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Background: In patients with cerebellar ataxia (CA), dual-tasking deteriorates the

performance of one or both tasks.

Objective: Evaluate the e�ects of 4 weeks of cognitive-coupled intensive

balance training (CIBT) on dual-task cost, dynamic balance, disease severity,

number of falls, quality of life, cognition and cost among patients with CA.

Methods: This RCT compared CIBT (Group 1) to single-task training (Group 2)

among 32 patients with CA. The intervention included either dual-task (CIBT) or

single-task training for 4 weeks followed by 6 months of unsupervised home

exercises. Dual-task timed up-and-go test (D-TUG) assessed dual-task cost

of the physical and cognitive tasks. Assessment time points included baseline

1 (Week 0:T1), baseline 2 (Week 6:T2), post-intervention (Week 10:T3), and

follow-up (Week 34:T4).

Results: Compared to single-task training CIBT improved the dual-task cost of

physical task [MD −8.36 95% CI (−14.47 to −2.36, p < 0.01), dual-tasking ability

[−6.93 (−13.16 to −0.70); p = 0.03] assessed using D-TUG, balance assessed

using the scale for the assessment and rating of ataxia (SARAbal) [−2.03 (−4.04 to

−0.19); p = 0.04], visual scores of the SOT (SOT-VIS) [−18.53 (−25.81 to −11.24,

p ≤ 0.01] and maximal excursion [13.84 (4.65 to 23.03; p ≤ 0.01] of the Limits

of Stability (LOS) in the forward direction and reaction time in both forward

[−1.11 (−1.42 to −0.78); p < 0.01] and right [−0.18 (0.05 to 0.31); p < 0.01]

directions following 4weeks of training. CIBT did not have any additional benefits

in reducing the number of falls, or improving disease severity, quality of life and

cognition. The mean cost of intervention and healthcare costs for 7 months was

HKD 33,380 for CIBT group and HKD 38,571 for single-task training group.

Conclusion: We found some evidence to support the use of CIBT for improving

the dual-tasking ability, dual-task cost of physical task and dynamic balance in

CA. Future large fully-powered studies are needed to confirm this claim.

Clinical trial registration: https://clinicaltrials.gov/study/NCT04648501,

identifier [Ref: NCT04648501].
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Introduction

Cerebellar ataxia (CA) is not a disease but instead describes a

collection of symptoms associated with both genetic and acquired

diseases that affect the cerebellum or its connections. CA is

characterized by postural and gait instability, a lack of coordination

of the extremities and trunk, and cognitive impairment (1). The

overall prevalence of the diseases associated with CA is 8.22 per

100,000 population (2). Spinocerebellar ataxia has a prevalence

ranging from 0.9 to 3.0 per 100,000 population (3). The overall

burden of CA is high, with an annual mean cost of EUR 18,776

per patient in Spain (4) and a 6-month mean cost of HKD 146,832

in Hong Kong (HK) (5).

Poor balance and walking difficulties are common symptoms

of diseases associated with CA (6), and frequent falls among

individuals with CA result in significant burdens for both the

individual and the healthcare system (5). The fall rate, defined

as at least one accidental fall within the past 12-month period,

is estimated at 93% among individuals diagnosed with CA (7).

Rehabilitation exercises are considered the first-line treatment

for patients with CA (8), and evidence supports the ability of

rehabilitation exercises to improve balance and reduce disease

severity (9). However, the limited number of high-quality studies,

combined with heterogeneity among the diseases resulting in

CA, have prevented the development of evidence-based guidelines

for rehabilitative interventions (6). Although patients with CA

show limited motor re-learning (10), some evidence supports the

occurrence of motor re-learning when individuals with CA engage

in repeated practice (11, 12). Understanding the potential for motor

re-learning among individuals with CA is critical for designing

appropriate therapeutic interventions for this population.

Dual-tasking describes the simultaneous performance of two

tasks (13). The cerebellum is found to play a significant role

in controlling such neural networks during the task (14). Dual-

tasking deteriorates the performance of either or both tasks, which

is referred to as the dual-task cost (15) among patients with

neurological disorders (16, 17). In individuals with CA, dual-

tasking is associated with an increased risk for falls (18) and worsen

gait disturbances (19). Clinical studies of patients with CA have

found that adding cognitive demands to a physical task increases

the dual-task cost (19, 20). Balance training that involves dual-

tasking reduces the dual-task cost among patients with stroke (21),

Parkinson’s disease (22), and traumatic brain injury (23).

Currently available interventions for improving balance and

gait among individuals with CA do not address the potential

benefits of combined intensive balance training and cognitive

training in this population. Dual-task training improves dual-

tasking in patients with neurological disorders other than CA

(22, 23), and dual-task training in patients with CA has been

suggested based on these prior findings (18, 19). Studies in the

past have examined the influence of dual-tasking on balance and

gait variables in this population (18, 24, 25). Studies evaluating the

effectiveness of dual-task training in patients with CA are limited

(19). The work by Selim et al. on the effectiveness of dual-task

training on stability and function is restricted to children aged

5 to 10 years (26). Therefore there is a need for conducting an

experiment that tests the benefits of dual-task training among

adult patients with CA. We designed a cognitive-coupled intensive

balance training (CIBT), an intervention that couples intensive

balance with cognitive training, and previously found that CIBT

is feasible and safe for patients with CA (27). In the current

study, we conducted a randomized controlled trial (RCT) to

evaluate the effectiveness and cost of CIBT training in a population

with CA when compared with conventional single-task training,

consisting of intensive balance training, coordination training, and

cognitive exercise training, delivered separately. We assessed dual

tasking, dynamic balance, disease severity, quality of life, cognition,

and cost.

Materials and methods

An assessor- and statistician-blinded, two-arm, parallel-

group RCT comparing dual-task training (CIBT) with single-

task training (conventional balance, coordination, and cognitive

training delivered separately) was conducted between January

2020 and June 2021 among 32 patients with CA. Eligible

participants were randomized into one of two groups: Group 1:

dual-task training (CIBT, experimental group); Group 2: single-

task training (conventional balance, coordination, and cognition

training delivered separately; active control group). Study groups

and allocation were concealed. Potential patients with CA were

recruited from the Hong Kong Spinocerebellar Ataxia Association

(HKSCAA). Ethics approval was obtained from the Human

Subjects Ethics Sub-committee of HK (Ref: HSEARS20190322001).

The trial was registered with clinicaltrials.gov before the onset of

data collection (Ref: NCT04648501).

Study participants were randomized into one of the two

intervention groups before the first baseline assessment using

permuted blocks determined using computer-generated random

numbers. Allocation was performed by a researcher who

was blinded to recruitment, assessment of study variables,

or intervention delivery. One HK-registered physiotherapist

delivered the intervention for both groups. All assessments

were performed by individuals blinded to group allocation. We

conducted two baseline assessments (T1 and T2) to allow for

the prospective evaluation of the number of falls and disease

severity progression during a 6-week period. The first baseline

assessment (T1) was completed after obtaining written informed

consent and demographic data. Participants were then requested

to return after 6 weeks for the second baseline assessment (T2), at

which point all assessment variables were evaluated, including fall

history over the past 6 weeks. The post-intervention assessment

was performed after 4 weeks of supervised intervention exercises

(T3), and a follow-up assessment was performed after 6 months of

unsupervised home practice of intervention exercises (T4).

