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Changes in cognitive function in
patients with intractable dizziness
following vestibular rehabilitation
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Published online: 03 July 2018 . The purpose of the present study was to investigate changes in cognitive functions, including

. visuospatial ability, attention, and executive function in patients with intractable dizziness

following vestibular rehabilitation. The correlations between improvements in cognitive function
and dizziness-related variables and emotional distress were also explored. During hospitalization
for 5 days, participants were trained on a vestibular rehabilitation program. Participants completed
questionnaires including the Dizziness Handicap Inventory (DHI), Hospital Anxiety and Depression
Scale (HADS), and Trail Making Test (TMT), which were used to assess cognitive function. The center
of gravity fluctuation measurement and timed up and go test (TUG), which were objective dizziness
severity indexes, were performed before, 1 month after, and 4 months after hospitalization. Following
vestibular rehabilitation, participants exhibited a significant improvement in the TMT, DHI, HADS,
and TUG scores. Correlation analysis between the variables at each time point indicated that TMT
scores positively correlated with TUG at baseline. The correlation between changes observed in the
TUG and TMT scores was not significant. The degree of improvement of the TUG score did not bear a
linear relationship with that of the TMT scores. However, these correlation results were not completely
consistent with those in the multiply imputed dataset.

Previous studies have reported an association between vestibular dysfunction and various forms of cognitive
impairments, including visuospatial ability, attention, executive function, and memory'?2. Visuospatial cognition
is the cognitive domain that is most often studied in human vestibular research®=°. Although the mechanism of
the association between vestibular dysfunction and cognitive impairments is still unclear, several potential path-
: ways have been hypothesized'. For example, vestibular dysfunction may lead to atrophy of areas of the cortical
. vestibular network, including the hippocampus, which may in turn be responsible for the deterioration of mem-
. ory and visuospatial ability®-®.
Currently, there is a widespread consensus that exercise-based therapy known as ‘vestibular rehabilitation’
. is the most effective treatment for dizziness linked to vestibular dysfunction’. We have previously reported that
. vestibular rehabilitation contributes to the improvement of perceived handicap due to dizziness and psychological
- distress'. Given the relationship between the vestibular system and cognitive function, it is possible to speculate
that improvement in dizziness by vestibular rehabilitation may ameliorate cognitive function. Additionally, the
high prevalence of affective disorders in individuals with vestibular impairment may also contribute to cognitive
dysfunction'!. Thus, both improvements in dizziness and emotional distress by vestibular rehabilitation may
contribute to changes in cognitive function in patients with intractable dizziness.
The purpose of the present study was to investigate changes in cognitive functions, including visuospatial abil-
ity, attention, and executive function in patients with intractable dizziness following vestibular rehabilitation, and
the correlation between improvements of cognitive function, dizziness-related variables, and emotional distress.

Methods

Participants. The present study recruited patients with a chief complaint of dizziness who visited the
Department of Otorhinolaryngology at the National Tokyo Medical Center between February 2015 and
September 2016. Participants reported that they felt persistent dizziness even after conventional treatment in
Japan, which included the following: (1) drug therapy with 36 mg betahistine'? daily for the first 2-4 weeks, (2)
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lifestyle counseling to exercise daily, including walking, and (3) sleeping sufficiently and reducing stress. We
recruited participants for the present study from this pool of patients if they met the following criteria: (1) patient
was >20 years old; (2) dizziness had persisted for at least 3 months despite conventional treatment mentioned
above in the outpatient clinic; (3) the patient wished to have intensive, inpatient therapy for persistent dizziness;
(4) the patient had not experienced vestibular rehabilitation before the starting the intervention; and (5) the
patient was literate. Our exclusion criteria were as follows: (1) a diagnosis of dizziness due to cerebrovascular
disorder; (2) medical contraindications for making the necessary head movements during vestibular rehabilita-
tion (e.g., severe cervical disorder); (3) serious comorbidity (e.g., a life-threatening condition, severe cognitive
impairment, or severe psychiatric disorder); (4) central nervous system disease; or (5) bilateral vestibular deficit.

Patients underwent pure tone audiometry, vestibular investigation (including eye movements), posturog-
raphy, head impulse test, video head impulse test, electronystagmography, auditory brainstem response, com-
puted tomography, and/or magnetic resonance imaging as necessary for the diagnosis. The clinical diagnosis was
defined based on the results of these examinations. Canal dysfunction was confirmed in patients with vestibular
neuritis and unilateral vestibulopathy.

The present study was approved by the ethical committee of the National Tokyo Medical Center (R12-009)
and has been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki
and its later amendments.

