www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Impact of rehabilitation on quality
of life in patients with degenerative
cerebellar ataxias using structural
equation modeling
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Toshiyuki Fujiwaral-®

Degenerative cerebellar ataxias (DCAs) are progressive diseases that reduce quality of life (QoL).

This study aimed to assess the impact of rehabilitation on QoL in patients with DCAs using structural
equation modeling (SEM). This cross-sectional survey included members of a national Japanese DCAs
patient association. Assessed latent variables included personal, medical, and environmental factors,
impairments, activity limitations, rehabilitation (participation quantity and patient-reported quality),
and QoL. SEM was used to explore causal relationships between these latent variables. Overall, 477
participants (mean age 65.4 years; 45.1% female) were included. Impairments were categorized as
primary and secondary, based on preliminary analyses. The final model demonstrated acceptable-
to-good fit indices, explaining 74% of the variance in QoL. The model paths showed that activity
limitations, secondary impairments, and rehabilitation quality had a direct effect on QoL, in that order.
The quantity of rehabilitation had an indirect effect on QoL through its direct effect on secondary
impairments and quality of rehabilitation. These findings suggest that rehabilitation interventions
improve QoL in the DCA population, but its effects vary depending on the quantity and quality of
rehabilitation. However, the cross-sectional study design limits the ability to draw causal conclusions
and longitudinal studies are needed for confirmation.
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Degenerative cerebellar ataxias (DCAs) are a group of sporadic or hereditary diseases characterized by
progressive degeneration that mainly affects the cerebellum!2. Sporadic ataxia includes multiple system atrophy
(MSA), whereas hereditary ataxia is classified as autosomal dominant spinocerebellar ataxia (SCA) or autosomal
recessive CA’. Patients with DCAs may exhibit a pure cerebellar phenotype or a combination of systemic
disorders that include extracerebellar symptoms, such as extrapyramidal movement disorders and autonomic
dysfunction®*. Recent studies suggest that DCAs lead to more extensive symptoms than previously understood,
prompting a need for reassessment of the full range of symptoms?>. Regardless of the disease subtype, quality
of life (QoL) is a crucial outcome in DCAs, and is notoriously difficult to manages’ﬁ. In fact, some studies have
shown that patients with DCAs experience significantly lower QoL than does the general population, with
progressive decline over time>’~!2,

Although no definitive treatments exist for DCAs, rehabilitation is essential in managing the condition
Rehabilitation interventions aim to improve the activities of daily living (ADLs) and QoL in these patients!°. There
is evidence that rehabilitation, including physical and occupational therapy, can improve mainly ataxia, balance,
and mobility, based on the integration of several clinical trials'#!6-18 Tt is possible that these functional factors,
and improvements in ADL, contribute to an improved QoL. However, there is currently a lack of consistent
evidence showing direct improvement in QoL through rehabilitation!®!®. Our study posed a simple yet vital
research question: Do rehabilitation interventions improve QoL in a diverse sample of the DCA population? To
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answer this question, a model that clarifies the key elements of QoL and its causal relationship with rehabilitation
is required'®. This can be achieved using structural equation modeling (SEM) to visualize complex components
that define QoL for patients with DCAs. SEM integrates multiple observed variables as latent variables, and
estimates the hypothesized underlying structural relationships between them. Unlike statistical prediction,
SEM is grounded in probabilistic causal modeling?. This approach is ideal for investigating the relationships
between QoL and its predictors. For instance, SEM has quantified QoL effects in various populations, including
those with Parkinson’s disease?!, multiple sclerosis??, amyotrophic lateral sclerosis**, and spinal cord injury?*.
Demonstrating a causal relationship between rehabilitation and QoL in a large, diverse population of patients
with DCA, rather than in a limited sample or specific subtype, will enhance our understanding of the overall
effect of rehabilitation. These results can guide clinicians in identifying key variables affecting QoL, including
rehabilitation factors, and inform future clinical practice.

Therefore, this study aimed to explore the framework of QoL, using multidimensional data from a diverse DCA
population, and assess the overall effects of rehabilitation. The focus was on health-related QoL, encompassing
aspects affected by health status and potentially influenced by medical care®. We hypothesized that rehabilitation
interventions would improve QoL directly or indirectly, by optimizing function and activity domains.

Results
Baseline characteristics of the study population
Of the 1000 individuals surveyed, 591 responded, and 477 met the eligibility criteria (Fig. 1). Table 1 summarizes
the characteristics of the final participants (additional details in Supplementary Table S1). The mean age was
65.4 years (standard deviation [SD] 12.4), and 214 (45.1%) were women. The DCA type was identified in 322
participants (69.1%). The median disease duration was 10.8 years (interquartile range [IQR] 6.0-18.2), and the
average number of types of medication per day was 4.4 (SD 3.5). Falls in the past year, categorized as none,
once, 2-9 times, or more than 10 times, were reported by 365 participants (79.7%). Regarding residence type,
444 participants (93.5%) lived at home, 58 (12.7%) lived alone, and 62 (11.9%) had no caregiver. The severity
of impairments was widely reported, with the most frequent being imbalance (median 3 [IQR 2-3]), ataxia
(median 3 [IQR 2-3]), weakness (median 2 [IQR 1-3]), fatigue (median 2 [IQR 1-2]), and speech dysarthria
(median 2 [IQR 1-3]). The median modified Rankin scale (mRS) score was 4 (IQR 3-4), and 110 participants
(23.9%) were fully independent or had modified independence. Independent or modified independent walking
was reported by 165 (35.8%) participants for indoor mobility and 149 (31.8%) for outdoor mobility. The mean
Barthel index (BI) was 70.1 (SD 36.6), and the mean Life-Space Assessment (LSA) score was 36.7 (SD 28.4).
Regarding rehabilitation, 368 participants (77.1%) received professional rehabilitation, including physical
therapy (84.2%), speech-language-hearing therapy (45.4%), and occupational therapy (42.4%). The median
total rehabilitation time was 320 min per month (IQR 160-720), and the median duration of rehabilitation was
30 months (IQR 2-71.5). Among those who received rehabilitation, the mean scores for effects of rehabilitation,
self-efficacy of rehabilitation, and satisfaction with rehabilitation ranged from 6.1 to 6.5 (SD 2.4-2.5), whereas the
mean score for motivation for rehabilitation was 7.2 (SD 2.4). For QoL, the mean EQ index was 0.49 (SD 0.23),
and the mean EuroQoL Visual Analogue Scale (EQ-VAS) score was 57.9 (SD 23.9). The mean life satisfaction
score was 5.1 (SD 2.3).