The following inclusion criteria were applied: (1) individuals of

both genders aged 18–60 years; (2) individuals with a confirmed

diagnosis of CA (of any type); and (3) individuals able to walk

independently with or without assistive walking aids. The following

exclusion criteria were applied: (1) any previous history of other

neurological diseases (such as Parkinson’s disease, stroke, or

polyneuropathies) or musculoskeletal problems severely impairing

balance, gait, or motor performance; (2) wheel-chair or bed-bound
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patients who can walk only with handheld support; (3) severe

visual impairment preventing exercise participation; or (4) severe

cognitive impairment, defined as a score <16 on the Montreal

Cognitive Assessment (MoCA) scale (28).

Treatment was initiated for both groups after T2 and continued

for 7 months, including 4 weeks of supervised training at HK

Polytechnic University (PolyU) and 6 months of unsupervised

home training. For the first 4 weeks, both groups attended

60-min training sessions at PolyU, 3 times a week for 4

weeks. After the initial 4-week training phase, participants were

asked to complete unsupervised home exercise programmes

consistent with their intervention group assignments for the

next 6 months.

Training sessions for the experimental, dual-task CIBT group

(Group 1) consisted of 10min of warm-up, 40min of CIBT

training, and 10min of cool-down. The CIBT programme involves

the performance of four types of cognitive tasks during the

following physical tasks: sit-to-stand; standing with feet apart; one

leg, tandem standing; multidirectional reaching; stair climbing;

and walking 10m. The details of the cognitive tasks are reported

elsewhere (27). Motor–cognitive interactions occur when highly

challenging cognitive tasks are performed simultaneously with

physical tasks, increasing the risk of falls among individuals

with CA (19). A careful calibration of the cognitive task

difficulty level is necessary to ensure the safety of participants.

Each participant’s tolerance for motor–cognitive interactions was

assessed individually, and the initial difficulty level and progression

of both cognitive and physical tasks were determined for each

individual to ensure safety.

Treatment sessions for the single-task training group (active

control, with conventional balance training, coordination training,

and cognitive training were delivered separately; Group 2)

consisted of 10min of warm-up, 20min of conventional balance

and coordination exercises in line with previously published

literature (29), 20min of single-task cognitive training (using the

same four tasks used during CIBT), and 10min of cool-down.

In addition, fall prevention strategies were also taught for both

the groups. In summary, the CIBT group had 40min of dual-task

training and the control group had the same 40min of similar

exercises included in the CIBT but were delivered as single-task

training. For the 6-months follow-up period, the home-based

exercises were similar to the exercises delivered during the 4-

week intervention phase. The participants were handed pamphlets

summarizing the exercises. The dosage of exercises during the

follow-up period for both groups was similar however, they

were unsupervised.

The progression of treatment for both groups was determined

by the Physiotherapist delivering the intervention. The type

of physical task and the cognitive task were tailor-made that

suit the capacity of the participants. Treatment progression

was done once every week. The physical task progression

principles included reducing the base of support, physical

support, verbal cues, altering the support surface, and changes

in the speed of the activity such as walking slower or faster.

The progression for cognitive tasks included changes in the

difficulty of arithmetic calculation, difficulty of memory tasks and

complexity of cognitive tasks such as recollecting rare vegetables or

seasonal fruits.

Primary outcome measure

The dual-task costs of physical and cognitive tasks were

assessed using the timed up-and-go test (TUG). The standard,

single-task TUG (30); the dual-task TUG (D-TUG); and counting

backwards were assessed consecutively. During the D-TUG,

participants were instructed to count backwards by four from a

random starting number while performing the standard TUG.

The time to complete the task (in seconds) was recorded. The

time required (in seconds) to count backwards by fours from the

same starting number without performing a physical task was also

recorded. The dual-task cost of physical tasks was estimated using

the following formula: [(D-TUG – Standard TUG) ÷ Standard

TUG]× 100 (31). The dual-task cost of cognitive tasks was assessed

using the following formula: [(D-TUG – Standard backward

counting backwards) ÷ Standard counting backwards] × 100. The

scores of the DTUG was used to assess dual-tasking ability.

Secondary outcome measures

We included standardized and validated measures for assessing

functional balance [Berg Balance Scale (BBS) (30) and Scale for

the Assessment and Rating of Ataxia (SARA) balance component

(SARAbal) (30)], dynamic stability (LOS) (32, 33), sensory

interaction (SOT) (33, 34), number of falls, cognitive function

(MoCA) (35), ataxia severity (SARA) (30, 36), and number of falls

and quality of life (EuroQol-5 dimension-5 level [EQ-5D-5L]) (37).

A summary of the proposed outcomemeasures, the domains tested,

interpretations, and the assessment timeline are reported elsewhere

(27). To ensure the rigor of the balance assessment we have used the

International Classification of Function (ICF) model in choosing

the assessents (38). Body structure and function level assessment

of balance identifying the underlying impairment is reported using

the DTUG, SOT, and LOS. Activity level assessment of balance is

reported using the BBS and TUG. The SARA and SARA-bal are

disease-specific measures appropriate for patients with CA (32).

Adherence

Adherence to the intervention protocol was monitored using

electronic diaries to reduce missing values and recall errors. At

the end of the 4-week supervised training session, participants

were provided information on how to access and complete the

electronic diaries.

Cost estimation

Cost was assessed using digital or manual self-reported

questionnaires. Each participant’s digital diary interface was

encoded with a unique identification number to ensure privacy.

Participants were instructed to complete the digital diary

once per month. The researcher interface of the digital diary

provided a summary of completed items for all participants.

The research assistant followed up with non-responders every
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TABLE 1 Cost sheet.

Direct cost Unsubsidized
price per unit

Cost of intervention HKD 250

Consultation with GP HKD 445

Visit to specialist (Geriatric day hospital) HKD 1,960

Specialist outpatient HKD 1,190

Consultation with TCM HKD 445

Accident and emergency department contact

following falls

HKD 1,230

Hospitalization charge per day (admission plus

fees)

HKD 5,100/day

Intensive care ward/unit HKD 24,400/day

Surgical intervention following falls Variable

Drugs Variable

Dressing or injection HKD 100

Professional home care HKD 535

Community allied health service HKD 1,730

Aids and appliances Variable

Source for cost sheet: 1. Hospital Authority. Fees and charges. Available online at: http://www.

ha.org.hk/visitor/ha_visitor_index.asp?Parent_ID=10044&Content_ID$=$10045&Ver$=

$HTML (accessed February 9, 2018). 2. Localiiz. Public or Private? A Guide to Healthcare in

Hong Kong. Localiiz the Site with Insight (2017). Available online at: http://hk.localiiz.com/

public-or-private-a-comprehensive-guide-to-healthcare-in-hong-kong/#.WmkrfYVOJR

(accessed January 25, 2018).

month by phone. A printed version of the cost and fall

(manual) diary was provided to participants with limited access

to the internet. Postage-paid envelopes were included with

each printed cost diary to obtain a better response rate,

and participants were instructed to post the completed forms

once per month. Table 1 lists the direct medical costs. The

derived costs of items relevant to the healthcare perspective are

reported as the unsubsidised rate for medical care for 2018

(in HKD).

