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A B S T R A C T

Background: It has been suggested that patients with heart failure (HF) have an increased fall rate.
Although balance is one of the most important risk factors for fall, there is not sufficient information
about balance in HF.
Objective: To compare static, dynamic and functional balance between patients with HF and healthy controls.
Methods: Twenty-seven patients with HF and 22 healthy controls were recruited in this study. The Unilateral
Stance (US) and Limits of Stability (LOS) tests were used to measure static and dynamic balance, respectively.
Functional balance was assessed with Berg Balance Scale.
Results: There was no significant difference in age, gender and body mass index between the groups
(p > 0.05). There was a significant difference in US with open eyes between the groups (p < 0.05). Reaction
time (backward and left), endpoint excursion (backward), maximum excursion (forward and backward) and
directional control (forward and right) variables of LOS were significantly different between the groups
(p < 0.05).
Conclusions: Patients with HF have impaired static, dynamic and functional balance. Considering the balance
impairment, a comprehensive balance assessment performed and balance training should be included in the
management of HF as a part of the cardiac rehabilitation program.

© 2020 Elsevier Inc. All rights reserved.
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Introduction

Heart Failure (HF) is defined as a complex clinical syndrome
caused by a structural and/or functional cardiac abnormality, result-
ing in reduced cardiac output and/or elevated intracardiac pres-
sures at rest or during stress.1,2 Decreased cardiac performance is
one of the major causes of exercise intolerance.3 Additionally,
changes in skeletal muscle mass, density, fiber type, oxidative
metabolism and mitochondrial function lead to muscle dysfunction
in HF.4 Functional difficulties mentioned above have been reported
to increase the likelihood of falling in HF.5 Falls have significant
adverse consequences for elderly people including increased preva-
lence of health problems, health care costs and decreased quality of
life.6 Fall rate in patients with HF is higher than fall rate in elderly
people, 43% and 30%, respectively.7,8 Risk factors for fall include a
previous fall, polypharmacy, mobility limitations, dizziness or
orthosis and cognitive impairments in HF.9 Furthermore, balance
impairment is one of the most important risk factors for fall in
elderly people.10 Balance is negatively affected by any damage to
the vestibular system, visual system or somatosensory system,
which brings about the risk of falling.11 Although the risk factors of
fall are similar in the elderly people12 and patients with HF,9 there
is not sufficient information about the balance performance in HF.
Balance impairment, also, is reported in cardiopulmonary dis-
ease13,14 and balance training added in pulmonary rehabilitation
programs in COPD is supported as feasible and effective.15 There-
fore, it will be important to define the presence of balance
impairment to develop fall preventive approaches and appropriate
treatment programs in patients with HF. The aim of this study was
to compare static, dynamic and functional balance in patients with
HF compared with healthy controls.
Methods

This observational, cross-sectional study was performed between
May 2019 and December 2019. Patients with HF were recruited from
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the Department of Cardiology at Dokuz Eyl€ul University Hospital. The
study included patients with HF who met the following inclusion cri-
teria: diagnosis of HF according to 2016 ESC Heart Failure Guide-
lines,2 clinically stable with symptoms consistent with New York
Heart Association (NYHA) functional class I-II-III and volunteer to
participate in the study. NYHA functional classification is a valid mea-
surement of functional status.16 Patients who have cognitive disor-
ders, vertigo or impaired vision, neurologic and musculoskeletal
problems that restricted mobility, were excluded from the study.
Also, age and sex-matched healthy volunteers who did not have any
cardiorespiratory disease and health problems that restrict mobility
were selected from relatives of patients and university staff for
healthy controls. All measurements of participants were carried out
in School of Physical Therapy and Rehabilitation, Dokuz Eyl€ul Univer-
sity, Izmir, Turkey.

To the best of our knowledge, there was no study which investi-
gated the balance in patients with HF, therefore, we used the results
of a study investigating the balance in patients with COPD.13 In that
study, the Berg Balance Scale score, which is a mutual outcome mea-
sure with our study, was significantly different between the patients
with COPD and healthy controls with an effect size of 1.40
(p < 0.001).13 Alpha error probability and power was set as 0.05 and
0.95, respectively. Since the population was different, we decided to
set power as higher. A-priori sample size was calculated as 30 partici-
pants, 15 per each group, using the G*Power Software (Version
3.1.9.2, D€usseldorf University, D€usseldorf, Germany).

The study protocol was approved by the Dokuz Eyl€ul University
Institutional Non-invasive Research Ethics Board (No:2019/13-27
Date:22.05.2019). Written informed consent was obtained from all
individual participants included in the study.

