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Abstract

levels was examined.

Background Presbycusis is known to accelerate mental decline processes and to cause secondary consequences
such as social isolation and depression when not intervened. The association of presbycusis and presbyvestibulopathy
disorders is likely. These changes in vestibular functions are closely related to cognitive functions. This study investi-
gated the effect of hearing loss on cognitive and vestibular functions in a geriatric population.

Methods This study was conducted with 200 participants over the age of 65. The study was conducted with three
groups: individuals with normal hearing, moderate sensorineural hearing loss, and severe sensorineural hearing loss.
The relationship between the participants responses to the Cognitive Vestibular Function Scale and their hearing

Results Of the individuals with hearing loss in the study group, 55 had moderate SNHL, and 45 had severe SNHL.
The age range of the participants was 65 to 91 years (71.06 £4.92). When the control (Group N) and study groups
(Group M and Group S) were compared according to CVFS and subscale scores, they were found to be statistically
different (p <0.05). In pairwise comparisons, a significant difference (p < 0.05) was found in all pairwise combinations
except Group N and Group M (p=0.109) for the VSM subscale.

Conclusions It was concluded that having a healthy hearing is the most influential factor for maintaining cognitive
vestibular functions in the geriatric population. It was found that the degree of hearing loss primarily affects cognitive
vestibular functions and that cognitive vestibular functions deteriorate more as hearing loss increases.

Keywords Presbycusis, Presbyvestibulopathy, Cognitive function, Cognitive Vestibular Function Scale

Background

According to the latest “World Hearing Health Report”
(2021) by the World Health Organization (WHO), 5.3%
of the world’s population (more than 1.5 billion individu-
als) suffer from hearing loss. It is projected that by 2050,
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2.5 billion people will have some degree of hearing loss
[1]. The increase in human lifespan implies aging socie-
ties and populations worldwide, with age-related hear-
ing loss being the third most common disorder in older
adults. Even individuals without otologic problems expe-
rience a minimum of 1 dB loss in hearing thresholds each
year after age 60 [2]. Therefore, the relationship between
an aging society and presbycusis is gaining importance.
Primary changes expected due to hearing loss include
impaired auditory processing abilities and speech dis-
crimination. Also, evidence suggests that hearing loss
and deterioration in auditory functions accelerate cogni-
tive decline processes [3, 4].
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In 2019, the Classification Committee of the Barany
Association reported that older patients with chronic
vestibular symptoms due to bilateral peripheral vestibu-
lar hypofunction should be diagnosed as “Presbyvesti-
bulopathy” [5]. Therefore, presbycusis has ceased to be
an isolated problem and started to be considered as a
combined problem. It is foreseeable that presbyvestibu-
lopathy and presbycusis will be among the most critical
problems regarding prolonged life expectancy and qual-
ity of life. In a retrospective study by Agrawal et al. [6].
investigating the relationship between presbycusis and
vestibular functions, they reported that the prevalence of
vestibular dysfunction reached up to 35.4% in adults aged
40 years and older. Although there is limited informa-
tion about secondary medical risk factors that may occur
in vestibular dysfunction, whether symptomatic or not,
vestibular dysfunction is considered among the essential
causes of falls in the elderly [7].

The underlying mechanisms between hearing loss and
mobility problems are not fully understood. It has been
hypothesized that hearing loss may limit the cognitive
resources available for mobility by increasing cognitive
load, limit access to auditory cues that support spatial
orientation, lead to physical or cognitive decline by caus-
ing social isolation, and may be associated with parallel
declines in vestibular function (Gabriel et al. 2022). In
our country, no study analyzes the effect of age-related
hearing loss on cognitive-vestibular functions. The first
aim of this study is to investigate the impact of hearing
loss on cognitive-vestibular functions in a geriatric popu-
lation. The second aim of this study is to raise awareness
about the additional effects of hearing loss on individual
balance, perceptual and visual-spatial abilities, and mem-
ory skills.

