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Identification of Symptom Clusters among Patients with Heart Failure: An
International Observational Study

Abstract
BACKGROUND: Virtually all patients with heart failure experience multiple symptoms simultaneously, yet
clinicians and researchers usually consider symptoms in isolation. Recognizing and responding early to
escalating symptoms is essential to preventing hospitalizations in heart failure, yet patients have considerable
difficulty recognizing symptoms. Identification of symptom clusters could improve symptom recognition, but
cultural differences may be present that must be considered.

OBJECTIVES: To identify and compare symptom clusters in heart failure patients from the United States,
Europe and Asia.

DESIGN: Cross-sectional, observational study.

SETTINGS: In- and out-patient settings in three regions of the world: Asia (i.e., China and Taiwan); Europe
(i.e., the Netherlands and Sweden); and the United States.

PARTICIPANTS: A total of 720 patients with confirmed heart failure. Propensity scoring using New York
Heart Association Classification was used to match participants from each of the three regions.

METHODS: Symptoms were identified using the Minnesota Living with Heart Failure Questionnaire. To
identify symptom clusters we used cluster analysis with the hierarchical cluster agglomerative approach. We
used the Euclidean distance to measure the similarity of variables. Proximity between groups of variables was
measured using Ward's method. The resulting clusters were displayed with dendrograms, which show the
proximity of variables to each other on the basis of semi-partial R-squared scores.

RESULTS: There was a core group of symptoms that formed two comparable clusters across the countries.
Dyspnea, difficulty in walking or climbing, fatigue/increased need to rest, and fatigue/low energy were
grouped into a cluster, which was labeled as a physical capacity symptom cluster. Worrying, feeling depressed,
and cognitive problems were grouped into a cluster, which was labeled as an emotional/cognitive symptom
cluster. The symptoms of edema and trouble sleeping were variable among the countries and fell into different
clusters.

CONCLUSION: Despite the diversity in cultures studied, we found that symptoms clustered similarly among
the cultural groups. Identification of similar symptoms clusters among patients with heart failure may improve
symptom recognition in both patients and healthcare providers.
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Background—Virtually all patients with heart failure experience multiple symptoms

simultaneously, yet clinicians and researchers usually consider symptoms in isolation.

Recognizing and responding early to escalating symptoms is essential to preventing

hospitalizations in heart failure, yet patients have considerable difficulty recognizing symptoms.

Identification of symptom clusters could improve symptom recognition, but cultural differences

may be present that must be considered.

Objectives—To identify and compare symptom clusters in heart failure patients from the United

States, Europe and Asia.

Design—Cross-sectional, observational study.

Settings—In- and out-patient settings in three regions of the world: Asia (i.e., China and

Taiwan); Europe (i.e., the Netherlands and Sweden); and the United States.

Participants—A total of 720 patients with confirmed heart failure. Propensity scoring using

New York Heart Association Classification was used to match participants from each of the three

regions.

Methods—Symptoms were identified using the Minnesota Living with Heart Failure

Questionnaire. To identify symptom clusters we used cluster analysis with the hierarchical cluster

agglomerative approach. We used the Euclidean distance to measure the similarity of variables.

Proximity between groups of variables was measured using Ward’s method. The resulting clusters

were displayed with dendrograms, which show the proximity of variables to each other on the

basis of semi-partial R-squared scores.

Results—There was a core group of symptoms that formed two comparable clusters across the

countries. Dyspnea, difficulty in walking or climbing, fatigue/increased need to rest, and

fatigue/low energy were grouped into a cluster, which was labeled as a physical capacity symptom

cluster. Worrying, feeling depressed, and cognitive problems were grouped into a cluster, which

was labeled as an emotional/cognitive symptom cluster. The symptoms of edema and trouble

sleeping were variable among the countries and fell into different clusters.

Conclusion—Despite the diversity in cultures studied, we found that symptoms clustered

similarly among the cultural groups. Identification of similar symptoms clusters among patients

with heart failure may improve symptom recognition in both patients and healthcare providers.

Keywords

heart failure; symptom clusters; cognitive symptoms; emotional symptoms; physical symptoms

Heart failure (HF) is a growing health concern throughout the world. In the United States

alone, the estimated prevalence of HF is around 5.8 million (Roger et al., 2012). Heart

failure incidence has not declined for two decades (Roger et al., 2012). Heart failure affects

at least 15 million of the 900 million persons in the 51 European countries represented by

the European Society of Cardiology (Stromberg and Dickstein, 2008). Approximately 40%

of these patients are dead or readmitted within one year of hospital discharge (Stromberg

and Dickstein, 2008). Despite limited knowledge about HF epidemiology in Asian countries,

it is clear that HF prevalence is increasing along with the aging of that population and

Moser et al. Page 2

Int J Nurs Stud. Author manuscript; available in PMC 2015 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



increased survival of patients experiencing coronary events (Alla et al., 2007, Jiang and Ge,

2009).