SEM

The exploratory correlation analysis did not indicate significant multicollinearity (Supplementary Table S2).
Based on the results of the preliminary confirmatory factor analysis (CFA), the impairments were dichotomized
and the latent variables for primary and secondary impairments were redefined. After confirming that all local

Members of the Japanese
SCD&MSA patient association
n = 1000

!

Number of responses

n =591
114 excluded
absence of a DCA diagnosis (n = 80)
»| age under 18 years (n = 0)
lack of consent for data use (n = 16)
incomplete responses for more than 20% of the survey (n = 18)
A

Analysis
n =477

Fig. 1. Flowchart of participant enrollment. Abbreviations: SCD, spinocerebellar degeneration; MSA, multiple
system atrophy; DCA: degenerative cerebellar ataxia.
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Applicable sample, Median (25%,
Latent variables Observed variables [range], adopted resp Data available, n (%) | n (%) Mean (SD) 75% IQR)
pl | Agey 477 (100.0) 65.4 (12.4) 67 (57, 74)
p2 | Sex, male 475 (99.6) 261 (54.9)
Personal factors
p3 | Body mass index, kg/m? 465 (97.5) 21.4(3.3) 21.2(19.1,23.7)
p4 | Educational background, post-secondary 474 (99.4) 291 (61.0)
ml | Disease type, complex 466 (97.7) 330 (70.8)
m2 | Disease duration, years 448 (93.9) 13.8 (11.0) 10.8 (6.0, 18.2)
m3 | Number of common complications 402 (84.3) 0.6 (0.8) 0(0,1)
m4 | Number of disease-related complications 402 (84.3) 0.5 (0.8) 0(0,1)
Medical factors
m5 | Number of medications 467 (97.9) 44 (3.5) 4(2,6)
mé6 | Drugs for cerebellar symptoms, yes 435(91.2) 284 (65.3)
m7 | Drugs for Parkinsonism, yes 434 (91.0) 76 (17.5)
m8 | History of falls within the past year,>1 458 (96.0) 365 (79.7)
sl | Type of residence, home 475 (99.6) 444 (93.5)
s2 | Environmental improvement, yes 467 (97.9) 367 (78.6)
s3 | Cohabitation, yes 457 (95.8) 399 (87.3)
Environmental factors | s4 | Caregiver support, yes 436 (91.4) 384 (88.1)
s5 | Work, yes 447 (93.7) 104 (23.3)
s6 | Need for social support [0-10] 459 (96.2) 7.6 (2.5) 8 (6, 10)
s7 | Satisfaction with social support [0-10] 456 (95.6) 5.6 (2.3) 5(5,7)
il Ataxia [0-3],21 471 (98.7) 468 (99.4) 2.4(0.8) 3(2,3)
2 | Weakness [0-3],>1 473 (99.2) 419 (88.6) 1.8 (1.0) 2(1,3)
i3 Rigidity [0-3],>1 467 (97.9) 335(71.7) 1.3(1.1) 1(0,2)
i4 | Spasticity [0-3],>1 462 (96.9) 294 (63.6) 1.2 (1.1) 1(0,2)
i5 | Imbalance [0-3],>1 470 (98.5) 462 (98.3) 2.5 (0.8) 3(2,3)
i6 | Malalignment [0-3],>1 466 (97.7) 290 (62.2) 1.1(1.1) 1(0,2)
i7 | Fatigue [0-3],>1 464 (97.3) 388 (83.6) 1.6 (1.0) 2(1,2)
i8 | Pain [0-3],>1 452 (94.8) 193 (42.7) 0.8 (1.0) 01(0,2)
i9 | Numbness [0-3],>1 446 (93.5) 150 (33.6) 0.6 (0.9) 0(0,1)
i10 | Sensory disturbances [0-3],>1 467 (97.9) 268 (57.4) 1.0 (1.0) 1(0,2)
Impairments i1l | Tremor [0-3],>1 468 (98.1) 289 (61.8) 1.1(1.1) 1(0,2)
i12 | Involuntary movements [0-3],> 1 454 (95.2) 235(51.8) 0.9 (1.0) 1(0,1)
i13 | Orthostatic hypotension [0-3],> 1 469 (98.3) 186 (39.7) 0.7 (1.0) 0(0,1)
i14 | Poor sleep [0-3],>1 468 (98.1) 228 (48.7) 0.8 (1.0) 0(0,1)
i15 | Respiratory disorder [0-3],>1 466 (97.7) 175 (37.6) 0.6 (0.9) 0(0,1)
i16 | Speech dysarthria [0-3],>1 473 (99.2) 437 (92.4) 2.0 (1.0) 2(L,3)
i17 | Dysphagia [0-3],>1 474 (99.4) 389 (82.1) 1.5 (1.0) 1(1,2)
i18 | Visual impairment [0-3],>1 472 (99.0) 314 (66.5) 1.2(1.1) 1(0,2)
i19 | Urinary impairment [0-3],>1 472 (99.0) 294 (62.3) 1.3(1.2) 1(0,2)
i20 | Bowel impairment [0-3],>1 476 (99.8) 282 (59.2) 1.2(1.2) 1(0,2)
i21 | Cognitive impairment [0-3],>1 475 (99.6) 210 (44.2) 0.6 (0.8) 0(0,1)
i22 | PHQ-2 score [0-6],> 1 458 (96.0) 286 (62.4) 1.8 (1.8) 1(0,3)
al | mRS score [0-5],<2 (=independence) 461 (96.6) 110 (23.9) 3.4(1.1) 4(3,4)
a2 | Indoor mobility [1-5],>4 (=ambulatory) 461 (96.6) 165 (35.8) 3.6 (1.4) 4(2,5)
Activity limitations a3 | Outdoor mobility [1-5],>4 (=ambulatory) | 469 (98.3) 149 (31.8) 2.8(1.3) 3(2,4)
a4 | BI [0-100] 474 (99.4) 70.1 (36.6) 90 (45, 100)
a5 | LSA score [0-120] 475 (99.6) 36.7 (28.4) 30 (17, 48.5)
rl | Types of rehabilitation implemented, >1 477 (100.0) 368 (77.1)
r2 | Types of therapy, maximum of 3 477 (100.0) 1.3 (1.0) 1(0,2)
Quantity of r3 | Total rehabilitation time, min/month 477 (100.0) 543.4 (609.5) | 320 (160, 720)
rehabilitation r4 | Duration of rehabilitation, months 476 (99.8) 49.4 (64.0) 30 (2,71.5)
r5 | Types of rehabilitation program 477 (100.0) 5.9 (4.4) 5(2.5,9)
r6 | Self-rehabilitation, yes 450 (94.3) 324 (72.0)
Continued
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Applicable sample, Median (25%,

