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COVID‑19 pandemic 
and the international classification 
of functioning in multiple system 
atrophy: a cross‑sectional, 
nationwide survey in Japan
Koshiro Haruyama  1,2*, Michiyuki Kawakami3, Ichiro Miyai4, Shuko Nojiri5 & 
Toshiyuki Fujiwara1,2

The present study aimed to determine the magnitude of and risk factors for the effects of the 
COVID-19 pandemic on the international classification of functioning, disability and health (ICF) in 
patients with multiple system atrophy (PwMSA). The study was part of a cross-sectional, nationwide, 
multipurpose mail survey for Japanese PwMSA from October to December, 2020. The primary 
outcome was the impact of the early COVID-19 pandemic on ICF functioning, consisting of body 
function, activity, and participation. Age, sex, disease type, disease duration, and dwelling place 
were asked as participants’ characteristics, and the multiple system impairment questionnaire 
(MSIQ), patient health questionnaire-2, modified rankin scale, barthel index, life-space assessment 
(LSA), and EuroQoL were examined. Multivariate logistic regression analyses were performed to 
identify independent risk factors for a worse function score due to the COVID-19 pandemic for each 
ICF functioning domain. A total of 155 patients (mean age 65.6 [SD 8.1] years; 43.9% women; mean 
disease duration 8.0 [SD 6.2] years; 65% MSA with cerebellar ataxia, 13% MSA with parkinsonism, 
9% MSA with predominant autonomic features) were analyzed. Of the ICF functioning domains, the 
respondents reported that the early COVID-19 pandemic affected body function in 17.4%, activity in 
17.6%, and participation in 46.0%. The adjusted multivariate model identified MSIQ and LSA as the 
two variables that independently contributed to all domains. The COVID-19 pandemic affected ICF 
functioning of PwMSA in Japan, and the severity of disease-related impairments and a large daily 
living space were common risk factors. These results help support the focus on patient characteristics 
for medical and social welfare support.

Coronavirus disease 2019 (COVID-19) was declared a pandemic by the World Health Organization on March 
11, 20201. The Government of Japan responded to the first wave of infection by declaring “a nationwide state of 
emergency” on April 16, lasting until May 25, and requested that the public refrain from leaving home unless 
necessary. Due to legal restrictions in Japan, a mitigation strategy was adopted, and a forced lockdown was not 
implemented. As a result, Japan experienced the third wave of the COVID-19 pandemic in November 2020, 
during this survey, following the first wave in April and the second wave in July. The spread of the COVID-19 
pandemic had a wide range of consequences, including not only physical limitations, but also psychological and 
social health effects2,3. In a large web-based survey conducted in Japan in November 2020, about 18% of the gen-
eral adult population reported that their global health had deteriorated, and their lifestyle had changed negatively 
since the start of the COVID-19 pandemic4. Restrictions on social participation due to the COVID-19 pandemic 
seem to lead to an apparent decrease in physical activity in adult and elderly populations4,5. Furthermore, it has 
been noted that people with pre-existing physical and mental illnesses may experience reduced social contact, 
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leading to poorer health and quality of life (QOL)6,7. In particular, patients with neurological disorders need to 
be more sensitive to infection prevention8,9. However, there is still a lack of evidence-based information on the 
effects of the COVID-19 pandemic on patient populations10.

