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ARTICLE INFO ABSTRACT

Keywords: The vestibular system connects the inner ear to the midbrain and subcortical structures and can affect cognition.

BPPY ) Patients with vertigo often experience cognitive symptoms such as attention deficits, memory problems, and

Meniere’s disease spatial perception difficulties. This study aimed to explore the cognitive impairments associated with Benign

gl)xgersliittl;:;aire paroxysmal positional vertigo (BPPV) and Meniere’s Disease (MD). A non-experimental group comparison design
was used with 107 participants divided into three groups: Group I (clinically normal), Group II (BPPV), and
Group III (MD). Participants completed a questionnaire with 10 cognition-related questions, and their responses
were scored. The data were found to be non-normally distributed. The analysis revealed a significant difference
in scores between Group I and both Group II and Group III. Chi-square tests showed that the responses to
cognition-related questions varied among the groups, with Group II exhibiting more cognitive problems. Asso-
ciated conditions like hypertension, diabetes, and hearing loss did not significantly influence the responses
within each group. This study suggests a significant relationship between cognitive problems and patients with
BPPV and MD. However, there was no association found between the cognitive problems experienced in BPPV
and MD patients. These findings align with previous research indicating that vestibular disorders can lead to
deficits in spatial memory, attention, and other cognitive functions. By understanding the link between cognition
and vestibular disorders, we can improve diagnosis and rehabilitation services to enhance the quality of life for
these patients.

1. Introduction

Vestibular networks within subcortical structures travel through the
midbrain and subsequently into the inner ear. Due to these diffused
connections, different points along the routes are expected to affect
vestibular function. Furthermore, it is made up of white matter and
nerves, especially the vestibulocochlear nerve, a composite sensory
nerve that makes it susceptible to various injuries and weakens cell
signaling Thus, damage to the vestibular system can result in functional
impairments and lead to symptoms like vertigo and dizziness. Recent
clinical findings indicate that individuals experiencing vertigo often
report associated cognitive issues. These problems include difficulties
with attention, memory, spatial perception, navigation, mental rotation,
and mental representation of three-dimensional space. Interestingly,
these cognitive symptoms may not necessarily be linked to a specific
vertigo episode (Gurvich et al., 2013a). Numerous animal studies con-
ducted over the past few decades consistently demonstrate that animals

with vestibular injuries exhibit spatial cognition deficits (Wallace et al.,
2002; Zheng et al., 2012). Cognitive functions like spatial memory,
navigation etc., are common impairments seen in the elderly population,
especially with dementia. As with ageing, vestibular cells or neurons
could be lost, leading to vestibular pathologies. Thus vestibular
dysfunction may be one of the risk factors that cause such cognitive
disorders, especially in the elderly (Jun et al., 2020).

It has been well established that long-standing, untreated hearing
loss causes cognitive impairment; however, the relation between
vestibular problems and cognition is less explored. Studies have shown
that minimal hearing loss is linked to worse results on memory and
executive function tests (Lin, 2011). Early treatment of age-related HL,
such as hearing aids, may lessen the adverse functional effects on grey
matter atrophy, leading to cognitive issues (Slade et al., 2022). Thus, a
question arises if the long-standing hearing loss would cause sensory
deprivation to the brain over time, leading to cognitive problems;
similarly, could untreated and long-standing vestibular symptoms show
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the same?

Benign paroxysmal positional vertigo (BPPV) and Meniere’s disease
(MD) are the most common causes of vestibular vertigo, accounting for a
maximum number of cases in specialized dizziness clinics (Neuhauser,
2016). Although the relation between BPPV and cognition has been less
explored, there is some evidence of vestibular and cognitive symptoms
in the case of Meniere’s disease. Meniere’s disease (MD) frequently re-
ports abnormal emotional processing and vertigo symptoms. In
Meniere’s disease, uncertainty intolerance is most likely linked to anx-
iety and other emotional distress (Kirby and Yardley, 2009). Various
studies have been carried out to evaluate the quality of life in patients
dealing with vertigo. Several questionnaires, such as the Dizziness
Handicap Inventory, Dizzy Factor Inventory, Vertigo Symptom Scale,
and VertigoDizziness-Imbalance Questionnaire, have been developed to
assess the physical limitations and emotional consequences (such as
anxiety and depression) on the overall quality of life. However, these
questionnaires tend to have limited focus on addressing the cognitive
dysfunction associated with dizziness. Only a few questions in these
assessments specifically target cognitive impairments resulting from
vertigo (Lacroix et al., 2016; Liu et al., 2019).

