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Abstract Several studies suggest that psychological fac-

tors are associated with negative outcomes and in particular

higher mortality rates among heart failure (HF) patients.

We aimed to evaluate the effect sizes of depression and

anxiety on all-cause mortality in HF patients. We con-

ducted a systematic review according to the PRISMA

methodology. We searched for studies on depression or

anxiety effects on all-cause mortality among HF patients

published up to June 2015. A number of 26 and 6 articles

met inclusion criteria for depression (total 80,627 patients)

and anxiety (total 17,214 patients), respectively. The effect

estimates were pooled using random-effect meta-analysis.

Depression has significant and moderately heterogeneous

effect on all-cause mortality (HR = 1.57; 95 %CI

1.30–1.89, p\ 0.001); adjustment for confounders led to a

similar effect estimate (HR = 1.40; 95 %CI 1.22–1.60;

p\ 0.001). Larger studies and higher study prevalence of

depression were associated with smaller effect size. The

effect of anxiety on mortality outcome was small and not

conclusive given the low number of studies (n = 6)

(HR = 1.02; 95 % CI 1.00–1.04, p\ 0.05). This system-

atic review and meta-analysis suggests that depression is an

important and independent predictor of all-cause mortality

among HF patients, while anxiety does not appear to have a

strong effect. Further research is recommended toward the

detection and treatment of depression.

Keywords Heart failure � Depression � Anxiety �
Mortality � Systematic review � Meta-analysis

Introduction

Heart failure (HF) is defined as a clinical syndrome in

which patients have typical symptoms such as breathless-

ness, ankle swelling, and fatigue and signs such as elevated

jugular venous pressure, pulmonary crackles, and displaced

apex beat, resulting from an abnormality of cardiac struc-

ture or function [1]. Approximately 1–2 % of the adult

population in developed countries has HF, with the

prevalence rising to C10 % among persons 70 years of age

or older [2]. HF is one of the most common causes of

hospital readmission and mortality.

Psychological factors such as depression or anxiety are

often reported with high prevalence and strong association

with negative outcomes in patients with cardiovascular dis-

ease [3].Many studies have reported high rates of depression

among HF patients. A prior systematic review and meta-

analysis published by Rutledge in 2006 [4] reported an

overall aggregated depression prevalence rate of 21.6 %

among HF patients, while individual study prevalence esti-

mates ranged from 9 to 60 %. Moreover, in 2005 Konstam

[5] reported that approximately 40 % of HF patients may

suffer from major anxiety, and overall anxiety levels are

60 % higher than levels seen in the healthy population.

Depression has been linked to increased risk of negative

outcomes, such as rehospitalization and mortality among

HF patients. According to a previous meta-analysis, the

aggregated risk estimate derived from 8 studies suggested a

[2-fold risk of death and secondary events for HF patients

with heightened depressive symptoms or a depressive

disorder [4]. A similar analysis was also published by Fan
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[6] in 2014 on 9 prospective studies, who reported a pooled

Hazard Ratio of 1.51 for patients with depression compared

to patients without depression. In both cases the result was

strongly heterogeneous but no further analysis, such as

meta-regression, was performed to examine the sources of

this heterogeneity. On the other hand, there is, to the best of

our knowledge, no meta-analysis published about the

prevalence of anxiety among HF patients and the effect of

anxiety on mortality outcome. Even though anxiety is

usually correlated with depression, it has not extensively

been studied among patients with HF.

Our aim is to provide an updated systematic review of

prospective or retrospective studies and a meta-analysis of

the effect of depression and the effect of anxiety onmortality

among HF patients. To reach this objective, we searched

extensively for available studies investigating the impact of

depression and anxiety on mortality of HF patients. Within

these studies, we identified also the reported prevalence of

depression or anxiety among HF patients.

Methods

Search strategy and selection criteria

This systematic review and meta-analysis were conducted

according to the guidelines introduced in the Preferred

Reporting Items for Systematic reviews and Meta-analysis

(the PRISMA Statement) [7]. The 27 checklist items of the

PRISMA methodology followed are given in Appendix 1.