Multiple system atrophy (MSA) is a sporadic orphan disease characterized by progressive autonomic dys-
function, parkinsonian features, and cerebellar and pyramidal features in various combinations11. The two main 
subtypes are MSA with predominant parkinsonism (MSA-P) and MSA with predominant cerebellar ataxia 
(MSA-C)12. The majority of patients with MSA (PwMSA) diagnosed in Europe and North America have MSA-P, 
whereas those in Japan have MSA-C13–15. The subtype characterized by autonomic dysfunction of much greater 
severity than other symptoms is sometimes referred to as MSA with predominant autonomic features (MSA-A)16. 
The estimated point prevalence is 3.4 to 4.9 cases per 100,000 population, increasing to 7.8 per 100,000 among 
persons older than 40 years17. Approximately 50% of patients require walking aids within 3 years after the onset 
of motor symptoms, 60% require a wheelchair after 5 years, median time before the patient is bedridden is 6 
to 8 years, and mean survival is 6 to 10 years11. Previous small-scale reports have shown that the COVID-19 
pandemic has affected global health and symptom progression in PwMSA18,19. An international panel of ataxia 
experts has suggested that it is necessary for patients with cerebellar ataxia to take measures to avoid contact 
with COVID-19 during epidemics20.

“Functioning” is recognized as the third health indicator alongside mortality and morbidity, even in the 
COVID-19 pandemic21. Functioning is defined as an umbrella term in the international classification of func-
tioning, disability and health (ICF) for body functions and structures, activities, and participation22. The effect of 
the COVID-19 pandemic on PwMSA has not been studied from the perspective of ICF domains. The theoretical 
assumption of functioning is that body function, activity, and participation affect each other interactively22, but 
the relevance of the disability structure under the COVID-19 pandemic is unclear. In addition to the nation-
wide long-term curtailment of going out, many patients are believed to have restricted themselves from going 
out, especially since elderly persons and persons with underlying diseases were actively warned to do so by the 
government. Given such a social situation, it can be assumed that the effect of the COVID-19 pandemic will first 
be seen in the domain of social participation, followed by activity and body function.

The aim of the present study was to determine which domains of the ICF would be affected by the early 
COVID-19 pandemic in PwMSA, and which patients with which clinical conditions would be more susceptible 
to decreased function. Our simple hypothesis was that participation is most directly affected by the COVID-19 
pandemic, followed by activity and body function. A further hypothesis was that participants with some form 
of peer or social support, despite their severe functional impairment, are the most affected. Thus, the specific 
purpose of this study was to determine the magnitude of and risk factors for the effects of the COVID-19 pan-
demic on the ICF domains of body function, activity, and participation in PwMSA.

Methods
Study design.  This study was part of a cross-sectional, nationwide, multipurpose, mail survey of Japanese 
PwMSA from October to December, 2020. The data reflect the effects of the early COVID-19 pandemic, cor-
responding to 8 to 9 months after the global pandemic was declared. Prior to this study, we reported another 
study of aspects of social services in Japan23, and all 155 participants in the present study were also included in 
that analysis.

Standard protocol approvals, registrations, and patient consents.  The study received approval 
from the ethics committee of the Faculty of Health Science of Juntendo University (Approval Number 20-012) 
and was performed in accordance with the Declaration of Helsinki. The study followed the Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) guidelines and the American Association for 
Public Opinion Research (AAPOR) reporting guideline.

The survey was anonymous, and confidentiality of information was assured. Informed consent was obtained 
from all participants by providing a written explanation of the study and having them return the questionnaire 
form. Because it was anticipated that certain patients did not want their responses to be included in the study, 
their return of a letter of intent to refuse to respond was also accepted.

Participants.  The participants of this study were respondents to a survey of all members of the Japanese 
spinocerebellar degeneration and MSA patient association (https://​scdmsa.​tokyo/). This is the largest nonprofit 
organization patient group in Japan and is composed of volunteers. However, the members may not be the 
patients themselves, because they may be individuals who agree with the purpose of the association. MSA was 
self-reported by the patients in this study, but the diagnosis of MSA in Japan is made by specialists according to 
the common diagnostic criteria specified by the Ministry of Health, Labour and Welfare for registration of des-
ignated intractable diseases. The criteria are based on the second consensus statement on the diagnosis of MSA12. 
It was unlikely that an individual belonging to a patient association of rare diseases would self-report without 
it being based the correct diagnosis. The exclusion criteria for this study were those who were not PwMSA, and 
those who refused to respond or had incomplete answers to all the questions related to COVID-19.