Measurements

The demographic characteristics of participants were recorded.
Clinical information of patients with HF including etiology of disease,
ejection fraction, and hospitalization within the last years was
obtained from clinical records. Participants were questioned about
stories of falls within the last year. In addition, the participants were
asked whether the fall was caused by syncope or dizziness. All partic-
ipants underwent balance, quadriceps muscle strength and func-
tional capacity assessments.

NeuroCom Balance Master System (Version 8.1, NeuroCom� 2003,
USA) was used to evaluate static and dynamic balance. NeuroCom
Balance Master System has been shown to have moderate to high
test-retest reliability (intraclass correlation coefficient, > 0.84) in
evaluating balance impairment in community-dwelling older adults
and clinical groups.17,18 This study used to unilateral stance (US) test
for the static balance and limits of stability (LOS) for the dynamic bal-
ance assessment. US test measures postural sway velocity during the
individual’s standing position on one feet with eyes open and then
eyes closed. Each of the four conditions consists of three 10-s trials.19

The LOS assesses the ability of the individual to voluntarily sway to
eight targets which divided by an angle of 45°. During the test, the
participant shifts the weight to forward, forward-right, right, back-
ward-right, backward, backward-left, left, forward-left side by con-
trolling the center of gravity. Reaction time (RT), movement velocity
(MVL), endpoint excursion (EXE), maximal endpoint excursion (m-
EXE) and directional control (DC) were obtained from LOS. The time
between the signal on the computer screen and the start of the
motion is RT. The average of movement expressed as degrees per sec-
ond is MVL. The distance traveled the first attempt to reach the target
is EXE. The longest distance to reach the target is m-EXE. The compar-
ison of the amount of motion towards the target to the amount of
away from target is DC. EXE, m-EXE and DC were expressed as a per-
cent. Scores from eight targets in LOS were reunited by the computer
software program to provide four main directions.20 Illustrations of
NeuroCom Balance Master System assessments are presented in
Fig. 1.

Berg Balance Scale (BBS) was used to assess functional balance.
The scale consists of 14 items that evaluate activities of daily living
such as sitting, standing without support, reaching, turning around,
looking back, one leg stance. Items are graded from 0 (unable) to 4
points (independent). The highest score is 56 and indicates a good
functional balance. The Turkish version of the BBS scale has been
found to be reliable (intraclass correlation coefficient, > 0.97) and
valid in older adults.21

Quadriceps muscle strength was measured using handheld dyna-
mometer (Lafayette, Indiana, USA). Handheld dynamometer has been
indicated to be reliable (intraclass correlation coefficient, � 0.80) and
valid for quadriceps muscle strength assessment in older adults. Test
was performed seated position with hip and knee at 90° flexion.
Dynamometer was situated on anterior surface of ankle joint and
then the participant was asked to push as hard as against the dyna-
mometer for 4�5 s.22

Functional exercise capacity was evaluated with the 6-min walk
test (6MWT). 6MWT has been shown to be reliable (intraclass corre-
lation coefficient = 0.90) and valid in mild to moderate HF.23 6MWT
was performed according to American Thoracic Society recommen-
dation.24 The participants were asked to walk as fast as and standard-
ized phrases were used to avoid encouragement during testing. After
the test, the walking distance was recorded. Percent of predicted
6MWT distance was calculated using Enright and Sherrill reference
equations.25

Statistical analysis

All data were analyzed using IBM SPSS software (Version 23.0,
IBM Corp., Armonk, NY, USA). Shapiro-Wilk test and histograms were
used to check the normality of distribution. Multivariate analysis of
variance (MANOVA) with a Bonferroni adjustment was performed to
examine the differences in the dependent variables between the
patients with HF and healthy controls. Continuous variables were
presented as mean and standard deviation, while categorical varia-
bles were presented as number and percent. Statistical significance
was determined as p < 0.05.

Results

Twenty-seven participants with HF and 22 healthy controls were
included in this study. Comparisons of characteristics of participants
with HF and healthy controls are presented in Table 1. There were no
significant differences in age, gender and body mass index between
the groups. There were 7 patients with HF (25.8%) in NYHA class I, 12
patients (44.4%) in class II and 8 patients (29.6%) in class III. The etiol-
ogy of patients with HF was ischemic heart disease. The rate of HF
with reduced ejection fraction and with preserved ejection fraction
was 81.5% and 18.5%, respectively. History of hospitalization for
patients with HF was 48% in the last year. None of the participants
reported falls due to syncope or dizziness. The presence of falls and
number of falls during last year were higher in patients with HF than
healthy controls (p < 0.05). Quadriceps muscle strength, 6MWT dis-
tance and percent of predicted 6MWT distance were significantly dif-
ferent between the groups (p < 0.05). BBS were lower in patients
with HF than healthy controls and the difference was statistically sig-
nificant (p < 0.05).

