.

TABLE 3 Hierarchical Cox Proportional Hazard

Regression (N = 297)

Characteristics
Adjusted

Hazard Ratio 95% CI P

Age, y 1.01 0.99Y1.03 .393
Gender
Male 1.00
Female 0.98 0.59Y1.65 .952

Body mass index, kg/m2 0.97 0.95Y0.98 .002
NYHA functional class
I/II 1.00
III/IV 1.23 0.79Y1.91 .363

Etiology of HF
Nonischemicheartdisease 1.00
Ischemic heart disease 1.20 0.74Y1.94 .464

Left ventricular ejection
fraction, %

1.01 0.98Y1.05 .484

Total comorbidity 1.05 0.94Y1.17 .400
ACE inhibitors 1.20 0.67Y2.16 .537
"-blocker 0.82 0.53Y1.26 .361
Depressive symptoms
(total PHQ-9 score)

1.08 1.04Y1.11 G.001

Abbreviations: ACE, angiotensin-converting enzyme; CI, confidence
interval; HF, heart failure; NYHA, New York Heart Association;
PHQ-9, Patient Health Questionnaire-9.
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At 1 year, 50% of patients with depressive symptoms
were alive without a cardiac event, compared with 78%
of patients without depressive symptoms in the middle
BMI tertile.

In contrast, there were no differences in cardiac event-
free survival between patients with and patients without
depressive symptoms in the highest tertile (Q27.6 kg/m2)
(P = .894). At 1 year follow-up, approximately 75% of

patients were alive without a cardiac event, regardless
of whether they had depressive symptoms (Figure).

Discussion

The investigators of this study were the first to examine the
dual impact of BMI and depressive symptoms on cardiac
event-free survival among patients with HF. The key finding

FIGURE. Comparisons for adjusted survival curves among 3 groups stratified by the body mass index tertiles.
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of this study was that the cardiac event-free survival of
obese patients whose BMI was equal to or greater than
27.6 kg/m2 was not shortened by the presence of depres-
sive symptoms. In contrast, patients with depressive symp-
toms in the lower 2 BMI tertiles experienced shorter cardiac
event-free survival compared with patients with no depres-
sive symptoms. This finding is additional evidence that
obesity may be protective against the decreased survival
associated with depressive symptoms in patients with HF.

On the basis of the results of the hierarchical Cox pro-
portional hazard regression, the investigators of this study
support the need for researchers to include both depressive
symptoms and obesity when examining survival in pa-
tients with HF. Our finding that lower BMI was an inde-
pendent predictor of shorter event-free survival is consistent
with previous evidence demonstrating better survival of
obese patients with HF.7 However, unique information,
namely, that both depressive symptoms and BMI are in-
dependent predictors of survival, was provided as a result
of the inclusion of depressive symptoms in our predictive
model. Previous researchers examining the relationship be-
tween depressive symptoms and survival in patients with
HF have not considered the impact of BMI.16Y19 Although
several investigators have reported baseline BMI of patients
with and without depressive symptoms, BMI was not in-
cluded in the final regression model. Likewise, previous
investigators examining obesity did not take into account
depressive symptoms as a predictor of health outcomes
in patients with HF.20,21

In our study, HF patients with higher BMI expe-
rienced longer survival when compared with HF patients
with lower BMI. This finding is similar to a study in
which investigators20 reported that only patients with
the highest BMIs had better survival rates. Also, our find-
ing is similar to those of investigators who demonstrated
that both overweight and obesity were associated with
longer survival in patients with HF.21 However, other
researchers have proposed a U-shaped curve effect for
obesity and survival, in which patients with HF at the
highest end of the BMI range may have poor outcomes.22

Considering the large proportion of patients in our study
who were normal weight, that hypothesis is not supported
in our study.