Three electronic databases (MEDLINE, BIOSIS and

EMBASE) were searched for studies that investigated the

relationship between depression or anxiety and mortality

among HF patients. No publication time restriction was

applied. All papers written in English and published before

the 25th of June 2015 were included. Selected journals as

well as the references of full text papers were also hand-

searched, when necessary, in order to identify studies that

meet the inclusion criteria.

The database search string was created according to the

PICO model (P population/patient, I intervention/indicator,

C comparator/control, O outcome). For the ‘‘P’’ in PICO the

‘‘HEART FAILURE’’ keyword was included. For the ‘‘I’’,

the following keywords: ‘‘DEPRESS? OR STRESS OR

ANXIETYOR PSYCHOLOG?’’. For the ‘‘C’’, no particular

terms were used in our case. For ‘‘O’’, we used the following

keywords: ‘‘MORTALITY OR DEATH’’. The complete

query as used for the databases search is given inAppendix 2.

Study selection

In our analysis, several inclusion and exclusion criteria were

defined.All studies thatmet those criteriawere included. The

inclusion criteriawere articles presenting studies focusing on

the association between depression or anxiety and mortality

in a HF adult population. All mortality outcomes such as all-

cause or cardiac-related mortality were included and studies

focusing on inpatient, outpatient or both care settings were

taken into account.On the other hand, publications analyzing

data that had already been used before for the same purpose,

studies introducing no quantitative assessment of the impact

of depression or anxiety on the outcome or analyzing the use

of antidepressants as primary focus were excluded from our

analysis.

Review process and data collection

All titles and abstracts of studies identified by the elec-

tronic and hand search were screened by the reviewer (IS)

to identify those meeting the inclusion/exclusion criteria.

Then, all the selected full texts were screened indepen-

dently by two reviewers (IS, GJdV) to identify which

articles should be included in the systematic review. Any

disagreement between the reviewers was resolved by a

third reviewer (SP). For each of the selected articles, the

reviewers extracted data about author, year of publication,

follow-up period, outcome variable, location, study design,

study population (size/type), prevalence of depression or

anxiety, assessment method of the psychological parame-

ter, other parameters, statistical method and results.

Mendeley 1.13.8 software was used for organizing and

managing of the articles.

Data analysis

All studies were categorized according to the psychological

factor investigated (depression or anxiety). Information was

extracted according to whether the analysis was adjusted for

confounders such as age, gender, and clinical severity. For

both groups the association between depression or anxiety

and mortality was reported by collecting information of the

hazard ratios/odds ratios, 95 %CI and/or p values.

Random-effects meta-analysis was applied to combine

the results. We decided to pool not only the adjusted effect

but also the unadjusted effects in order to avoid the bias of

the different adjustments. For the few cases where Odds

Ratios were reported, they were converted [8] into Hazard
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Ratios in order to be comparable with the other Hazard

Ratios. In studies where results were presented for several

periods of follow-up we selected the longest follow-up

period to avoid bias of including multiple results on the

same patient data.

Studies collected in our analysis were different with

respect to patient population, locations and depression or

anxiety assessment methods. The random-effects method

allows for heterogeneity by assuming that the effects being

estimated in the different studies are not identical, but

follow a normal distribution. Heterogeneity across the

studies was quantified by the I2 statistic [9]. The I2 statistic

summarizes the fraction of the variation across studies due

to heterogeneity relative to chance. Random-effect meta-

regression was used in an attempt to explain between-study

heterogeneity and identify possible sources of bias. Meta-

regression is a method to quantify the association between

the estimated effect of depression and different study

characteristics.

Meta analyses were presented in the form of forest plots

created with the meta for package for R statistics version

3.0.3 (The R Foundation for Statistical Computing).

Fig. 1 PRISMA flow diagram
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Fig. 2 Meta-analysis—forest

plot calculating the effect of

depression a unadjusted effect,

b adjusted effect
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Results

Search result

A total of 906 potentially relevant articles was identified

from the electronic search and five from the hand search.

After removing the duplicates and reviewing the titles and

abstracts, we ended up with 62 articles for a full text

review. From these, 35 more articles were excluded,

leaving 27 articles for the systematic review (Fig. 1).