Measures. Trail Making Test. 'The Trail Making Test (TMT) is used to assess visuospatial scanning, atten-
tion, processing speed, and executive function. In the TMT-A, participants were asked to connect a series of
numbers in consecutive order (1, 2, 3, etc.). The TMT-A examines visual scanning ability, attention, and process-
ing speed. In the TMT-B, participants were required to connect a series of letters and numbers in alternating con-
secutive order (1, A, 2, B, 3, C, etc.). The TMT B examines executive function, visual scanning ability, attention,
and processing speed. The time in seconds to complete the task was recorded'®. We calculated the difference by
subtracting the TMT-A score from the TMT-B score (TMT-B-A)!. The TMT-B-A score was reportedly mini-
mizes visuo-perceptual and working memory demands, providing a relatively pure indicator of executive control
abilities'>.

Dizziness Handicap Inventory. 'The Dizziness Handicap Inventory'®!” is a standard questionnaire that quanti-
tatively evaluates the degree of handicap in the daily lives of patients with vestibular disorders; it consists of 25
questions. The total score ranges from 0 (no disability) to 100 (severe disability).

The center of gravity fluctuation measure. 'The center of gravity fluctuation measure for objective assessment of
the severity of dizziness was performed using a stabilometer (G-5000, Anima Corp., Tokyo); it provided the total
path length (LNG) and environmental area (ENV) during quiet stance with eyes open and eyes closed for 60s (the
LNG is same as the velocity of sway path value multiplied by 60s).

Timed up and go test. 'The timed up and go test (TUG test)!® assesses functional mobility consisting of basic
motor agility and dynamic balance. During the test, patients were required to stand up from a chair, walk 3m,
turn, walk back, and sit down. We used a chair without armrests since obese patients found it difficult to sit
against armrests. Participants freely selected the direction of the turn by themselves. The time needed to perform
this task was recorded twice. The smaller value was registered as the TUG test score.

Hospital Anxiety and Depression Scale.  The Hospital Anxiety and Depression Scale (HADS)'*? is a self-reported
questionnaire containing 14 questions scored on a 4-point scale, consisting of an anxiety subscale and depression
subscale with seven items each. This psychometric instrument was chosen because all its items refer solely to an
emotional state and do not consider somatic symptoms.

The intervention. Patients were hospitalized for 5 days in groups of 8-10 individuals. During this time,
the groups were trained to perform the 30-min vestibular rehabilitation program by themselves?!. The program
consisted of head and eye exercises in a sitting or standing position. Exercises in the sitting position included the
following seven exercises: (1) quick horizontal eye movement; (2) quick vertical eye movement; (3) eye tracking
horizontal direction; (4) eye tracking vertical direction; (5) horizontal head shaking with gazing fixed target; (6)
vertical head shaking with gazing fixed target; and (7) oblique head tilting with gazing fixed target. Each eye or
head movement was repeated 20 times per session. Exercise in a standing position consisted of the following 13
exercises: (1) standing up and sitting down with eyes open, three times; (2) standing up and sitting down with
eyes closed, three times; (3) standing with eyes closed and feet apart for 20s; (4) standing with eyes closed and feet
together for 205; (5) in tandem stance with right foot in front for 20's; (6) in tandem stance with left foot in front
for 205s; (7) one leg stand on the right foot for 205; (8) one leg stand on the left foot for 205; (9) 180° turn to the
left, three times; (10) 180° turn to the right, 3 times; (11) walking 10 m with tandem gait; (12) walking 10 m with
horizontal head shakes; and (13) walking 10 m with vertical head shakes. During training, patients performed
these exercises three times a day under the supervision of a physician. After 5 days, all patients had learned how
to perform the exercises. The patients were then instructed to continue performing the vestibular rehabilitation
program three times a day after discharge. All participants were asked to record their exercises after discharge
from hospital, and physicians verbally confirmed participant progress at every visit.

Procedure. After the participants had provided written, informed consent, they were evaluated on the day of
hospitalization (time 1), as well as at 1 month and 4 months after hospitalization (time 2 and time 3, respectively),
using the above-mentioned questionnaires. The TMT, static posturography, and TUG were also conducted. All
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Figure 1. Flow chart of participants in the present study. [MI]: participants applied to multiple imputation
analyses. *Data were missing for 5 of the 9 participants at time 2, whereas data were missing for 3 of the 9
participants at time 3.

drugs that could affect dizziness, including vestibular suppressants, were terminated soon after the introduction
of vestibular rehabilitation.