Latent variables Observed variables [range], adopted response | Data available, n (%) | n (%) Mean (SD) | 75% IQR)

r7 | Effects of rehabilitation [0-10] 356 (96.7) 6.4(2.4) 6(5,8)

r8 | Self-efficacy of rehabilitation [0-10] 355 (96.5) 6.1 (2.5) 6(5,8)
Quality of rehabilitation

r9 | Satisfaction with rehabilitation [0-10] 354 (96.2) 6.5(2.4) 7 (5, 8)

r10 | Motivation for rehabilitation [0-10] 354 (96.2) 7.2(2.4) 8(6,9)

ql | EQ index [0.00-1.00] 456 (95.6) 049 (0.23) | 0.51 (0.31, 0.66)

q2 | EQ-VAS [0-100] 440 (92.2) 57.9 (23.9) 60 (45, 78.5)

q3 | Life satisfaction score [0-10] 456 (95.6) 5.1(2.3) 5(4,7)

Table 1. Demographic and disease characteristics of the participants

CFA models fit well, a modified model was generated (Model 2; Supplementary Fig. S1 and Supplementary Table
S3). The SEM measurement model was validated using the modified Model 2. After adjusting variables and
paths, the final model was established (Model 3; Table 2, Fig. 2, and Supplementary Fig. S2). The fit indices for
the final model indicated acceptable-to-good fit (root mean square error of approximation [RMSEA] 0.043, 90%
confidence interval [CI]: 0.040-0.046; probability of close fit 1.00; comparative fit index [CFI] 0.920; Tucker-
Lewis index [TLI] 0.914; standardized root mean square residual [SRMR] 0.074).

Table 3 summarizes the standardized direct and indirect effects on QoL. Only three latent variables had
direct effects on QoL: secondary impairments (p=— 0.536, 95% CI: — 0.614 to — 0.457), activity limitations
(B=-10.391, 95% CI: — 0.478 to — 0.304), and quality of rehabilitation (8 =0.061, 95% CI: 0.012-0.109). Primary
impairments, quantity of rehabilitation, and background factors did not have a direct path to QoL. The quantity
of rehabilitation had an indirect effect (f=0.106, 95% CI: 0.066-0.147) on QoL by directly affecting secondary
impairments (f=-0.121, 95% CI: - 0.109 to — 0.012) and the quality of rehabilitation (p =0.680, 95% CI: 0.620-
0.741). The final model explained 74% of the variance in QoL, indicating a strong fit between the model and the
data.

Sub-analysis

In the final basic model, the path from primary impairments to activity limitations was removed and replaced
with a path from environmental factors, which had a higher coefficient (Supplementary Fig. S3). Despite this
change, the fit indices for the basic model remained acceptable to good (RMSEA =0.046, 90% CI: 0.043-0.050;
probability of close fit=0.952; CFI=0.936; TLI=0.931; SRMR =0.070). The explanation rate for the variance in
QoL increased slightly to 76%, remaining consistent with the main model. Detailed results for this basic model
are presented in Table 3 and Supplementary Table S4.