Studying the association between vestibular problems and cognition
could also help better rehabilitate and manage the particular disorder
causing the vestibular issues if a correlation is found. Cognitive-
behavioral therapy (CBT) is a form of psychotherapeutic treatment
designed to assist individuals in recognizing and modifying harmful or
disruptive thought patterns that have a negative impact on their
behavior and emotions. Studies revealed that CBT and Vestibular
rehabilitation therapy (VRT) could be coupled in treating dizziness-
specific handicaps and discomfort, and CBT practitioners may be able
to broaden their practice (Wei et al., 2018a). While the findings are
preliminary, it can be recommended to the audiologist to consider CBT
as a rehabilitation option and a supplement in treating dizzy patients
along with VRT.

2. Method

A non-experimental standard group comparison research design was
employed for the current study.

A total of 107 subjects participated in the study. Group-I had 29
subjects clinically normal, Group II had 38 subjects diagnosed with
BPPV and Group III had 40 subjects diagnosed with Meniere’s disease.
Of the 107 subjects, 60 were male, and 47 were female as shown in
Fig. 1. The age ranged from 49 to 60 years for Group I, from 31 to 66
years for Group II and 34-79 years for Group III. The mean age was
53.96 (SD = 3.39), 50.71(SD = 8.77) and 54.55 (SD = 9.82) years for the
three groups, respectively as shown in Fig. 2. The clinical groups were
diagnosed by ENT specialists and RCI-certified audiologists. Group I had
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Fig. 1. Distribution of Gender across groups.
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clinically normal subjects with no history of vertigo or associated
problems that could impact balance and equilibrium. Group II had pa-
tients diagnosed with BPPV (based on AAO-HNS Diagnostic criteria)
with no other otological problem or associated problems like ear
discharge, ear pain, history of surgery and had unilateral BPPV. Group
III had patients diagnosed with Meniere’s disease (based on AAO-HNS
Diagnostic criteria). Unilateral MD cases were taken for the study. Pa-
tients with no other otological or associated problems like ear discharge,
ear pain, or history of surgery were taken for the study. Patients with
abnormal radiological findings or any history of CP angle tumor,
microvascular disorders, vascular encephalopathy etc were excluded
from the study.

Subjects’ consent and willingness to participate in the study were
considered. The consent form had information regarding the study’s
title, a brief description of the research topic and the approximate
amount of time it’1l take to complete the questionnaire. The details were
also explained verbally to the subjects. The Google form’s initial section
was the consent form, which included the alternatives “Yes” and “No”
for subjects to select from. If the subjects voluntarily decided to partic-
ipate in the study, they had to choose ’Yes’, and further questions were
followed. Other questions did not follow if the subjects responded with
“No."

2.1. Sample selection

A total of 131 case files were screened from the institute’s database
from January 2017 to May 2022, out of which 10 subjects were rejected
as they didn’t fall into the inclusion criteria, which included bilateral
BPPV cases, recurrent BPPV cases, bilateral MD cases, and 12 subjects
did not respond to the phone call/email. Thus, the study was conducted
on a total of 78 clinical subjects. The 29 non-clinical subjects were
randomly selected. However, they underwent a quick GHQ-5 question-
naire (Shamasunder et al., 1986) for general health screening.

2.2. Procedure

The study was conducted in an online/tele-mode. After detailed in-
structions were provided to the participants, the questionnaire was sent
via mail/WhatsApp. The instructions were in English in the consent form
and the questionnaire; however, the details were also instructed in Hindi
and Kannada as and when required. The first part of the questionnaire
consisted the demographic details about the participants’ names, ages,
gender, and diagnosis. Questions related to the history of BP, diabetes,
tinnitus, and if they were under any medication were asked. The next
part had 10 cognitive related questions. These 10 questions were pri-
marily obtained from the Neurobehavioral Cognitive Status Examina-
tion (NCSE) and were selected after consulting 3 experienced RCI
certified audiologists (Annexure 1). For each response to the questions, a
score of 0 for “Yes,” 1 for “Sometimes,” and 2 for “No” were assigned for
the analysis.

None of the subjects in the control group, i.e., Group I, had a history
of hearing loss. 15 out of 38 individuals in Group II and 33 out of 40
individuals in Group III had been diagnosed with hearing loss, as shown
in Fig. 3. Other than subjects with reduced hearing sensitivity, subjects
with other otological complaints like otalgia, otorrhea, itching sensation
or blockage were excluded from the study.