Methods
This study was conducted with 200 individuals over 65
without diagnosed neuro-otologic or neurodegenerative
diseases. Pure tone averages were calculated by averaging
the participants’ hearing thresholds at frequencies of 500,
1000, 2000, and 4000 Hz. According to the Clark classi-
fication (1981), 100 individuals with hearing thresholds
within normal hearing limits were included in the control
group (Group N), and 100 individuals with moderate-to-
severe sensorineural hearing loss were included in the
study group. The individuals in the study group refused
to use hearing aids despite being offered them. In the
study group, individuals with moderate and severe hear-
ing loss were subdivided into M and S subgroups, respec-
tively (Table 1, Fig. 1).

In this study, the Cognitive Vestibular Function Scale
(CVES) was used to examine the effect of hearing loss
on vestibular and cognitive functions [8]. The scale
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Table 1 Descriptive demographic data regarding age and pure
tone thresholds of individuals with normal hearing and hearing
loss

Degree of Variables Mean+SD Min-max
hearing loss
Group N Age 69,49+3,95 65.00-81.00
(n=100) Right AC thresholds ~ 13,52+194  500-15.00
Left AC thresholds 13,58+1,98 5.00-15.00
Right BC thresholds 12,58+245 5.00-15.00
Left BC thresholds 1249+2,73 5.00-15.00
Group M Age 73,29+5,54 65.00-91.00
(n=55) Right AC thresholds ~ 50,54+7,62  41.00-70.00
Left AC thresholds 52,10+6,76 41.00-70.00
Right BC thresholds 47,92+7,68 38.00-70.00
Left BC thresholds 50,70+6,20 40.00-70.00
Group S Age 704+5,28 65.00-83.00
(n=45) Right AC thresholds 75,37 +3,61 70.00-84.00
Left AC thresholds 7517 +4,80 58.00-84.00
Right BC thresholds 7182+3,75 63.00-80.00
Left BC thresholds 71,15+6,86 36.00-81.00

Abbreviations: Group N normal hearing, Group M moderate hearing loss, Group S
severe hearing loss, AC air conduction, BC bone conduction

developed by Ozkul and Konukseven (2023) to exam-
ine cognitive functions in the geriatric population with
imbalance problems examines 20 questions and four
sub-factors. The CVF scale is a measurement tool that
allows detailed evaluation of the effects of age-related
hearing loss in terms of vestibular function (VF), spatial
memory (SM), visuospatial memory (VSM), and tempo-
ral memory (TM) functions. Accordingly, the first seven
items question “vestibular” skills, the following five items
question “SM” skills, and the following four items ques-
tion “VSM and TM” skills. The scoring table of the scale
is given in Fig. 2 [8]. In our study, the CVFS was adapted
to the Google Forms online platform to assess the cog-
nitive vestibular functions of the participants. The scale
was administered to the participants face-to-face, and the
researcher recorded the answers online. The responses of
the participants were statistically analyzed based on the
scale sub-factors.

Statistical analysis

IBM SPSS Statistics 25.0 package program was used
for analysis (IBM SPSS Statistics for Windows, Ver-
sion 25.0. Armonk, NY: IBM Corp.). According to Kol-
mogorov—-Smirnov test the parameters did not show
normal distribution. Data not showing normal distri-
bution were evaluated with non-parametric tests. The
Kruskal-Wallis test was used to compare CVFS and
subscale scores. For the tests found to be significantly
different between the three groups (normal hearing,
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Fig. 1 Air and bone conduction pure tone averages by groups (0.5, 1, 2, 4 kHz, dB HL)
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Fig. 2 Score distribution of CVFS and its subscales
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Dunn test was performed with Bonferroni correction
to make pairwise comparisons. To illustrate the results
boxplots were included, ROC curves were drawn and
based on the area under the curve the sensitivity and
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the specificity parameters were calculated. Spearman
correlation analysis was used to find if the CVFS and
its subscales were related to each other and age. All
tests were performed at the 0.05 significance level.
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Table 2 CVFS and subscale scores of the groups