Discussion

The key findings of this study are as follows. First, ICF-based models of a QoL framework in the DCA population
were successfully identified, using SEM to provide robust statistical evidence that builds on previous models.
Second, the relative importance of impairments and activity limitations on QoL was demonstrated, with
secondary impairments showing a more direct impact on QoL than primary impairments. Third, that the quantity
of rehabilitation, measured in time and variety of therapies, had a direct effect on secondary impairments was
confirmed. Conversely, the quality of rehabilitation, reflecting patient engagement and perceived effectiveness,
had a direct influence on QoL. These findings support our hypothesis that general rehabilitation interventions
contribute directly and indirectly to the QoL of patients with DCAs, across various clinical subtypes.

Several large-scale studies have evaluated QoL in patients with SCA and MSA”#2>. The mean EQ index of 0.49
and the mean EQ-VAS score of 57.9 in this study align with previous findings, confirming the diminished QoL in
the DCA population. Factors that have been reported to lower QoL in patients with DCAs include the severity
of ataxia, motor dysfunction, depression, anxiety, pain, fatigue, autonomic symptoms, and MSA subtypes”26-3,
The SEM model in the current study included the individual variables investigated in these studies. Factors
reported to cause the greatest difficulties for patients, validated in other DCA populations, involved balance,
coordination, mobility, posture/gait, speech, feeding/swallowing, and oculomotor/vision items™3!. These factors
are consistent with the observed variables that had high factor loadings in the final model. Significant variables
identified in this study also included the Patient Health Questionnaire-2 score, fatigue, and urinary and bowel
impairments, which have been acknowledged as important symptoms in patients with DCA>32-34, Other notable
variables that contributed to impairments were weakness, rigidity, and sensory disturbances. Although many of
these are secondary impairment variables, their direct impact on QoL was not fully investigated in prior studies,
emphasizing the need for further research. The activity limitation variables in this study had higher factor
loadings for indoor basic ADLs, compared to those of more extensive performance activities. This underscores
the importance of interventions focusing on indoor basic ADLs from medical and environmental perspectives.

Although two final models were presented in this study, with and without the rehabilitation component,
the basic structure of the models generally remained the same. Both models confirmed that impairment and
activity limitation factors significantly contributed to QoL, although they portrayed the relationships between
these factors differently. Specifically, the rehabilitation effects model demonstrated a clear path from primary
impairments to activity limitations, whereas the basic model suggested that impairments and activity limitations
were independent of each other. The basic model reflects a simpler relationship in which medical factors influence
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Lower | Upper Lower | Upper
B Unstandardized | 95% 95% B Standardized | 95% 95% P
Latent variables | Code | Observed variables estimate CI CI estimate CI CI value
pl Age -3.523 -4908 |-2.138 |-0.285 -0.394 | -0.176 <0.001
Personal factors p2 Sex 0.112 -0.032 0.255 0.112 -0.032 0.255 0.200
p3 Body mass index 1.592 1.206 1.978 0.487 0.376 0.599 <0.001
p4 Educational background 0.184 0.064 0.303 0.184 0.064 0.303 0.011
ml Disease type -0.683 -0.785 -0.581 -0.683 -0.785 -0.581 <0.001
m4 Number of disease-related complications | -0.599 -0.701 | -0.496 | -0.599 -0.701 | -0.496 | <0.001
Medical factors m5 Number of medications -0.153 -0.179 | -0.126 | -0.552 -0.636 | -0.468 | <0.001
mé6 Drugs for cerebellar symptoms 0.307 0.180 0.434 0.307 0.180 0.434 | <0.001
m7 Drugs for Parkinsonism -0.747 -0.872 | -0.623 | -0.747 -0.872 | -0.623 <0.001
m8 History of falls within the past year 0.149 0.042 0.257 0.146 0.043 0.250 0.020
sl Type of residence 0.565 0.390 0.739 0.565 0.390 0.739 | <0.001
s3 Cohabitation -0.363 -0.513 | -0.212 | -0.363 -0.513 | -0.212 <0.001
‘gré‘t’;‘;nmemal s4 | Caregiver support -0.773 0905 |-0.641 |-0.773 0905 |-0.641 | <0.001
s6 Need for social support -1.075 -1.334 | -0.816 |-0.438 -0.534 | -0.343 | <0.001
s7 Satisfaction with social support -0.377 -0.599 | -0.155 | -0.164 -0.259 | -0.069 0.005
il Ataxia 0.308 0.169 0.446 0.751 0.699 0.804 <0.001
i5 Imbalance 0.256 0.141 0.371 0.624 0.564 0.684 <0.001
i1l Tremor 0.262 0.146 0.377 0.64 0.584 0.695 <0.001
Primary i16 | Speech dysarthria 0.285 0158 | 0413 | 0.697 0.648 | 0746 | <0.001
impairments i17 | Dysphagia 0.311 0172 | 045 0.76 0719 | 0.802 | <0.001
i18 Visual impairment 0.181 0.099 0.264 0.443 0.372 0.514 <0.001
i19 Urinary impairment 0.294 0.163 0.425 0.717 0.667 0.767 <0.001
i20 Bowel impairment 0.325 0.18 0.47 0.794 0.751 0.836 <0.001
i2 Weakness 0.363 0.309 0.417 0.824 0.785 0.863 <0.001
i3 Rigidity 0.335 0.287 0.382 0.759 0.717 0.802 <0.001
i6 Malalignment 0.337 0.288 0.385 0.764 0.721 0.807 <0.001
isrfl;"a‘i‘f;reyms i7 Fatigue 0.336 0291 | 0.381 | 0.762 0721 | 0.804 | <0.001
i8 Pain 0.279 0.234 0.323 0.632 0.567 0.697 <0.001
i10 Sensory disturbances 0.339 0.292 0.387 0.770 0.726 0.814 | <0.001
i22 PHQ-2 score 0.258 0.217 0.300 0.586 0.525 0.648 <0.001
a2 Indoor mobility -0.382 -0.476 | -0.287 | -0.862 -0.903 | -0.820 <0.001
Activity a3 | Outdoor mobility -0.250 -0.317 |-0.184 |-0.565 -0.627 | -0.504 | <0.001
limitations a4 | BI -0.400 -0.516 |-0.284 |-0.903 -0.959 | -0.846 | <0.001
a5 LSA -0.320 -0.403 | -0.236 |-0.722 -0.771 -0.673 <0.001
ql EQ index 0.124 0.102 0.146 1.029 0.981 1.076 <0.001
QoL q2 EQ-VAS score 0.304 0.253 0.354 0.591 0.533 0.649 <0.001
q3 Life satisfaction score 0.3 0.203 0.396 0.249 0.168 0.331 <0.001
rl Types of rehabilitation implemented 0.802 0.750 0.854 0.865 0.819 0.912 | <0.001
r2 Types of therapy 0.807 0.757 0.858 0.871 0.827 0.915 | <0.001
?eﬁzgfﬁgin 13 | Total rehabilitation time 0.693 0544 | 0.843 | 0.665 0.574 | 0.757 | <0.001
r4 Duration of rehabilitation 0.470 0.383 0.557 0.644 0.572 0.716 <0.001
> Types of rehabilitation program 2.150 1.811 2.489 0.529 0.460 0.598 | <0.001
7 Effects of rehabilitation 2.057 1.858 2.256 0.911 0.877 0.945 | <0.001
Sﬁiﬁ:ﬁ t‘;fion 19 | Satisfaction with rehabilitation 2175 1943 | 2408 | 0.942 0907 | 0977 | <0.001
rl0 Motivation for rehabilitation 1.906 1.671 2.142 0.791 0.743 0.839 <0.001
Personal factors Primary impairments -1.565 -0.648 | -2.482 | -0.641 -0.749 | -0.533 | <0.001
Medical factors Primary impairments -1.585 -0.792 | -2.378 | -0.649 -0.721 | -0.577 | <0.001
Medical factors Secondary impairments -0.391 -0.173 | -0.610 | -0.172 -0.265 | -0.079 0.002
Eﬁiﬁems Secondary impairments 0.744 0393 | 1.095 | 0.800 0723 | 0877 | <0.001
gﬁig:ﬁggn Secondary impairments -0.254 0.116 |-0392 |-0.121 -0.181 |-0.060 | 0.001
ipnflil‘)‘;iarr&n " Activity limitations 0.418 0.186 | 0.650 | 0.452 0270 | 0.634 | <0.001
Environmental Activity limitations -1.181 -0490 | -1.871 |-0.523 0721 |-0324 | <0.001
Continued
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0.589