Information about the patient symptom experience is essential because efficacious symptom

management is a major focus in HF. An important feature of the symptom experience in HF

is that patients experience multiple symptoms simultaneously, and these symptoms are

associated with detrimental outcomes (Bekelman et al., 2007, Blinderman et al., 2008,

Ekman et al., 2005, Heo et al., 2008, Jurgens et al., 2009, Lee et al., 2010, Song et al., 2010,

Zambroski et al., 2005). Thus, investigating co-occurring symptoms as symptom clusters

may assist health care providers to better understand the symptom experience of patients

with HF thereby allowing them to perform more effective clinical management.

A symptom cluster consists of two or more co-occurring symptoms (Miaskowski et al.,

2007). Although symptoms within a cluster are strongly related, they do not necessarily

share a common etiology (Miaskowski et al., 2007). There is increasing evidence to suggest

that symptom clusters may be more predictive of outcomes than singly occurring symptoms.

Symptoms are conceptualized as subjective phenomenon reflecting perceived alterations in

normal function (Dodd et al., 2001, Rhodes and Watson, 1987). Functional or structural

abnormalities in body organs and systems are reflected as symptoms. The reality of the

person in the context of his or her cultural and personal situation is a major component of

symptom expression (Good and Good, 1981). Thus, patients with HF may have different

symptom experiences and symptom clusters depending on their cultural background. For

this reason, it is meaningful to perform international comparisons of symptom clusters and

identify any differences. Accordingly, our specific aim was to identify and compare

symptom clusters in the United States, Europe, and Asia.

Methods

This study was an observational, comparative investigation of differences in symptom

clusters in each of regions studies. We included data from the United States, Europe (the

Netherlands and Sweden) and Asia (China and Taiwan).

Patients and settings

Purposive sampling was used to recruit patients with HF from in- and out-patient settings in

five countries: China, the Netherlands, Sweden, Taiwan, and the United States from 2008

through 2011. They were eligible for the study if they met the following selection criteria: 1)

confirmed diagnosis of HF with either preserved or non-preserved systolic function; 2) no

admission for myocardial infarction or stroke within the previous 3 months because these

conditions substantially alter the typical HF symptom experience; 3) free of serious

debilitating comorbidities such as end-stage renal or liver disease; 4) free of cognitive

impairments that might hinder ability to participate in an interview with research nurses; and

5) on a cardiac transplantation waiting list.
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Procedures

This study was approved by the Institutional Review Boards or their equivalent at all

participating sites. Investigators or trained research nurses who were native to each country

recruited patients. Patients were referred for recruitment by nurses and physicians caring for

them. Informed, signed consent was received from patients. Patients completed

questionnaire packets. Sociodemographic and clinical data were obtained by patient

interview and medical record review.

Measurement

Heart failure symptoms—Symptoms were identified from the Minnesota Living with

Heart Failure Questionnaire (MLHFQ),(Rector et al., 1987) which assesses health-related

quality of life in patients with HF. The instrument contains six physical symptom and three

psychological symptom items that influence health-related quality of life: edema, dyspnea,

difficulty walking or climbing stairs, fatigue/increased need to rest, fatigue/low energy,

sleep difficulties, worrying, feeling depressed, and cognitive problems (difficulty

concentrating or remembering things). Patients were asked to rate the impact of each item on

a scale from 0 (no impact) to 5 (very severe impact). These items reflected the presence or

absence of given symptoms, and the degree of negative impact caused by the symptoms,

thus reflecting multiple dimensions of symptoms.

The instrument was translated from English to Chinese, Swedish, or Dutch by native-

speaking researchers, back-translated into English by a second native-speaking researcher,

and examined for equality of meaning. In this study, Cronbach’s alpha was used to assess

reliability of the eight items and was found to be high at 0.88 for Asia, 0.90 for the United

States, and 0.84 for Europe.

Sociodemographic and clinical characteristics—Patients were interviewed and their

medical record examined to obtain the following sociodemographic and clinical data: age,

gender, marital status, comorbidities, New York Heart Association (NYHA) functional

classification, and medication.

