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Abstract

Aim: To assess the current opinion on the effects of hearing
loss treatment by hearing aids (HAs) and the benefits of HA
use on imbalance. Methods: PRISMA-compliant systematic
review was done, including observational studies in patients
affected by mild to severe sensorineural hearing loss with
HAs, investigating the benefits of HAs on balance. Electronic
searches were performed through Medline, Cochrane, Em-
base, Web of Science, and Scopus. Results: A total of 200
patients in 8 studies were included in this systematic review.
Four studies were cross-sectional, 3 cross-sectional con-
trolled and 1 prospective nonrandomized study. Static and
dynamic balance in the aided condition improved in pa-
tients assessed using clinical investigations including Rom-
berg test and Functional Ambulation Performance/mini-
BESTest, respectively. Variable outcomes were found mea-

suring staticand dynamic balance during the aided condition
with objective tests (computerized posturography, Mobility
Lab device). Improved quality of life outcomes and self-con-
fidence were noted, while subjective measurements of bal-
ance had conflicting results. Conclusion: Although an im-
provement in balance in patients with HAs has been shown
in certain conditions, the overall benefit is still unclear and it
is only possible to speculate that HAs may also improve stat-
ic, dynamic, or subjective perception of balance function in
adults affected by hearing loss. ©2020S. Karger AG, Basel

Introduction

Hearing loss is one of the most common sensory defi-
cits affecting >5% of the world’s population. In Europe,
52 million people aged over 65 years (10% of the entire
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population) self-report hearing loss [EuroStat, 2015] with
approximately 90% of elderly people over 80 years old be-
ing affected [Lacerda et al., 2012]. Hearing loss has been
shown to be associated with multiple comorbidities, in-
cluding poor physical health, anxiety, depression, isola-
tion, cognitive decline, and dementia [Access Economics,
2006; Hogan et al., 2009; Gates et al., 2010; Huang et al.,
2010; Deal et al., 2015; Taljaard et al., 2016; Loughrey et
al., 2018; Mick et al., 2018]. Moreover, hearing loss is of-
ten associated with imbalance with suggested theories in-
cluding (i) age-related loss of labyrinthine function, in
which hearing loss is a surrogate marker for vestibular
hypofunction leading to imbalance or (ii) postural stabil-
ity is maintained by sensory information from visual, au-
dio-vestibular, and somatosensory inputs and therefore
loss of audiological cues in patients with hearing loss di-
rectly impacts on balance [Viljanen et al., 2009; Rumalla
etal., 2015].

The objective effects of hearing aids (HAs) on balance
in patients affected by hearing loss are yet to be examined
inalarge comprehensive randomized study. The assump-
tion that auditory rehabilitation of patients with hearing
loss will improve their spatial cues, important with pos-
tural control, has primarily been investigated in patients
with severe-to-profound hearing loss receiving cochlear
implants (CI) [Ibrahim et al., 2017]. The findings from
this meta-analysis suggest that CI leads to variable effects
on the balance depending on age at implantation and eti-
ology of the sensorineural hearing loss (SNHL) [Ibrahim
etal., 2017].

Considering that every year, one-third of community-
dwelling elderly patients over 65 will have a fall and that
the complications due to these falls are associated with a
17% all-cause mortality risk within 6 months, it is very
important to explore the role that hearing loss and reha-
bilitation has on balance[Lord et al., 2003].

Static measures of balance, by quantifying stability
while standing still, have been linked to imbalance/fall
risk [Piirtola and Era, 2006; Swanenburg et al., 2010].
However, gait performance is at least as important as stat-
icbalance and decreases in dynamic balance performance
(effective balance function under dynamic conditions),
especially gait, are linked to increased imbalance and risk
of falling [Verghese et al., 2009; Callisaya et al., 2012;
Thaler-Kall et al., 2015]. We present the first systematic
review of the effects of HAs in patients with mild to severe
hearing loss on balance and evaluate the potential benefit
of auditory amplification on balance, in patients with
hearing loss.
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Methods

Outcome Measures
Primary Outcome Measures
1. a. Clinical investigations on

i. Static balance determined through measures such as
Romberg (on foam or/and tandem stance).

ii. Dynamic balance determined through measures such as
Functional Ambulation Performance (FAP), Timed Up
and Go (TUG), and Mini-BESTest.

b. Objective measures of

i. Static balance determined through measures such as
computerized posturography.

ii. Dynamic balance determined through measures such as
computerized posturography and inertial sensors (e.g.,
Mobility Lab).