Lower | Upper Lower | Upper
B Unstandardized | 95% 95% B Standardized | 95% 95% P
Latent variables | Code | Observed variables estimate CI CI estimate CI CI value
fﬁéﬂ ‘;“me“tal Quantity of rehabilitation -0.406 -0.511 [ -0.301 |-0.376 -0.460 [-0.293 | <0.001
ggzgh‘l?’agin Quality of rehabilitation 0.844 0712 | 0976 | 0.680 0620 | 0741 | <0.001
Personal factors Quality of rehabilitation 0.262 0.106 0.417 0.195 0.086 0.305 0.003
Secondary QoL 10459 10343 |-0576 |-0.536 0614 |-0457 | <0.001
impairments
f.m.‘v“?’ QoL -0.337 -0.205 | -0.469 | -0.391 -0.478 |-0.304 | <0.001
imitations
Quality of QoL 0.088 0017 | 0.160 | 0.061 0012 | 0109 | 0.039
rehabilitation : . . . : . .
Table 2. Unstandardized and standardized regression coeflicients of specified paths within the final model
(rehabilitation effects model) Abbreviations: CI, confidence interval; PHQ-2, Patient Health Questionnaire-2;
BI, Barthel index; LSA, Life-Space Assessment; EQ index, Euro QoL-5 Dimension-5 Level value index; EQ-
VAS, Euro QoL-visual analog scale; QoL, quality of life
Background component Basic component Endpoint

Personal
factors

Medical
factors

Environmental
factors

0.83

Primary
impairments

Secondary
impairments

-0.536

0.74

Activity
limitations

0.061

Quantity of
rehabilitation

Quality of
rehabilitation

Rehabilitation component

Fig. 2. Final model (Model 3). The numbers along the paths represent standardized path coeflicients,
synonymous with standardized direct effects. The numbers in the upper right corners of the endogenous latent
variables indicate explanatory rates (R?). Details of the model and regression coefficients are presented in Table
3. Complete details of all variables in the final model, including observed variables and error correlations, are
provided in Supplementary Fig. S2.

impairments and environmental factors impact activity limitations*. The background component, encompassing
personal, medical, and environmental factors, contributed complexly to basic components like impairments and
activity limitations, with medical factors having a strong influence on QoL. However, an important finding is
that the background component did not directly affect QoL. Personal and medical factors influenced primary
impairments independently, without interrelationships. Unsurprisingly, primary impairments had the highest
effect size on QoL. Since secondary impairments are significantly influenced by primary impairments and
directly impact QoL, they play a crucial role in improving patient outcomes. Although activity limitation factors
decrease partially from a decline in primary impairments, the pathway from environmental factors is stronger;
therefore, it can be inferred that the environmental approach can support activity levels. Indeed, patients with
DCAs may be more sensitive to their caregiving environment than patients with other neurological diseases®®.
An important finding of this study is that rehabilitation interventions are effective in patients with DCAs who
present with diverse clinical features,addressing a crucial research question. Although the quantity of rehabilitation
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Rehabilitation effects model