Statistical analyses. Data analyses were performed using the SPSS 22.0 software (SPSS, Chicago, IL, USA).
The primary analysis consisted of repeated measures analysis of variance (ANOVA) to analyze the effects of
time on all outcomes, and correlation analysis (Pearson’s correlation coefficient) to examine the relationship
between scores at each time point and changes in outcomes during rehabilitation. Additionally, correlation anal-
ysis between each score at time 1, and changes in scores from time 1 to time 3, were performed as the secondary
analysis based on the results obtained. The significance level for the ANOVA was set at less than 5%. Multiple
testing corrections for correlation analyses were performed using the Bonferroni test. The significance level for
correlation between scores at each time point was p < 0.004 (=0.05/12 [3 time points * 3 sub-scores of the TMT
and age]) after the correction. The significance level for correlation between changes in outcomes during reha-
bilitation was p < 0.016 (=0.05/3 sub-scores of the TMT) after correction. The significance level for correlation
between each score at time 1 and changes in the scores from time 1 to time 3, and partial correlation was p < 0.004
(=0.05/11 variables) after the correction.

Additionally, we applied an intention-to-treat (ITT) analysis using a multiple imputation technique? to create
and analyze multiply imputed datasets. Data were missing for 71 of the 131 participants. The incomplete variables
were as follows: (1) 7 center of gravity fluctuation measures and 2 TUG results at time 1, (2) 1 center of gravity
fluctuation measure and 7 TUG results at time 2, and (3) 46 TMT results, 34 DHI scores, 33 center of gravity
fluctuation measures, 40 TUG results, and 34 HADS scores at time 3.

Multiple imputation was estimated using Bayesian linear regression. We averaged and combined the 20
imputed datasets. We conducted primary tests, including the repeated measures ANOVA, to analyze the differ-
ence in the outcomes among all time points. We performed a correlation analysis to examine the relationship
among the outcomes at each time point and among the changes in these outcomes from time 1 to time 3 using
multiply imputed datasets.

Data availability. The datasets generated during and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Results

Participant characteristics. During the study period, 396 patients with dizziness were hospitalized, of
which 131 patients (32 male and 99 female patients) met the inclusion criteria and agreed to participate in the
present study. We further excluded those who had data missing at any time of the examination (n="71, 22 male
and 49 female patients); thus, 60 patients (10 male and 50 female patients, mean age =55.9 + 15.3 years) were
included in the final analysis (Fig. 1). Table 1 outlines the diagnoses of the participants, according to a medical
history recorded during their initial visit.

Change of each variable by vestibular rehabilitation. Table 2 summarizes the results of the repeated
measures ANOVA.
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Table 1. Participant diagnoses. BPPV, benign paroxysmal positional vertigo; HC, horizontal canal type; PC,

posterior canal type.

TMT-A 3534149 3224121 2844124 134 | <0.0001
TMT-B 8524364 6424226 63.9425.0 389 | <0.0001
TMT-B-A 4994272 32.0£16.6 3554186 258 <0.0001
DHI 4734210 2724198 23.14203 763 | <0.0001
LNG during 96.6+41.7 91.6+33.7 88.5+32.1 29 0.07
eye-opening

LNG during 132.54+84.7 123.4+63.1 112.3+49.1 49 0.01
eye-closing

ENV during 46£39 47442 42433 0.7 0.44
eye-openmg

ENV during 7.149.3 6.0+83 50443 3.0 0.07
eye-closing

TUG 69+1.1 5941.0 6.0+12 625 | <0.0001
HADS-A 78457 50439 52444 205 <0.0001
HADS-D 7.14+4.0 52436 50436 15.1 <0.0001

Table 2. Comparison of each variable between time points in 60 participants. DHI, Dizziness Handicap
Inventory; ENV, environmental area; HADS-A, Hospital Anxiety and Depression Scale- Anxiety; HADS-D,
Hospital Anxiety and Depression Scale-Depression; LNG, total length of path; SD, standard deviation; TMT,
Trail Making Test; during TMT-A participants were asked to connect a series of numbers in consecutive

order (1, 2, 3, etc.); during TMT-B participants were required to connect a series of letters and numbers in an
alternating consecutive order (1, A, 2, B, 3, C, etc.); TMT-A-B is the score difference between TMT-A and TMT-
B; TUG, timed up and go test. Results of the post-hoc test: TMT-A: Time 1 & 2 > 3. TMT-B, TUG, and HADS:
Time 1>2 & 3. DHI: Time 1 >2 > 3. LNG during eye-closing: Time 1 > 3.

Regarding the TMT scores, there was a significant main effect of time in the TMT-A, TMT-B, and TMT-B-A
scores. The post-hoc test showed that the TMT-A score at time 3 was significantly lower than that at time 1
(p<0.0001) and time 2 (p=10.03), while the TMT-B and TMT-B-A scores at time 2 (p < 0.0001) and time 3
(p <0.0001) were significantly lower than at time 1.