Secondary Outcome Measures
2. a. Quality oflife (QoL), measured using validated instruments
such as SF-36 (Short-Form Health Survey Questionnaire)
and SADL (Satisfaction with Amplification in Daily Life).
b. Subjective balance, measured using validated instruments
with adequate psychometric properties such as FES-I (Falls
Efficacy Scale-International), BBS (Berg Balance Scale) and
ABC (Activities-specific Balance Confidence) Scale.
3. Adverse outcomes related to use of hearing aid(s).

Search Strategy

We searched published, unpublished, and ongoing studies
through Medline, Cochrane, Embase, Web of Science, and Scopus
evidence from inception through to April 27, 2020. The research
was conducted according to PRISMA criteria [Moher et al., 2015].

Search strategies were modeled on the MEDLINE search
terms described below. Prior to searching the databases, the
search terms were peer reviewed to ensure that they conformed
to PRESS guidelines (https://www.sciencedirect.com/science/ar-
ticle/pii/S0895435616000585), and the search syntax was adapt-
ed where necessary.

The search strategies used were hearing aid OR hearing aids OR
implant OR hearing implant.mp (mp = title, abstract, original title,
name of substance word, subject heading word, floating subhead-
ing word, keyword heading word, organism supplementary con-
cept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, and synonyms),
AND vestibular OR caloric OR VEMP OR balance OR posturog-
raphy OR dizziness OR Dizziness Handicap Inventory OR Rom-
berg OR landmark OR posture OR stability OR Spatial orientation
OR Stabilometry OR Postural sway OR Sensory reweighting OR
Biodex balance system OR Fall risk test.mp. The reference lists of
identified articles were reviewed to identify any additional studies
for inclusion.

Exclusion Criteria

Exclusion criteria included studies published in non-English
languages and studies containing aggregated or duplicated data
from previously published work.

Selection of Studies and Data Extraction
Two authors (DB and SF) independently screened all titles and
relevant abstracts from the search strategy and evaluated the full
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Identification

PubMed Medline

Embase Cochrane || Web of Science Scopus
(n = 1,402) (n=1761)[] (n=36) (n = 847) (n=1,722)

5,757 excluded reasons:
y - Other topics
Screening | | Titles and abstracts screened |—> - Duplicated studies
- Non-English
- Reviews
- Case reports
- Editorials
Y
| Eligibility | | 11 full-text articles |—> 3 Full-text articles excluded reasons:
- Other topic
- No extractable data
Y
| Included | | 8 articles included in systematic review |

Fig. 1. Flow chart of study inclusion pro-
cess.

texts of relevant articles against the inclusion criteria (Fig. 1). Any
disagreement between the assessors on the suitability of articles for
inclusion was settled through consensus, and persistent disagree-
ment referred to the senior author (AC).

Data from included studies were extracted using a standardized
pro forma. Data extracted at the study level included author, year
of publication, article language, and number of cases. Data extract-
ed at the patient level included sample size, demographics, diagno-
sis, measurements (questionnaires and tests administrated), and
outcome measures.

Data Analysis

Due to the heterogeneity in presentation of data, a statistical
meta-analysis of these results was not possible, and the results were
presented descriptively.

Risk of Bias and Quality Assessment

Studies were assessed for quality and risk of bias by both re-
viewers, according to a modification of the system described in the
Cochrane Handbook for Systematic Reviews of Interventions
(V5.1.0.180).