Comparison of static and dynamic balance of participants with HF
and healthy controls is shown in Table 2. There was a significant dif-
ference in US with eyes open (p < 0.05) but there was no significant
difference in US with eyes closed between the two groups (p > 0.05).
RT in the backward and left directions were longer in patients with
HF and the differences were statistically significant (p < 0.05). There
was no significant difference in MV between the groups (p > 0.05).



Table 1
Characteristics features of participants with HF and healthy controls.

HF (n = 27) Healthy controls
(n = 22)

P value

Age (y) 66.22§ 10.37 64.13§ 9.58 0.473
Gender (male) 22 (81.5) 14 (63.6) 0.159
BMI (kg/m2) 28.27§ 3.80 27.26§ 3.60 0.349
NYHA class
I 7 (25.9) � N/A
II 12 (44.4) � N/A
III 8 (29.6) � N/A

EF (%) 33.00§ 11.72 � N/A
Fallers 10 (37.0) 2 (9.1) 0.023*
Number of falls
(within the last year)

0.48§ 0.84 0.09§ 0.29 0.045*

Quadriceps Strength (kg) 18.25§ 5.93 35.05§ 7.67 < 0.001*
6MWT distance (m) 423.75§ 68.20 478.12§ 79.36 0.013*
Percent of predicted
6MWD (%)

82.84§ 13.98 92.52§ 10.91 0.011*

BBS 52.90§ 2.50 54.49§ 2.46 0.040*

HF, heart failure; BMI, body mass index; NYHA, New York Heart Association; N/A,
not applicable; EF, ejection fraction; 6MWT, 6 min walk test; BBS, Berg Balance
Scale. Data were expressed as mean§ SD or number (percentage). *Statistically
significant difference (p< 0.05).

Fig. 1. Illustrations of Balance Master System assessments. a. instruction for unilateral stance test, b. application of unilateral stance test with participant, c. instruction for limits of
stability test, d. application of limits of stability test with participant.

Table 2
Static and dynamic balance of participants with HF and healthy controls.

HF (n = 27) Healthy controls
(n = 22)

P value

Unilateral Stand, °/s
Right-side eye open 1.85§ 1.03 1.23§ 0.37 0.010*
Left-side eye open 2.01§ 1.02 1.49§ 0.74 0.040*
Right-side eye closed 3.69§ 2.08 3.07§ 1.03 0.207
Left-side eye closed 3.80§ 2.03 3.60§ 2.14 0.747
Reaction time, s
Forward 1.47§ 0.45 1.05§ 1.19 0.101
Backward 1.40§ 1.59 0.71§ 0.39 0.043*
Right 1.41§ 0.46 1.08§ 0.78 0.074
Left 1.19§ 0.61 0.60§ 0.45 < 0.001*

Movement velocity, °/s
Forward 2.07§ 0.85 2.44§ 1.08 0.168
Backward 2.05§ 0.85 2.44§ 0.93 0.136
Right 3.54§ 1.66 3.70§ 1.38 0.718
Left 3.20§ 1.34 3.40§ 1.18 0.580

Endpoint excursion, %
Forward 37.92§ 18.8 46.52§ 23.34 0.160
Backward 43.62§ 21.61 59.57§ 23.67 0.010*
Right 59.51§ 20.23 62.85§ 16.40 0.536
Left 56.11§ 19.54 67.14§ 18.80 0.051

Maximum excursion, %
Forward 49.70§ 21.79 64.00§ 19.00 0.020*
Backward 58.74§ 27.00 76.95§ 23.65 0.010*
Right 77.77§ 21.79 82.14§ 16.54 0.443
Left 72.81§ 20.14 76.95§ 17.23 0.450

Directional control, %
Forward 60.03§ 21.05 76.19§ 12.97 0.003*
Backward 49.73§ 24.27 60.42§ 20.31 0.106
Right 63.03§ 14.93 74.09§ 13.58 0.010*
Left 65.76§ 14.90 71.75§ 11.24 0.120

HF, heart failure. Data were expressed as mean§ SD. * Statistically significant dif-
ference (p< 0.05).
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EXE in the backward direction and m-EXE in the forward and back-
ward directions were significantly shorter in patients with HF
(p < 0.05). DC in the forward and right directions was significantly
worse in patients with HF (p < 0.05). Other variables of EXE, m-EXE
and DC were lower in the patients with HF but differences between
the groups were not statistically significant (p > 0.05).
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Discussion

Based on our knowledge, this is the first study investigating static,
dynamic and functional balance in patients with HF compared with
healthy controls. The novel findings of this study have indicated that
static, dynamic and functional balance was impaired in patients with
HF compared with healthy controls. In addition, fall history was sig-
nificantly higher in patients with HF.

