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Abstract 

Background Hearing impairments are a rising burden in our aging society. Hearing loss is associated with reduced 
cognitive performance as well as decrements in balance and gait. Therefore, impaired hearing affects also dual tasking 
(DT). The aim of this review is to summarize the evidence for DT performance decrements of older adults with hearing 
impairments during maintaining balance or walking.

Methods The systematic literature research according to PRISMA guidelines was conducted using MEDLINE, APA 
Psych-Info, and Web of Science. Inclusion criteria were: Independent living older people ≥ 60 years with hearing 
impairments, use of a DT paradigm to test hearing impaired older adults within a balance or walking condition.

Results N = 57 studies were found within the databases. Eight studies were included (N = 456 participants (58% 
women), including n = 200 older hearing-impaired persons with different levels of hearing loss). Most of the included 
studies oriented their inclusion criteria for hearing-impairments at thresholds for mild hearing loss with Pure Tone 
Average (0.5-4 kHz) ≥ 25 and < 40 dB. Three of the studies focused on DT balance performance and five used DT walk-
ing comparing participants with and without hearing loss. For DT balance and gait performance, higher decrements 
for the hearing-impaired group were observed compared to healthy older adults. Performance decrements were 
accompanied by reduced compensatory strategies in balance performance.

Conclusion More pronounced decrements in DT performance were observed for participants with hearing impair-
ments compared to those without. This implies that hearing-impaired older adults might need specific interventions 
to reduce the cognitive-motor interference (CMI) to maintain balance control or walking stability in daily situa-
tions that require managing of cognitive and motor tasks simultaneously. However, taking all results into account 
the underlying mechanisms of CMI for this target group needs to be further examined.
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Introduction
Age-related hearing impairment is a prevalent con-
dition affecting nearly every second person over the 
age of 65  years [1]. It represents a global health chal-
lenge, with about 5% of the world population affected, 
a number projected to rise to 8% by 2050 [2]. Hearing 
impairment can impact social and emotional well-being 
[3] and limit capacity for daily activities and physical 
functioning [4–7]. As the world’s population continues 
to age, hearing impairment should therefore be consid-
ered a worldwide public health burden.

Hearing impairment has been associated with poorer 
cognitive performance [8–11], which may be attributed 
to age-related neural degeneration, sensory depriva-
tion and reduced cognitive reserve. This can result in 
hearing impaired adults requiring additional cogni-
tive resources for auditory processing, leaving fewer 
resources available for other cognitive processes [10]. 
Moreover, age-related changes in the auditory sys-
tem lead to higher pure-tone detection thresholds and 
supra-threshold auditory difficulties [12] can make 
auditory processing more cognitively demanding [13]. 
Hearing loss and auditory dysfunction have also been 
associated with an increased risk of dementia [11, 14].

Previous research has linked hearing loss with bal-
ance impairments [15, 16], subjective walking limita-
tions [17], reduced physical fitness [5], and increased 
frailty [18]. The severity of the hearing impairment has 
been connected to decrements in spatio-temporal gait 
parameters and falls [19]. Age-related changes in the 
vestibular system and proprioceptive functions further 
contribute to balance problems in hearing-impaired 
older adults [20], due to reduced sensitivity and inte-
gration of sensory information. These changes result in 
less efficient compensatory movements, affecting bal-
ance control during upright walking. Central problems 
in vestibular perception concern the vestibulo-ocular 
reflex and the vestibulo-spinal reflex, both of which are 
responsible for head position and eye movement con-
trol during upright walking [21]. The reason for this is 
attributed to changes in the hair and nerve cells in the 
vestibular apparatus, which subsequently react less sen-
sitively to information, absorbing and transmitting it to 
a limited extent [21]. Similar losses are also assumed 
for proprioception. Balance problems can therefore be 
attributed primarily to the lack of optimal integration 
between the visual, auditory, vestibular and proprio-
ceptive sensory information [22]. Accordingly, various 
aspects of the aging process result in less reliable sen-
sory information and less accurate integration of infor-
mation. According to Lindenberger [22], this leads to 
less efficient compensatory movements that serve to 
maintain balance. As a result, e.g., the postural sway or 

sway velocity is increased and reduces the margins of 
stability [23].

