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Objective  To clarify the profile of cognitive dysfunction and the effects of intensive exercise in spinocerebellar 
degeneration (SCD). 
Methods  We enrolled 60 healthy controls and 16 patients with purely cerebellar type SCD without gait disturbance 
or organic changes other than cerebellar changes. To assess cognitive function, we evaluated the participants 
using the Mini-Mental State Examination (MMSE), Frontal Assessment Battery (FAB), and Montreal Cognitive 
Assessment-Japanese (MoCA-J) at admission and after intensive exercise. 
Results  Compared to the controls, SCD patients showed significant cognitive decline. As a result of intensive 
exercise, significant improvements in motor and cognitive functions were observed: the MMSE score improved 
from 27.7±1.9 to 29.0±1.3 points (p<0.001); the FAB score improved from 14.8±2.2 to 15.8±2.0 points (p=0.002); and 
the MoCA-J score improved from 24.6±2.2 to 26.7±1.9 points (p<0.001). For sub-scores, significant improvements 
were noted in serial 7, lexical fluency, motor series, and delayed recall. 
Conclusion  Our study indicates that intensive exercise can be effective not only for motor dysfunction but also for 
cognitive dysfunction (Clinical Trial Registration No. UMIN-CTR: UMIN000040079).
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INTRODUCTION

Patients with lesions involving the posterior lobe and 
vermis of the cerebellum have been found to have execu-
tive dysfunction, spatial cognitive impairments, affective 
disorder, and linguistic processing disorder. Schmah-
mann and Sherman [1] referred to the condition char-
acterized by these cognitive dysfunctions as “cerebellar 
cognitive affective syndrome.” In subsequent studies, 
physiological, anatomical, and functional neuroimag-
ing indicated cerebellar posterior lobe activation during 
a variety of cognitive tasks [2-4]. In particular, lobule VII 
(including Crus I and Crus II) participates in cognitive 
function, and there are circuits between the cerebellum 
and cerebrum that are involved in cognitive function 
[2,4].

Previous studies have found cognitive dysfunction in 
patients with spinocerebellar degeneration (SCD), in-
cluding spinocerebellar ataxia (SCA) types 1, 2, 3, and 6, 
multiple system atrophy, and cortical cerebellar atrophy 
(CCA) [5-11]. Patients with SCA6, representing pure cer-
ebellar degeneration, present with a significant decline 
in lexical fluency, visual memory, and mild executive 
dysfunction involving tasks such as cognitive flexibility, 
response inhibition, and sequencing [8,9,11]. In addi-
tion, frontal dysfunction and cognitive decline have been 
observed in CCA [10]. Intensive exercise is a major mile-
stone in the current treatment for motor dysfunction in 
SCD [12,13]. However, the effects of intensive exercise on 
cognitive dysfunction in SCD remain unclear.

We hypothesized that intensive exercise incorporating 
aerobic exercise may improve not only motor dysfunction 
but also cognitive dysfunction in patients with SCD. In 
the present study, we sought (1) to determine the profile 
of cognitive dysfunction in patients with SCD of the pure-
ly cerebellar type and (2) to clarify the effect of 4 weeks 
of intensive exercise on the cognitive function of patients 
with SCD of the purely cerebellar type.

MATERIALS AND METHODS

Patient group
Herein, SCD patients were recruited between April 

2018 and January 2020. To simplify the interpretation of 
the relationship between the cerebellum and cognitive 
function, we enrolled patients diagnosed with SCD of 

the purely cerebellar type (CCA, SCA6, and SCA31), who 
were identified by an expert neurologist based on the 
results of DNA analysis. Particularly, CCA was diagnosed 
in patients with no family history of cerebellar ataxia and 
no evidence of secondary ataxia. Patients with CCA were 
observed for ≥5 years from the onset of disease, which 
allowed for multiple system atrophy to be excluded. In 
addition, patients had to be capable of independent ac-
tivities of daily living (ADL) and walking, to be eligible 
for the study. Exclusion criteria included any abnormali-
ties other than those within the cerebellum on magnetic 
resonance imaging and voxel-based specific regional 
analysis system for Alzheimer’s disease (VSRAD), muscle 
weakness, marked range of motion limitation, sensory 
deficits including superficial/deep sensation, vestibular 
dysfunction, motor dysfunction due to other diseases, 
and mental illness.