Fig. 4 depicts the groups with associated factors (i.e., hearing loss,
diabetes, or BP). A score of ‘0’ was assigned for the subjects who reported
none of these associated conditions. A score of ‘1’ was given if the sub-
jects had any of the associated conditions, ‘2’ if they reported any two
associated conditions or ‘3’ if the subjects reported all the three associ-
ated conditions. Thus an ‘Overall associated score’ was later used to
compare cognitive abilities and non-specific associated conditions.
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Fig. 2. Distribution of the number of subjects across age (in years).
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3. Results

The data collected were organized into tables and subjected to sta-
tistical analysis using SPSS version 25.0 (Frey, 2017). It was observed
that subjects diagnosed with BPPV, and Meniere’s disease had mean
overall scores of 6.76 and 7.67, respectively, significantly less than the
control population, which had a mean score of 19.58. It has been
tabulated in Table 1. Kruskal-Wallis H test was carried out to check if
there was a significant difference between the groups. Fig. 5 shows a
significant difference between the groups (p < 0.01). Thus, the Dunn-
Bonferroni posthoc test was done for pairwise comparison between
the three groups. The test revealed a significant difference between
Group I, Group I, and Group I and Group III, but no significant differ-
ence between Group II and Group III, as shown in Table 2. The effect size
was calculated between the groups using Cohen’s d equation (Lakens,
2013), and it was found that there was no effect between Groups II and
I1I. A medium effect between Groups I and II and Groups I and III was
seen as the values were close to 0.5, as shown in Table 2.

Chi-square tests were done for the descriptive analysis of all the 10

12

questions, as depicted in Table 3. The Chi-square test revealed a sig-
nificant association (p < 0.05) between the cognitive abilities and the
groups, i.e., the responses to the cognitive-based questions changed
according to the group. For Group I, the number of people with cognitive
problems was less; for Group II and III, the number of people with
cognitive problems was more, as seen in Table 3.

Table 3 shows that patients with BPPV and MD significantly declined
their cognitive abilities in the questions regarding quick thinking and
decision-making (i.e., questions 1 and 2). Over 55% of patients with
BPPV and over 50% of patients with MD reported having a problem, and
roughly 20%-30% of these patients responded to having the problem
“sometimes”. Similarly, over 55% of patients with BPPV and over 50%
of patients with MD were often easily distracted and had trouble
concentrating due to their problems (questions 3 and 4). In comparison,
about 20-30% of the patients only occasionally experienced difficulties.
However, the normal group displayed no issues in these cognitive do-
mains. Nearly 45-50 % of patients with BPPV and MD also struggled
with memory. They had trouble keeping up with conversations,
remembering the appropriate words to use during a conversation, and
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Table 1
Mean, Standard deviation (SD), median and Interquartile deviation (IQR) of
cognitive scores across the groups.

Mean SD Median IQR Minimum Maximum
Group I 19.58 0.62 20.00 1.00 18 20
Group II 6.76 5.13 7.50 7.25 0 20
Group III 7.67 5.87 7.00 7.00 0 20
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Fig. 5. Kruskal-Wallis test for between group comparision.
Table 2

Scores of the Dunn-Bonferroni posthoc test for pairwise comparison between the
groups.

H- value p-value Effect Size(n?)
Group II-III 3.69 0.59 —0.01
Group II-I 51.70 0.01 0.45
Group III-I 48.01 0.01 0.42

understanding others (questions 5, 6 and 7). More than 90% of the pa-
tients in the normal group said they had no problems in this domain.
Over 50% of patients with BPPV had occasionally encountered speech-
related issues, and about 34% of patients had speech-related

13

difficulties frequently. MD patients—approximately 35 per-
cent—suffered from speech-related problems either frequently or occa-
sionally. In contrast to BPPV and MD patients, none of the subjects in the
normal group displayed any speech-related issues (question 8).

In contrast, only 13 percent of BPPV patients and 30 percent of MD
patients had no speech-related difficulties. Patients with BPPV and MD
occasionally reported reading and writing problems, with rates of 47
percent and 35 percent for reading and 39 percent and 35 percent for
writing, respectively (question 9 and 10). However, fewer cognitive is-
sues were overall seen in the reading and writing domain, and more
participants chose to answer “No” to the questions than did the other
subjects. Thus, the results show that cognitively relevant tasks like
memory and concentration were more adversely impacted than other
domains in Group II and Group IIL

Item analysis was conducted to evaluate the effectiveness of the test’s
individual items (questions) and the test. All 10 questions had a good
internal consistency and high item correlation as the Cronbach’s alpha
value («) was around 0.7 to 0.8 (Ursachi et al., 2015) as shown in
Table 4.

From Table 5, it can be inferred that positive history of diabetes had
no significant effect (p > 0.05) on the cognitive scores for all three
groups. Similarly, there was no significant effect (p > 0.05) on cognitive
scores for subjects with a history of hearing loss for Group II and Group
III. Group I had no subjects with a history of hearing loss. For subjects
with a history of hypertension (BP) in Group II, a significant effect was
observed (p = 0.02), i.e. subjects with a positive history of BP had
significantly poorer cognitive abilities. However, no significant effect of
any associated conditions was observed in the subjects in Groups I and
III.