Statistical analyses

The analysis was performed according to the intention-to-

treat principle. Maximum likelihood imputation was used to

generate data for missing items. Demographic data are reported

as the mean and standard deviation (SD) for continuous variables

and as the number and percentage for categorical variables.

To establish baseline differences between groups, we applied

the independent t-test for continuous variables and the Chi-

square test for categorical variables. Variables without a normal

distribution were log-transformed prior to analyses. The mean

attendance percentage for the treatment sessions was calculated

as the percentage of training sessions attended by the participants

against the total number of planned treatment sessions for both

supervised (institution-based) and unsupervised (home-based)

training sessions. Changes in primary and secondary outcome

measures (evaluated at T2, T3, and T4) across the intervention

groups were evaluated using an analysis of covariance (ANCOVA)

at a 95% confidence interval (CI). Baseline scores were adjusted

for disease duration, ataxia severity, and assistive walking device

use (co-variates). T2 and T3 were compared to establish immediate

treatment effects, whereas T3 and T4 were compared to evaluate

the long-term effects of the intervention. Considering the large

number of comparisons, to minimize the likelihood of type 1

error Bonferroni correction was included in the analysis. Effect

sizes (Cohen’s F) were computed using the formula [
√

ήp2/(1 –

ήp2)], where ήp2 is the partial eta-squared value obtained from

the analysis of covariance. The effect size was interpreted as small

if the value of Cohen’s F was 0.10 or below, moderate at 0.25,

and large at 0.40 or above (39). The mediation effects of dual-

task cost of the physical and cognitive task on reducing the

number of falls were assessed using the Sobel test. The mean cost

of the intervention and health care costs through the follow-up

period are reported as the mean and SD. The EQ-5D-5L response

was converted into a utility score used to estimate the gain or

loss in quality-adjusted life-years during the follow-up period.

The cost-effectiveness of the intervention will be reported in a

subsequent paper.

Results

Sixty potential participants were approached through the

HKSCAA between January 2019 and December 2021. Of these,

32 participants were deemed eligible and consented to participate.

Enrolled participants were randomized into the experimental

(Group 1, n = 16) and control groups (Group 2, n = 16) after

the first baseline assessment (T1). At the end of the 4-week

intervention phase (T3), one participant from Group 1 was lost

to follow-up. One additional participant from the Group 1 and

one participant from the Group 2 withdrew from the study during

the 6-month follow-up assessment (T4). The withdrawal was not

related to the study intervention. Figure 1 illustrates the flow of

this study.

The baseline characteristics of study participants are presented

in Table 2. The mean age of study participants was 48 years

(SD: 10.2 years), and 60% of enrolled participants had a subtype

of spinocerebellar ataxia, whereas the remaining participants

had either degenerative or idiopathic ataxia. The demographic

characteristics were insignificant between the groups at baseline.

We found insignificant differences in ataxia severity scores (SARA)

and ataxia-specific balance scores (SARAbal) between the two

baseline assessments (T1 and T2), indicating that participants

remained stable in terms of disease severity. The mean attendance

percentage for institution-based intervention sessions across both

groups was 85%, but it dropped to 62% during the 6-month follow-

up period. No adverse events, such as falls, were encountered

during the intervention phase. Less than 25% (7 of 32) of

participants reported mild muscle pain following the first two

intervention sessions, and the pain subsided completely within a

few days. The intervention was well-tolerated by all participants

across both groups. The mean scores of all outcome measures at

all four assessment time points can be found in Appendix 1.
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FIGURE 1

Flow of the study. HKSCAA, Hong Kong Spinocerebellar Ataxia Association.

E�ect of exercise on dual tasking

Compared to single-task training the CIBT resulted

in a significant improvement in dual-tasking ability [MD

−6.18, 95% CI (−10.93 to −1.45; p = 0.01] and dual-

task cost of physical task [MD −8.36 95% CI (−14.47 to

−2.36, p < 0.01) assessed using the DTUG immediately

following the intervention. The effect size of these changes

ranged from small to moderate. A summary of between-

group differences with 95% confidence interval of all

outcome measures is reported in Table 3. A summary of

within-group differences at post-intervention and follow-

up assessment for all the outcome measures is reported in

Appendix 2.

E�ect of exercise on dynamic balance

Compared to single-task training the CIBT significantly

improved dynamic balance assessed using SARAbal [−2.03 (−4.04

to −0.19); p = 0.04], dynamic stability assessed using maximal

excursion [13.84 (4.65 to 23.03); p≤ 0.01] and reaction time [−1.11;

(−1.42 to−0.78); p < 0.01] of the LOS test in the forward direction

and reaction time [−0.18 (0.05 to 0.31); p < 0.01] in the right

direction of the LOS. We found a significant reduction in visual

scores of the SOT (SOT-VIS) [−18.53 (−25.81 to−11.24), p≤ 0.01]

among the CIBT group suggestive of a reduction in visual reliance

following 4 weeks of CIBT. The effect size of these changes ranged

from moderate to large. Benefits attained were not retained for any

of these balance measures during the follow-up assessment.
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TABLE 2 Demographics of the participants (n = 32).

Total no. of
participants

Group 1 (n = 16)
(CIBT)

Group 2 (n = 16)
(Control)

p

Age Mean (SD) Mean (SD) 50.20 (14.41) 46.00 (14.05) 0.75

Range 32–75 26–75

Gender Male 8 (50%) 10 (56%) 0.87

Female 8 (50%) 8 (54%)

Ethnicity Chinese 16 (100%) 16 (100%) 1

Occupation Employed 8 (50%) 9 (56%) 0.52

Unemployed 4 (25%) 3 (19%)

Retired 4 (25%) 4 (25%)

Diagnosis Spinocerebellar ataxia SCA-1 2 (12%) 0 (0%) 0.91

SCA-3 8 (50%) 7 (44%)

SCA-11 0 (0%) 2 (12%)

Post-infectious cerebellar

degeneration

1 (6%) 1 (6%)

Unknown cause for

ataxia

5 (31%) 6 (38%)

Age at disease onset Mean (SD) 37.70 (14.31) 30.67 (8.29) 0.24

Range 19–56 17–40

Disease duration Mean (SD) in years 12.50 (10.73) 15.33 (11.11) 0.35

Range 3–36 2–38

Use of assistive walking device Yes 14 (88%) 13 (81%) 0.92

No 2 (12%) 3 (19%)

SCA, Spinocerebellar ataxia.