Results

Result of Search Strategy and Description of Studies

The search identified 5,768 articles. After screening,
we identified 11 potentially eligible studies and under-
took a full text review. Three studies did not meet the in-
clusion criteria, and 8 eligible studies were included in the
review (Fig. 1).

Hearing Aids and Balance Control

The 8 studies included 4 cross-sectional studies [Lac-
erdaetal.,2012; Rumalla etal., 2015; Shayman et al., 2017;
McDaniel et al., 2018], 3 cross-sectional controlled stud-
ies [Vitkovic et al., 2016; Negahban et al., 2017; Maheu et
al., 2019], and 1 prospective nonrandomized study
[Weaver et al.,, 2017]. The characteristics of included
studies are demonstrated in Table 1.

Participants

A total of 200 patients were included in the systematic
review. The mean age was 67.5 £+ 10.6 (SD) years (range
19-95). The male:female ratio was 1:1. Hearing threshold
data were documented in 6 out of 8 studies (173 subjects
out of 200) with 9 patients affected by mild SNHL, 104
patients by moderate SNHL, 40 patients by severe SNHL,
and 20 patients by profound SNHL. A total of 138 pa-
tients were HAs users. Ten out of 138 patients from one
study were diagnosed with both SNHL and balance prob-
lems, documented by vestibular objective measurements
(such as video head impulse test, caloric examination,
cervical and ocular vestibular evoked myogenic poten-
tials) [Maheu et al,, 2019]. Twenty-five patients with
hearing loss but non-HAs users were considered as a part
of a control cohort only in one study [Negahban et al,,
2017].
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Effect of Hearing Aids on Balance

Clinical Investigations

Static Balance

Two studies (n = 16) [Rumalla et al., 2015; Shayman et
al., 2017] used the Romberg test (on foam and/or tandem
stance) to measure the benefit of HAs on balance. A sig-
nificant improvement (p = 0.005) of the Romberg test
performances calculated as the length of time over which
subjects could stand (up to a maximum of 30 s) during
aided conditions compared to the unaided trials was not-
ed [Rumalla et al., 2015]. However, a direct correlation
between hearing gain and proportional improvement of
the Romberg test performance was not noted. Shayman
et al. [2017] observed an improvement from the unaided
to aided task in both study participants, though inferen-
tial statistical tests were not performed due to the small
size of the cohort.

Dynamic Balance

In one study, FAP was used as a clinical score to evalu-
ate the benefit of HAs on dynamic balance in 2 patients
[Shayman et al., 2017]; the authors reported a clinical im-
provement according to the FAP score during the aided
gait (mean FAP score = 78), compared to the unaided gait
(mean FAP score = 67.5). However, due to the small size
of the cohort, inferential statistics were not performed.

TUG test was used in one study [Weaver et al., 2017],
but no significant difference of dynamic balance was
found between the aided and the unaided task. Converse-
ly, Mini-BESTest, analogous to the TUG test, was per-
formed in one study in 2 patients [Shayman et al., 2017]
and showed an improvement in dynamic balance when
patients were wearing HAs, compared to the unaided tri-
al. Statistical tests were not performed, due to the small
sample size.

Objective Measurement of Balance

Static Balance

Computerized posturography was used as objective
measurement of static balance in 4 studies [Vitkovic et al.,
2016; Negahban etal., 2017; McDaniel et al., 2018; Maheu
etal., 2019], but the results are inconsistent. Out of a total
of 41 patients with moderate hearing loss, McDaniel et al.
[2018] and Vitkovic et al. [2016] did not find any signifi-
cant difference on static balance between the aided and
unaided performances (p = 0.124 and p > 0.05, respec-
tively). Nevertheless, Vitkovic et al. [2016] observed an
improvement of static balance during the aided condition
in presence of sound, compared to the trial without sound

Hearing Aids and Balance Control

exposure (significant interaction between HAs trial and
sound environment, p = 0.048).