Healthy control group
As a control group, we recruited volunteers with no his-

tory of neurological or psychiatric disorders that affect 
cognitive function and selected those of the equal age 
and education.

Study design
This was a comparative study with a control group for 

assessing cognitive function, but a single-arm pilot study 
with only an intervention group and no comparison 
group for assessing post-exercise intervention. Each par-
ticipant in the control group underwent cognitive func-
tion tests. Participants in the patient group underwent 
cognitive and motor function and ADL assessments on 
admission. The same assessments were then performed 
again after intensive exercise therapy to evaluate the ef-
fect of exercise.

Evaluation of cognitive function
Cognitive function tests were administered to all sub-

jects, including the Mini-Mental State Examination 
(MMSE), the Frontal Assessment Battery (FAB), and the 
Montreal Cognitive Assessment-Japanese (MoCA-J). 
The MMSE is a clinical scale for assessing general cogni-
tive dysfunction with scores ranging from 30 (normal) 
to 0 (most severe). MMSE was performed to ensure that 
there was no serious overall cognitive dysfunction. The 
FAB assesses frontal cognitive dysfunction with scores 
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ranging from 18 (normal) to 0 (most severe). The patient 
was evaluated for frontal dysfunction, which shows a de-
crease in SCD. The MoCA is a clinical scale for assessing 
mild cognitive dysfunction where scores range from 30 
(normal) to 0 (most severe). It was chosen for its superior 
sensitivity to detect patients with mild cognitive impair-
ment (MCI) and reflects frontal functions such as atten-
tion, working memory, and abstract thinking [14]. The 
same occupational therapist, blinded to the study design, 
performed these evaluations.

Evaluation of motor function and ADL
Motor function and ADL assessment was performed 

only in the patient group. Motor function was evalu-
ated by the Scale for the Assessment and Rating of Ataxia 
(SARA) and the Berg Balance Scale (BBS). The SARA is 
a standardized clinical scale for assessing ataxia, with 
scores ranging from 0 (normal) to 40 (most severe). The 
BBS is a clinical scale for assessing functional balance 
performance, with scores from 56 (normal) to 0 (most 
severe). ADLs were evaluated using the Functional Inde-
pendence Measure (FIM). In the FIM, scores range from 
126 (normal) to 18 (most severe). The same physiothera-
pist, blinded to the study design, performed these evalu-
ations.

Exercise
Intensive exercise consisted of 4 weeks of physiotherapy 

(60 minutes, twice daily) and aerobic exercise (30 min-
utes/day), performed 6 days/week. Physiotherapy com-
prised goal-based training, including the following cat-
egories: (1) static balance (e.g., kneeling and standing on 
one leg); (2) dynamic balance (e.g., side-step and climb-
ing up and down stairs); (3) whole-body movements 
to train trunk-limb coordination; and (4) walking (e.g., 
walking indoors and outdoors). Each patient received 
an individual exercise schedule for these categories. The 
physical therapy sessions were supervised by a physical 
therapist and constituted goal-based training that includ-
ed cognitive engagement such as learning, motivation, 
and attention maintenance through verbal and visual 
feedback during exercise. Although the exercise content 
was standardized, the difficulty of the exercises was ad-
justed according to each patient’s severity of ataxia and 
balance ability. The difficulty level was adjusted when 
the patients significantly lost their balance or found the 

exercise too difficult. Additionally, the intensity of aero-
bic exercise was assessed using the Borg scale. This scale 
is often used to quantify an individual’s perception dur-
ing exercise [15]. The intensity was prescribed as 10−13 
on the Borg scale. Aerobic exercise was performed using 
a treadmill.

Statistical analyses
Comparisons of cognitive function between the patient 

and control groups were made using the Mann-Whitney 
U test. The effects of intensive exercise on motor dysfunc-
tion, impairment of ADLs, and cognitive dysfunction 
were analyzed by paired t-tests and Wilcoxon signed-rank 
tests, as applicable. In addition, to compute the power 
of the statistical test, we used a post hoc power analysis. 
Statistical evaluations were performed using JMP version 
14 (SAS Institute, Cary, NC, USA) and G*Power 3.1. The 
p-values <0.05 were considered statistically significant.