Additionally, walking in daily life often involves mul-
titasking, such as crossing the street while reading signs 
and/or monitoring traffic [24]. This means that in every-
day life, balancing or walking can be described as a dual-
task (DT) activity [24], which is associated with decreased 
walking and balance performance, potentially increas-
ing the risk of falling. Reduced walking performance is 
characterized by increased variability in foot placement, 
increased double support time, as well as reduced step 
length and velocity [25–28]. Hearing impairment further 
affects gait parameters (speed, phase and rhythm) under 
dual-task conditions, independent of age and comor-
bidities [29]. The association of hearing impairment and 
mobility decline can be attributed to competition for lim-
ited cognitive resources [30]. Finally, research indicates 
that changes of the sensory information results in greater 
declines in postural control for older adults compared to 
younger adults [31, 32]. When auditory challenges are 
introduced during balancing or walking tasks, there is an 
increased competition for cognitive capacity [33].

Despite these associations, the interaction between 
age-related hearing impairment and cognitive-motor 
interference on balance and walking performance is 
poorly understood. However, detecting these aspects is 
highly relevant to conduct tailored training interventions 
for this target group.

Therefore, the specific research question of this lit-
erature review was to understand how dual-task perfor-
mance affects gait or balance parameters in older adults 
with hearing impairments. Additionally, the review will 
describe how hearing loss has been defined across stud-
ies, the types of DT combinations used in measurements 
(e.g. task complexity, stimulus–response condition), and 
the identified interaction between the severity of hearing 
loss and complexity of the balance and walking tasks.

We are aware that the methodological differences 
between studies make it difficult to answer the research 
question conclusively. However, we expect that older 
adults with hearing loss consistently show decreased 
dual-task performance compared to healthy controls.

The overall goal is to derive best practice recommenda-
tions for future cognitive-motor DT studies for this tar-
get group.

Methods
Search strategy and selection criteria
Three databases were systematically searched by using 
OvidSP to search in Medline (1946 to 2022, Week 30, 
APA PsycINFO (1806 to 2022, Week 30) as well as Web 
of Science (25.07.2022). The search strategy was to use 
combinations of the following key terms (Table 1).
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Two reviewers independently searched within titles 
and abstracts to identify all potentially eligible studies 
meeting the inclusion criteria. In addition, the reference 
lists of the retrieved articles that fulfilled the inclusion 
criteria were searched manually.

Eligibility criteria
This review focused on older adults with hearing-impair-
ment (Pure Tone Average (PTA) 2–4  kHz > 19.5  dB) and 
its association with cognitive-motor interference, balance 
and gait performance. With regards to the classification 
of participants according to their hearing ability, we chose 
the World Health Organization (WHO; [34]) definition as 
our main reference. The WHO proposes in the report dif-
ferent grades of hearing loss by using certain thresholds of 
the minimum sound intensity that an ear can detect as an 
average of values at 500, 1000, 2000, 4000 Hz in the bet-
ter hearing ear. The specified thresholds are: Mild hearing 
impairment (20–34  dB), moderate (34–49  dB), moder-
ate severe (50–64 dB), severe (65–79 dB), profound (80–
94 dB), and complete hearing loss (> 95 dB) [34]. However, 
we allow for different approaches to classify participants 
with respect to their hearing ability and report this clas-
sification as the first outcome.

Therefore, the inclusion criteria comprised the follow-
ing aspects:

(1) Hearing-impaired older adults with a minimum age 
of 50 years or a reported mean age of 60 or older, liv-
ing independently in the community.

Requirements for the study design: Investigation of 
healthy and/or hearing-impaired older adults in either a 
randomized control trial (RCT), an experimental–con-
trol group design or an old–young comparison with a 
distinction between older hearing-impaired and non-
impaired older adults.

(2) Integration of a dual-task or multitasking.