Static balance was noted to be significantly improved
by Negahban et al. [2017] on a total of 22 patients with
moderate hearing loss, during the aided condition, com-
pared to the unaided (p < 0.0001). Furthermore, Negah-
ban et al. [2017] found a statistically significant improve-
ment of the static balance during the aided condition in
the group of 22 patients with moderate hearing loss com-
pared to a control cohort of 25 non-HAs users with mod-
erate hearing loss (p < 0.0001).

Maheu et al. [2019] enrolled a total of 10 patients af-
fected by severe hearing loss and vestibular dysfunction
documented by peripheral vestibular objective measure-
ments, and he found that somatosensory reliance signifi-
cantly decreased for these 10 participants using HAs
compared to 14 participants with normal hearing (p =
0.009) and 8 participants with severe hearing loss but no
vestibular impairment (p = 0.008). They also documented
a statistically significant improvement of the static bal-
ance in these 10 patients while using HAs, compared to
an improvement that HAs have on the cohort of 8 pa-
tients with hearing loss, both in the condition of eyes
open and on foam (p = 0.013) and of eyes closed and on
foam (p = 0.004).

Dynamic Balance

Computerized posturography was used to objectively
evaluate ambulation tasks in one study with 2 patients,
finding an improvement in balance during the aided dy-
namic performances, compared to the unaided tests
[Shayman et al., 2017]. However, due to the small cohort,
no statistical test was performed. Inertial sensor data
from 13 patients were analyzed through Mobility Lab to
obtain objective measurements of dynamic balance dur-
ing gait in one study [Weaver et al., 2017], and did not
show statistically significant differences of balance be-
tween the aided and unaided condition.

Quality of Life

Only one study [Lacerda et al.,, 2012] evaluated the
QoL (n =28) in patients affected by hearing loss using SF-
36 and SADL questionnaires. They demonstrated a mean
statistically significant improved QoL perception (as gen-
eral state of health and functional capacity domains) and
self-confidence after using HAs for 4 months (p < 0.05).

Subjective Measurements of Balance
Two studies evaluated the effect of HAs on subjective
tests [Lacerda et al., 2012; Rumalla et al., 2015]. A signifi-
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cant mean reduced fear of falling perception after using
hearing devices for 4 months was reported in 28 patients
with hearing loss by using the FES-I questionnaire (p <
0.05), while no significant balance improvement was ob-
served by using the BBS (p > 0.05) [Lacerda et al., 2012].
By using ABC Scale measurements on a different cohort
of 14 patients, the subjective improvement was not statis-
tically significant either [Rumalla et al., 2015].

Adverse Outcomes
No studies reported any increased rate of adverse
events associated with provision of HAs.

Discussion

Summary of Results

This systematic review included a total of 200 patients
across 8 studies. When using clinical investigations with-
out objective tests, an overall improvement in static bal-
ance within aided conditions was noted using the Rom-
berg test [Rumalla et al., 2015; Shayman et al.,, 2017],
while an improvement in dynamic balance using clinical
investigations was also noted in patients wearing HAs
(FAP and mini-BESTest) but not when measuring using
the TUG test [Shayman et al., 2017; Weaver et al., 2017].

Static balance in patients with HAs, measured using
computerized posturography, demonstrated an improve-
ment in 1 out of 4 studies compared to unaided condi-
tions [Negahban etal., 2017]. However, no significant dif-
ference or worsened static balance were noted in 2 out of
4 studies in aided conditions [Vitkovic et al., 2016; Mc-
Daniel et al., 2018], although an improvement of static
balance in the aided conditions and in presence of sounds
was noted, compared to the trial without sound exposure
[Vitkovic et al., 2016]. Only 1 out of 4 studies using com-
puterized posturography while using HAs observed a sig-
nificant improvement of the static balance in patients af-
fected by hearing loss and vestibular loss, compared to
patients affected only by hearingloss [Maheu et al., 2019].
Computerized posturography was also used to analyze
dynamic balance in one study, where an improved per-
formance during the aided conditions was documented
[Shayman et al., 2017].