Furthermore, a significant main effect of time on the DHI score was found, and the post-hoc test revealed that
the score at time 3 was significantly lower than that at time 1 (p < 0.0001) and time 2 (p = 0.04). Further, the score
at time 2 was also significantly lower than that at time 1 (p < 0.0001).

Regarding the center of gravity fluctuation measure, there was a significant main effect of time in the LNG
during eye-closing; the post-hoc test revealed a significantly lower score at time 3 than at time 1 (p =0.03). No
significant differences in other LNG and ENV variables were found.

A significant main effect of time on the TUG test score was also found and the post-hoc analysis revealed
significantly lower scores at time 2 (p < 0.0001) and time 3 (p < 0.0001) than at time 1.

In terms of the HADS, significant main effects of time in both the HADS-anxiety (HADS-A) and
HADS-depression (HADS-D) scores were observed. The post-hoc analysis revealed significantly lower scores at
time 2 (HADS-A: p < 0.0001; HADS-D: p=0.0005) and time 3 (HADS-A: p < 0.0001; HADS-D: p < 0.0001) than
at time 1.

The ITT analysis of multiply imputed datasets (N =131) showed significant main effects of time in all
sub-scores of the TMT (TMT-A: F=11.89, p <0.0001, TMT-B: F=27.90, p < 0.0001, TMT-B-A: F=25.82,
p <0.0001), DHI (F=111.84, p < 0.0001), TUG (F=94.86, p < 0.0001), and two sub-scores of the HADS
(HADS-A: F=30.11, p <0.0001, HADS-D: F=21.60, p < 0.0001). There were no significant differences in the
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TMT-A 0.41% —0.14 | 0.07 —0.03 —0.12 —0.16 0.37% 0.01 0.01
. TMT-B 0.43%* 0.04 |0.03 0.00 —0.20 —0.18 0.52% 0.08 0.06
fimel TMT-B-A | 0.35 0.12 | 0.00 0.02 —0.21 —0.15 0.50% 0.10 0.08
Age - —-020 |0.12 0.09 —0.18 —0.21 0.35 —0.34 —0.20
TMT-A 0.45% —0.01 0.03 —0.05 —0.21 —0.25 0.20 0.22 0.28
. TMT-B 0.43%* 0.07 | 0.09 0.02 —0.20 —0.22 0.27 0.21 0.26
Time 2 TMT-B-A | 0.27 0.11 0.10 0.06 —0.11 —0.12 0.23 0.13 0.14
Age — —0.11 0.20 0.12 —0.22 —0.27 0.17 —0.16 0.02
TMT-A 0.30 0.10 | 0.02 0.00 —0.09 —0.13 0.26 0.15 0.29
. TMT-B 0.45% 0.05 | 0.03 —0.04 —0.10 —0.17 0.29 0.14 0.18
Time 3 TMT-B-A | 0.40% 0.00 | 0.02 —0.05 —0.07 —0.14 0.22 0.09 0.05
Age — —0.12 | 0.18 0.06 —0.15 —0.22 0.25 —0.22 —0.12

Table 3. Correlation between variables at each time point in 60 participants. *p < 0.004 (after Bonferroni’s
adjustment). DHI, Dizziness Handicap Inventory; ENV, environmental area; HADS-A, Hospital Anxiety and
Depression Scale-Anxiety; HADS-D, Hospital Anxiety and Depression Scale-Depression; LNG, total length
of path; SD, standard deviation; TMT, Trail Making Test; during TMT-A participants were asked to connect
a series of numbers in consecutive order (1, 2, 3, etc.); during TMT-B participants were required to connect

a series of letters and numbers in alternating consecutive order (1, A, 2, B, 3, C, etc.); TMT-A-B is the score
difference between TMT-A and TMT-B; TUG, timed up and go test.

TMT-A —0.36% | —0.13 —0.10 —0.11 —0.06 0.19 —0.38% —0.38*
TMT-B —0.19 —0.20 —0.06 —0.26 —0.09 0.20 —0.08 —0.11
TMT-B-A | —0.07 —0.17 —0.02 —0.24 —0.07 0.14 0.07 0.04

Table 4. Correlation between changes from time 1 to time 3 in the TMT scores and those in other variables

in 60 participants. *p < 0.016 (after Bonferroni’s adjustment). DHI, Dizziness Handicap Inventory; ENV,
environmental area; HADS- A, Hospital Anxiety and Depression Scale-Anxiety; HADS-D, Hospital Anxiety
and Depression Scale-Depression; LNG, total length of path; SD, standard deviation; TMT, Trail Making Test;
during TMT-A participants were asked to connect a series of numbers in consecutive order (1, 2, 3, etc.); during
TMT-B participants were required to connect a series of letters and numbers in alternating consecutive order (1,
A,2,B,3,C, etc.); TMT-A-B is the score difference between TMT-A and TMT-B; TUG, timed up and go test.