E�ect of intervention on falls

We did not find significant differences between the two groups

for the percentage of fallers, the number of falls per person per

month, or the number of near falls per person per month at both

post-intervention (T3; Table 4) and at the end of the 6-month

follow-up phase. The relative effects of the intervention on falls,

measured as the ratio between incidence rates between groups, was

0.83 (95% CI: 021–1.96; p = 0.21) for the number of falls in the

past month and 0.95 (95% CI: 0.12–4.01; p = 0.32) for near falls,

indicating no significant differences between groups. Considering

the insignificance of the findings the mediation effect was not

further explored.

E�ect of exercise on disease severity

No between or within-group differences were identified

in disease severity assessed using SARA among the CIBT

group suggestive of no additional effect of the intervention on

disease severity.

E�ect of exercise on health-related quality
of life and cognitive function

ANCOVA demonstrated no beneficial effect of the intervention

on the health-related quality of life assessed using the EQ-5D-5L

and cognitive function assessed using the MoCA at the end

of 4 weeks of intervention as well as during the follow-

up assessment.

Cost

The mean cost of the intervention and the healthcare

cost across 7 months is reported in Table 5. The mean cost

for delivering the intervention, including the cost of hiring

a registered physiotherapist, the cost of the intervention site,

and the administrative costs, associated with an average of 12

sessions over 4 weeks for each group, were HKD 4,200. The

total mean cost of the intervention plus the healthcare costs for

7 months was HKD 33,380 for Group 1 and HKD 38,571 for

Group 2.

Discussion

This study compared CIBT, consisting of intensive dual-task

training, with conventional single-task training among patients

with CA. Both groups were delivered 4 weeks of supervised

exercises, followed by 6 months of unsupervised home exercises.

Assessed outcomes included dual-task cost, dual-tasing ability,

dynamic balance, fall rate, disease severity, health-related quality

of life, and cognition. Some immediate beneficial effects were
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TABLE 3 Between-group mean di�erence and 95% confidence interval across assessment time points T3 (post-intervention) and T4 (follow-up).

Outcome measure Time
points

MD (95% CI) P value Partial eta
squared

E�ect size
(Cohen’s F)

Measures of dual–tasking and balance

Dual-task-cost (Physical task) T3 −8.36 (−14.47 to−2.26) <0.01∗ 0.09 0.30

T4 −6.99 (−13.26 to−0.73); 0.03∗

Dual-task-cost (Cognitive task) T3 −14.80 (−33.94 to 4.33) 0.12 0.005 0.07

T4 −11.95 (−27.41 to 3.52) 0.12

Dual-task TUG T3 −6.93 (−13.16 to−0.70) 0.03∗ 0.09 0.30

T4 −7.99 (−0.08 to 16.07) 0.06

SARA-Bal T3 −2.03 (−4.04 to−0.19) 0.04∗ 0.12 0.36

T4 −0.74 (−3.99 to 2.51) 0.64

BBS T3 1.75 (−4.48 to 7.96) 0.57 0.01 0.10

T4 4.16 (−3.80 to 11.94) 0.28

SOT SOT-SOM T3 −4.42 (−10.90 to 2.06) 0.17 0.09 0.30

T4 1.49 (−1.58 to 4.54) 0.32

SOT-VIS T3 −18.53 (−25.81 to−11.24) <0.01∗ 0.64 1.3

T4 −16.94 (−23.44 to−10.44) <0.01∗

SOT-VEST T3 −0.89 (−6.53 to 4.75) 0.74 0.05 0.22

T4 −2.54 (−11.01 to 5.91) 0.54

SOT-COMP T3 9.03 (−1.32 to 19.39) 0.8 0.09 0.30

T4 0.06 (−9.61 to 9.73) 0.99

LOS LOS-F-RT T3 −1.11 (−1.42 TO−0.78) <0.01∗ 0.50 1

T4 −0.69 (−0.94 TO−0.44) <0.01∗

LOS-F-MXE T3 13.84 (4.65 to 23.03) <0.01∗ 0.32 0.68

T4 21.01 (9.07 to 32.95) <0.01∗

LOS-R-RT T3 −0.18 (0.05 to 0.31) <0.01∗ 0.01 0.10

T4 −0.05 (−0.41 to 0.29) 0.73

LOS-R-MXE T3 −0.17 (−25.56 to 22.12) 0.88 0.01 0.10

T4 −2.70 (−11.65 to 6.24) 0.54

LOS-B-RT T3 −0.51 (0.22 to 0.78) <0.01 0.05 0.22

T4 −0.03 (−0.35 to 0.42) 0.19

LOS-B-MXE T3 −8.35 (−28.42 to 11.72) 0.40 0.01 0.10

T4 4.41 (−6.13 to 14.92) 0.39

LOS-L-RT T3 0.14 (−0.79 to 0.35) 0.20 0.01 0.10

T4 0.03 (−0.30 to 0.36) 0.84

LOS-L-MXE T3 2.27 (−17.41 to 21.95) 0.81 0.01 0.10

T4 9.41 (0.34 to 18.49) 0.04∗

Measures of disease severity, quality of life and cognition, mean (SD)

SARA T3 −3.41 (−7.01 to 0.18) 0.17 0.08 0.29

T4 −2.87 (−7.09 to 1.34) 0.47

HK-MOCA T3 −0.61 (−3.65 to 2.43) 0.68 0.01 0.10

T4 0.80 (−2.09 to 3.70) 0.57

(Continued)
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TABLE 3 (Continued)

Outcome measure Time
points

MD(95% CI) P value Partial eta
squared

E�ect size
(Cohen’s F)

EQ-5D-5-L EQ-VAS T3 −5.43 (−13.40 to 2.53) 0.17 0.10 0.33

T4 −5.32 (−10.88 to 0.25) 0.06

QALY T3 0.04 (−0.07 to 0.16) 0.49 0.01 0.10

T4 −0.02 (−0.13 to 0.09) 0.71

The mean difference is expressed as group 1 (CIBT)- group 2 (Control). T3, assessment timeline 3; T4, assessment timeline 4; RT, reaction time; MXE, Maximal excursion; SOT, Senosry

Organization Tesst; Som, somatosensory; Vis, visual; Vest, vestibular; Comp, composite; BBS, Berg balance scale; SARA-bal, Balance sub-component of the scale for the assessment and rating

of ataxia; R, right; F, front; L, left; B, back; RT, Reaction time; MXE, Maximal excursion; LOS, Limits of stability; EQ-5D-5L, Euro-qol 5 dimension, 5 level; EQ-VAS, visual analog scale of the

Euro Qol questionnaire; QOL, Quality-adjusted life year; SARA, scale for the assessment and rating of ataxia; TUG, Timed up and go test; HK-MOCA, Montreal Cognitive Assessment Scaale;

Hong Kong version.