Ethical considerations
This study protocol was approved by the Institutional 

Review Board of Kumamoto Southern Regional Hospi-
tal (No. H30-01) in January 2018, and written informed 
consent was obtained from each patient. This study was 
registered with the University hospital Medical Infor-
mation Network (UMIN) Clinical Trials Registry (No. 
UMIN000040079) in April 2018.

Table 1. Characteristics of patients with purely cerebellar 
type SCD and healthy controls

Characteristic
Controls 
(n=60)

SCD  
(n=16)

p-value

Age (yr) 65.1±8.5 64.9±8.1 0.91

Age at education (yr) 13.1±2.7 13.5±2.3 0.53

Sex

    Male 28 11

    Female 32 5

Age at onset (yr) - 60.3±8.5

Disease duration (yr) - 4.6±3.6

Diagnosis 

    CCA - 7

    SCA6 - 8

    SCA31 - 1

Values are presented as mean±standard deviation.
SCD, spinocerebellar degeneration; CCA, cortical cer-
ebellar ataxia; SCA, spinocerebellar ataxia.
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RESULTS

This study included 16 patients with purely cerebellar 
type SCD—CCA (n=7), SCA6 (n=8), and SCA31 (n=1). 
The mean age was 64.9±8.1 years; the mean duration of 
disease, 4.6±3.6 years; the male/female ratio, 11:5; and 
years of education, 13.5±2.3 years. Eight patients had 
full-time employment. The usual exercise undertaken 
by six patients consisted of only light walking or stretch-
ing. All patients were taking taltirelin hydrate. Moreover, 
no patient had previously undergone rehabilitation for 
ataxia. In addition, 60 age-and-sex and years-of-educa-
tion matched subjects were included as healthy controls 
in this study (mean age, 65.1±8.5 years; male/female ra-
tio, 28:32; and years of education, 13.2±2.5 years). Table 
1 shows the characteristics of the patients with SCD of 
purely cerebellar type and healthy controls. 

Comparison of cognitive function in patients with SCD 
and controls

Compared to healthy controls (MMSE 29.0±1.6, FAB 
16.2±2.1, MoCA-J 27.3±2.6), patients with SCD of purely 
cerebellar type showed significant declines in the results 
of all cognitive function tests including MMSE (27.7±1.9, 
p=0.001), FAB (14.8±2.2, p=0.006), and MoCA-J (24.6±2.2, 
p<0.001) (Fig. 1). By item, there was a significant de-
crease in serial 7 (p<0.001) on the MMSE; lexical fluency 
(p<0.001) and motor series (p=0.006) on the FAB; and 
serial 7 (p=0.007), language repeat (p<0.001), language 
fluency (p<0.001), abstraction (p<0.001), and on MoCA-J 
(Fig. 2).

Motor function and ADL
On assessment using the SARA, patients showed limb/

trunk ataxia and ataxic dysarthria before exercise. SARA 
scores significantly improved from 10.7 to 8.1 points after 
exercise (p<0.001, effect size of -1.53, power 1-β=0.99) 
(Fig. 3A). In particular, the improvement in truncal ataxia 
(gait and stance) was more prominent. On assessment 
using the BBS, patients showed impaired balance abil-
ity, including “tandem standing,” “standing on one leg,” 
“turning 360º,” and “placing alternate foot on stool” 
before exercise. BBS scores significantly increased from 
43.6 to 48.8 points after exercise (p<0.001, effect size of 
1.61, power 1-β=0.99) (Fig. 3B). Regarding ADLs, patients 
showed reduction in the scores for items of locomotion 
before exercise. FIM scores significantly increased from 
119.7 to 122.3 points after exercise (p<0.001, effect size of 
1.13, power 1-β=0.98) (Fig. 3C). The improvements were 
more prominent for gait and climbing up/downstairs 
than for other FIM motor items.