Statistically significant differences were noted in dy-
namic balance between aided and unaided trials through
computed posturography [Shayman et al., 2017] but not
using inertial sensor measurements with the Mobility Lab
device [Weaver et al., 2017], although both studies had
small cohorts of patients, 2 and 13, respectively. An im-
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proved QoL perception and self-confidence was docu-
mented in patients with HAs in one study where this out-
come was measured [Lacerda et al., 2012]. Subjective
measurements of balance were used in 2 studies, with
conflicting results, showing a reduced fear of fall percep-
tion using HAs only on the FES-I [Lacerda et al., 2012]
but no statistically significant improvement in balance
with the BBS [Lacerda et al., 2012] or the ABC Scale mea-
surements [Rumalla et al., 2015]. Our analysis found that
patients affected by hearing loss can have some benefit in
their balance control when using HAs, most of all in the
presence of auditory inputs or in the presence of an objec-
tive vestibular loss where audiological cues help compen-
sate in maintaining balance.

Hypotheses behind Hearing Loss and Imbalance

The idea that sound could play a role in balance pro-
cesses has been promoted since 1985 [Era and Heikkinen
1985; Gandemer et al., 2017], and further other experi-
ences confirmed that hearing loss can be linked to unfa-
vorable postural control [Era and Heikkinen, 1985; Su-
arez et al., 2007; Mangiore, 2012; Gandemer et al., 2017].
A possible explanation of the influence of auditory inputs
on balance involves the concept that sound impulses
could represent spatial orienting landmarks. Therefore,
the sound localization processing could help the subject
to create a 3-dimensional map of the environment, in or-
der to reduce fluctuations in the sway velocity and main-
tain balance in relation to the sound sources [Rumalla et
al., 2015; Vitkovic etal., 2016; Maheu et al., 2019]. In these
terms, sound inputs act as audio biofeedback, useful to
improve postural corrections in order to maintain bal-
ance. This demonstrated proved, for example, in 50 sub-
jects with normal hearing where the effect of sound envi-
ronment showed a significant improvement on static bal-
ance (p < 0.001) and a higher sway in normal-hearing
subjects was noted in conditions where there were fewer
sound cues available [Vitkovic et al., 2016]. This suggests
that a spatial hearing map contributes to balance control,
although the effect size was considerably smaller than the
contribution from the somatosensory and visual systems.

It has also been postulated that in instances of reduced
sensory redundancy, for example in patients affected by
hearingloss and imbalance, auditory spatial cues could be
involved in maintaining balance, and then auditory bio-
feedback systems could be used as effective adjuvant
treatment options in vestibular rehabilitation [Vitkovic et
al., 2016; Maheu et al., 2019]. Moreover, Maheu et al.
[2019] also proposed another hypothesis to explain the
improvement of balance observed in patients affected by
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vestibular impairment wearing HAs, which is the cross-
modal stochastic resonance. It was postulated that audi-
tory inputs may enhance the detection of another sensory
modality, such as residual somatosensory cues, overall
improving balance function. In contrast, the influence of
hearing function on dynamic balance has not been clear-
ly assessed [Shayman et al., 2017; Weaver et al., 2017]. It
has been theorized that sound inputs may have a major
effect on static balance rather than on gait because the lo-
calization cues are less consistent during movement due
to the constant change of auditory information and there-
fore it is less integral to maintaining balance.

Comparison with Other Studies

In patients affected by hearing loss, the role of the au-
ditory amplification in enhancing auditory spatial cues
has been investigated primarily in the CI population
[Ibrahim etal., 2017], with less prominence and emphasis
on patients using HAs. Balance improvement after CI
surgery has shown contradictory results [Buchman et al.,
2004; Suarez et al., 2007; Kluenter et al., 2009; Huang et
al,, 2011; Cushing et al., 2012]. Drawing a definitive con-
clusion about balance gain in patients who underwent a
CI is rather difficult for a number of reasons: (i) adult
subjects are largely fitted unilaterally, thereby eliminating
any spatial benefits of binaural hearing which could con-
tribute to postural stability; (ii) the underlying etiology of
the cochlea loss may also be associated with other ves-
tibular deficits, and there is additional ambiguity regard-
ing inadvertent electrical stimulation of the vestibular
nerve via the cochlear implant; (iii) heterogeneity in study
design, variability among patient populations, etiology of
SNHL (e.g., meningitis often results in disturbed vestibu-
lar function due to ossification of the labyrinth [Cushing
et al., 2012]), pre-existing conditions, measurement and
reporting differences.