(2024) 40:97

Degree of Scale/subscale score Mean+SD Min-max
hearing loss
Group N Vestibular 14.53+4.94 7.00-28.00
(n=100) Spatial memory 1063+368  5.00-19.00
Visual-spatial memory 7934263 4.00-16.00
Temporal memory 9.64+2.62 4.00-15.00
CVFS 42.73+11.48 24.00-71.00
Group M Vestibular 17.87 +4.39 8.00-28.00
(n=55) Spatial memory 13144329  500-21.00
Visual-spatial memory 9.10+2.94 5.00-15.00
Temporal memory 11.78+2.73 5.00-19.00
CVFS 5190+£11.29 23.00-79.00
Group S Vestibular 23.15+472 7.00-31.00
(n=45) Spatial memory 1588+329  6.00-22.00
Visual-spatial memory 1244292 4.00-15.00
Temporal Memory 13.114+2.72 4.00-17.00
CVFS 64.55+£12.67 24.00-81.00

Abbreviations: Group N normal hearing, Group M moderate hearing loss, Group S
severe hearing loss, CVFS Cognitive Vestibular Function Scale
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Fig. 3 Boxplox chart of CVFS and its subscales
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Results

Participants’ responses to the CVFS were compared
within and between groups regarding VE, SM, VSM,
and TM subscale scoring and total scoring. The descrip-
tive statistics of the CVFS and its subscales are shown in
Table 2, and the boxplot chart of the scales is shown in
Fig. 3.

According to CVES and subscales scores, control
(Group N) and study groups (Group M and Group S)
were found to be statistically different (p<0.05). The
Mann-Whitney U test was performed using Bonferroni
correction for pairwise group comparisons (Table 3). For
the VSM subscale, a significant difference (p<0.05) was
found in all pairwise combinations except Group N and
Group M (p=0.109).

A receiver operating characteristic (ROC) curve was
constructed for CVFS and its subscales, where the x-axis
represents sensitivity and the y-axis defines specificity
[1- — Specificity]. Sensitivity was calculated as [number
of actual positive subjects] / [(number of faithful positive
subjects) + (number of false negative subjects)] at various
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Table 3 Kruskal-Wallis and Bonferroni-Dunn post-hoc tests statistics for descriptive variables

CVFS and subscales X Group N Group M Group S Pairwise comparions®®
meanrank meanrank meanrank

Group N- Group M Group N-Group S Group M-Group S

Vestibular 69.880° 7174 105.72 158.03 —-3.504" -8.322" —~4.506"
(9.697) (10.369) (11.611)

Spatial memory 53.029° 7396 109.95 147.93 -3.715 -7.141 -3.275
(9.687) (10.359) (11.599)

Visual-spatial memory ~ 53.873°  77.86 98.11 153.72 -2.092 -7.331 —4.800
(9.677) (10.348) (11.587)

Temporal memory 53.997° 7281 113.75 145.83 —-4.238" —-7.069 -2.773
(9.661) (10.330) (11.567)

CVFS 70.790° 7088 107.70 157.53 -3.791 -8.344' —4.285
(9.713) (10.386) (11.630)

Abbreviations: Group N normal hearing, Group M moderate hearing loss, Group S severe hearing loss, CVFS Cognitive Vestibular Function Scale

* Significant at 0.05 level

2Top values are mean differences between groups and bottom values are standard errors

b Significance values have been adjusted by the Bonferroni correction for multiple tests

cut-off values. In contrast, Specificity was calculated
as [number of faithful negative subjects] / [(number of
actual negative subjects) + (number of false positive sub-
jects)] for each cut-off value. The areas under the ROC
curve (AUC) were then calculated (Fig. 4).