3.1. Comparison of cognitive abilities (overall score) vs non-specific
associated condition (overall associated scores)

To analyze whether the presence or absence of any of the associated
conditions (hearing loss, diabetes, hypertension) influenced the results,
a score of ‘0, ‘1', ‘2'or ‘3’ was assigned when a subject had no history of
any of the associated condition, had any one of the associated condition,
had any two of the associated condition or had all of the three associated
condition, respectively and ‘overall associated score’ was obtained for
each subject. The ‘overall associated score’ was compared to the
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Table 3
Chi-square test scores with respect to the cognitive-based questions across groups.
Questions Group I Group II Group III Chi-square
(significance)
1. Does it seem that you can’t think as quickly as before (i.e. before Yes = 0 (0%) Yes =23 (60.5%) Yes = 23 (57.5%) p <0.01
the diagnosis)?
Sometimes = 5 Sometimes = 10 Sometimes = 8 (20.0%)
(17.2%) (26.3%)
No = 24 (82.8%) No =5 (14.3%) No =9 (22.5%)
2. Does it seem that you find it hard to think clearly? Yes = 0 (0%) Yes = 22 (57.9%) Yes =21 (52.5%) p <0.01
Sometimes = 0 (0%) Sometimes = 12 Sometimes = 12
(31.6%) (30.0%)
No = 29 (100%) No = 4 (10.5%) No =7 (17.4%)
3. Does it seem that you are easily more distracted? Yes = 0 (0%) Yes =24 (63.2%) Yes =21 (52.5%) p <0.01
Sometimes = 0 (0%) Sometimes = 8 (21.1%) Sometimes = 12
(30.0%)
No = 29 (100%) No = 6 (15.8%) No =7 (17.5%)
4. Does it seem that you can’t concentrate? Yes = 0 (0 %) Yes =21 (55.3%) Yes = 21 (52.5%) p<0.01
Sometimes = Sometimes = 10 Sometimes = 12
0 (33.3%) (26.3%) (30.0%)
No =29 (14.8%) No = 7 (18.4%) No = 7 (17.5%)
5. Do you have trouble remembering the right words when talking?  Yes = 0 (0%) Yes =20 (52.6%) Yes =18 (45.0%) p <0.01
Sometimes = 2 Sometimes = 11 Sometimes = 15
(6.9%) (28.9%) (37.5%)
No = 27 (93.1%) No =7 (18.4%) No =7 (17.5%)
6. Do you have trouble understanding others? Yes = 0 (0%) Yes =20 (52.6%) Yes =13 (45.0%) p <0.01
Sometimes = 1 Sometimes = 11 Sometimes = 11
(3.4%) (28.9%) (37.5%)
No = 28 (96.6%) No = 7(18.4%) No = 3 (17.5%)
7. Do you have trouble following conversations? Yes = 0 (0%) Yes =19 (50.0%) Yes =21 (52.5%) p <0.01
Sometimes = 2 Sometimes = 16 Sometimes = 11
(6.9%) (42.1%) (27.5%)
No = 27 (93.1%) No = 3 (7.9%) No = 8 (20%)
8. Do you have trouble with your speech? Yes = 0 (0%) Yes = 13 (34.2%) Yes=14 (35.0%) p<0.01
Sometimes = 0 (0%) Sometimes= 20 Sometimes=14
(52.6%) (35.0%)
No= 29 (100%) No =5 (13.2%) No = 12 (30.0%)
9. Do you have trouble with reading? Yes = 0 (0%) Yes = 13 (34.2%) Yes = 13 (32.5%) p <0.01
Sometimes = 0 (0%) Sometimes =18 Sometimes =14
(47.4%) (35.0%)
No = 29 (100%) No = 7 (18.4%) No = 13 (32.5%)
10. Do you have trouble with writing? Yes = 0 (0%) Yes = 11 (28.9%) Yes = 13 (32.5%) p <0.01

Sometimes = 2
(6.9%)
No = 27 (93.1%)

Sometimes =15
(39.5%)
No = 12 (31.6%)

Sometimes =14
(35.0%)
No = 13 (32.5%)

Table 4
Item analysis of the cognitive-based questions.

cognitive scores of the subjects, as depicted in Fig. 6. From Fig. 6, it can
be inferred that although cognitive problems were widely spread across

Questions Cronbach’s alpha
value (o)