Hearing restoration with CI can cause a direct trauma
by electrode insertion, acute serous labyrinthitis due to
cochleostomy, foreign body reaction with labyrinthitis,
endolymphatic hydrops, and electrical stimulation from
the implant itself [Katsiari et al., 2013], all of which can
cause a variable effect on the vestibular system causing
worsening in balance, contrary to rehabilitation using
HAs. A deterioration in the non-implanted ear might oc-
cur either because the insertion of the electrode in the
scala tympani in one ear alters the vestibular input to the
brain and hence modifies the contralateral ear response
or because the reproducibility of the response in these in-
dividuals over time is not perfect [Katsiari et al., 2013;
Abramides et al., 2015].

Hearing Aids and Balance Control

Limitations/Bias of Review Process

Limitations and bias of the review process included (i)
data available were mainly provided through descriptive
studies with small cohorts of patients; (ii) the lack of
blinded, randomized-controlled studies; and (iii) the lack
of data analyzing the outcome in balance based on the
degree of hearing loss or (iv) based on unilateral VS bilat-
eral hearing loss. When analyzing the data, it is important
that these factors are considered.

Applicability of Evidence

Imbalance and falls are considered by the World Health
Organization as an important burden on the global health-
care system [WHO, 2008]. The prevalence of imbalance
in individuals aged above 60 years has been documented
to be as high as 58% [Semenov et al., 2016]. Imbalance re-
lated to vestibular dysfunction is also associated with a
2.6-fold increase in the odds of falling. Therefore, an in-
creased awareness of the implications of imbalance and
understanding of the potential consequences of patients
with poorly controlled balance function is vital. Even if the
overall contribution of HAs to the maintenance of balance
has not been well defined in the literature, according to
this systematic review, it is possible to assess that im-
proved auditory inputs could contribute to balance con-
trol due to different factors: (i) auditory cues are normally
used by subjects with normal hearing to improve balance;
(ii) an objective improvement in maintaining balance is
obtained in patients affected by SNHL wearing HAs [Vit-
kovic et al., 2016; Negahban et al., 2017; Shayman et al,,
2017], suggesting that HAs may provide renewed access
to spatial cues, thus improving balance control.

HAs are generally very well tolerated with a low rate of
adverse events [Ferguson et al., 2017] and therefore it is
worth considering auditory rehabilitation in such patient
groups to not only improve their auditory function but
also potentially improve patients’ static balance and self-
confidence. It is worth noting that the varied balance out-
comes could potentially be explained through the differ-
ent sound processing algorithms used by HAs, which may
affect and/or distort the potential amplification of spatial
cues in various ways [Vitkovic et al., 2016]. Additionally,
the degree of hearing loss and the frequency range in-
volved have also been noted as possible additional factors
that may affect balance outcomes.

Future Research

In this review, we highlighted the lack of high-quality
evidence on this topic. Further trials should focus on ar-
eas with lack of evidence of effect and prospective, ran-
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domized studies should be undertaken to explore the
benefit of HAs, in people affected from hearing loss, both
in static and dynamic balance. Future research should
take into account variables such as the age, the degree of
hearing loss, the wide array of hearing loss phenotypes,
the differing hearing-aid devices available for auditory re-
habilitation and if differences exist between unilateral
and bilateral hearing loss, when standardizing results.

Conclusion

Our study suggests an improvement in balance in pa-
tients with HAs under certain conditions. However, due
to the unclear correlation between subjective and objec-
tive measures of balance in patients wearing HAs, it is
only possible to speculate that HAs may also improve
static, dynamic, or subjective perception of balance func-
tion in adults affected by hearing loss.
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