A larger area under the ROC curve indicates that the
diagnostic test provides good measurements. An area
of 1.0 represents an excellent test; an area of 0.5 repre-
sents an inappropriate test (Habibzadeh et al. 2016). The
sensitivity and specificity for CVFES and its subscales are
shown in Table 4. AUCs for CVES and subscale scores

were relatively large (>0.7). These values indicate that the
CVES scale is usable.

The AUC, cut-off values, sensitivity, and specificity of
CVES and its subscales are summarized in Table 4. In the
discrimination of cognitive vestibular functions accord-
ing to the presence or absence of hearing loss, the cut-off
value for the vestibular subscale was 17.5 (sensitivity 69%,
specificity 27%); the cut-off value for the SM subscale was
11. 5 (sensitivity 74%, specificity 33%); cut-off value for
VSM subscale was 8.5 (sensitivity 68%, specificity 41%);
cut-off value for TM subscale was 11.5 (sensitivity 72%,

Sensitivity

Vestibular Score

Spatial Memory Score
Visual Spatial Memory Score
Temporal Memory Score
CVFS Score

Reference Line

1 - Specificity

Fig.4 CVFSand its subscales ROC curve
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Table 4 Cutoff values calculated for the CVFS and its subscales

Risk factor AUC (95% CI) Cutoff p Sensitivity (%) Specificity (%)
Vestibular 0.788 (0.724-0.851) 17.5 000 69 27

Spatial memory 0.765 (0.699-0.832) 115 .000 74 33
Visual-spatial memory 0.726 (0.655-0.798) 8.5 000 68 41

Temporal memory 0.777 (0.711-0.842) 11.5 000 72 28

CVFS 0.796 (0.734-0.858) 485 000 74 28

Abbreviations: CVFS Cognitive Vestibular Function Scale, AUC area under the receiver operating characteristic curve

specificity 28%); cut-off value for CVES total scale was
48.5 (sensitivity 74%, specificity 28%).

Spearman correlation analysis was used for age, CVES,
and subscale scores, and p <0.05 was considered statisti-
cally significant. The results of the analysis are given in
Table 5. The correlation between scale scores and age is
also shown in the Fig. 5. According to Table 5, age has
a very weak positive correlation with the vestibular
subscale score (r=0.193; p<0.01), SM subscale score
(r=0.204; p<0.01), and CVEFS total score (r=0.181;
p<0.05). The vestibular subscale score was highly posi-
tively correlated with the SM subscale score (r=0.769;
p<0.01), VSM subscale score (r=0.742; p<0.01), and
temporal memory subscale score (r=0.716; p<0.01)
and highly positively correlated with the CVES total
score (r=0.932; p<0.01). The SM subscale score has
a highly positive relationship with the VSM subscale
score (r=0.741; p<0.01) and CVFS total score (r=0.890;
p<0.01) and a moderate positive relationship with the
temporal memory subscale score (r=0.652; p <0.01). The
VSM subscale score was highly positively correlated with
the temporal memory subscale score (r=0.739; p<0.01)
and CVES total score (r=0.886; p<0.01). The tempo-
ral memory subscale score positively correlates with the
CVES total score (r=0.840; p<0.01).

The chi-square test requires an adequate sample size.
The test result is valid only when no more than 20% of

cells have an expected frequency value<5 and no cell
has an expected frequency value<1 (Barcel6, 2018).
When the chi-square test was applied to the data set,
it was seen that it did not meet the above criteria. The
distribution of diagnoses related to CVFS and its sub-
groups by groups is given in Table 6.