TABLE 4 Comparison of 1 month falls reporting at the end of intervention phase (T3).

Category Falls rate (falls/person-1 month) IRR experimental-control (95% CI) p

Group 1 Group 2

Number of falls 0.31 0.37 0.83 (0.21–1.96) 0.21

Number of near falls 2.68 2.81 0.95 (0.12–4.01) 0.32

IRR, Incidence ratio rate; p, level of significance.

TABLE 5 Mean cost of the intervention and the healthcare cost of 7

months across the intervention groups.

Cost items Group 1 Group 2

Mean
units

Mean
cost

Mean
units

Mean
cost

Cost of intervention 12 $4,200 12 $4,200

Visit to GP 4.75 $2,114 4.06 $1,808

Visit to specialist 2.13 $4,165 3.75 $7,350

Chinese medicine 2.63 $1,168 6.38 $2,837

Acupuncture 4.69 $2,086 6.5 $2,893

Hospitalization 0.94 $4,781 1.56 $5,969

Surgical expense 0 0 0 0

Medical supplies NA $2,633 NA $3,220

Medical investigation 1.63 $9,962 0.25 $1,232

AHS 0 0 0 0

Rehab service NA $914 NA $3,586

Transport NA $1,096 NA $4,203

Home modification NA $261 NA $1,273

Total cost $33,380 $38,571

GP, General practioner; AHS, Allied Health services; $, Hong Kong Dollars.

observed following the intervention on the dual-task cost of

physical tasks and dual-tasking ability assessed using the DTUG.

This improvement can be accounted to the contribution of the

cerebellum in shifting an additionally demanding task such as

dual-tasking to an automatic task with repeated practice (40,

41). The attention theory helps understand this concept where

repeated practice results in an improved capacity to shift attention

to the secondary task during dual-tasking (42, 43). We found

some immediate effects of the intervention on the dynamic

balance assessed using the SARAbal. The scale assesses the

ability to walk, stand and sit unsupported. A reduction in the

postural sway during sitting and standing increased the SARAbal

score post-intervention. These changes are in line with previous

literature (29). The positive changes captured using the SOT

are suggestive of an improvement in the sensory interaction of

balance following the intervention. The long-term benefits of

CIBT were limited in that we found insignificant differences

between groups after 6 months of home-based unsupervised

exercises. CIBT did not have any additional benefits in reducing

the number of falls or improving disease severity, quality of

life and cognition compared to conventional single-task training.

The mean cost of intervention and healthcare costs for 7

months was HKD 33,380 for group 1 and HKD 38,571 for

group 2.

The dual-task cost of both physical and cognitive tasks during

dual-tasking is high among individuals with CA (18, 20, 44).

Evidence indicates that repeated practice of dual-tasking results

in reductions in dual-task costs, resulting in improved dual-

tasking ability (15). Our study also provided some evidence for the

reduction in dual-task cost of physical tasks and an improvement

in dual-tasking ability following CIBT. A reduction in reaction

time, task automatization and optimization of attention allocation

during dual-task (45) explains the reduction in dual-task cost

(15). We hypothesized dual-task training (CIBT) will have an

advantage over single-task training in reducing the number of falls.

However, the findings of this study did not support our hypothesis

in that, there were no significant between-group differences in

the number of falls. We also did not find beneficial effects of

CIBT compared with conventional training on quality of life. The

inability to identify any significant effects of CIBT may be due to
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the short intervention period. An extended intervention period,

such as 8 or 12 weeks, may be necessary to observe significant

changes in the number of falls, quality of life and cognition.

Secondly, our falls assessment captured the number of falls in

the past 1 month. An ongoing falls assessment throughout the

trial period may have better captured the number of falls. Lastly,

the follow-up period of 6 months for the fall assessment may

have been too short to capture the difference in the number

of falls between the groups. Furture studies need to consider

ongoing assessments for capturing fall history and longer follow-

up periods to see the benefits of dual-task training on falls in

this population.

Physical exercises, including sit-to-stand; standing with feet

apart; one leg, tandem standing; multidirectional reaching; stair

climbing; and walking, are beneficial for improving dynamic

balance among individuals with CA (9, 29). The physical training

tasks included for both groups included these types of exercises;

therefore, we anticipated balance improvements would occur in

both groups. Our findings revealed balance improvement assessed

using the SARAbal and not in BBS following the intervention.

SARAbal is a disease-specific measure of balance and is arguably

more sensitive to changes in balance in this population when

compared to the BBS. The other interesting finding in terms of

dynamic balance was revealed in the laboratory-based assessment

tools (SOT and LOS). We found significant between-group

differences among the visual scores of SOT (SOT-VIS) andmaximal

excursion in the forward (MXE-F-LOS) direction and reaction time

in the forward (RT-F-LOS) and right (RT-R-LOS) directions of the

LOS test. These differences could be argued due to the nature of the

assessment. Both these assessments require participants to follow

the visual cues on the screen which mimic dual-tasking. Group A

demonstrated superior dual-tasking ability during the assessment

which may have resulted in better performance. In addition, the

sensitivity of the LOS to identify subtle changes in dual-taskingmay

have been superior when compared to the BBS. Lastly, previous

studies report the impairment in vestibular-ocular reflex (46), visual

influence and dependence (47, 48) during dynamic tasks in this

population. The findings of our study demonstrate a decrease in

visual scores of the SOT post-intervention suggestive of a reduction

in visual dependence during the dynamic balance task. Future

studies are warranted to further examine the relationship between

dual-tasking and its effects on visual dependence and vestibulo-

ocular reflex in this population. The gains achieved in dynamic

balance were not sustained during the follow-up assessment.

Within-group differences of these outcome measures between time

points T3 and T4 revealed an insignificant difference suggestive

of a lack of retention of training effects following 6 months of

unsupervised home exercise. The mode of exercise may have

influenced the results. The participants were asked to perform

unsupervised exercises for 6 months. Though measures were taken

to ensure an adequate number of treatment sessions per week, the

lack of direct supervision limited researchers from ensuring the

adequacy of the exercise dosage. Future studies need to consider

measures to ensure adequacy of treatment dosage during the

follow-up period.

The CIBT exercise did not have additional benefits in

improving the disease severity compared to the control. SARA

is a composite score of both motor and non-motor symptoms

including impairments in balance, speech, incoordination of limb,

and eyeball movement. Our balance training exercises had a

positive effect on gait, sitting and standing balance and dysmetria

(finger-chase, dysdiadokokinesia and heel-shin slide test) of the

SARA among both the groups. A mean reduction of 4 points

in the SARA scale among group 1 met the minimal detectable

change for intraindividual score differences of <3.5 (49). Yet

additional benefits of CIBT over the control intervention on

disease severity and the influence of the intervention on non-

motor symptoms are still uncertain. For the cognitive assessment,

our participants’ average score of the MOCA is indicative of

mild cognitive impairment (50). The MOCA assesses short-

term memory, visuospatial abilities, executive function, attention,

language, and orientation. Insignificant within and between-group

differences in the scores are suggestive that dual-task training alone

is not sufficient to improve for aforementioned cognitive function

among patients with CA.