Cognitive function
MMSE scores significantly improved from 27.7 to 29.0 

points after exercise (p<0.001, effect size of 1.31, power 
1-β=0.99) (Fig. 4A). In particular, the improvement in 
the serial 7 score (0.9 points) was significant (p=0.007, 
effect size of 0.8, power 1-β=0.82) (Fig. 4B). FAB scores 
increased significantly from 14.8 to 15.8 points after ex-
ercise (p=0.002, effect size of 0.91, power 1-β=0.91) (Fig. 
5A). Particular improvements were observed in the lexi-
cal fluency scores (0.5 points) (p=0.04, effect size of 0.8, 
power 1-β=0.82) and motor series scores (0.4 points) 
(p=0.04, effect size of 0.8, power 1-β=0.82) (Fig. 5B). 
MoCA-J scores significantly increased from 24.6 to 26.7 

Fig. 1. Cognitive function scores for (A) MMSE, (B) FAB, and (C) MoCA-J comparing healthy controls and SCD. Note 
the significant reduction in MMSE, FAB, and MoCA-J scores of patients with SCD compared to healthy controls. SCD, 
spinocerebellar degeneration; MMSE, Mini-Mental State Examination; FAB, Frontal Assessment Battery; MoCA-J, 
Montreal Cognitive Assessment-Japanese. **p<0.01, ***p<0.001.
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points after exercise (p<0.001, effect size of 1.17, power 
1-β=0.99) (Fig. 6A). Particularly, improvement was seen 
in the delayed recall scores (0.9 points) (p=0.003, effect 
size of 0.9, power 1-β=0.91) (Fig. 6B).

DISCUSSION

In this study, cognitive function was compared between 
patients with purely cerebellar type SCD and healthy 
controls. Subsequently, 16 patients with SCD performed 
physiotherapy consisting of goal-based training (balance 
and walking training) and aerobic exercise for 4 weeks. 

Fig. 2. Item-specific scores of cognitive function measures for (A) MMSE, (B) FAB, and (C) MoCA-J comparing healthy 
controls and patients with SCD. There was a significant decrease in (A) serial 7 (p<0.001) on the MMSE; (b) lexical flu-
ency (p<0.001) and motor series (p=0.006) on the FAB; and (c) serial 7 (p=0.007), language repeat (p<0.001), language 
fluency (p<0.001), and abstraction (p<0.001) on the MoCA-J. SCD, spinocerebellar degeneration; MMSE, Mini-Mental 
State Examination; FAB, Frontal Assessment Battery; MoCA-J, Montreal Cognitive Assessment-Japanese. **p<0.01, 
***p<0.001.
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Our results demonstrate that compared to the controls, 
SCD patients showed a significant decline in cognitive 
function. Furthermore, 4 weeks of intensive exercise sig-
nificantly improved their motor dysfunction, impairment 
of ADLs, and cognitive dysfunction.

Comparison of cognitive function in patients with SCD 
and control group

The present study showed that MMSE, FAB, and MoCA-
J scores showed significant declines in patients with 
SCD compared to healthy controls, indicating a possible 
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Fig. 3. Comparison of motor function and ADL before and after exercise. (A) SARA scores (significantly improved from 
10.7±4.7 to 8.0±4.1 points after exercise). (B) BBS scores (significantly increased from 43.6±8.7 to 48.8±7.1 points after 
exercise). (C) FIM scores (significantly increased from 119.7±5.2 to 122.3±3.8 points after exercise). Each letter from 
A through P corresponds to a different patient. ADL, activities of daily living; BE, before exercise; AE, after exercise; 
SARA, Scale for the Assessment and Rating of Ataxia; BBS, Berg Balance Scale; FIM, Functional Independence Mea-
sure. *** p<0.001.
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decline in cognitive function. It has been reported that 
patients with SCD have lower MMSE, FAB, and MoCA-
J scores compared to healthy controls, consistent with 
previous reports [8,10]. By item, verbal fluency, serial 7, 