According to the CVES total score, 43% (43) of the
normal hearing group were diagnosed with “normal
function,” 49% (49) with “mild dysfunction,” and 8% (8)
with “moderate dysfunction” There were no individu-
als diagnosed with “severe dysfunction” in this group.
In the group with moderate hearing loss according to
CVES total score, 18.2% (10) were diagnosed with “nor-
mal function,” 61.8% (34) with “mild dysfunction,” and
20% (11) with “moderate dysfunction” There were no
individuals diagnosed with “severe dysfunction” in this
group. According to the CVES total score, 8.9% (4) of
the group with severe hearing loss was diagnosed with
“normal function,” 6.7% (3) with “mild dysfunction,’
82.2% (37) with “moderate dysfunction,” and 2.2% (1)
with “severe dysfunction” According to the CVES total
score, 28.5% (57) of all participants were diagnosed
with “normal function,” 43% (86) with “mild dysfunc-
tion,” 28% (56) with “moderate dysfunction,” and 0.5%
(1) with “severe dysfunction.”

Table 5 Spearman correlation between age, CVFS, and subscale scores

Variables Age Vestibular score Spatial Visual-spatial Temporal score CVFS score
memory score memory score

Age -

Vestibular score 1932 -

Spatial memory score 204° 7697

Visual-spatial memory score 085 7428 7418 -

Temporal memory score 125 7167 652° 739° -

CVFS Score 1810 932° .890° .886° 840° -

Spearman correlations
2 Correlation is significant at the 0.01 level (2-tailed)

b Correlation is significant at the 0.05 level (2-tailed)
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Fig. 5 Correlation graph of age, CVFS, and subscale scores

Discussion

This study was conducted to evaluate the cognitive ves-
tibular function of individuals over 65 years of age with
hearing loss and individuals with normal hearing. Par-
ticipants’ responses to the CVF scale were analyzed
comparatively.

Aging is a universal process that causes a gradual
decline in the functions of various body cells, tissues,
and organs. It is expected that the degree of hearing loss
increases with age, which in turn may lead to impair-
ments in cognitive vestibular functions. Our study dem-
onstrates that the degree of hearing loss affects cognitive
vestibular functions and that as the degree of hearing loss
increases, there is a significant deterioration in vestibu-
lar-cognitive functions. This finding indicates that hav-
ing a healthy hearing is an effective factor in maintaining
cognitive vestibular functions in the geriatric population.

With age, damage to the sensory hair cells of the inner
ear leads to hearing loss in the cochlea (presbycusis)
and balance disturbance in the vestibular system (pres-
byvestibulopathy) [9]. The degree of hearing loss usually
depends on the damage to the hair cells in the cochlea.
Moderate hearing loss usually involves damage to the

outer hair cells, whereas severe hearing loss involves
damage to both the outer and inner hair cells [10, 11].
Our study revealed that 61.8% of individuals with mod-
erate hearing loss have mild vestibular dysfunction,
whereas 82.2% of individuals with severe hearing loss
have moderate vestibular dysfunction. These findings
support our opinion that total inner ear aging should be
considered in the presence of presbycusis.