LNG and ENV variables. Regarding the DHI, the post-hoc analysis revealed that the scores at time 2 (p < 0.0001)
and 3 (p < 0.0001) were significantly lower than those at time 1, and that the score at time 3 was significantly lower
than that at time 2 (p = 0.03). Regarding the post-hoc analyses in other variables, the scores at time 2 (TMT-A:
p=0.005, other: p <0.0001) and 3 (p < 0.0001) were significantly lower than those at time 1.

Correlation between the variables at each time point.  Table 3 summarizes the results of the correla-
tion analysis between the variables at each time-point. Age significantly correlated with the TMT-A and B scores
at time 1 and time 2, and the TMT-B and B-A scores at time 3. The TUG score significantly correlated with the
TMT-A, B, and B-A scores at time 1.

The ITT analysis of multiply imputed datasets (N =131) showed that the TUG score significantly correlated
with the TMT-A score at time 3 (r=0.39), TMT-B scores at times 1 (r=0.29) and 3 (r=0.34), and TMT-B-A
score at time 1 (r=0.50). The TMT-A score significantly correlated with LNG during eye-closing at time 3
(r=0.30). Age significantly correlated with the TMT-A and B at time 1 (A: r=0.37; B: r=0.31), 2 (A: r=0.33;
B: r=0.37), and 3 (A: r=0.42; B: r=0.46), the TMT-B-A at time 2 (r=0.26) and 3 (r=0.35), LNG during
eye-opening at time 2 (r=0.27), the TUG scores at time 1 (r=0.38) and 3 (r=0.33), and HADS scores at times
1 (r=-0.25),2 (r=—0.25), and 3 (r=—0.32). The significant correlation between the TMT-A score and TUG
score at time 1 found in 60 participants disappeared in the multiply imputed dataset.

Correlation between time-point changes in the TMT scores and other variables. Table 4 sum-
marizes the results of the correlation analysis between changes from time 1 to time 3 in the TMT scores and those
in other variables. The changes of the TMT-A score significantly and negatively correlated with those of the DHI,
HADS-A, and HADS-D scores. The changes of the TMT-B-A score did not significantly correlate with changes
of any other variables.

The ITT analysis of multiply imputed datasets (N = 131) showed that the changes in the TMT-B and TMT-B-A
significantly correlated with those in LNG during eye-opening (B: r=—0.32; B-A: r=—0.33), ENV during
eye-opening (B: r=—0.27; B-A: r=—0.24), and ENV during eye-closing (B: r = —0.32; B-A: r= —0.33), and that
the change in the TMT-A significantly correlated with that in the TUG (r= —0.24). The significant correlation
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Scores at time 1
LNG during | LNG during | ENV during | ENV during

TMT-A | TMT-B | TMT-B-A | DHI | eye-opening | eye-closing | eye-opening | eye-closing | TUG HADS-A | HADS-D
Changes from time 1 to 3
TMT-A 0.55% 0.47% 0.32 —0.34 | —0.04 —0.09 —0.07 —0.07 012 | —0.24 —0.39%
TMT-B 0.36 0.73* 0.79%* —0.02 | —0.01 —0.001 —0.16 —0.05 0.40%* 0.04 —0.02
TMT-B-A 0.17 0.62% 0.73% 0.12 0.00 0.03 —0.15 —0.03 0.39% 0.14 0.14
DHI —0.24 —0.10 —0.01 0.47* | 0.08 0.12 —0.08 —0.03 —0.22 0.14 0.14
LNG during eye-opening 0.04 —0.09 —0.15 0.13 0.65%* 0.52% 0.56%* 0.49%* —0.03 | —0.06 —0.03
LNG during eye-closing | —0.03 —0.01 0.00 0.10 0.65%* 0.82%* 0.36 0.44* —0.02 | —0.04 0.003
ENV during eye-opening | —0.08 —0.20 -0.23 —0.04 0.32 0.23 0.65% 0.66* 0.01 —0.12 —0.12
ENV during eye-closing | —0.12 —0.16 —0.15 —0.14 0.37 0.36 0.72% 0.89%* —0.06 | —0.12 —0.16
TUG 0.19 0.19 0.15 —-0.15 | —0.23 —0.30 —0.08 —-0.13 0.32 0.16 0.07
HADS-A —0.15 —0.08 —0.03 0.34 | —-0.13 —0.12 —0.14 —0.11 0.14 0.64% 0.47%
HADS-D —0.21 —0.12 —0.05 024 | —0.15 —0.19 —0.13 —0.06 0.10 0.38% 0.51%