1. Does it seem that you can’t think as quickly as before (i.e. ~ 0.74
before the diagnosis)?

2. Does it seem that you find it hard to think clearly? 0.81

3. Does it seem that you are easily more distracted? 0.82

4. Does it seem that you can’t concentrate? 0.71

5. Do you have trouble remembering the right words when  0.84
talking?

6. Do you have trouble understanding others? 0.85

7. Do you have trouble following conversations? 0.83

8. Do you have trouble with your speech? 0.85

9. Do you have trouble with reading? 0.82

10. Do you have trouble with writing? 0.73

the subjects in the 3 groups, the problem was more in subjects having
more associated conditions. Chi-square test results showed a significant
association (p = 0.04) between the cognitive problems and associated

conditions, i.e. subjects with all three associated conditions (diabetes,

Number of subjects

Ll

llh IJII]I

Overall Score for Associated problems

Overall
Scores

- Overall scores of cognitive abilities and non-specific associated conditions

Table 5
Mann-Whitney U test for subjects with Diabetes, BP, and Hearing loss within
groups.
Diabetes BP Hearing Loss
A p value |Z] p value |z| p value
Group I 0.99 0.41 1.07 0.38 -
Group II 1.26 0.20 2.25 0.02 0.38 0.71
Group III 1.07 0.56 1.14 0.26 0.76 0.46

ated conditions.
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Fig. 6. Overall scores of cognitive abilities and non-specific associ-
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high blood pressure, and hearing loss) coupled with a diagnosis of BPPV
or MD exhibited more cognitive problems than subjects in the same
group who only had one or two associated conditions. Similarly, subjects
with 2 associated conditions exhibited more cognitive problems than
subjects with 1 or fewer associated conditions. The last group of subjects
exhibited more cognitive problems than those with no associated con-
ditions, even if only one condition existed. Therefore, the presence of a
cognitive issue increases with comorbidity.

4. Discussion

In recent years, substantial evidence has suggested a link between
loss of vestibular function and cognitive issues. The current study reveals
interesting finding with respect to vestibular problems and cognitive
symptoms. The results showed significant differences in cognitive abil-
ities between subjects with vertigo and subjects without vertigo. These
results could hold immense clinical importance in better assessment and
management.

4.1. BPPV and Cognition

The study’s first objective was to determine if there is any cognitive-
related problem in patients with BPPV. The BPPV group was compared
to the normal group after administering the questionnaire. The results
revealed a significant difference in cognitive scores between the BPPV
and the normal groups. The BPPV group gave more “Yes” responses to
the items pertaining to cognition, indicating that their disorder was
causing them cognitive difficulties as compared to normal.

The results of the present study corroborate those of several studies
on BPPV and cognitive issues. Kim et al. (2021) used a population cohort
to evaluate the risk of dementia in patients with BPPV. The BPPV group
had a greater risk of dementia than the matching control group. Male
sex, high income, living in a rural area, having a history of hypertension,
diabetes, or dyslipidaemia, as well as not having a history of ischemic
heart disease, stroke, Meniere’s disease, or head trauma, were all linked
to an increased risk of dementia among BPPV patients. However, most of
those factors were not considered in the current study. BPPV could be
the first sign of degenerative alterations to the neurological system, and
the possible explanation could be the otoconial separation resulting
from macular and vestibular degeneration. Investigations have shown
that BPPV patients have saccular macula neuronal degeneration (Yang
et al., 2008). Patients with BPPV have been observed to have saccular
ganglion cell loss and loss of ganglion cells in the superior or inferior
vestibular nerve, affecting roughly 50% and 30% of the temporal bone,
respectively (Gacek, 2003). In dementia patients, neuronal degeneration
is known to impact the phylogenetically older neurons (Nandi and
Luxon, 2009). Because the vestibular system is the phylogenetically first
sensory system (Lyness et al., 2003), its degradation might be a pro-
dromal or early stage of dementia. BPPV tends to be identified earlier
than full-blown dementia because the symptoms of spinning-type ver-
tigo are more noticeable than those linked to cognitive impairment.
Thus, the current study also showed that BPPV was associated with an
increased risk of cognitive issues and could be due to similar physio-
logical reasons. The fear and anxiety that is associated with massive
attacks of vertigo could also be a cause for distractibility and lack of
concentration, however further evidences are required to arrive at a
conclusion.

4.2. Meniere’s disease and Cognition

A similar trend was observed for the study’s second objective, where
patients diagnosed with MD were compared with the normal group. A
significant difference was observed between them, i.e., compared to the
normal group, the MD group responded to questions about cognition
with more “Yes” responses, indicating that their disorder was causing
them to have problems with their cognitive abilities.