In this review cognitive-motor Interference (CMI) 
will be defined as a measure of dual task (DT) perfor-
mance in comparison to a baseline single task (ST) 
measurement

Assessment criteria:

(1) Investigation of at least one walking or balance task 
in a DT setting.

(2) Assessment of DT performance (ST vs. DT) and/or 
the dual-task costs.

In order to categorize results across studies so that 
they were comparable, cognitive tasks were classified 
according to their modality (e.g., visual, or auditory) 
and task setting (e.g., stimulus detection vs. stimulus 
discrimination tasks).

(3) Report of at least one of the main motor outcomes 
(balance and/or gait) and/or the dual-task costs.

Balance parameters:

• Postural sway (e.g., root mean square of medial–lat-
eral and anterior–posterior amplitude)

• Electromyography (EMG) activity (e.g., peak ampli-
tudes)

• Center of pressure (COP) or Center of Grav-
ity (COG) displacement variables (e.g., total path 
length, sway velocity, area of ellipse in anterior–
posterior or medial–lateral direction)

• Kinematics (e.g., angular velocities of the hip or 
knee)

Gait parameters (if possible corrected for body height; 
(cf. Table 2):

Table 1 Search overview

Search stage Papers retained
Medline APA PsycInfo Web of Science

1. "Age" or "old$" or "elder$" or "aged" or "advanced age" or "senior$" or "geriatric$" or "eldest" 
or "aging" or "geronic"

8,297,766 1,416,280 5,231,007

2. "corresponding task$" or "coupled task$" or "dual task$" or "dual task paradigm$" or "secondary 
task" or "conflicting task" or "Dual-task cost$"

6,510 4,916 2,985

3. "Gait" or "walking" or "Step" or "stride" or "balance" or "postural sway" or "EMG" or "COP displace-
ment" or "center or pressure" or "kinematics" or "Cadence" or "Double support$" or "stance phase" 
or "swing phase"

8,240,436 111,512 1,907

4. "hearing loss" or "hearing impaired" or "hearing impairment" or "pure tone audio$" or "pure 
tone"

89,344 14,817 20

5.Combination of all four (1 & 2 & 3 & 4) 36 5 16

Assessment based on reading the whole paper 7 4 7

Overall included studies: 8
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(4) Dual-task costs for all mentioned parameters (e.g., 
ST-DT/ST*100) and/or the cognitive task perfor-
mance when single or dual tasking.

(5) Included studies: randomized controlled trials, 
quasi-randomized controlled trials, cluster-ran-
domized controlled trials, randomized crossover 
trials, pre- and post-studies, case control studies, 
cohort studies and cross-sectional studies.

Articles were excluded when:

(1) Sample did not match the age requirement and/or 
contained no hearing-impaired participants.

(2) Study design did not include any motor task or dual 
task.

(3) Populations were selected based on a medical con-
dition (e.g., brain injuries, mild cognitive impair-

Table 2 Spatiotemporal gait parameters

Gait – the medical term used to describe the human locomotor movement of walking in healthy people – is simple in terms of execution, 
but complex in terms of biomechanics and motor control [35]. Within straight forward gait the commonly examined gait variables can be 
classified into parameters of rhythm (e.g., single and double support time or cadence) and pace (e.g., speed or stride length). According to 
the framework by Hollmann et al. [35] we define the spatiotemporal gait parameters as follows:

Gait parameter Description
Pace
Gait speed (cm/s or m/s) Distance traveled divided by the ambulation time; it is commonly expressed in centimeters per second 

(cm/s) or meters per second (m/s)

Step length (cm) Distance that one part of the foot travels in front of the same part of the other foot during each step; typi-
cally, the distance from initial contact to initial contact, which in healthy gait usually coincides with heel 
strike

Stride length (cm) Distance from initial contact of one lower limb to the next initial contact of the same lower limb

Base of support
Step width (cm) or Step width SD (cm) Lateral distance from heel center of one footprint to the line of progression formed by two consecutive 

footprints of the opposite foot or the standard deviation of this distance

Rhythm
Cadence (steps/min) or Step time (s) Number of steps per minute, sometimes referred to as step rate