Basic model

Latent variables

Direct effects

Indirect effects

Direct effects

Indirect effects

Personal factors

0.400 (0.304-0.496)

0.273 (0.205-0.341)

Medical factors

0.393 (0.306-0.480)

0.372 (0.294-0.439)

Environmental factors

0.165 (0.055-0.274)

0.383 (0.274-0.493)

Primary impairments

-0.605 (-0.709 to -0.501)

-0.418 (-0.505 to -0.330)

Secondary impairments

-0.536 (-0.604 to -0.457)

-0.553 (-0.633 to -0.473)

Activity limitations -0.391 (-0.478 to -0.304) | - -0.385 (-0.473 to -0.296) | —
Quantity of rehabilitation | - 0.106 (0.066-0.147) N/A N/A
Quality of rehabilitation | 0.061 (0.012-0.109) - N/A N/A

Table 3. Standardized effects on QoL factors, including and excluding rehabilitation. Values are expressed as
standardized effect (B) and 95% confidence interval (lower-upper). The overall effect is omitted, but equals
direct/indirect effects.

influenced secondary impairments, it did not significantly affect primary impairments or activity limitations. This
aligns with a core concept of rehabilitation, which aims to prevent and/or ameliorate secondary complications'.
Thus, rehabilitation contributes to improved QoL by mitigating manageable secondary impairments. In terms
of the quantity of rehabilitation by factor loadings, time and duration are important, but incorporating a greater
variety of professional rehabilitation types appears to be more effective for enhancing QoL, rather than simply
engaging in many rehabilitation programs. However, this study does not provide insight into which specific
intervention content is most effective. A prior study found that the aspects of QoL most patients with ataxia
wished to improve were fitness/physical recreation and mobility’!. Another study reported that approximately
half of respondents experienced improvement with various medical approaches, including physical therapy,
where exercise and physical activity were key elements in symptom management or overall well-being®. In this
study, most participants reported engaging in physical therapy, with exercises such as gait and balance training
being the most common, consistent with standard intervention strategies’’. This suggests that rehabilitation
interventions are generally aligned with patient needs. However, the fact that the quantity of rehabilitation
does not necessarily reflect the quality of rehabilitation highlights that not only is quantitative enrichment
needed, but so are outcomes that patients perceive as meaningful’’. Improving the quality of rehabilitation in
patients with DCAs, given the progressive nature of the impairment, remains challenging®”-*%. Nevertheless,
even limited improvements in impairment and activity limitation factors may explain how rehabilitation can
enhance QoL through comprehensive care, including environmental modifications, psychological support, and
family guidance. Finally, the low path coefficient from rehabilitation factors to QoL should not be interpreted
as diminishing the value of rehabilitation, but rather as a cautious reflection of the complexity of the causal
relationship between rehabilitation interventions and QoL improvements in degenerative diseases.

The strength of this study is the development of an SEM-based QoL model using a relatively large sample
of patients with DCAs. This modeling approach also enabled the incorporation of observed and unobserved
variables, offering a more comprehensive and robust analysis compared to simpler regression methods or factor
analysis. Therefore, SEM allows for the analysis of complex relationships between latent variables like QoL and
rehabilitation, and it provides a clearer understanding of direct and indirect effects within a multidimensional
framework. This perspective is particularly valuable, as future randomized controlled trials may face challenges
in validating these findings due to the complexity and heterogeneity of the DCA population.

However, this study has some limitations. First, all data were collected using self-assessment methods, which
introduces the potential for information bias due to the study participants underestimating or overestimating
their responses. Nevertheless, the use of patient-reported outcomes (PROs) in research has become increasingly
valuable in recent years. Although the standardized PROs of the DCAs were not available at the time of this
study, it is worth noting that the Patient-Reported Outcome Measure of Ataxia (PROM-Ataxia)*! has become
available in recent years. To include the multiple factors that are the objective of this study, some of the questions
were developed by the researchers, but to improve the quality of the methodology, it would be more appropriate
to narrow it down to established variables only. Second, the outcomes investigated in this study do not cover all
the necessary elements. For example, regarding effective rehabilitation interventions, rehabilitation methods,
costs, access to rehabilitation facilities, and individual or group interventions require investigation. However,
the limitations of questionnaire surveys mean that they are limited to feasible survey items and to one-sided
information from patients. Comprehensive information from both the medical facility and the patient may help
to create a more extensive intervention framework. Third, the cross-sectional nature of the data limits our ability
to infer clear causal relationships. However, the final model constructed with a relatively large sample has a
reasonable goodness-of-fit index and high explanatory power; thus, it fulfills the significance of cross-cutting
clarification of the QoL framework. Further longitudinal studies are necessary to strengthen the generalizability
of our findings and ascertain causal relationships.

Our results suggest the need for sufficient quantity and quality of rehabilitation for patients with DCAs. The
finding that disease duration was not significantly related to QoL is consistent with previous reports’?” and we
believe that rehabilitation is crucial at all stages of disease progression. In clinical practice, the visualized QoL
framework for patients with DCAs is useful for demonstrating patient understanding and intervention efficacy
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at the individual level. On a broader scale, this framework is essential for promoting the development of a
healthcare system that delivers enhanced and professional rehabilitation services.