It is important to remember that the vestibular system
comprises peripheral vestibular organs and their asso-
ciated central nervous system projections; therefore,
vestibular signals are often present together with other
sensory and motor signals [12]. Several studies have
examined the relationship between presbycusis and ves-
tibular function. These studies have shown that increas-
ing age causes degeneration of vestibular hair cells and
otoliths, with a consequent decrease in vestibular gan-
glion cells [5, 7, 13-16]. Therefore, vestibular deficits
are closely associated with balance disorders and spatial
disorientation, commonly seen in neurodegenerative dis-
eases [12, 17]. Our study has demonstrated a correlation
between the degree of hearing loss and the level of ves-
tibular insufficiency. This finding supports the view that
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Table 6 Intragroup disability distribution of CVFS and its subscales
Scale/subscales Disability Groups (n=200)
Group N (n=100) Group M (n=55) Group S (n=45) Total
n % n % n % n %
Vestibular Normal functional 47 47.0% 8 14.5% 4 8.9% 59 29.5%
Mild functional disability 45 45.0% 36 65.5% 1 2.2% 82 41%
Moderate functional disability 8 8.0% 11 20.0% 39 86.7% 58 29%
Severe functional disability 0 0.0% 0 0.0% 2.2% 1 0.5%
Spatial memory Normal functional 53 53.0% 14 25.5% 4 8.9% 71 35.5%
Mild functional disability 33 33.0% 29 52.7% 8 17.8% 70 35%
Moderate functional disability 14 14.0% 11 20.0% 32 71.1% 57 28.5%
Severe functional disability 0 0.0% 1 1.8% 1 2.2% 2 1%
Visual-spatial memory Normal functional 59 59.0% 27 49.1% 5 11.1% 91 45.5%
Mild functional disability 36 36.0% 20 36.4% 8 17.8% 64 32%
Moderate functional disability 5 5.0% 8 14.5% 32 71.1% 45 22.5%
Severe functional disability 0 0.0% 0.0% 0 0.0% 0 0%
Temporal Normal functional 30 30.0% 6 10.9% 8.9% 40 20%
Mild functional disability 58 58.0% 28 50.9% 4 8.9% 90 45%
Moderate functional disability 12 12.0% 20 36.4% 36 80.0% 68 34%
Severe functional disability 0 0.0% 1 1.8% 1 2.2% 2 1%
CVFS Normal functional 43 43.0% 10 18.2% 8.9% 57 28.5%
Mild functional disability 49 49.0% 34 61.8% 3 6.7% 86 43%
Moderate functional disability 8 8.0% 11 20.0% 37 82.2% 56 28%
Severe functional disability 0 0.0% 0 0.0% 1 2.2% 1 0.5%

Abbreviations: Group N normal hearing, Group M moderate hearing loss, Group S severe hearing loss, CVFS Cognitive Vestibular Function Scale

age-related decline in vestibular sensory cells is faster in
the presence of hearing loss.

Social isolation and depression are expected outcomes
in individuals with hearing loss [18]. Therefore, with the
aging of the world population, the relationship between
hearing loss, impairments in cognitive skills, and demen-
tia has become more critical [3, 4, 19-21]. The findings
of our study and the existing literature suggest that the
association of presbycusis and presbyvestibulopathy may
cause difficulties in multimodal sensory integration and
functional impairments in cognitive skills, thus increas-
ing the risk of dementia [22—24]. From this perspective,
presbycusis is a significant public health problem.

In a 6-year cohort study by Lin et al. [25] investigating
the link between hearing loss and cognitive decline, they
reported a linear change between hearing loss and spa-
tial memory, visuospatial memory, and processing speed.
Since their study mainly included individuals with mild
and moderate hearing loss, they could not clearly show
the correlation between the degree of hearing loss and
cognitive impairments. Decreases in SM are functions
closely related to a person’s ability to be self-sufficient. A
decrease in SM functions may lead to a loss of autonomy
[26]. Various studies examining the relationship between

hearing loss and SM indicate that spatial Memory dete-
riorates as hearing loss increases [27, 28]. There is also
evidence in the literature that SM is significantly affected
in older adults with vestibular hypofunction [13, 29].
The findings of our study show that spatial memory is
impaired by hearing loss, and according to the subscale
correlations, spatial memory is more affected when ves-
tibular insufficiency is present.

Garami et al. [30] and Jayakody et al. [31] reported that
spatial visual memory is affected by increasing hearing
loss. Garami et al. [30] claimed that mild hearing loss is at
least as crucial as age-related cognitive decline. Individu-
als with hearing loss have impaired visual-spatial mem-
ory because they cannot analyze auditory scenes well.
Guidetti et al. [32] reported that individuals with normal
hearing showed better VSM performance compared to
individuals with hearing loss and/or vestibular deficits.
Furthermore, it was shown that individuals with only ves-
tibular deficits had worse VSM performance compared
to individuals with both hearing loss and vestibular defi-
cits. This was explained by the fact that individuals with
hearing loss have improved memory functions due to
their lip-reading competence and the positive effect of
lip-reading on visuospatial memory. In Utoomprurkporn
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et al’s [33] study, it was emphasized that lip reading is
generally used by individuals with hearing loss for com-
munication purposes, and it was stated that lip reading
improves visual-spatial memory and creates the advan-
tage of cross-model integration. Our study showed no
difference between individuals with normal hearing and
individuals with moderate hearing loss. However, it was
observed that visual-spatial memory was impaired when
hearing loss reached a severe degree. Considering that
the individuals included in our study were individuals
who refused auditory amplification, we concluded that
there is a correlation between the degree of hearing loss
and VSM disorders.