Stride time (s) Time elapsed from initial contact of one foot to initial contact of the opposite foot

Swing time (s) Time elapsed between the initial contacts of two consecutive footfalls of the same foot

Stance time (s) Weight bearing portion of each gait cycle initiated at heel contact and ending at toe-off of the same foot; 
stance time is the time elapsed between the initial contact and the last contact of a single footfall

Single support time (s) Single support occurs when only one foot is in contact with the ground; single support time is the time 
elapsed between the last contact of the opposite footfall to the initial contact of the next footfall 
of the same foot

Phases
Swing (% gait cycle (GC)) Swing phase is initiated with toe off and ends with initial contact of the same foot; swing time is the time 

elapsed between the last contact of the current footfall to the initial contact of the next footfall of the same 
foot

Stance time (%GC) Stance time normalized to stride time

Single support (%GC) Single support time normalized to stride time

Double support (%GC) Double support time normalized to stride time. The double support time is approximately 20% of the gait 
cycle during which both feet are in ground contact

Double support time (s) Double support time occurs when both feet are in contact with the ground simultaneously; double sup-
port time is the sum of the time elapsed during two periods of double support in the gait cycle

Variability
Gait speed (%CV) Coefficient of variation (%CV or %CoV) reflects the variability for each of the parameters; it is the average 

standard deviation in the gait parameter divided by the average mean of the gait parameter. Higher values 
indicate a more variable gait pattern.

Step length or width (%CV)

Step time (%CV)

Stride length (%CV)

Stride time or speed (%CV)

Swing time (%CV)

Stance time (%CV)
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ment, dementia, multiple sclerosis, Parkinson’s dis-
ease) or if the study took place in a care setting.

(4) Studies with a secondary analysis of previous 
reported results in other included studies.

(5) Case studies, conference abstracts and qualitative 
studies.

Two reviewers (BW and AW) searched titles and abstracts 
to identify all potentially eligible studies meeting the inclu-
sion criteria. Afterwards the two reviewers independently 
assessed full paper copies of all of the identified potentially 
eligible studies to determine which of the studies would be 
included. Any disagreement on inclusion was resolved by 
discussion and through arbitration by a third reviewer (KL).

Data extraction and risk of bias
Two reviewers imported references to a table to extract 
and collate information in three steps:

(1) Overview of all includes studies concerning the 
author, year of release, study design and aims, dual-
task type, population with discrimination of hear-
ing impairments/ no hearing impairments and 
the respective age, the used definition of hearing-
impairment, a list of all observed balance or walking 
parameters, and the results for the relevant com-
parisons (cf. Table 4)

(2) Quality assessment of the included articles based on 
a customized checklist.  This was done with a modi-
fied Downs and Black [36] questionnaire by both first 
authors independently. As the review did not focus 
exclusively on intervention studies, all quality criteria 
with respect to randomized controlled trials (e.g., ran-
domization, follow-up periods etc.) were not assessed. 
Table  3 therefore includes the report of the qual-
ity criteria including the following 16 aspects of the 
Black and Downs scale ( [36]; cf. Table 3). If a quality 
criterion was described sufficiently, it was rated with a 
point. Consequently, the maximum quality score is 16 
points.

(3) For all included studies, the main results were 
summarized in Table  4. This includes task order, 
outcome measures used to assess and report the 
performance of either of the concurrent tasks, and 
study results.

Data items
The data items included the used classification of par-
ticipants with respect to hearing impairment, walking 
and balance parameters in single and dual-task condi-
tions. For the walking performance, there is already an 
agreement as to which outcomes should be measured 
and reported [e.g., [35, 37]. Therefore, the reported data 

of walking speed (gait velocity) as well as step length and 
others like step width are commonly comparable.

In case it was required, the corresponding authors of 
the included studies were asked to provide additional 
data to the reported data of the published manuscript. 
Moreover, the corresponding authors were asked to pro-
vide missing data of interest (e.g., if ST vs. DT for base-
line conditions were not reported).