motor series, language repeat, and abstraction, showed 
declines. The verbal fluency task requires participants 
to recall as many words beginning with a given letter as 
possible in a 1-minute trial. Functional imaging studies 
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have shown activation of cerebellar and cortical areas 
during the verbal fluency task [16]. In addition, a de-
crease in verbal fluency in SCD has been reported, sup-
porting our finding [7,8,17]. Serial 7 is known to be a test 
of attention and working memory [18]. There have been 
reports of decreased attentional function and working 
memory in SCD [7,18,19], and it is possible that these 
factors influenced the decrease in the serial 7 test. The 
motor series is known as a test of executive function [20]. 
It is widely known that executive function is impaired in 
SCD [5,6,8,9]. Furthermore, our result is supported by re-
ports that Luria’s fist-edge-palm test, a motor series task, 
is impaired in patients with stroke, limited only to the 
cerebellum [21]. Language repeat is a task of language 
function and verbal memory, in which participants listen 
to, retain, and recite a sentence. Here, the percentage of 
correct responses was high for short sentences, but omis-
sions and substitutions were conspicuous for long sen-
tences and interfered with the performance of the task. 
It has been reported that patients with cerebellar dam-
age experience impairment in language memory and 
language dysfunctions other than dysarthria [5,22-24]. 
Furthermore, patients with neurodegenerative cerebellar 
ataxia tend to perform better on cued tasks that do not 
require vocalization. Increased cognitive load required 
for vocalization has been reported to reduce cognitive 
task performance [25]. Thus, it is possible that the effects 
of the cognitive load of language impairment, verbal 
memory impairment, and dysarthria led to the decrease 
in the language repeat item. Conceptualization involves 
conceptualizing the link between two objects. Our result 
is consistent with previous reports that cerebellar damage 
reduces verbal conceptualization and abstract reasoning 
[6,26]. 

The role of the cerebellum in cognitive tasks has been 
discussed as part of a wider network of regions that 
include the prefrontal cortex and other areas, and ana-
tomical studies have reported connections between the 
cerebellum and the prefrontal cortex [5]. Schmahmann 
and Sherman [1] demonstrated that damage to the cer-
ebellum alone can affect cognitive function. In a group 
of patients with SCA6, Kawai et al. [27] found evidence 
of reduced cerebral blood flow in the prefrontal cortex 
that correlated with reduced performance on cognitive 
tasks. These findings may reflect cognitive decline due 
to dysfunction of the circuit with the prefrontal cortex 

caused by cerebellar damage. The participants in this 
study had purely cerebellar type SCD, limited only to the 
cerebellum, as cases with organic changes outside the 
cerebellum were excluded. This means that the cognitive 
dysfunction observed in this study is attributable to dam-
age to the cerebellum and may be specific to SCD.

Improvement of motor dysfunction and impairment of 
ADL

The patients in this study showed limb/trunk ataxia 
resulting from impaired motor control involving only 
cerebellar degeneration. Therefore, balance and gait 
disorders were attributed to ataxia. Previous studies 
have shown that continuous coordination exercise for 
4 weeks can improve motor performance and reduce 
ataxia symptoms in patients with SCD [12]. In addition, a 
previous randomized controlled trial found that 4 weeks 
of intensive rehabilitation significantly improved ataxia, 
ADLs, and gait in 42 patients with purely cerebellar type 
SCD [13]. The present study also showed that 4 weeks of 
intensive exercise could significantly improve scores on 
all evaluations (SARA, BBS, and ADL) in patients with 
purely cerebellar type SCD. These results are consistent 
with those of previous studies.

Improvement of cognitive dysfunction
Interestingly, the results show a significant improve-

ment in all cognitive evaluations of MMSE, FAB, and 
MoCA-J after intensive exercise. In particular, cognitive 
function was significantly improved in items involving 
series 7, verbal fluency, motor series, and delayed recall. 
To the best of our knowledge, there have been no reports 
on the effects of intensive exercise on cognitive dysfunc-
tion in human SCD, and this is the first report. 

In this study, physiotherapy consisting of goal-based 
training (balance and walking training) and aerobic ex-
ercise were performed for 4 weeks. The effects of exercise 
on cognitive function are widely known. Many neuro-
degenerative diseases with cognitive dysfunction other 
than SCD have been investigated in a variety of ways. 
It has previously been reported that exercise improved 
cognitive dysfunction in patients with Parkinson disease 
(PD) and Alzheimer disease (AD) [28-31]. A randomized 
controlled trial (n=40) in PD reported that 4 weeks of 
physiotherapy (6 sessions/week, 1 hour), including goal-
based training and aerobic exercise, showed improve-
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ments in attention and executive function in addition to 
MMSE and MoCA [31]. Furthermore, studies suggest that 
exercise in AD and PD may impart cognitive function 
improvement by promoting neurogenesis and synapse 
formation through increased release of neurotrophic fac-
tors and angiogenesis and by promoting neuroplasticity 
in the brain [28-30]. Thus, exercise may be effective to 
improve cognitive dysfunction in neurodegenerative dis-
eases.