Characteristics of the selected studies

Depression and mortality

Among the identified studies, 26 reported on the effect of

depression. The prevalence of depression varied from 10 to

79 % in the identified literature studies (Table 1). The

unadjusted effect of depression is presented in Table 1a,

while the effect of depression after adjusting for several

confounders in Table 1b. The most common confounders,

used in more than 10 studies, were age, gender, NYHA

class and (left ventricular) ejection fraction.

There were various techniques used among the studies

to assess depression levels. We included all studies

assessing for clinically significant depression. The most

common scale used was the Beck Depression Inventory

(BDI) [10], followed by the Patient Health Questionnaire

(PHQ) [11].

The pooled hazard ratio for the unadjusted effect of

depression on mortality was strongly significant across 15

studies (HR = 1.57; 95 %CI 1.30–1.89; p\ 0.001). The

pooled estimation was strongly heterogeneous as reflected

by the I2 statistic (I2 = 94 %, heterogeneity p\ 0.001).

The pooled adjusted Hazard Ratio was also significant

(HR = 1.40; 95 %CI 1.22–1.60; p\ 0.001) and again

heterogeneous (heterogeneity p\ 0.001; I2 = 97 %;

Fig. 2).

A random-effect meta-regression was performed to

understand the sources of the higher than 90 % observed

heterogeneity between the studies. The potential study-

level covariates analyzed were the study characteristics

introduced in Table 1. There was no association found

between heterogeneity and the depression assessment

method, the adjusted or univariate analysis, the location

where the study was conducted, the inpatient or outpatient

predictive period, the year of the study, the type of the

study and the follow-up period. On the other hand, sig-

nificant heterogeneity was associated with the total popu-

lation size (smaller effect in larger studies p\ 0.01) and

the prevalence of the depression in the study (smaller effect

for prevalence[29 %; p\ 0.01; Table 2).

Anxiety and mortality

Only six studies analyzing the effect of anxiety on mor-

tality among HF patients were identified with a prevalence

of anxiety varying from 9 to 53 % (Table 3). Table 3a

shows the unadjusted effects reported in the studies, and

Table 3b the reported effects on mortality after adjusting

for a group of confounders. Age, NYHA class and (left

ventricular) ejection fraction were the most common con-

founders in the identified studies.

There was no evidence found for anxiety as an inde-

pendent predictor of mortality. The pooled hazard ratio for

the unadjusted effect of anxiety on mortality, which was

based on 2 studies, was 1.02 (95 % CI 1.00–1.04;

p = 0.24, heterogeneity p = 0.38; I2 = 0 %). The pooled

hazard ratio for the adjusted effect of anxiety on mortality

could be based on 5 studies and was identical (HR = 1.02;

95 % CI 1.00–1.04; p = 0.09) and reasonably homogenous

(heterogeneity p = 0.97; I2 = 0 %, Fig. 3).