Table 5. Correlation between each score at time 1 and changes of those scores from time 1 to time 3 in

60 participants. *p < 0.004 (after Bonferroni’s adjustment). DHI, Dizziness Handicap Inventory; ENV,
environmental area; HADS- A, Hospital Anxiety and Depression Scale-Anxiety; HADS-D, Hospital Anxiety
and Depression Scale-Depression; LNG, total length of path; SD, standard deviation; TMT, Trail Making Test;
during TMT-A participants were asked to connect a series of numbers in consecutive order (1, 2, 3, etc.); during
TMT-B participants were required to connect a series of letters and numbers in alternating consecutive order
(1, A,2,B,3,C, etc.); TMT-A-B is the score difference between TMT-A and TMT-B; TUG, timed up and go test.

of the change in the TMT-A score with that in the DHI, HADS-A, and HADS-D found in 60 participants disap-
peared in multiply imputed dataset.

Correlation between each score at time 1 and the corresponding changes from time 1 to time 3.
Table 3 summarizes the correlation results between each score at time 1 and change in scores from time 1 to time
3. All scores except the TUG at time 1 significantly and positively correlated with their corresponding changes
from time 1 to time 3 (see colored area in Table 5). Regarding the relationship between the change of the TMT
scores and other variables at baseline (time 1), the change of the TMT-A score significantly and negatively cor-
related with the HADS-D score. Conversely, changes in the TMT-B and TMT-B-A scores significantly and posi-
tively correlated with the TUG scores.

Discussion

In the present study, we demonstrated that patients with intractable dizziness exhibited a significant improvement
in cognitive functions including visuospatial ability, attention, and executive function as evidenced by the TMT.
These changes also coincided with improvement in dizziness-related indexes and psychological distress follow-
ing vestibular rehabilitation. Although the mean TMT scores at baseline were relatively higher than previously
reported average scores in healthy participants aged 55 and 59 years?, those scores became lower than the average
scores 3 months after the initiation of vestibular rehabilitation. A previous study reported that balance training
improved memory and spatial cognition, but not executive functions, in healthy participants®*. The presence of
affective complications in individuals with vestibular impairments may contribute to cognitive dysfunction'®.
Thus, both improvements of dizziness and emotional distress by vestibular rehabilitation could contribute to
changes in cognitive functions including executive function as evidenced by the TMT-B-A and TMT-B. The
indexes of the center of gravity fluctuation measure, except for the LNG during eye-closing, were not significantly
improved by vestibular rehabilitation. We previously reported that in patients with intractable dizziness, body
sway during the eye-open condition® or both during eye-open and eye-close conditions'® was not significantly
improved by vestibular rehabilitation, which is in contrast to other findings indicating significant improvements
of these indexes®. Interestingly, participants who exhibited significant improvements of LNG and ENV?® had
more severe indexes than participants who did not show significant improvements of these indexes, both previ-
ously? and in the present study. Thus, LNG and ENV may not be very sensitive to the effect of vestibular rehabil-
itation on dizziness. In the multiply imputed dataset (N = 131), we found almost the same results as those in the
60 participants. Further, the ANOVA in 60 participants may indicate relatively robust results.

Our results also indicated that visuospatial ability, attention (TMT-A or TMT-B), and executive function
(TMT-B-A) positively correlated with functional mobility (TUG) before the initiation of vestibular rehabilita-
tion. Based on these findings, cognitive function, including visuospatial ability, attention, and executive function,
could be related to functional mobility, in the presence of prominent dizziness symptoms alone. Further, the
correlation could weaken as dizziness symptoms improve. However, the results in the multiply imputed dataset
(N =131) showed significant and positive correlations between the TMT-A and B scores and the TUG score at
time 3. Notably, these results were not found in the 60 participants; thus, we should re-examine the correlation
results in a larger sample.

However, based on the correlation analysis between changes from baseline to 4 months after the start of ves-
tibular rehabilitation in the TMT scores and those in other variables, the improvement of the TMT-A score was
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negatively correlated with the improvement of perceived dizziness handicap and emotional distress in the 60 par-
ticipants. Additionally, more severe states of all variables except the TUG score at baseline were associated with
greater corresponding changes between examinations from times 1 to time 3. Furthermore, more severe depres-
sion at baseline were associated with smaller changes in the TMT-A scores and decreased perceived dizziness
handicap at baseline tend to be related to smaller changes in the TMT scores (p=0.008), while worse functional
mobility assessed by the TUG test at baseline was associated with a greater change in the TMT-B and A-B scores.
Thus, severe states of emotional difficulties, rather than greater improvement of those variables, could be related
to weaker improvement of the visuospatial ability and attention, but not of executive function. However, the sig-
nificant correlation coeflicients reported in the present study were not robust because the results of the correlation
analysis for the changes in multiple parameters from time 1 to time 3 observed in the multiply imputed datasets
(N'=131) were not consistent with those in the 60 participants. Thus, the results of the correlation analyses should
be interpreted with caution.