Performing daily living activities relies on the successful mainte-
nance of balance or postural control. Static balance is defined as the
body’s ability to maintain the center of gravity within the base of sup-
port for one stable position.26 In our study, static balance was
assessed with US which is known to be an important predictor of
injurious falls in elderly individuals.27 This study showed that there
was a significant difference in postural sway with eyes open but no
significant difference in postural sway with eyes closed. The
increased postural sway with eyes open may result from decreased
peripheral muscle strength observed in our patients.28 Also, increase
in postural sway in both groups when eyes are closed can be
explained by eliminating visual input and giving more weight to
somatosensory and vestibular systems.29

Dynamic balance is defined as maintaining the center of gravity
within the base of support during movements such as walking or
functional reach.26 In our study dynamic balance was assessed with
LOS test that gives information with regard to RT, MV, EXE, m-EXE
and DC. Our study demonstrated that RT to backward and left direc-
tions has increased in patients with HF. The RT increases with aging
and task difficulty.30 An imaging study in patients with HF has
reported structural alterations in brain regions including limbic, basal
ganglia, thalamus, frontal, and cerebellum, in which some of those
are important areas for maintaining motor control and balance.31

Although in our study, there was no significant age difference and
performed tasks were the same between the patients with HF and
healthy controls, the increased RT in patients with HF may be due to
these structural alterations of brain regions. In addition, EXE to the
backward direction, m-EXE to the forward and backward directions,
DC to the forward and right directions was decreased in patients
with HF. These findings suggest that patients with HF had impaired
dynamic balance on the predominantly forward and backward direc-
tions. Based on the previous study, balance impairment in the for-
ward and backward directions may be attributed to inadequate
torque at the ankle.32 Another possible explanation for inability to
shift the body in patients with HF is peripheral muscle weakness or
disruption of perceived distance.14

The hypoxic-ischemic process in HF is presumably linked with
impaired axonal integrity and myelin breakdown, as well as gray
matter damage and those axonal and myelin alterations occur many
brain regions especially related to motor control.33 Cerebellar tissue
damage in HF is reported predominantly in the vermis, which
responsible for motor and tonus regulation contributed to balance
control.31 The balance impairments in HF observed in our study sup-
port the reflection of all these global and regional brain changes to
physical function.

Berg Balance Scale (BBS) is proposed as one of two tests for core
balance outcome set by the expert consensus.34 In our study, the
mean BBS score in patients with HF was consistent with the previous
study conducting by using BBS to measure balance change after inter-
vention in patients with HF.35

In this study, the presence of fall during the last year was higher in
patients with HF than healthy controls. Falls in patients with HF may
be affected by many factors such as ejection fraction, functional exer-
cise capacity and balance.

There are some limitations to consider when interpreting the
results of this study. First, because of the cross-sectional design of
this study, the causality of these results cannot be explained. Second,
most of our patients had higher functional class including NYHA class
I and II, which may reduce the generalizability of our results to all HF
patients. Therefore, research is warranted to investigate balance in
patients with HF with reduced and preserved ejection fraction
including different NYHA classes. Lastly, although the sample size of
this study was sufficient to determine differences between patients
with HF and healthy controls in most balance variables, further larger
studies need to clarify the causality between balance and related fac-
tors in HF. Moreover, as many systems contributed to balance, each
of these systems should be investigated to explain the underlying
mechanism of balance impairment in HF.

This study provided insight into the impairments in balance per-
formance. In this direction, we think that balance assessment, treat-
ment and fall prevention strategies should be the main focus of fall
preventive approaches and rehabilitation programs for patients with
HF. Therefore, the assessment of patients with HF should also com-
prise static, dynamic and functional balance. Moreover, there is a
clear need for future research on the effects of well-structured bal-
ance training protocols as a part of the cardiac rehabilitation program
on balance performance and fall risk in patients with HF. Also, inno-
vative interventions such as video-gaming based exercise (exergam-
ing) combined with well-structured balance training protocols may
provide supplementary benefits in this population.

Conclusion

This study demonstrates that compared with healthy controls,
patients with HF have impaired static, dynamic and functional bal-
ance. In the light of these findings, considering the balance
impairment, a comprehensive balance assessment performed, and
balance training should be included in the management of HF as a
part of cardiac rehabilitation program.
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