In conclusion, the SEM of QoL in patients with DCAs conducted in this study confirms that all dimensions
of patient-reported background, impairments, activity limitations, and rehabilitation factors significantly impact
QoL in this population. These findings contribute novel insights into the effects of standard rehabilitation in
patients with DCAs. Despite the varied impairments associated with DCAs, this study highlights the pivotal role
of quantity and quality of rehabilitation in improving QoL, suggesting that tailored, comprehensive rehabilitation
programs can positively influence patient outcomes.

Methods
Study design
This study was a cross-sectional, observational, nationwide mail survey of Japanese patients with DCAs,
conducted from October to December 2020. Details of the study population and procedures using the same
dataset were previously described*?. The study is reported in line with the Strengthening the Reporting of
Observational Studies in Epidemiology guidelines.

This study was approved by the Ethics Committee of the Faculty of Health Science, Juntendo University
(approval number: 20-012) and was performed in accordance with the ethical standards laid down in 1964
Declaration of Helsinki and its later amendments.

Participants
The study participants were people with Spinocerebellar Degeneration (SCD) and MSA. The eligibility criterion
was membership of the Japanese SCD and MSA Patient Association. Exclusion criteria were the absence of a
DCA diagnosis, age under 18 years, lack of consent for data use, and incomplete responses for more than 20%
of the survey. Eligibility questions ensured that participants met the criteria for SCD or MSA, based on the
diagnostic criteria defined by the Ministry of Health, Labor, and Welfare and the Japanese Society of Neurology
for SCD (https://www.nanbyou.or.jp/entry/4880) and the Second Consensus Statement for MSA*.

The survey was anonymous, ensuring confidentiality. Informed consent was obtained through a written
explanation accompanying the survey, with consent implied by the return of the questionnaire.

Study procedure and variables

The questionnaires were sent to all participants by post using the DCA association’s address database. Participants
were asked to complete the self-report questionnaire and were allowed to seek assistance from a third party for
reading or writing, if necessary. The questionnaire consisted of items selected by our research group and was
written entirely in Japanese, with explanations provided for technical terms. It covered various aspects relevant
to QoL, aligned with the study’s research goals, and included sociodemographic and medical information and
PROs regarding clinical findings and rehabilitation. For variables for which there was no appropriate existing
scale, we used simpler questions that had only two options (yes/no) or a total count. In contrast, the variables
related to social support and quality of rehabilitation, which are PROs, were unified using a 0-10 Likert scale, as
with the Short Form of the General Life Satisfaction Scale, which is described later, so that the participants could
easily understand them.

Personal factors
Personal data, including age, sex, height, weight, and educational background, were collected. Body mass index
(kg/m?) was calculated from height and weight.

Medical factors

Medical data included the name of the diagnosed disease, disease duration, common and disease-related
complications, medication use, drugs for cerebellar symptoms and Parkinsonism, and history of falls in the past
year. Participants first selected either the SCD or MSA category, then specified their diagnosis based on their
physician’s assessment. Diagnostic categories included SCD, SCA, MSA, and unknown subtypes. Hereditary
ataxia was classified as either pure (pure or relatively pure ataxias) or complex (complex ataxias), following
the MDS Task Force classification®. MSA was categorized as a complex type. If only SCA and SCD diagnostic
information was available, participants reporting symptoms for more than half of the 22 impairment items
(rating > 1) were classified as complex, and the remaining participants were classified as pure. The number of
medications used was defined by the number of different medications taken daily, regardless of dosage or the
number of pills consumed. The use of medications for cerebellar symptoms and Parkinsonism was also recorded.
Commonly diagnosed complications included cancer, cardiovascular disease, respiratory disease, gastrointestinal
disease, kidney disease, cerebrovascular disease, diabetes mellitus, hypertension, and hyperlipidemia. Disease-
related complications included orthostatic hypotension, postprandial hypotension, sleep apnea, and sudomotor
dysfunction, based on physician diagnoses. Falls in the past year were categorized into four ordinal categories:
none, once, 2-9 times, and more than 10 times.

Environmental factors

Environmental and social data included residence type, cohabitation, caregiver support, work status, and social
support needs and satisfaction. For residence type, participants were asked whether they lived at home, in
a hospital, or in an institution, and were categorized either as living at home or not. If the participant was
temporarily hospitalized, they were still classified as living at home. Participants were also asked whether they
lived with someone or had a caregiver (yes/no). Work status was categorized on a four-level ordinal scale: (1)
not required to work (e.g., full-time housewives, retirees, students)/working without issues, (2) working with
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manageable health issues, (3) work adjustments due to health issues, or (4) temporary or permanent withdrawal
from work due to health issues. Social support was assessed from two perspectives: actual conditions and
perceived need. The need for social support was rated on an 11-point Likert scale, from “not needed at all” to
“maximum need.” Satisfaction with social support was rated similarly, with responses ranging from “completely
unfulfilling” to “completely fulfilling”

Impairment factors

Symptom and impairment data included ataxia, muscle weakness/atrophy, muscle rigidity, spasticity, imbalance,
malalignment, fatigue, pain, numbness, sensory disturbances, tremor, involuntary movements, orthostatic
hypotension, poor sleep, respiratory disorder, speech/dysarthria, dysphagia, and visual, urinary, bowel, and
cognitive impairments*2. The severity score of each symptom was rated on a 4-point Likert scale, from 0 (no
impairment) to 3 (severe impairment). Decreased endurance was not assessed, as participants found it difficult
to distinguish this from fatigue. Depression was evaluated using the Patient Health Questionnaire-2, excluding
the motor dysfunction items*.