In addition, following vestibular rehabilitation, patients with intractable dizziness demonstrated a significant
improvement in their cognitive functions as evidenced by the TMT scores, with coincident improvement of their
functional mobility. In particular, the tendency of executive function improvement (time 1 to times 2 and 3)
appeared to be comparable to that of the functional mobility during vestibular rehabilitation. However, although
the correlation between improvements in the functional mobility and cognitive functions was positive, this find-
ing was not statistically significant. Thus, the magnitude of improvement in these cognitive function domains
could not have correspond with that in functional mobility.

A few limitations in the present study must be noted. First, cognitive functions were evaluated using the TMT
alone. Second, we should additionally use other sensitive measures for assessment of functional mobility includ-
ing the Dynamic Gait Index*” and the Functional Gait Assessment® in future research. Third, we did not conduct
any assessment during the 5 days in hospital. Fourth, since a low number of the participants were included in the
present study we could not analyze our data in consideration of sex and age. Fifth, data for at least one of the out-
comes were missing for approximately half of the participants (54.2%), particularly at 4 months after the start of
investigation. Sixth, the confirmation of adherence to the home-based program after discharge was not sufficient.
Although we asked all participants to record their exercises after discharge and verbally confirmed progress with
them at every visit, we did not obtain data of records. Finally, the present study lacked a control group.

Conclusion

Patients with intractable dizziness demonstrated a significant improvement in cognitive functions including
visuospatial ability, attention, and executive function, with coincident improvement of dizziness-related indexes
and psychological distress, following vestibular rehabilitation. These cognitive function domains correlated with
functional mobility consisting of basic motor agility and dynamic balance before the initiation of vestibular reha-
bilitation. There was no linear relationship between the degree of improvement of functional mobility and the
improvement in cognitive function. However, given the discrepancy between correlation results in the 60 partici-
pants and multiply imputed dataset, we should re-examine the correlation results in a larger sample.

References
1. Bigelow, R. T. & Agrawal, Y. Vestibular involvement in cognition: Visuospatial ability, attention, executive function, and memory. J.
Vestib. Res. 25, 73-89 (2015).
2. Smith, P. . The vestibular system and cognition. Curr. Opin. Neurol. 30, 84-89 (2017).
3. Péruch, P. et al. Spatial performance of unilateral vestibular defective patients in nonvisual versus visual navigation. . Vestib. Res. 9,
37-47 (1999).
4. Hiifner, K. et al. Spatial memory and hippocampal volume in humans with unilateral vestibular deafferentation. Hippocampus 17,
471-485 (2007).
5. Bigelow, R. T. et al. Association between visuospatial ability and vestibular function in the Baltimore Longitudinal Study of Aging. J.
Am. Geriatr. Soc. 63, 1837-1844 (2015).
6. Brandt, T. Vestibular loss causes hippocampal atrophy and impaired spatial memory in humans. Brain 128, 2732-2741 (2005).
7. Hiifner, K. et al. Gray-matter atrophy after chronic complete unilateral vestibular deafferentation. Ann. N. Y. Acad. Sci. 1164,
383-385(2009).
8. Ventre-Dominey, J. Vestibular function in the temporal and parietal cortex: distinct velocity and inertial processing pathways. Front.
Integr. Neurosci. 8, 53 (2014).
9. Cohen, H. S. & Kimball, K. T. Increased independence and decreased vertigo after vestibular rehabilitation. Otolaryngol. Head Neck
Surg. 128, 60-70 (2003).
10. Goto, F., Nomura, K., Taka, F.,, Arai, M. & Sugaya, N. Analysis of factors affecting the outcomes of in-hospitalized vestibular
rehabilitation in patients with intractable dizziness. Otol. Neurotol. 38, 368-372 (2017).
11. Gurvich, C., Maller, J. J., Lithgow, B., Haghgooie, S. & Kulkarni, J. Vestibular insights into cognition and psychiatry. Brain Res. 1537,
244-259 (2013).
12. Murdin, L., Hussain, K. & Schilder, A. G. Betahistine for symptoms of vertigo. Cochrane Database Syst. Rev. 21, CD010696 (2016).
13. Reitan, R. Trail Making Test: Manual for administration and scoring. Tucson, AZ: Reitan Neuropsychology Laboratory (1992).
14. Lezak, M. D. Executive functions and motor performance. In: Neuropsychological assessment (ed. by Lezak, M. D.), p. 650-685,
Oxford University Press, New York (1995).
15. Sénchez-Cubillo, I et al. Construct validity of the Trail Making Test: role of task-switching, working memory, inhibition/interference
control, and visuomotor abilities. J. Int. Neuropsychol. Soc. 15, 438-450 (2009).
16. Jacobson, G. P. & Newman, C. W. The development of the Dizziness Handicap Inventory. Arch. Otolaryngol. Head Neck Surg. 116,
424-427 (1990).
17. Goto, F, Tsutsumi, T. & Ogawa, K. The Japanese version of the Dizziness Handicap Inventory as an index of treatment success:
exploratory factor analysis. Acta Otolaryngol. 131, 817-825 (2011).
18. Podsiadlo, D. & Richardson, S. The timed “Up & Go™: A test of basic functional mobility for frail elderly persons. J. Am. Geriatr. Soc.
39, 142-148 (1991).
19. Zigmond, A. S. & Snaith, R. P. The Hospital Anxiety and Depression Scale. Acta Psychiatr. Scand. 67, 361-370 (1983).
20. Zigmond, A. S., Snaith, R. P. & Kitamura, T. Hospital Anxiety and Depression Scale (HAD). Arch. Psychiatr. Diagn. Clin. Eval. 4,
371-372 (1993).