Table 2 Random-effect meta-regression

Univariate Analysis

Estimated coefficient (SE) p value

Year -0.0016 (0.0124) 0.8957

Assessment method

1. BDI 0.0349 (0.1287) 0.7863

2. PHQ 0.2096 (0.1433) 0.1434

3. Other -0.1571 (0.1117) 0.1596

Population size* -0.0004 (0.0002) \0.05

Region

1. EU -0.1119 (0.1134) 0.3241

2. US 0.04355 (0.1140) 0.7555

Follow-up period 0.0014 (0.0269) 0.9599

Statistical method

1. Unadjusted 0.1066 (0.1159) 0.3573

2. Adjusted Reference Reference

Study type

1. Prospective 0.1453 (0.1134) 0.2003

2. Retrospective 0.0667 (0.2217) 0.7637

3. Other -0.1756 (0.1178) 0.1359

Depression prevalence* -0.0108 (0.0059) \0.1

Predicting period

1. Inpatient -0.1641 (0.1156) 0.1156

2. Outpatient Reference Reference

In order to estimate the unadjusted effect of each study-level factor,

the studies with missing values were excluded in each case

58 Heart Fail Rev (2016) 21:49–63

123



T
a
b
le

3
(a
)
U
n
ad
ju
st
ed
/(
b
)
ad
ju
st
ed

ef
fe
ct

o
f
an
x
ie
ty

o
n
m
o
rt
al
it
y
am

o
n
g
H
F
p
at
ie
n
ts

A
u
th
o
r

Y
ea
r

A
ss
es
sm

en
t

m
et
h
o
d

O
u
tc
o
m
e

P
o
p
u
la
ti
o
n

R
eg
io
n

S
tu
d
y

F
o
ll
o
w
-u
p

P
re
d
ic
ti
n
g

p
er
io
d

S
ta
ti
st
ic
al

m
et
h
o
d

O
th
er

p
ar
am

et
er
s

H
R
/O
R

p
v
al
u
e

9
5
%

C
I

P
re
v
al
en
ce

o
f
an
x
ie
ty

a.
U
n
ad
ju
st
ed

ef
fe
ct

o
f
an
x
ie
ty

o
n
m
o
rt
al
it
y

F
ri
ed
m
an
n

[2
1
]

2
0
0
6

S
T
A
I

A
ll
-c
au
se

m
o
rt
al
it
y

1
4
9
C
H
F

U
S

P
F
O
S
co
h
o
rt

st
u
d
y

2
3
.6

m
o
n
th
s

O
u
tp
at
ie
n
t

U
n
iv
ar
ia
te
C
o
x

p
ro
p
o
rt
io
n
al
-

h
az
ar
d
s

m
o
d
el

–
1
.0
3
7

0
.0
6

0
.9
9
8
–
1
.0
7
8

4
5
%

Ji
an
g
[4
1
]

2
0
0
4

S
T
A
I

A
ll
-c
au
se

m
o
rt
al
it
y

2
9
1
C
H
F

U
S

P
ro
sp
ec
ti
v
e

co
h
o
rt
st
u
d
y

1
y
ea
r

In
p
at
ie
n
t

U
n
iv
ar
ia
te
C
o
x

p
ro
p
o
rt
io
n
al
-

h
az
ar
d
s

m
o
d
el

–
S
ta
te
-

A
:1
.0
1
7

T
ra
it
-

A
:1
.0
1
0

S
ta
te
-

A
:0
.1
2

T
ra
it
-A

:

0
.4
4

S
ta
te
-A

:0
.9
9
6

–
1
.0
3
9
T
ra
it
-

A
:0
.9
8
–
1
.0
3

2
9
%

b
.
A
d
ju
st
ed

ef
fe
ct

o
f
an
x
ie
ty

o
n
m
o
rt
al
it
y

A
lh
u
ra
n
i

[3
0
]

2
0
1
5

B
S
I
an
x
ie
ty

su
b
sc
al
e

A
ll
-c
au
se

m
o
rt
al
it
y

1
2
6
0
H
F

U
S

H
F
Q
o
L

R
eg
is
tr
y

1
2
m
o
n
th

O
u
tp
at
ie
n
t

M
u
lt
iv
ar
ia
te

C
o
x

p
ro
p
o
rt
io
n
al
-

h
az
ar
d
s

m
o
d
el

ag
e,

g
en
d
er
,

et
h
n
ic
it
y
,

N
Y
H
A
,
an
x
ie
ty

an
d
d
ep
re
ss
io
n

1
.0
7

0
.6
5
2

0
.7
9
–
1
.4
5

–

C
u
ll
y
[3
2
]

2
0
0
9

IC
D

9
an
x
ie
ty

A
ll
-c
au
se

m
o
rt
al
it
y

1
2
,0
2
8
H
F

U
S

R
et
ro
sp
ec
ti
v
e

co
h
o
rt
st
u
d
y

1
2
m
o
n
th

O
u
tp
at
ie
n
t

M
u
lt
iv
ar
ia
te

lo
g
is
ti
c

re
g
re
ss
io
n

ag
e,

g
en
d
er
,
ra
ce
,

m
ar
ri
ed
,

in
co
m
e,

co
m
o
rb
id
it
ie
s,

co
m
b
in
ed

d
ep
re
ss
io
n
/

an
x
ie
ty

1
.0
1

n
s

0
.7
6
–
1
.5
4

9
%

F
ri
ed
m
an
n

[2
1
]