In contrast to our hypothesis, the cost findings across the

groups were comparable. We hypothesized a greater reduction of

falls rate among group 1 that will yield higher healthcare cost

savings. Our follow-up of 6 months may not have been sufficient to

capture the healthcare cost difference between the two groups. Our

previous study reported the mean 6 monthly costs of CA among

the HK population as HKD 146,832 (5). In contrast, the current

study reports an average mean healthcare cost of HKD 35,975 per

7 months. The difference in the estimation is due to the difference

in the cost estimation perspective. The former study was done from

a societal perspective that included non-medical expenses such as

loss of productivity while the present study focuses only on the

healthcare perspective. Secondly, the participants included in this

study are ambulant and arguably have lesser healthcare expenses

when compared to the former cohort.

Strengths and limitations of the study

Our study has several strengths. (1) We implemented multiple

strategies (digital diary, follow-up phone call reminders, and

routine encouragement to continue exercise) to minimize missing

data, (2) rigorous methodological procedures were adopted to

ensure the quality of this study, (3) the use of a standardized set of

outcome measures with sound psychometric properties were used

for assessing the study variables, (4) the use of ICF classification

for choosing the outcome measures increased the rigor of balance

assessment, and (5) additional measures were taken to ensure

adequate home-based practice, including tracking the participants’

attendance through the digital diary and phone calls to remind

participants with poor attendance.

The findings of this study have to be interpreted with caution

due to the following limitations (1) we targeted recruiting 44

participants however 12 months of data collection yielded only

32 participants making the study findings underpowered. Future

studies need to consider including more public hospitals in HK and

Mainland China to increase the sample size, (2) our sample did not

include any acquired causes of CA and therefore generalizing the
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finding to all types of CA is limited, (3) our sample is restricted

to ambulant patients with CA and therefore the benefits of dual-

tasks training among patients with poor balance and the non-

ambulant is unknown, (4) we used the past 1-month fall history

to record the number of falls and we likely missed falls during

the period beyond the assessment window, (5) our measures for

tracking the adherence to home-exercise including digital diary

and phone call reminder limited the researchers from ensuring

adequate treatment dosage during the follow-up period. More

objective tracking measures such as fitit, applewatch or other

similar trackers need to be considered in the future, and (6) finally,

our cost estimation was self-reported, though the self-reporting

was completed every month the change for recall bias cannot

be eliminated.

Conclusion

This study demonstrates some evidence to support the benefits

of 4 weeks of intense dual-task training on the dual-task cost of

physical task, dual-tasking ability and dynamic balance. The long-

term benefits of CIBT are found to be limited. CIBT did not

improve falls, quality of life and cognition in this population.

Data availability statement

The original contributions presented in the study are included

in the article/Supplementary material, further inquiries can be

directed to the corresponding author.

Ethics statement

Ethics approval was obtained from the Human Subjects Ethics

Sub-committee of HK (Ref: HSEARS20190322001). The studies

were conducted in accordance with the local legislation and

institutional requirements. The participants provided their written

informed consent to participate in this study.

Author contributions

SJW: Conceptualization, Data curation, Formal analysis,

Funding acquisition, Investigation, Methodology, Project

administration, Resources, Supervision, Validation, Visualization,

Writing—original draft, Writing—review & editing. AC:

Conceptualization, Funding acquisition, Validation, Writing—

original draft. SLW: Conceptualization, Funding acquisition,

Methodology, Validation, Writing—original draft. CC:

Conceptualization, Formal analysis, Funding acquisition,

Writing—original draft. MP: Conceptualization, Funding

acquisition, Methodology, Validation, Writing—original draft.

Funding

The author(s) declare financial support was received for

the research, authorship, and/or publication of this article. This

work was supported by the Early Career Scheme (ECS), RGC,

Hong Kong [ID: PP6A] received by SJW.

Acknowledgments

We would like to acknowledge all our participants,

Hong Kong Spinocerebellar Ataxia Association (HKSCAA)

and research assistants.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fneur.2023.

1267099/full#supplementary-material

References

1. Klockgether T. Sporadic ataxia with adult onset: classification and diagnostic
criteria. Lancet Neurol. (2010) 9:94–104. doi: 10.1016/S1474-4422(09)70305-9

2. Joo B-E, Lee C-N, Park K-W. Prevalence rate and functional status of cerebellar
ataxia in Korea. The Cerebellum. (2012) 11:733–8. doi: 10.1007/s12311-011-0332-8

3. Marsden J, Harris C. Cerebellar ataxia: pathophysiology and rehabilitation. Clin
Rehabil. (2011) 25:195–216. doi: 10.1177/0269215510382495

4. López-Bastida J, Perestelo-Pérez L, Montón-Alvarez F, Serrano-Aguilar P. Social
economic costs and health-related quality of life in patients with degenerative
cerebellar ataxia in Spain. Movem Disor. (2008) 23:212–7. doi: 10.1002/mds.
21798

5. Stanley WJ, Kelly CKL, Tung CC, Lok TW, Ringo TMK, Ho YK, et al. Cost of
cerebellar ataxia in Hong Kong: a retrospective cost-of-illness analysis. Front Neurol.
(2020) 11:711. doi: 10.3389/fneur.2020.00711

Frontiers inNeurology 10 frontiersin.org

https://doi.org/10.3389/fneur.2023.1267099
https://www.frontiersin.org/articles/10.3389/fneur.2023.1267099/full#supplementary-material
https://doi.org/10.1016/S1474-4422(09)70305-9
https://doi.org/10.1007/s12311-011-0332-8
https://doi.org/10.1177/0269215510382495
https://doi.org/10.1002/mds.21798
https://doi.org/10.3389/fneur.2020.00711
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Winser et al. 10.3389/fneur.2023.1267099

6. Winser SJ, Smith CM, Hale LA, Claydon LS, Whitney SL, Mehta P. Systematic
review of the psychometric properties of balance measures for cerebellar ataxia. Clin
Rehabil. (2015) 29:69–79. doi: 10.1177/0269215514536412

7. van de Warrenburg BP, Steijns JA, Munneke M, Kremer BP,
Bloem BR. Falls in degenerative cerebellar ataxias. Movem Disor. (2005)
20:497–500. doi: 10.1002/mds.20375

8. Fonteyn EMR, Keus SHJ, Verstappen CCP, Schöls L, de Groot IJM, van de
Warrenburg BPC. The effectiveness of allied health care in patients with ataxia: a
systematic review. J Neurol. (2014) 261:251–8. doi: 10.1007/s00415-013-6910-6

9. Winser S, Chan HK, Chen WK, Hau CY, Leung SH, Leung YH, et al. Effects of
therapeutic exercise on disease severity, balance, and functional Independence among
individuals with cerebellar ataxia: a systematic review with meta-analysis. Physiother
Theory Pract. (2022) 39:1355–75. doi: 10.1080/09593985.2022.2037115