Statistical analyses

Data were analyzed using SAS (version 9.2). Propensity scores were calculated using

logistic regression. New York Heart Association functional class was used as a predictor to

estimate propensity scores because NYHA functional class is associated with the symptom

experience (Ekman et al., 2005). Because there were three regional groups (i.e., Asia,

Europe, America), each patient from Asia was matched to one patient from Europe, and then

each European patient who was selected from the previous matching technique was matched

to one patient from the United States. The matching was done with the absolute difference

between propensity scores of +/− 0.05. By using this technique, comparable patient groups,

240 patients from each regional group, were identified for cluster analysis.

To identify symptom clusters we used cluster analysis, which maximizes the homogeneity of

variables within clusters while simultaneously maximizing the heterogeneity between

clusters (Everitt, 1972). The hierarchical cluster agglomerative approach was used. This
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technique treats each variable as a separate cluster at the beginning and then combines the

variables into consecutively larger clusters based on their similarity. We used the Euclidean

distance to measure the similarity of variables. Proximity between groups of variables was

measured using Ward’s method by which clusters were joined by minimizing the total

within-cluster error sum of squares.

The resulting clusters were displayed with dendrograms, which show the proximity of

variables to each other on the basis of semi-partial R-squared scores. Smaller values of semi-

partial R-squared scores indicate a higher degree of homogeneity of variables between

clusters. The optimal number of clusters was determined based on dendrograms, the pseudo-

F statistic, and the pseudo-T squared statistic (Everitt et al., 2001).

Results

Sample characteristics

Demographic and clinical characteristics are presented in Table 2. Patients in Europe were

older and less likely to have hypertension compared to patients in the United States and

Asia. A larger percentage of patients in Asia were married than patients in the other regions.

Symptom clusters

There was a core group of symptoms that formed two comparable clusters across the

countries. The symptoms of edema and trouble sleeping were variable among the countries

and fell into different clusters.

United States—Three distinct cluster solutions emerged based on the dendrogram (Figure

1). The pseudo-F statistic and the pseudo-T squared statistic were used to examine whether

the number of clusters based on the dendrogram was appropriate or not. These two statistics

agreed that three solutions were optimal. Dyspnea, difficulty in walking or climbing, fatigue/

increased need to rest, and fatigue/low energy were grouped into a cluster, which was

labeled as a physical capacity symptom cluster. Worrying, feeling depressed, cognitive

problems, and sleep difficulties were grouped into a cluster, which was labeled as an

emotional/cognitive symptom cluster. Edema did not cluster with either of these and formed

a third unique solution, which was not deemed a cluster as it consisted of only one symptom.

Asia—Three distinct cluster solutions were identified based on the dendrogram (Figure 2).

The pseudo-F statistic and the pseudo-T squared statistic also suggested three cluster

solutions were optimal. The first cluster was identical to the physical capacity symptom

cluster seen in the United States sample with one exception. It consisted of dyspnea,

difficulty in walking or climbing, fatigue/increased need to rest, and fatigue/low energy as in

the United States, but also included sleep difficulties. The second cluster formed an

emotional/cognitive cluster and consisted of worrying, feeling depressed, and cognitive

problems. Edema, as in the United States, formed a third solution that again, was not

deemed a cluster as it consisted of only one symptom.

Europe—The dendrogram suggested three distinct cluster solutions (Figure 3). Three

cluster solutions were suggested based on the pseudo-F statistic and the pseudo-T squared
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statistic. As in the United States and Asia, there was a physical capacity symptom cluster,

consisting of dyspnea, difficulty in walking or climbing, fatigue/increased need to rest, and

fatigue/low energy. An emotional/cognitive symptom cluster consisted of worrying, feeling

depressed, and cognitive problems. Finally, edema and sleep difficulties clustered together

to form a third cluster.

Discussion

Despite the diversity in cultures reflected in the sample for this study, we found that

symptoms clustered similarly among the cultural groups studied. There were two major

symptoms clusters identified that were common to all countries. These findings suggest that

the pathophysiologic genesis of HF symptom clusters is the same across cultures and their

expression is not affected by culture.

Many investigators have examined the relationship of individual symptoms to outcomes

(Ekman et al., 2005, Friedman, 1997, Friedmann et al., 2006, Smith et al., 2012). Individual

symptoms, particularly dyspnea and depressive symptoms, are related to rehospitalization

and mortality risk (Adams et al., 2012, Ekman et al., 2005, Johnson et al., 2012). These data

are important for focusing attention on the importance of examining the symptom

experience in heart failure. Our findings extend these data to demonstrate that a focus on

individual symptoms may not be sufficient to assist patients or healthcare providers

adequately assess for and recognize symptoms of escalating heart failure.