2
0
0
6

S
T
A
I

A
ll
-c
au
se

m
o
rt
al
it
y

1
4
9
C
H
F

U
S

P
F
O
S
co
h
o
rt

st
u
d
y

2
3
.6

m
o
n
th
s

O
u
tp
at
ie
n
t

M
u
lt
iv
ar
ia
te

C
o
x

p
ro
p
o
rt
io
n
al
-

h
az
ar
d
s

m
o
d
el

at
ri
al

fi
b
ri
ll
at
io
n
/

fl
u
tt
er
,
N
Y
H
A
,

an
d
tr
ea
tm

en
t

g
ro
u
p

1
.0
3

0
.1
2

0
.9
8
9
–
1
.0
7
2

4
5
%

Ji
an
g
[4
1
]

2
0
0
4

S
T
A
I
C

4
0

A
ll
-c
au
se

m
o
rt
al
it
y

2
9
1
C
H
F

U
S

P
ro
sp
ec
ti
v
e

co
h
o
rt
st
u
d
y

1
y
ea
r

In
p
at
ie
n
t

M
u
lt
iv
ar
ia
te

C
o
x

p
ro
p
o
rt
io
n
al
-

h
az
ar
d
s

m
o
d
el

B
D
I
sc
o
re
s,
ag
e,

b
as
el
in
e
L
V
E
F
,

N
Y
H
A
,
an
d

is
ch
em

ic
C
H
F

o
ri
g
in

S
ta
te
-A

:

1
.0
1

T
ra
it
-A

:

1
.0
0

S
ta
te
-A

:

0
.3
0

T
ra
it
-A

:

0
.9
7

S
ta
te
-A

:

0
.9
8
8
–
1
.0
4
0

T
ra
it
-A

:

0
.9
7
1
–
1
.0
3
1

–

K
o
n
st
am

[3
3
]

1
9
9
6

H
R
Q
L

A
ll
-c
au
se

m
o
rt
al
it
y

3
3
7
5
H
F

U
S

R
an
d
o
m
iz
ed

cl
in
ic
al

tr
ia
l

M
ea
n

3
6
.5

m
o
n
th
s

–
M
u
lt
iv
ar
ia
te

C
o
x

p
ro
p
o
rt
io
n
al
-

h
az
ar
d
s

m
o
d
el

E
F
,
ag
e,

tr
ea
tm

en
t,

N
Y
H
A

cl
as
si
fi
ca
ti
o
n
,

an
d
H
R
Q
L

1
.0
2

n
s

–
–

V
o
lz

[3
9
]

2
0
1
1

H
A
D
S
-A

[
1
0

A
ll
-c
au
se

m
o
rt
al
it
y

1
1
1
H
F

C
H

P
ro
sp
ec
ti
v
e

co
h
o
rt
st
u
d
y

M
ea
n

2
.8

y
ea
rs

O
u
tp
at
ie
n
t

M
u
lt
iv
ar
ia
te

C
o
x

p
ro
p
o
rt
io
n
al
-

h
az
ar
d
s

m
o
d
el

L
V
E
F
,
p
ea
k

o
x
y
g
en

u
p
ta
k
e

1
.7
5

0
.4
7

0
.3
7
–
8
.2
1

9
%

H
R
h
az
ar
d
ra
ti
o
,
O
R
o
d
d
s
ra
ti
o
,
S
T
A
I
st
at
e-
tr
ai
t
an
x
ie
ty

in
v
en
to
r,
H
R
Q
L
h
ea
lt
h
-r
el
at
ed

q
u
al
it
y
o
f
li
fe
,
B
S
I
b
ri
ef

sy
m
p
to
m

in
v
en
to
ry
,
P
F
O
S
p
sy
ch
o
so
ci
al

fa
ct
o
rs

o
u
tc
o
m
e
st
u
d
y

Heart Fail Rev (2016) 21:49–63 59

123



Discussion

This systematic review was conducted according to the

PRISMA guidelines to assess the evidence on the effect of

depression (26 studies) and anxiety (6 studies) on all-cause

mortality outcome among heart failure (HF) patients.\Key

results: 1.6 for depression but very heterogeneous across

studies; no effect for anxiety[.

In contrast to other reviews, our study was not limited

on follow-up duration or only in prospective studies

reporting adjusted effects of the two parameters. We

reviewed all studies published quantifying the effect of

depression or anxiety.