10. Smith MA, Shadmehr R. Intact ability to learn internal models of arm dynamics
in Huntington’s disease but not cerebellar degeneration. J Neurophysiol. (2005)
93:2809–21. doi: 10.1152/jn.00943.2004

11. Ioffe ME, Ustinova KI, Chernikova LA, Kulikov MA. Supervised learning of
postural tasks in patients with poststroke hemiparesis, Parkinson’s disease or cerebellar
ataxia. Exper Brain Res. (2006) 168:384–94. doi: 10.1007/s00221-005-0096-9

12. Schwabe A, Drepper J, Maschke M, Diener HC, Timmann D. The role of the
human cerebellum in short-and long-term habituation of postural responses. Gait
Posture. (2004) 19:16–23. doi: 10.1016/S0966-6362(03)00006-7

13. Lauenroth A, Ioannidis AE, Teichmann B. Influence of combined physical
and cognitive training on cognition: a systematic review. BMC Geriatr. (2016) 16:1–
14. doi: 10.1186/s12877-016-0315-1

14. Wu T, Liu J, Hallett M, Zheng Z, Chan P. Cerebellum and
integration of neural networks in dual-task processing. Neuroimage. (2013)
65:466–75. doi: 10.1016/j.neuroimage.2012.10.004

15. Strobach T, Torsten S. Mechanisms of practice-related reductions of dual-
task interference with simple tasks: data and theory. Adv Cogn Psychol. (2017)
13:28. doi: 10.5709/acp-0204-7

16. Yogev G, Giladi N, Peretz C, Springer S, Simon ES, Hausdorff JM. Dual
tasking, gait rhythmicity, and Parkinson’s disease: which aspects of gait are attention
demanding? Eur J Neurosci. (2005) 22:1248–56. doi: 10.1111/j.1460-9568.2005.04298.x

17. Sheridan PL, Solomont J, Kowall N, Hausdorff JM. Influence of
executive function on locomotor function: divided attention increases
gait variability in Alzheimer’s disease. J Am Geriatr Soc. (2003) 51:1633–
7. doi: 10.1046/j.1532-5415.2003.51516.x

18. Jacobi H, Alfes J, Minnerop M, Konczak J, Klockgether T, Timmann D. Dual
task effect on postural control in patients with degenerative cerebellar disorders. Cereb
Ataxias. (2015) 2:1–7. doi: 10.1186/s40673-015-0025-z

19. Ilg W, Timmann D. Gait ataxia—specific cerebellar influences and their
rehabilitation.Movem Disor. (2013) 28:1566–75. doi: 10.1002/mds.25558

20. Maciel MA, Silva AC, Cyrillo FN, Santos S, Torriani-Pasin C. Impact of dual
task on Parkinson’s disease, stroke and ataxia patients’ gait: a comparative analysis.
Psicologia. (2014) 27:351–7. doi: 10.1590/1678-7153.201427216

21. He Y, Yang L, Zhou J, Yao L, Pang MYC. Dual-task training effects on motor
and cognitive functional abilities in individuals with stroke: a systematic review. Clin
Rehabil. (2018) 32:865–77. doi: 10.1177/0269215518758482

22. Strouwen C, Molenaar EALM, Münks L, Keus SHJ, Zijlmans
JCM, Vandenberghe W, et al. Training dual tasks together or apart in
Parkinson’s disease: results from the DUALITY trial. Movem Disor. (2017)
32:1201–10. doi: 10.1002/mds.27014

23. Evans JJ, Greenfield E, Wilson BA, Bateman A. Walking and talking therapy:
Improving cognitive–motor dual-tasking in neurological illness. J Int Neuropsychol Soc.
(2009) 15:112–20. doi: 10.1017/S1355617708090152

24. Ilg W, Christensen A, Mueller OM, Goericke SL, Giese MA, Timmann D. Effects
of cerebellar lesions on working memory interacting with motor tasks of different
complexities. J Neurophysiol. (2013) 110:2337–49. doi: 10.1152/jn.00062.2013

25. Demirci CS, Kilinç M, Yildirim SA. The effect of dual task on clinical balance
performance in ataxia patients. Türk Fizyoterapi ve Rehabilitasyon Dergisi. (2016)
27:1–7. doi: 10.21653/tfrd.269043

26. Selim FM, Elshafey MA, El-Ayadi MM, Albeltagi DM, Ali MS. Efficacy
of dual-task training on stability and function in children with ataxia after
medulloblastoma resection: a randomized controlled trial. Pediatr Blood Cancer. (2023)
70:e30613. doi: 10.1002/pbc.30613

27. Winser S, Pang MYC, Rauszen JS, Chan AYY, Chen CH, Whitney SL. Does
integrated cognitive and balance (dual-task) training improve balance and reduce
falls risk in individuals with cerebellar ataxia? Med Hypotheses. (2019) 126:149–
53. doi: 10.1016/j.mehy.2019.03.001

28. Smith T, Gildeh N, Holmes C. The Montreal Cognitive Assessment:
validity and utility in a memory clinic setting. Canad J Psychiat. (2007) 52:329–
32. doi: 10.1177/070674370705200508

29. Ilg W, Synofzik M, Brötz D, Burkard S, Giese MA, Schöls L, et al. Intensive
coordinative training improves motor performance in degenerative cerebellar disease.
Neurology. (2009) 73:1823–30. doi: 10.1212/WNL.0b013e3181c33adf

30. Winser S, Smith CM, Hale LA, Claydon LS, Whitney SL, Klatt B, et al.
Psychometric properties of a core set of measures of balance for people with
cerebellar ataxia secondary to multiple sclerosis. Arch Phys Med Rehabil. (2017)
98:270–6. doi: 10.1016/j.apmr.2016.07.023

31. Abernethy B. Dual-task methodology and motor skills research: some
applications and methodological constraints. J HumMovem Stud. (1988) 14:101–132.

32. TsangW, Fong S, Ng S. Dynamic sitting balance control tests in stroke survivors:
a study of reliability and validity. Int J Stroke. (2013).