15
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Chari et al. (2021) examined Dizziness Handicap Inventory (DHI)
Performance and Subjective Cognitive Symptoms in individuals with
Meniere’s Disease and vestibular migraine. They concluded that patients
with vestibular disorders like MD had a significant prevalence of
cognitive impairment. Using a statewide cohort sample of data from the
South Korean National Health Insurance Service, another study looked
into the relationship between MD and the risk of dementia (Lee et al.,
2022). The findings showed that people with Meniere’s disease experi-
enced higher rates of vascular dementia, Alzheimer’s disease, and
all-cause dementia than those in the comparison group. The hippo-
campus is well known for being involved in memory, learning, and
emotion. As a result, the hippocampus has been the subject of in-
vestigations on neurodegenerative illnesses. According to a study by
Brandt et al. (2005b), patients with bilateral vestibular loss had a
considerably atrophying hippocampus compared to controls (16 percent
decreased relative to controls). According to other research, the hippo-
campus volume of patients with Meniere’s disease was considerably
lower than that of controls (Van Cruijsen et al., 2009; Seo et al., 2016).
The hippocampus is an area in the brain responsible for learning and
memory; any structural or functional damage to it could be a reason for
cognitive deficits in MD.

Additionally, Meniere’s disease causes mental stress due to limits in
everyday activities brought on by chronic dizziness and associated ear
problems. Atrophic alterations in the hippocampus could come from the
stress’s activation of the hypothalamus-pituitary-adrenal axis, which
increases cortisol output (Lupien et al., 1998; Dickerson et al., 2004). In
patients with psychotic illnesses, increased emotional stress is also
linked to a lower hippocampus volume (Collip et al., 2013). It suggests
that the later onset of Meniere’s disease may be connected to the
emergence of dementia-related symptoms.

Patients from Meniere’s disease also suffer from a condition called
brain fog, a form of fluctuating cognitive impairment that many people
with vestibular problems experience. The brain needs to work signifi-
cantly more challenging to maintain equilibrium when the vestibular
system is damaged, and this continuous effort has an adverse effect on
cognitive performance. As a result, there could be a clouding of con-
sciousness and a loss of mental energy, which can impede executive
function, memory, recall, decision-making, and recall of words. Many
patients struggle to remember people’s names and the precise things
they need to perform. As stated by Glenn Schweitzer (2020) in a case
study, he reported difficulty in speech as words tend to slip off the
tongue, and he lost track of why he entered rooms when Meniere’s
disease symptoms worsened, and brain fog made an appearance. Brain
fog can severely interfere with the capacity to be productive in daily life,
even if individuals aren’t actively experiencing balance issues like ver-
tigo or dizziness.

4.3. Comparison between BPPV and Meniere’s disease and Cognitive
abilities

The third objective of the study was to compare the cognitive abili-
ties between BPPV and MD. The findings from the study revealed that
the two clinical groups had a problem with cognitive abilities compared
to the normal group. However, there was no significant difference be-
tween these two clinical groups regarding cognitive abilities. Using the
Neuropsychological Vertigo Inventory (NVI), Liu et al. (2019)
researched the quantification of cognitive dysfunction in patients with
BPPV, MD and vestibular migraine (VM). Despite being substantially
younger than BPPV patients, the study discovered that VM patients had
significantly more cognitive issues.

Contrary to the current study’s findings, MD patients also had higher
cognitive impairment than BPPV patients. VM and MD did not signifi-
cantly differ from one another, demonstrating that even peripheral
vestibular disorders like MD can result in cognitive dysfunction com-
parable to central vestibular disorders like VM, which could be due to
MD causing a reduction in hippocampus volume (Van Cruijsen et al.,
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2009; Seo et al., 2016). The results may have been influenced by the fact
that MD and VM had lower mean ages than BPPV. Because younger
patients could have greater demands in everyday life, such as those
related to childcare and work performance, they may be more affected
by cognitive impairment than older patients. Given that age is an
essential factor in determining cognitive function (Harada et al., 2013)
thus, in the current study, the mean ages of the two groups were almost
similar and older compared to the study by Liu et al. (2019). Hence,
similar cognitive scores were obtained for the two groups.

4.4. Cognitive problems in patients with BPPV and MD based on the
questionnaire

Table 4 shows that patients with BPPV and MD significantly declined
their cognitive abilities. Questions related to thinking skills, memory
and distractibility were maximally affected. In BPPV, it could be due to
the neural degeneration in the ganglion cells due to otoconia loss, as
stated by Yang et al. (2008), which may affect the input travelling to the
cerebral cortex for higher cognitive tasks like thinking, reasoning and
memory. Research shows that otolithic functioning and cognition could
have a link. Few studies have discovered a connection between saccular
function and cognition (Bigelow and Agrawal, 2015; Xie et al., 2017;
Wei et al., 2018).