SCIENTIFICREPORTS | (2018) 8:9984 | DOI:10.1038/s41598-018-28350-9 7



www.nature.com/scientificreports/

21. Goto, E. et al. The different effects of group in-hospital rehabilitation on younger and older patients with intractable dizziness [in
Japanese]. Iryo 68, 175-181 (2014).

22. Rubin, D. B. Multiple Imputation for Nonresponse in Surveys. Wiley. New York (1987).

23. Tombaugh, T. N. Trail Making Test A and B: Normative data stratified by age and education. Arch. Clin. Neuropsychol. 19, 203-214
(2004).

24. Rogge, A. K. et al. Balance training improves memory and spatial cognition in healthy adults. Sci. Rep. 7, 5661 (2017).

25. Sugaya, N., Arai, M. & Goto, F. Is the headache in patients with vestibular migraine attenuated by vestibular rehabilitation? Front.
Neurol. 8,124 (2017).

26. Sugaya, N., Arai, M. & Goto, F. The effect of vestibular rehabilitation on sleep disturbance in patients with chronic dizziness. Acta
Otolaryngol. 137, 275-278 (2017).

27. Herman, T., Inbar-Borovsky, N., Brozgol, M., Giladi, N. & Hausdorff, J. M. The Dynamic Gait Index in healthy older adults: The role
of stair climbing, fear of falling and gender. Gait. Posture. 29, 237-241 (2009).

28. Wrisley, D. M., Marchetti, G. E, Kuharsky, D. K. & Whitney, S. L. Reliability, internal consistency, and validity of data obtained with
the functional gait assessment. Phys. Ther. 84, 906-918 (2004).

Author Contributions

N.S. performed the statistical analyses, interpreted the data, and wrote the first draft of the manuscript. M.A.
designed the study, and collected and entered the data. F.G. designed the study, wrote the protocol, collected
and interpreted the data, and revised the draft of the manuscript. All authors approved the final version of the
manuscript.

Additional Information
Competing Interests: The authors declare no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

CE | jcense, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2018

SCIENTIFICREPORTS | (2018) 8:9984 | DOI:10.1038/s41598-018-28350-9 8


http://creativecommons.org/licenses/by/4.0/

	Changes in cognitive function in patients with intractable dizziness following vestibular rehabilitation

	Methods

	Participants. 
	Measures. 
	Trail Making Test. 
	Dizziness Handicap Inventory. 
	The center of gravity fluctuation measure. 
	Timed up and go test. 
	Hospital Anxiety and Depression Scale. 

	The intervention. 
	Procedure. 
	Statistical analyses. 
	Data availability. 

	Results

	Participant characteristics. 
	Change of each variable by vestibular rehabilitation. 
	Correlation between the variables at each time point. 
	Correlation between time-point changes in the TMT scores and other variables. 
	Correlation between each score at time 1 and the corresponding changes from time 1 to time 3. 

	Discussion

	Conclusion

	Figure 1 Flow chart of participants in the present study.
	Table 1 Participant diagnoses.
	Table 2 Comparison of each variable between time points in 60 participants.
	Table 3 Correlation between variables at each time point in 60 participants.
	Table 4 Correlation between changes from time 1 to time 3 in the TMT scores and those in other variables in 60 participants.
	Table 5 Correlation between each score at time 1 and changes of those scores from time 1 to time 3 in 60 participants.