Data synthesis
We first reported the chosen definition for mild and/or 
severe hearing impairment. Then, we extracted available 
data of the comparison of ST and DT or dual-task costs 
for the hearing-impaired and non-hearing-impaired 
older adults for each of the outcome variables of interest 
as a verbal description into Table 4. Available differences 
between hearing-impaired and non-hearing-impaired 
older adults were provided.

Results
The initial search generated 57 articles including 16 
duplicates (Fig.  1) from which a total number of eight 
studies were integrated into further analysis (cf. Table 4).

Overall, the studies tested N = 456 participants (58% 
women), including 174 healthy older adults and 200 older 
hearing-impaired persons with different levels of hearing 
loss. The other 82 participants were young and healthy 
adults or from other clinical populations. The quality 
assessment (see Table  3) showed that all eight studies 
included in this review reached at least nine points and 
are of high quality.

Most of the included studies oriented their inclusion 
criteria for the hearing-impaired group based on the 
previously published thresholds of the WHO regards 
mild hearing loss with PTA (0.5-4 kHz) ≥ 25 and < 40 dB. 
The two Wollesen et  al. studies considered instead [43] 
or in addition [29] moderate hearing loss with PTA 
(0.5-4  kHz) ≥ 40  dB and < 60  dB and severe hearing loss 
with PTA (0.5-4  kHz) ≥ 60  dB. Lau et  al. [42] included 
only participants with a threshold PTA (0.5,1,2,3 kHz of 
both ears) > 25  dB HL and who were experienced hear-
ing aid users. The authors of Kowalewski et  al. [41] do 
not report any PTA threshold but all participants in the 
hearing loss group had been diagnosed with hearing loss. 
There were some minor differences in which frequencies 
were averaged and whether the value for the better, worse 
or both ears was used for the grouping criteria.

Table 4 presents the main results of all included studies 
sorted by motor task.

Three of the walking studies report reduced gait speed 
and step length during dual-task compared to single task 
walking. While in Gorecka et al. [39] hearing loss moder-
ated most of the differences in motor task performance 
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when comparing a younger and an older group of older 
participants, Gorecka et  al. [40] were able to show that 
most of the walking parameters (except for step width) 
decreased in performance between ST and DT, however, 
differences in direction between young and old, as well 
as for participants with hearing-impairment were not 
identified or reported in the original paper. On request, 
the authors contrasted hearing ability and  their data 
showed increased step width and step length variability 
for participants with mild hearing loss. Wollesen et  al. 
[29] revealed that increased hearing impairment comes 
along with a decrease in walking speed and cadence. In 
the treadmill study of Lau et al. [42], significant dual-task 
costs were found for hearing-impaired participants when 
investigating the mean trunk pitch.

The three studies investigating cognitive-motor inter-
ference with regards to maintaining balance utilized 
different balance tasks. Bruce et al. [30] applied the com-
puterized dynamic posturography test, Bruce et  al. [38] 
used a perturbation platform and Kowalewski et al. [41] 
a dual-belt treadmill system, and thus reported a broader 
range of motor performance measures. Both Bruce et al. 
studies [30, 38] did not reveal an additional impact of 
hearing impairment on the balance parameters. In con-
trast, Kowalewski et al. [41] were able to show that older 
adults with hearing loss needed more steps to regain their 

balance after perturbation compared to age-matched and 
younger controls.

Discussion
This systematic review aimed to investigate the impact 
of dual-task performance on gait or balance parameters 
in older adults with hearing impairments. To answer 
these questions, we analyzed the definitions of hearing 
loss, integrated task combinations, and the interaction 
between hearing loss severity and the cognitive-motor 
performance in DT task settings for balance and walk-
ing tasks. We hypothesized that participants with hear-
ing impairments would show higher decrements in DT 
performance compared to older adults without hearing 
impairments. The review identified eight studies that 
examined DT balance and walking performance in older 
adults with hearing impairments. These studies differed 
in their objectives, dual-task setups, and study designs.