Contrary to Bigelow and colleagues’ research, Dobbels et al. (2019)
study did not find a statistically significant link between saccular func-
tion and cognition. The variations in the study methodologies for the
two studies could mitigate this. A dearth of literature discusses the
saccule’s role in cognitive function (Dobbels et al., 2019). In MD,
cognitive functioning may be affected because of Brain fog. Due to this
condition, executive function, memory, recall, decision-making, and
verbal recall can all be affected by a possible clouding of consciousness
and a lack of mental energy, which is also seen in the current study.

Studies have also shown that MD leads to hippocampal loss. The
hippocampus is a crucial component of the limbic system of the brain.
Learning, empathetic reactions, memory development, and storage are
all significantly influenced by hippocampal function. Trouble in
following conversation and speech were seen as less affected, and
reading and writing problems were least affected in patients with BPPV
and MD. The part responsible for speech in the brain is the frontal lobe
(Broca’s area). There is a lack of evidence that vestibular problem
damages this part of the brain. It is also less likely to be affected as no
significant vestibular network is innervating this brain area. The occa-
sional trouble in speech and conversation could be due to the condition
of Brain fog which leads to difficulty in word recall and cause words to
get stuck in the mouth, as Glenn Schweitzer (2020), in MD patients. For
BPPV patients, problems in speech and conversation could be due to
neural degeneration due to otoconial loss, which may affect the firing
rate of the nerve. The patients could miss out on input messages from
other speakers. However, further investigation is required to come to a
precise conclusion.

There are reports that vestibular problems could lead to dyscalculia.
In 1990, Risey and Briner identified a connection between central ver-
tigo and dyscalculia. Dyscalculia has been linked to thalamic lesions
(Bassol et al., 1987). Furthermore, it has been well-established that
there exist numerous connections between the thalamus and the
vestibular, auditory, and association cortices. (Streitfeld, 1980; Luethke
et al., 1988). It is conceivable that an anatomical or physiological ab-
normality at the level of the thalamus or, more likely, the temporopar-
ietal cortex is the cause of dyscalculia observed in individuals with
central vertigo.

Furthermore, vestibular system disorders have been linked to
learning disabilities in children (Bundy et al., 1987). The current study
suggests that similar factors might contribute to reading and writing
difficulties observed in the patients. However, it’s essential to note that
this study focused on an adult population, and further research is needed
to draw definitive conclusions. To gain more insights, future
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investigations should explore the cognitive domains in the question-
naire, specifically related to memory, thinking, concentration, speech,
and reading and writing abilities. This examination will shed light on
whether individuals with BPPV or MD also experience cognitive chal-
lenges in these areas.

4.5. Influence of associated conditions on cognition

In the current study, several subjects in the 3 groups of clinically
normal, BPPV and MD, with associated conditions of diabetes, hyper-
tension (BP) or hearing loss, as depicted in Figs. 3 and 4. The present
research attempted to check whether any of these conditions affected
cognitive abilities as there was evidence that diabetes, BP or hearing loss
significantly affected cognitive performance.

It is clear from the current study that having a history of diabetes did
not affect the cognitive scores for any of the three groups. There was no
discernible impact on cognitive performance for patients with BPPV and
MD with a history of hearing loss. A substantial effect was seen in BPPV
patients with a history of hypertension (BP), i.e., subjects with a positive
history of BP had a significantly worse cognitive performance. However,
none of the accompanying conditions had a noticeable impact on the
patients with MD.

Studies reported that individuals with diabetes might also suffer a
cognitive decline over time (Gispen and Biessels, 2000; Biessels et al.,
2008; Kumar et al., 2009; Ruis et al., 2009; Creavin et al., 2012).
However, in the current study, the influence of diabetes on cognitive
abilities was found to be insignificant in the groups. Studies also show
that persons with hypertension may eventually decline their cognitive
function (Skoog, 2003; Birns and Kalra, 2008; Knecht et al., 2009; Hajjar
et al., 2011; Power et al., 2013). Similar findings have been evident in
the current study, where subjects diagnosed with BPPV and associated
conditions of BP reported significantly more cognitive problems than
those without BP. However, a significant difference was not observed for
the group with MD. This could be due to the difference in the severity
and duration of the associated condition of BP, which was not accounted
for in this study. Further analysis could be carried out to check for the
association of BP in BPPV and MD with respect to the duration and
severity of the problem.

A dearth of evidence explains how ailments like diabetes and high
blood pressure are linked to cognitive issues in vestibular disorders.