Researchers have proposed several physiological mech-
anisms that may explain the relationship between depres-
sive symptoms and survival in patients with HF.4 Several
of these mechanisms, including proinflammatory cytokines
and the sympathetic nervous system, share a common link
with obesity and could be explanations as to why depres-
sive symptoms were not associated with shorter event-free
survival in obese patients.

Proinflammatory cytokines, such as tumor necrosis
factor-! (TNF!) and interleukin-6, are inflammatory me-
diators released in response to decreased cardiac output
and have a crucial role in the symptoms and progression
of HF.23 Researchers have found that higher levels of TNF"

are independent predictors of death in patients with ad-
vanced HF.24 Interestingly, clinical depression is also ac-
companied by an increase in proinflammatory cytokine
levels.This relationship hasbeenobserved inbothotherwise
healthy elders and patients with HF.25,26 On the other
hand, researchers have found that a higher BMI is as-
sociated with lower TNF" levels in patients with HF.27

Thus, it is possible that lower levels of inflammatory cyto-
kines, seen in HF patients with higher BMI,7 may help
explain why the obese patients with HF and depressive
symptoms in our study did not have shorter event-free
survival. However, more research is needed to determine
whether inflammation is a potential physiological mecha-
nism for our findings.

Autonomic dysfunction has an integral role in the
pathophysiology of HF. Parasympathetic nervous sys-
tem dominance is cardioprotective, whereas excess sympa-
thetic nervous system activation reflects increased risk
for both sudden death and death from progressive HF.28

Both clinical depression and depressive symptoms are
accompanied by an increase in sympathetic nervous sys-
tem activation as measured by heart rate variability and
24-hour urinary norepinephrine levels.29,30 Thus, sym-
pathetic nervous system activation has been proposed
as a mechanistic link between depressive symptoms and
poor outcomes in patients with HF.4 Sympathetic nervous
system alterations have also been suggested as a possible
mechanism for the relationship between body fat and
survival. Although the link between sympathetic nervous
system activation and obesity in individuals with HF has
not been examined in any study, researchers have found
that lean hypertensive patients (BMI G25 kg/m2) exper-
ience a heightened sympathetic nervous system response
to stress, whereas obese patients (BMI 930 kg/m2) have a
decreased sympathetic nervous system response to stress.31

Future research is needed to determine whether sympa-
thetic nervous system alterations are mediators of the
relationship between obesity, depressive symptoms, and
health outcomes in patients with HF.

Several limitations should be noted. First, BMI was
determined at 1 time point; thus, it is unknown whether
changes in BMI over time could have contributed to
outcomes.32 However, BMI was also measured at 1 time
point in all previous studies demonstrating longer event-
free survival, indicating that a single measure of BMI is
a robust measure for the role of BMI in survival.33 Se-
cond, body composition was not considered; thus, we
could not determine which component of body mass
was related to longer survival of overweight/obese pa-
tients in this study. However, previous researchers have
demonstrated that body fat, not lean tissue, was related
to longer event-free survival in obese patients with HF.33

Third, mechanistic links between depressive symptoms,
obesity, and cardiac event-free survival were not exam-
ined. Future studies are needed to elucidate the physiolog-
ical mechanisms underlying this relationship. Because our
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sample was stable outpatients without signs of congestion
or fluid volume overload, our findings may not be gener-
alized to patients with acute decompensated HF. Further
research is required to verify these findings among patients
with higher BMIs.

Conclusions

Previous researchers have reported that depressive symp-
toms are associated with shorter cardiac event-free sur-
vival in patients with HF. A strategy of early detection for
depressive symptoms is required to be developed and in-
cluded into routine care in patients with HF. In this study,
we demonstrated that depressive symptoms are not asso-
ciated with shorter cardiac event-free survival in obese
patients. In other words, obesity could have a protective
role in the link between depressive symptoms and shorter
cardiac event-free survival in patients with HF. Additional
research is needed to determine the underlyingmechanisms
linking depressive symptoms, body fat, and event-free
survival in HF. By studying these mechanisms, modifiable
targets for intervention may be identified.
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