Definitions of hearing loss
Most studies followed the WHO’s previous recommen-
dation for categorizing hearing impairment severity. The 
downward adjustment of the thresholds by the WHO 
highlighted that the effects of hearing-impairment mani-
fest already at an earlier stage than previously assumed, 
underscoring the importance of interventions to address 

Fig. 1 Flow chart of screening stages after initial search
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issues starting with mild hearing impairment. Only, 
Gorecka et al. [40] used on our request the new thresh-
old for mild hearing impairment (PTA (0.5-4kHz) ≥ 20 
dB) for the additional analyses provided for this system-
atic review. One study classified their older participants 
based on an existing diagnosis of hearing-impairment 
[41]. Overall in the reported studies, it seemed more 
like that increasing severity of hearing impairment and a 
larger sample enabled to reveal the decrements reflected 
in the motor performance than the chosen classification 
approach.

Integrated task combinations of the DT measurements 
for balance and walking
The studies used different DT settings to examine the 
performance levels of older adults with hearing impair-
ments. Balance studies integrated working memory tasks 
(n-back or Bamford-Kowal-Bench Speech-In-Noise test; 
cf. Table  4) targeting different cognitive processes dur-
ing motor control. The working memory tasks address 
a divided attention paradigm focusing on resource allo-
cation (cf. limited resource hypothesis which claims 
that there is a shared pool of limited resources for both, 
the cognitive and the motor task [44]. Similarly, walk-
ing studies integrated audio-spatial stimulus detection 
tasks and visual-verbal inhibition tasks (e.g. Stroop), to 
examine different aspects of cognitive processing during 
motor control. The audio-spatial stimulus detection tasks 
refer directly to the potential problem of sensory inte-
gration of the hearing information by hearing-impaired 
older adults, while the visual component of the Stroop 
tasks is more related to resources needed for gait stability 
[45]. As a result, the interpretation of DT performance 
decrements needs to consider the specific task set-ups.

DT results balance
The DT balance performance showed greater perfor-
mance decrements in participants with hearing impair-
ments, characterized by a higher number of steps taken 
to stabilize balance ( [41]; cf. Table 4). These findings sug-
gest that older adults with hearing impairments allocate 
more effort to motor control processes during DT situa-
tions. However, given the limited number of studies and 
different cognitive and motor task conditions, general 
conclusions regarding the DT balance abilities in other 
DT settings of older adults with hearing impairments 
cannot be drawn from the reported results.

One study compared hearing-impaired older adults 
with non-hearing-impaired older adults in DT or bal-
ance training interventions [30]. Hearing-impaired par-
ticipants did not show more baseline decrements in their 
cognitive and balance abilities compared to healthy older 
adults. Still, they showed training benefits independent of 

the training regime while the healthy controls benefited 
more from successive cognitive and motor training. This 
suggests that the training benefits differ related to hear-
ing performance. Groups with worse hearing might have 
faced challenges adapting to the different sensory condi-
tions due to the importance of both vision and hearing in 
balance control [46]. Tailoring the training to individual 
hearing and motor abilities could enhance its effective-
ness for older adults with hearing impairments [cf. [47, 
48]. The simultaneous integration of cognitive and motor 
processes during training may help compensate for per-
formance decrements related to hearing loss, but this 
concept requires further investigation.

DT results walking
The DT walking performance of gait parameters address-
ing mainly pace and variability results (cf. Table  4) sug-
gest a destabilization of gait in participants with hearing 
impairment, evidenced by decreased gait speed, step 
length and increased gait variability within the stud-
ies. Moreover, these observations were consistent across 
different secondary tasks or the task settings (e.g., audi-
tory-verbal working memory or visual-verbal inhibition 
tasks). However, these tasks could also be referred to as 
executive function tasks (cf. Diamond [49]) which are 
highly related to activities of daily life [50]. Specifically, 
participants with hearing impairments had worse base-
line walking conditions and higher DT costs (cf. Wollesen 
et al. [43] compared to Wollesen et al. [29]), making their 
gait stability comparable to that of fallers and older adults 
aged 75 and older (cf. Hollmann [35]). This suggests that 
sensory loss and decreased mobility in this population 
might lead to gait instability, resembling the gait patterns 
of much older individuals. These aspects of decreased 
gait stability were also expressed by the increased gait 
variability reported by the studies of Gorecka et  al. [39, 
40] and Lau et al [42]. The overall observed gait destabili-
zation in hearing-impaired individuals may be attributed 
to the disruption of the auditory feedback mechanisms 
and changes in the vestibular system, leading to difficul-
ties to locate the head position during the movement. 
Moreover, the auditory cues from footsteps are relevant 
in adjusting gait patterns in the environment [13, 51].