Temporal memory functions as an intermediate stop
for spatial-visual and SM-processed input before it
reaches the hippocampus. It is suggested that the hip-
pocampus provides the impulse that causes short-term
memory to be converted into long-term memory. There-
fore, long-term memory consolidation is impossible
without the hippocampus (Glasper and Gould, 2013).
On account of this, any impairment in temporal memory
functions has a decisive impact on quality of life, includ-
ing self-sufficiency. Based on our findings, hearing loss
primarily affects vestibular functions, followed by SM
and VSM. Temporal memory functions are affected when
all these sub-functions are affected. It should be remem-
bered that functional impairments in temporal memory
may result from this chain reaction. Studies in the litera-
ture need to examine the relationship between vestibular
functions and temporal memory. Further studies in this
direction will help us understand our data better.

Attentional resources play an essential role in main-
taining postural control. Decreases in attentional and
cognitive resources caused by hearing loss may make it
challenging to maintain postural balance and increase the
risk of falls (Lin and Ferrucci, 2012). In this context, hear-
ing loss is thought to play a role as a factor that increases
the risk of falling. Our study’s findings support a decrease
in cognitive vestibular functions in older adults with
hearing loss. In order to prevent or reduce this situation,
cognitive support or rehabilitation programs to increase
the attention levels of older adults with hearing loss may
be considered. In addition, technological solutions such
as hearing aids may help alleviate the effects of hearing
loss and provide a better postural balance in daily life.
Thus, necessary corrective and preventive measures can
be taken against possible traumas in the geriatric popula-
tion, and various interventions can be made to improve

quality of life.

Limitations
This study is the first to use the CVF scale for research
purposes other than the normalization study. However,
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our study was conducted during the COVID-19 pan-
demic. The individuals included in the study were over
65 years of age. Since it was not appropriate to invite this
age group to hospitals and clinics under pandemic condi-
tions, objective vestibular measurement methods could
not be used. Including objective vestibular methods in
future studies may contribute more to the literature.

Investigating the effect of auditory amplification on
CVFs in future studies is recommended. Studies includ-
ing hearing aid and non-hearing aid users and older
adults with normal hearing may provide a better under-
standing of age-related CVF changes.

Conclusion
Our results showed that hearing loss also affects cogni-
tive vestibular functions in older adults.

Consistent with the literature, both cognitive func-
tion and subscales, vestibular function, SM, VSM, and
temporal memory showed significant differences due to
the analysis. Providing amplification to individuals with
hearing loss as soon as their hearing loss is detected may
be of great importance in cognitive vestibular function.
Further research on this subject is needed.

Especially in neurodegenerative diseases such as Alz-
heimer’s and dementia, auditory evaluations and ampli-
fication are recommended if necessary. Amplification has
been recognized to slow the progression of these diseases
[21, 34, 35].

Vestibular functions are affected depending on age.
Vestibular functions are significantly impaired, especially
in the presence of hearing loss. We consider that using
the CVF scale to collect preliminary data about CVFs in
clinics where patients over the age of 65 are examined
may be a valuable tool in preventing traumatic conse-
quences such as falls.

Since more than 5% of the world’s older adults, regular
audiology evaluation, regular vestibular evaluation, regu-
lar control of cognitive functions, and auditory amplifica-
tion in the presence of hearing loss may help to prevent
social isolation and depression in older adults in the
future.
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