However, although studies of human SCD have not re-
ported any effects of exercise on cognitive dysfunction, 
it has been reported that physical activity significantly 
increased spatial learning ability in animal models of 
SCD [32]. This suggests that exercise has the potential to 
improve cognitive dysfunction in SCD. In studies of hu-
man, there are some very interesting reports. Burciu et 
al. [33] performed voxel-based morphometry (VBM) in 
19 patients with cerebellar degeneration and observed 
a 2-week training-related increase in dorsal premotor 
cortex volume, insular cortex volume, anterior cingulate 
cortex volume and Crus I volume in the cerebellum. It is 
considered that these results reflect increase in the use 
of attention to the task and/or increased use of cogni-
tive strategies in the motor learning. Considering thus 
reports, the effects of verbal and visual feedback and mo-
tor learning by the physical therapists in this study may 
have a positive effect on these brain regions. Increased 
capacity of the cingulate and bilateral insular cortices, 
which are involved in executive function systems of top-
down control, such as attention allocation, may smooth 
the processing of cognitive tasks [34]. Crus I and Crus II 
regions of the cerebellum have also been reported to be 
associated with phonemic fluency, working memory, 
delayed recall, and motor tasks [35,36]. This suggests 
that increased volume of Crus I has the potential to im-
prove cognitive function. Furthermore, aerobic exercise 
contributes to brain health through neuroprotective and 
anti-inflammatory effects [37,38]. This is no exception in 
the cerebellum, regarding which, for example, treadmill 
exercise has been reported to be effective against cogni-
tive dysfunction after chronic cerebral hypoperfusion in 
rats by inhibiting the loss of Purkinje cell in the posterior 
lobe of the cerebellum [39]. Thus, exercise has the poten-
tial to improve cerebellum-related cognitive dysfunction. 
Physiotherapy consisting of goal-based training (balance 
and walking training) and aerobic exercise in this study 

may be involved in structural changes and protection of 
the brain and may improve cognitive functions. 

In summary, our results suggest that exercise interven-
tions for SCD may improve cognitive function. Converse-
ly, the improvements were localized and did not cover all 
cognitive functions that were impaired in the patients. 
Additional large-scale studies are needed to determine 
which cognitive functions exercise is effective for and 
what types of exercise are effective.

Limitations and future prospects
This study has several limitations. First, this was a 

single-arm study, and there was no comparison group. 
Therefore, it is unclear how specific exercises affected 
cognitive dysfunction. To elucidate the effect of specific 
exercises, it is necessary to conduct randomized con-
trolled trials for each exercise program. The second limi-
tation was the sample size. Our sample size was small be-
cause this was a single-center study targeting SCD of the 
purely cerebellar type. Therefore, in the future, we will 
consider expanding the study to different medical cen-
ters and including different types of SCD. However, our 
post-hoc power analyses of the statistical tests showed 
that most analyses had sufficient power. Third, we did 
not exclude elderly people and thus may have included 
patients with impaired cognitive function in this study. 
However, it was unlikely that only age affected cognitive 
dysfunction in patients because middle-aged people also 
showed cognitive dysfunction relevant to the frontal lobe. 
To clarify the effects of exercise, an age restriction may be 
required in future research. Fourth, we described the ef-
fects on neural plasticity and neural circuits in improving 
cognitive dysfunction but did not examine these in de-
tail. Neurotrophic factors (important for neural plastic-
ity) and exercise-related brain changes can be clinically 
measured using blood testing and neuroimaging tools 
(especially VBM), respectively. Such prospective stud-
ies are currently in progress. Fifth, it is unclear whether 
functional gains can be sustained over several months 
after intensive exercise because SCD is a progressive neu-
rodegenerative disease. The long-term effects of exercise 
require further investigation.

CONCLUSION

In this study, the purely cerebellar type SCD group 
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showed a decline in cognitive function compared to the 
healthy control group. This suggests that in providing 
rehabilitation treatment, it is necessary to consider ap-
proaches to tackle cognitive dysfunction and motor dys-
function. Therefore, we conducted an intensive 4-week 
exercise program in patients with purely cerebellar type 
SCD. The results suggest that intensive exercise is effec-
tive not only for motor dysfunction, but also for cognitive 
dysfunction. This can be expected to have a positive im-
pact on future treatment planning.
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