Activity limitation factors

Activity limitations and participation restrictions were assessed using the mRS, BI, LSA, and indoor and outdoor
mobility. The mRS was used to measure functional independence®. The BI was employed to assess basic ADLs via
a modified Japanese self-rating version®®. The LSA score was used to evaluate the degree of participation in one’s
living space?’. Additional information on mobility was collected. Indoor mobility was defined as the primary
means of movement indoors, categorized as (1) bedridden, (2) wheelchair-bound, (3) crawling, (4) needing
walking aids/assisted ambulation, or (5) independent ambulation. Outdoor mobility, defined as the primary
means of movement outdoors, was categorized as (1) unable or totally dependent, (2) powered mobility devices,
(3) manual mobility devices, (4) needing walking aids/assisted ambulation, or (5) independent ambulation.

Rehabilitation factors

Data on the following rehabilitation items was collected: types of rehabilitation implemented, types of therapy,
total rehabilitation time, duration of rehabilitation, types of rehabilitation programs, self-rehabilitation, effects
of rehabilitation, self-efficacy of rehabilitation, satisfaction with rehabilitation, and motivation for rehabilitation.
Rehabilitation was defined as professional therapy administered by a qualified therapist. Self-rehabilitation,
defined as a voluntary program, was included if performed independently, regardless of professional guidance.
Types of rehabilitation implemented were defined as the total number of all implemented types and modes of
professional rehabilitation. Types of therapy were selected from physical, occupational, and speech-language-
hearing therapy (maximum of three). Total rehabilitation time was calculated as minutes per month based on
the time and frequency of rehabilitation. The duration of rehabilitation was defined as the longest continuous
intervention period, measured in months. The types of rehabilitation programs were counted based on the
number of rehabilitation programs selected from 28 options (Supplementary Table S1). These variables were
grouped under the latent variable “quantity of rehabilitation” Rehabilitation-related PROs were assessed;
they included the effects of rehabilitation, self-efficacy of rehabilitation, satisfaction with rehabilitation, and
motivation for rehabilitation, using an 11-point Likert scale (0 =not at all, 10 = very much). These PRO variables
were grouped under the latent variable “quality of rehabilitation,” as perceived by participants. The research team
assumed a one-way causal relationship in the model, from quantity to quality of rehabilitation.

QoL factors

QoL was assessed using the EuroQoL-5 Dimension-5 Level (EQ-5D-5L), EQ-VAS, and life satisfaction. The EQ
index*, ranging from 0 (lowest) to 1 (highest), was calculated from the EQ-5D-5L using the Japanese dataset®.
Life satisfaction was measured using a validated 11-point Likert scale from the General Life Satisfaction Short
Scale®.

Statistical analysis

The data was carefully examined to identify inconsistent or erroneous entries or impossible values and corrections
were made when necessary. Descriptive statistics, such as means, SDs, and frequencies, were used to summarize
all variables.

SEM was applied to explore causal relationships between latent variables and quantify the impact of
rehabilitation factors on participants’ QoL. Figure 3 illustrates the theoretical model (Model 1), while Table 1
lists the observed and latent variables. The model was based on the International Classification of Functioning,
Disability, and Health and incorporated QoL factors as endpoints and the rehabilitation components. Each
observed variable was grouped under a corresponding latent variable. All latent variables were considered
positive when they contributed positively to QoL, except impairment and activity limitation factors. Detailed
SEM procedures and results are presented as supplementary information (Supplementary Methods and
Supplementary Results). Before conducting SEM, an exploratory correlation analysis was performed to check
for multicollinearity among the observed variables. Following this, a modified model (Model 2) was developed,
where local solutions were validated using the preliminary CFA of each latent variable defined in the theoretical
model (Supplementary Fig. S1). SEM was then performed for Model 2 using the mean- and variance-adjusted
weighted least squares estimator. The SEM measurement model was statistically modified to establish the final
model (Model 3). Model fit was assessed using the RMSEA, CFI, TLI, and SRMR®“2, From this final model,
path coefficients, explanatory rates, and effect sizes (direct, indirect, and total) were calculated using the path
coefficients.
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Fig. 3. Theoretical model (Model 1). Latent variables of interest are represented by ellipses. Observed variables
and error terms are omitted from the figure for clarity (refer to Table 1 for their composition). The directional
arrows indicate linear regression and the bidirectional arrows represent correlations between variables. Direct
paths from background factors to QoL are omitted in the diagram.

Since no prior validated model evaluates QoL in patients with DCAs, the research team tested not only a
comprehensive model with rehabilitation items (rehabilitation effects model) but also an additional sub-model
that excluded rehabilitation factors (basic model). The analytical procedure for this basic model followed the
same steps as the main SEM analysis, but excluded all variables and paths related to the quantity and quality of
rehabilitation from Model 2. This basic model helps to clarify how pure impairments and activity limitations
contribute to QoL and provides insights into disease characteristics. Comparing these models provides valuable
insight into the contribution of rehabilitation factors to QoL outcomes in patients with DCAs.

SPSS version 29 (IBM Corp, Armonk, NY, USA) was used for descriptive analyses and Mplus version 8.1
(Muthén and Muthén, Los Angeles, CA, USA) for SEM.

Data availability
The data underlying this study, including anonymized participant responses and analytical models, will be shared
upon reasonable request to the corresponding authors, subject to pre-specified criteria for confidential access.
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