There is ample evidence that hearing loss leads to dementia and
other cognitive problems (Granick et al., 1976; Lin, 2011; Peracino,
2014; Dawes et al., 2015; Lawrence et al., 2018). Thus, in the current
study, a within-group comparison was conducted to check whether
hearing loss affected the cognitive problem. The results revealed no
significant difference, i.e. hearing abilities had no influential role in
patients who had BPPV and MD and were suffering from
cognitive-related issues. Hence the cognitive problem in the subjects
with BPPV and MD could be due to the vestibular problem or a combi-
nation of both. This result supports various studies where similar find-
ings were reported. In an animal study conducted by Smith and Zheng
(2013), the middle ear structures (tympanic membrane and the ossicles)
were removed to partially achieve auditory control (partial sound
transmission to the cochlea). They found that animals without vestibular
lesions but with the tympanic membrane removed outperform animals
with vestibular abnormalities in cognitive activities. Another supporting
study claims that spatial memory issues in animals with BVD are not
primarily caused by hearing loss and could be due to vestibular deficits
(Brandt et al., 2005a).

Additionally, animal research has demonstrated that lesions to the
auditory and vestibular systems have distinct effects on learning and
memory (Schaeppi et al., 1991). Thus, from the current study, it can be
concluded that hearing loss may not be influential in developing
cognitive problems in patients with vestibular deficits. However, to
arrive at a precise conclusion, further analysis needs to be conducted
considering the type, degree, duration and mode of rehabilitation (HA,
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CI), etc. And compare the vestibular and hearing problem.

An attempt was also made to check whether more comorbid condi-
tions influenced cognitive difficulties in the current study. Fig. 5
demonstrated a significant relationship between cognitive problems and
associated conditions. The subjects with all three associated conditions
(diabetes, high blood pressure, and hearing loss) and a diagnosis of
BPPV or MD exhibited more cognitive problems than subjects in the
same group who only had one or two associated conditions.

Studies regarding diabetes, hypertension and hearing loss is linked to
cognitive abilities independently have been well established (Biessels
et al., 2008; Kumar et al., 2009; Ruis et al., 2009; Birns and Kalra, 2008;
Knecht et al., 2009; Hajjar et al., 2011; Power et al., 2013; Lin, 2011;
Peracino, 2014; Dawes et al., 2015; Lawrence et al., 2018). Studies
regarding cognitive impairment and comorbidities have been conduct-
ed. These studies reveal that people with cognitive impairment have
more serious medical comorbidities than those without cognitive
impairment (Doraiswamy et al., 2002; Lyketsos et al., 2005; Rise et al.,
2016). Thus the progression of the cognitive problems may be impacted
by the comorbidity in the current study. It may be possible to enhance
cognition with the optimal management of medical comorbidities. The
role of medical comorbidity in vestibular disorders and the development
or evolution of the cognitive disorder, as well as the mechanisms behind
its neuropathologic consequences, could be the subject of future
research.

4.6. Clinical implications

The current study’s findings suggest that patients with BPPV and MD
are likely to have cognitive issues as both the groups’ cognitive abilities
are significantly lower than the normal groups.

The results also suggest that every patient with BPPV or MD should at
least be screened for their cognitive abilities, if a complete diagnostic
test battery is not possible.

The outcome of the current study highlights that patient with BPPV
and MD might require training to improve their cognitive abilities and
counselling to deal with their problems effectively. Cognitive behavioral
therapy (CBT) along with Vestibular Rehabilitation Therapy (VRT)
could be provided for holistic management and better quality of life for
these patients. Thus, the study also emphasizes the importance of a team
approach in managing vestibular disorders.

The study’s results also add information to the existing literature
regarding the association of cognitive problems in patients with
vestibular disorders.

4.7. Limitations of the study

Purposive, non-random sampling was conducted in the study, sub-
jected to researcher and sampling biases. Amidst the pandemic,
performance-based cognitive tests couldn’t be done. The data collection
was done online, which might have affected the responses. The influence
of tinnitus on Meniere’s disease was not studied in the current research.
The vestibular disorder’s severity and duration and it’s effect on
cognitive abilities were not considered. Duration and severity of the
comorbid factors were not considered. The influence of management of
HL (untreated or treated) was not considered in the study. The study did
not consider the impact of factors like age, gender, socio-economic
status, or education level. Due to these limitations, further research is
still necessary to validate and corroborate the conclusion of the current
study.

4.8. Future research

The study can be done on a larger population. Research on different
vestibular disorders and how they relate to cognitive issues could be
explored. Along with questionnaires, performance-based tests related to
cognition could be done along with the questionnaire. The vestibular
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disorder’s severity and effect on cognitive abilities can be studied.
Duration and severity of the comorbid factors and their association with
cognitive problems could be studied. Factors like age, gender, socio-

economic status and education level and their influence on the cogni-
tive abilities of patients with vestibular disorders can be studied.
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