Notably, most studies focused on pace-related param-
eters to describe walking performance. Future research 
could explore rhythm, phase and base of support param-
eters to gain a deeper understanding of gait quality within 
this population. These additional insights, combined 
with balance performance data might reveal relevant 
elements for gait and postural stability training. Never-
theless, the study by Wollesen et  al. [43] suggested that 
DT gait performance can benefit from specific training 
interventions as reported for the balance data. However, 
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the transfer of these benefits to more complex situations 
(e.g., triple tasks) was not sustained, suggesting the need 
for longer training periods and individualization of the 
interventions to improve DT static and dynamic balance 
performance.

Recommendations
In summary, this review provided some insights with 
respect to cognitive-motor interference of older adults 
with hearing impairments which can be transferred 
into future DT studies. Firstly, older adults with hear-
ing impairments showed DT decrements within balance 
and walking tasks. However, according to the mixture of 
the different task settings, there should be more compre-
hensive research combining different task complexities 
and stimulus input conditions for the cognitive as well 
as the motor task condition. Studies might compare sit-
ting, standing and walking with different forms of cog-
nitive complexities that are relevant for daily activities 
and related to the reduced ability of sensory integration 
of this target group (e.g., detection of auditory and visual 
stimuli, auditory and visual discrimination tasks, tasks 
including spatial orientation; auditory tasks including 
background noise etc.).

With respect to conducting future training interven-
tions, the combination of the addressed cognitive-motor-
task combination should reflect the real-world conditions 
in more ecologically valid scenarios. Interventions should 
focus on simultaneous training tasks to overcome the 
analyzed destabilizing effects. The exercises should 
address the combination of vision and hearing related 
tasks including balance or walking with a specific focus 
on sensory integration. As previous studies showed, bal-
ance and walking should be considered separately with 
respect to potential DT decrements [52–54]. Therefore, 
training interventions should address tasks for balance 
and for walking performance.

Strengths and limitations
This review integrated high-quality studies published in 
the last eight years, underscoring the emerging interest 
in this research area. The main limitation of this review 
stems from the heterogeneity of secondary tasks and task 
settings (especially for studies including balance perfor-
mance), limiting the comparability and generalizability of 
the results. Calculating DT costs could have solved this 
problem. However, due to the heterogeneity of reporting, 
these DT costs were not accessible.

There might also be differences between the processes 
of motor control if a secondary task involves vision or 
hearing. Furthermore, the lack of individualization of 

the secondary task according to the hearing abilities as, 
e.g., provided within the papers by Bruce et  al. [43 and 
30] was missing in the other study designs. Finally, the 
review acknowledged the potential bias arising from 
seven out of the eight included studies being provided by 
three research groups. Therefore, it is necessary to con-
duct additional studies within this area of research to 
strengthen the evidence base.

Conclusions
The included studies within this review demonstrated 
dual task decrements in balance and walking perfor-
mance for older adults with hearing impairments. These 
decrements were consistent across DT settings and study 
designs, highlighting the need for specific interventions 
to reduce the cognitive-motor interference (CMI) and 
maintain balance control or walking stability in daily situ-
ations that require concurrent cognitive and motor tasks. 
However, understanding the underlying mechanisms of 
CMI in this population requires further investigation. 
Nevertheless, initial evidence suggests that identify-
ing these mechanisms and designing tailored training 
interventions requires a certain adaptation according to 
individual hearing and motor abilities as well as to the 
requirements for activities of daily living.
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