Data from many different patient populations demonstrate that symptoms commonly occur

together, that clustering of symptoms together puts patients at higher risk for poor outcomes

including higher morbidity and mortality, and that such risk is not clearly evident when

symptoms are considered in isolation (Doering et al., 2009, Ferreira et al., 2008, Teunissen

et al., 2006). For example, clustering of anxiety and depression in patients with coronary

artery disease is associated with higher mortality that is the presence of anxiety or

depression alone (Doering et al., 2009). The presence of higher numbers of symptoms

confers greater mortality risk in patients with cancer. In one study, patients with four

symptoms were nine times more likely to die as those with only one symptom (Teunissen et

al., 2006).

Our findings suggest a universality of symptom expression and symptom clustering that is

helpful to clinicians as they attempt to determine the meaning of symptoms in their patients

with HF, and as they attempt to educate their patients to respond appropriately to symptoms

(Jurgens et al., 2009). Knowledge of symptom clusters may also assist clinicians in risk

stratification of their patients. We previously identified the presence of the same symptom

clusters in another U.S. sample, and demonstrated that presence of the emotional/cognitive

symptom cluster in patients was associated with increased risk of rehospitalization and

mortality (Lee et al., 2010). Thus, our data suggest that regardless of cultural background,

patients who present with an emotional/cognitive clustering of symptoms should be treated

with extra vigilance given their increased risk of poor outcomes. The increased risk

associated with the emotional/cognitive symptom cluster exists even in the absence of

physical symptoms (Lee et al., 2010).
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Of interest, edema did not cluster with the larger physical symptom cluster in any country.

In the United States and Asia, it did not cluster with any other symptom, and in Europe it

clustered only with sleep difficulties. Edema may be unique among symptoms of HF

because it is not noted for causing great distress unless extreme. For this reason it likely does

not cluster with the other equally common, but more distressing symptoms of HF.

Limitations of this study include possible lack of generalizability to ethnic or cultural groups

other than American and European Caucasians, and Asians. Another potential limitation is

the use of an instrument, the MLHFQ that measures presence of, and distress related to,

symptoms, but not other dimensions (i.e., frequency or severity) of the symptom experience.

We used this instrument given the lack of reliable and valid instruments, at the time of the

study, which included both physical and psychological symptoms common in patients with

HF. There is evidence, however, that distress may best capture the negative impact of the

symptom experience and provide a good source for determining how symptoms cluster

(Cooley et al., 2003, Tishelman et al., 2005).

Conclusion

We found that the symptom experience for patients with heart failure across widely varying

cultures is very similar. Among people from Asian, European and American backgrounds,

symptoms occur in clusters and not in isolation. Given the difficulty patients have

recognizing their own symptoms of escalating heart failure, the identification of symptom

clusters may improve their ability to assess for and recognize symptoms so that they can act

in a more timely manner to avert rehospitalization (Ryan et al., 2007, Smith et al., 2009)
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Research Highlights

What is already known about the topic

• All heart failure patients have symptoms.

• Escalating symptoms, that are often not recognized, result in the frequent

hospitalizations common in this population.

• Although symptoms occur simultaneously in most patients, researchers and

clinicians focus on individual symptoms.

What this paper adds

• The findings from this study show that heart failure symptoms occur in

identifiable clusters and we suggest that provision of this information to patients

and healthcare providers may improve symptom recognition and appropriate

action

• The data demonstrate that there are similar symptom clusters across of variety of

cultures in the United States, Europe and Asia.

• The data from this study show that the clusters found were a physical capacity

symptom cluster that consisted of dyspnea, difficulty in walking or climbing,

fatigue/increased need to rest, and fatigue/low energy, and an emotional/

cognitive symptom cluster that consisted of worrying, feeling depressed, and

cognitive problems.
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Figure 1.
Dendrogram in the United States
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Figure 2.
Dendrogram in Asia
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Figure 3.
Dendrogram in Europe

Moser et al. Page 13

Int J Nurs Stud. Author manuscript; available in PMC 2015 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Moser et al. Page 14

T
ab

le
 1

D
em

og
ra

ph
ic

 a
nd

 C
lin

ic
al

 C
ha

ra
ct

er
is

tic
s 

by
 R

eg
io

ns

T
ot

al
 (

N
 =

 7
20

)
U

S 
(N

 =
 2

40
)

A
si

a 
(N

 =
 2

40
)

E
ur

op
e 

(N
 =

 2
40

)
p-

va
lu

e

A
ge

, y
ea

rs
 (

m
ea

n 
[S

D
])

 (
n=

71
9)

66
.3

 (
13

.3
)

63
.7

 (
13

.5
)

63
.5

 (
13

.7
)

71
.6

 (
11

.0
)

<
.0

00
1

Fe
m

al
e

26
5 

(3
6.