33. Winser SJ, Chan AYY, Chung R, Whitney S, Kannan P. Validity of balance
measures in cerebellar ataxia: A prospective study with 12-month follow-up. PM&R.
(2022) 15:742–50. doi: 10.1002/pmrj.12826

34. Peterka RJ, Black FO. Age-related changes in human posture control: sensory
organization tests. J Vestib Res. (1990) 1:73–85. doi: 10.3233/VES-1990-1108

35. Kawahara Y, Ikeda Y, Deguchi K, Kurata T, Hishikawa N, Sato K, et al.
Simultaneous assessment of cognitive and affective functions in multiple system
atrophy and cortical cerebellar atrophy in relation to computerized touch-panel
screening tests. J Neurol Sci. (2015) 351:24–30. doi: 10.1016/j.jns.2015.02.010

36. Schmitz-Hübsch T, du Montcel ST, Baliko L, Berciano J, Boesch S, Depondt C,
et al. Scale for the assessment and rating of ataxia Development of a new clinical scale.
Neurology. (2006) 66:1717–20. doi: 10.1212/01.wnl.0000219042.60538.92

37. Group TE. EuroQol-a new facility for the measurement of health-related quality
of life. Health Policy. (1990) 16:199–208. doi: 10.1016/0168-8510(90)90421-9

38. Winser SJ, Kannan P, Bello UM, Whitney SL. Measures of balance and falls risk
prediction in people with Parkinson’s disease: a systematic review of psychometric
properties. Clin Rehabil. (2019) 33:1949–62. doi: 10.1177/0269215519877498

39. Cohen J. Statistical Power Analysis for the Behavioral Sciences. Hillsdale, NJ: L.
Erlbaum Associates (1988).

40. Wang R-Y, Huang F-Y, Soong B-W, Huang S-F, Yang Y-R. A randomized
controlled pilot trial of game-based training in individuals with spinocerebellar ataxia
type 3. Sci Rep. (2018) 8:7816. doi: 10.1038/s41598-018-26109-w

41. Panzeri D, Bettinelli MS, Biffi E, Rossi F, Pellegrini C, Orsini N, et al.
Application of the Scale for the Assessment and Rating of Ataxia (SARA) in pediatric
oncology patients: a multicenter study. Pediatr Hematol Oncol. (2020) 37:687–95.
doi: 10.1080/08880018.2020.1785600

42. Ballesteros S, Manga D, Coello T. Attentional resources in dual-task
performance. Bull Psychon Soc. (1989) 27:425–8. doi: 10.3758/BF03334645

43. Khan MJ, Kannan P, Wong TW-L, Fong KNK, Winser SJ. A systematic review
exploring the theories underlying the improvement of balance and reduction in falls
following dual-task training among older adults. Int J Environ Res Public Health. (2022)
19:16890. doi: 10.3390/ijerph192416890

44. Kraan CM, Hocking DR, Georgiou-Karistianis N, Metcalfe SA, Archibald AD,
Fielding J, et al. Cognitive-motor interference during postural control indicates at-
risk cerebellar profiles in females with the FMR1 premutation. Behav Brain Res. (2013)
253:329–36. doi: 10.1016/j.bbr.2013.07.033

45. Kramer AF, Larish JF, Strayer DL. Training for attentional control in dual
task settings: a comparison of young and old adults. J Exper Psychol. (1995)
1:50. doi: 10.1037/1076-898X.1.1.50

46. Gordon CR, Zivotofsky AZ, Caspi A. Impaired vestibulo-ocular reflex (VOR) in
spinocerebellar ataxia type 3 (SCA3): bedside and search coil evaluation. J Vestib Res.
(2014) 24:351–5. doi: 10.3233/VES-140527

47. Dankova M, Jerabek J, Jester DJ, Zumrova A, Paulasova Schwabova J,
Cerny R, et al. Clinical dynamic visual acuity in patients with cerebellar ataxia
and vestibulopathy. PLoS ONE. (2021) 16:e0255299. doi: 10.1371/journal.pone.0
255299

48. Dakin CJ, Peters A, Giunti P, Day BL. Cerebellar degeneration increases
visual influence on dynamic estimates of verticality. Curr Biol. (2018) 28:3589–
98.e3. doi: 10.1016/j.cub.2018.09.049

49. Schmitz-Hübsch T, Fimmers R, Rakowicz M, Rola R, Zdzienicka E, Fancellu R,
et al. Responsiveness of different rating instruments in spinocerebellar ataxia patients.
Neurology. (2010) 74:678–84. doi: 10.1212/WNL.0b013e3181d1a6c9

50. Tang Y. The MoCA as a cognitive screening tool for Mild Cognitive
Impairment (MCI) in elderly adults in China. Psychiatry Res. (2020)
291:113210. doi: 10.1016/j.psychres.2020.113210

Frontiers inNeurology 11 frontiersin.org

https://doi.org/10.3389/fneur.2023.1267099
https://doi.org/10.1177/0269215514536412
https://doi.org/10.1002/mds.20375
https://doi.org/10.1007/s00415-013-6910-6
https://doi.org/10.1080/09593985.2022.2037115
https://doi.org/10.1152/jn.00943.2004
https://doi.org/10.1007/s00221-005-0096-9
https://doi.org/10.1016/S0966-6362(03)00006-7
https://doi.org/10.1186/s12877-016-0315-1
https://doi.org/10.1016/j.neuroimage.2012.10.004
https://doi.org/10.5709/acp-0204-7
https://doi.org/10.1111/j.1460-9568.2005.04298.x
https://doi.org/10.1046/j.1532-5415.2003.51516.x
https://doi.org/10.1186/s40673-015-0025-z
https://doi.org/10.1002/mds.25558
https://doi.org/10.1590/1678-7153.201427216
https://doi.org/10.1177/0269215518758482
https://doi.org/10.1002/mds.27014
https://doi.org/10.1017/S1355617708090152
https://doi.org/10.1152/jn.00062.2013
https://doi.org/10.21653/tfrd.269043
https://doi.org/10.1002/pbc.30613
https://doi.org/10.1016/j.mehy.2019.03.001
https://doi.org/10.1177/070674370705200508
https://doi.org/10.1212/WNL.0b013e3181c33adf
https://doi.org/10.1016/j.apmr.2016.07.023
https://doi.org/10.1002/pmrj.12826
https://doi.org/10.3233/VES-1990-1108
https://doi.org/10.1016/j.jns.2015.02.010
https://doi.org/10.1212/01.wnl.0000219042.60538.92
https://doi.org/10.1016/0168-8510(90)90421-9
https://doi.org/10.1177/0269215519877498
https://doi.org/10.1038/s41598-018-26109-w
https://doi.org/10.1080/08880018.2020.1785600
https://doi.org/10.3758/BF03334645
https://doi.org/10.3390/ijerph192416890
https://doi.org/10.1016/j.bbr.2013.07.033
https://doi.org/10.1037/1076-898X.1.1.50
https://doi.org/10.3233/VES-140527
https://doi.org/10.1371/journal.pone.0255299
https://doi.org/10.1016/j.cub.2018.09.049
https://doi.org/10.1212/WNL.0b013e3181d1a6c9
https://doi.org/10.1016/j.psychres.2020.113210
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Effectiveness and cost of integrated cognitive and balance training for balance and falls in cerebellar ataxia: a blinded two-arm parallel group RCT
	Introduction
	Materials and methods
	Primary outcome measure
	Secondary outcome measures
	Adherence
	Cost estimation
	Statistical analyses

	Results
	Effect of exercise on dual tasking
	Effect of exercise on dynamic balance
	Effect of intervention on falls
	Effect of exercise on disease severity
	Effect of exercise on health-related quality of life and cognitive function
	Cost

	Discussion
	Strengths and limitations of the study

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