The prevalence of depression varied among the 26 dif-

ferent studies with an average of approximately 29 %

ranging from 10 to 79 %. The meta-analysis showed that

the unadjusted risk of death among HF patients facing

depression was 1.57 times higher than the risk among HF

patients without depression and the pooled estimate of the

adjusted Hazard Ratio was 1.40. In both univariate and

adjusted analysis, strong heterogeneity among the studies

was found. Our findings are more conservative than pre-

vious reviews published [4, 6]. Rutledge et al. reported a

2.10 higher adjusted risk of mortality and secondary events

based on 8 studies, and Fun et al. reported a pooled

adjusted Hazard Ratio of 1.51 based on 9 studies, both with

substantial heterogeneity. From our attempt to explain

heterogeneity, we found that the effect of depression is

weaker in larger studies; this suggests publication bias:

small studies were published if they found relatively large

effect estimates, while small studies with modest effect

estimates were not. The weaker effect in studies with

higher prevalence of depression may relate to the use of

different cut-offs on an underlying, latent, scale for

depression. If a more liberal cut-off was used, those labeled

as depressed actually were milder than with a more strict

definition of depression.

Our results for anxiety do not have the same weight as

the results with respect to depression since anxiety was less

studied in the literature. Anxiety had a similar prevalence

to depression among the six identified studies (average

29 %, range 9–45 %), but patients with anxiety had no

increased risk of death compared to those without anxiety.

However, since anxiety is usually correlated with other

factors such as depression, further research of anxiety as a

covariate to other factors is recommended.

One limitation of our study is related to the variation in

follow-up times. Follow-up times varied from 30 days to a

number of years; furthermore, there were studies covering

different follow-up periods but in these cases we always

selected the longest follow-up. Further analysis such as

subgroup analysis would be recommended to investigate

the effect variation in different follow-up periods; however,

limited information in some of the literature publications is

restrictive toward this direction.

Moreover, we focused only on mortality. Nevertheless,

there is evidence that depression and anxiety are also

associated with other adverse events such as readmission.

Further investigation is needed also toward this direction.

One limitation of the meta-regression is that even

though we tried to cover a broad selection of study-level

covariates, there are more that might also be related to the

Fig. 3 Meta-analysis—forest

plot calculating the effect of

anxiety a unadjusted effect,

b adjusted effect
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heterogeneity. Further research on different factors’ inter-

actions would be recommended.

The ‘‘gold standard’’ test of causality of a putative risk

factor is a randomized clinical trial. Such a trial minimizes

concerns about confounders [12–14]. To the best of our

knowledge, there is no randomized clinical trial conducted

for depression among a HF population. Based on our

findings, we strongly recommend such a trial in order to

evaluate the causality of depression.

Finally, according to our findings from the meta-re-

gression, depression should not be underestimated in clin-

ical practice within HF population groups where

prevalence is low. Furthermore, based on our overall

findings on the effect of depression, we recommend further

research on the recognition and management of depression

in clinical practice which might improve patient outcomes.

Further analysis such as subgroup analysis and

interventional studies is required for stronger evidence

toward this direction.

Acknowledgments The authors would like to thank John Dielis

from E-Science & Information Management Department, Philips,

Eindhoven, for contributing in querying the databases.

Funding IS, JJGV and SCP are employed by Philips Research.

Compliance with ethical standards

Conflict of interest EWS has no conflict of interest to declare.

Appendices

Appendix 1

See Table 4.

Table 4 PRISMA checklist

Section/topic # Checklist item Reported on

page #

Title

Title 1 Identify the report as a systematic review, meta-analysis, or both. 1

Abstract

Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources;

study eligibility criteria, participants, and interventions; study appraisal and synthesis

methods; results; limitations; conclusions and implications of key findings; systematic review

registration number

1

Introduction

Rationale 3 Describe the rationale for the review in the context of what is already known 1-2

Objectives 4 Provide an explicit statement of questions being addressed with reference to participants,

interventions, comparisons, outcomes, and study design (PICOS)

2

Methods

Protocol and

registration

5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if

available, provide registration information including registration number

Appendix 1
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