8%
)

10
3 

(4
2.

9%
)

77
 (

32
.1

%
)

85
 (

35
.4

%
)

0.
04

17

M
ar

ita
l S

ta
tu

s
<

.0
00

1

 
Si

ng
le

62
 (

9.
5%

)
34

 (
14

.2
%

)
13

 (
5.

4%
)

15
 (

8.
7%

)

 
M

ar
ri

ed
 o

r 
co

ha
bi

ta
te

42
8 

(6
5.

6%
)

12
7 

(5
2.

9%
)

19
5 

(8
1.

3%
)

10
6 

(6
1.

6%
)

 
Se

pa
ra

te
d/

di
vo

rc
ed

/w
id

ow
ed

16
2 

(2
4.

8%
)

79
 (

32
.9

%
)

32
 (

13
.3

%
)

51
 (

29
.7

%
)

Is
ch

em
ic

 E
tio

lo
gy

47
0 

(6
5.

9%
)

14
6 

(6
2.

4%
)

15
9 

(6
6.

3%
)

16
5 

(6
9.

0%
)

0.
31

02

N
Y

H
A

0.
18

48

 
II

21
7 

(3
0.

1%
)

83
 (

34
.6

%
)

67
 (

27
.9

%
)

67
 (

27
.9

%
)

 
II

I/
IV

50
3 

(6
9.

9%
)

15
7 

(6
5.

4%
)

17
3 

(7
2.

1%
)

17
3 

(7
2.

1%
)

H
yp

er
te

ns
io

n
38

1 
(5

3.
4%

)
15

9 
(6

8.
2%

)
12

2 
(5

0.
8%

)
10

0 
(4

1.
7%

)
<

.0
00

1

M
yo

ca
rd

ia
l I

nf
ar

ct
io

n
32

6 
(4

5.
3%

)
11

1 
(4

6.
3%

)
11

9 
(4

9.
6%

)
96

 (
40

.0
%

)
0.

10
10

A
tr

ia
l F

ib
ri

lla
tio

n
25

7 
(4

2.
3%

)
87

 (
51

.8
%

)
67

 (
27

.9
%

)
10

3 
(5

1.
8%

)
<

.0
00

1

C
V

A
 o

r 
T

IA
10

7 
(1

5.
8%

)
42

 (
17

.5
%

)
27

 (
11

.3
%

)
38

 (
19

.1
%

)
0.

05
52

M
ed

ic
at

io
ns

 
B

et
a 

B
lo

ck
er

s
41

7 
(7

0.
3%

)
98

 (
86

.0
%

)
16

2 
(6

7.
8%

)
15

7 
(6

5.
4%

)
0.

00
02

 
A

C
E

Is
 o

r 
A

R
B

s
40

4 
(7

7.
0%

)
97

 (
84

.3
%

)
11

2 
(6

5.
9%

)
19

5 
(8

1.
3%

)
0.

00
01

N
ot

e.
 V

al
ue

s 
ar

e 
N

 (
%

) 
ot

he
rw

is
e 

in
di

ca
te

d.

A
bb

re
vi

at
io

ns
. U

S=
 th

e 
U

ni
te

d 
St

at
es

; N
Y

H
A

=
N

ew
 Y

or
k 

H
ea

rt
 A

ss
oc

ia
tio

n 
C

la
ss

; C
V

A
=

 C
er

eb
ro

va
sc

ul
ar

 a
cc

id
en

t; 
T

IA
=

T
ra

ns
ie

nt
 is

ch
em

ic
 a

cc
id

en
t; 

A
C

E
Is

=
 A

ng
io

te
ns

in
-c

on
ve

rt
in

g 
en

zy
m

e 
in

hi
bi

to
rs

;
an

d 
A

R
B

s=
 A

ng
io

te
ns

in
-r

ec
ep

to
r 

bl
oc

ke
rs

Int J Nurs Stud. Author manuscript; available in PMC 2015 October 01.


	University of Pennsylvania
	ScholarlyCommons
	10-2014

	Identification of Symptom Clusters among Patients with Heart Failure: An International Observational Study
	Debra K. Moser
	Kyoung Suk Lee
	Jia-Rong Wu
	Gia Mudd-Martin
	Tiny Jaarsma
	See next page for additional authors
	Recommended Citation

	Identification of Symptom Clusters among Patients with Heart Failure: An International Observational Study
	Abstract
	Keywords
	Disciplines
	Author(s)


	tmp.1533255064.pdf.wZpDl