Procedure and outcomes.  Questionnaires were mailed to all members using the address database used to 
send regular patient association mailings. The relevant questions consisted of original COVID-19-related items 
and background information items that did not reflect COVID-19. The primary outcome was the effect of the 
COVID-19 pandemic on ICF functioning. The domains of ICF functioning consisted of body function, activity, 
and participation, and these definitions were in accordance with the WHO22. The self-perception of ICF func-
tioning during the pandemic was assessed through the patient’s global impression at the time of response. Par-
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ticipants were asked to rate the impact score on each ICF functioning associated with COVID-19 on a 7-point 
scale: strongly unaffected =  − 3, moderately unaffected =  − 2, slightly unaffected =  − 1, undecided = 0, slightly 
affected =  + 1, moderately affected =  + 2, and strongly affected =  + 3. Of these, responses “− 1 to − 3” were clas-
sified as “Unaffected”, and responses of “+ 1 to + 3” score were classified as “Affected”, with the latter responses 
defined as COVID-19-related decline of ICF functioning. Thus, if domains of ICF functioning (body function, 
activity, and participation) were affected, the terms impairment, activity limitation, and participation restric-
tion were used, respectively. The infection status and behavioral effects of COVID-19 were also included in the 
survey.

Participant were asked about age, sex, disease type, disease duration, and dwelling place (home, long-term 
care facility, hospitalization), and the multiple system impairment questionnaire (MSIQ), patient health ques-
tionnaire-2 (PHQ-2), modified rankin scale (mRS) score, barthel index (BI), life-space assessment (LSA), and 
EuroQoL (EQ) were examined. Of these, the clinical assessment indices were based on self-reported responses 
of normal conditions before the COVID-19 pandemic. The MSIQ for comprehensive scoring of the severity of 
disease-related impairments and the PHQ-2 as a screening tool for depression reflect body function as a baseline. 
The mRS score was used as a simple indicator of independence level, and the BI was used for comprehensive 
scoring of basic activities of daily living (ADL) assessment, reflecting activity as a baseline. The LSA was used 
for comprehensive scoring of the extent of daily living space, and the EQ was used as a global assessment of 
health-related QOL, and they reflected participation as a baseline.

The MSIQ was developed specifically for this study and was scored on a self-report basis for 22 impairments 
that may occur in MSA (Online Resource 1). All impairments were described in writing to ensure specific 
understanding. It consists of a total of 22 items: ataxia, muscle weakness/atrophy, muscle rigidity, spasticity, 
balance disorder, postural abnormality, decreased endurance, fatigue, pain, numbness, sensory disturbance, 
tremor, involuntary movements, orthostatic hypotension, poor sleep, respiratory disturbance, speech/dysar-
thria, dysphagia, visual impairment, urinary impairment, voiding impairment, and cognitive impairment. Each 
impairment was scored as 0 (no impairment) to 3 (severe impairment). Thus, the maximum score of 66 is the 
most severe impairment, and a score of 0 is the complete absence of impairments.

The PHQ-2 for depression screening24 is a shortened version of the PHQ-925. It consists of two items with a 
score of 0–3 each, with 0 being normal and 6 being the most severe24. The PHQ-2 was used instead of the PHQ-
9, which contains a motor-related item26.

The mRS was originally developed as an assessment grade for disability or dependence in the ADL of stroke 
patients. Today, it is widely used in patients with neurological diseases. The score was rated on a six-point scale 
from 0 (asymptomatic) to 5 (severe disability)27.

The BI evaluates the performance of basic ADL, such as feeding, personal hygiene, bathing, and dressing on 
a scale of 0–100. A higher number reflects a greater ability to function independently and has the advantage of 
being applicable to self-assessment and direct administration28. To allow for self-assessment by mail, the content 
of previous studies was used29.

The LSA is a self-report measure to summarize the distance (five distance levels ranging from room to out of 
town) and frequency (five frequency levels ranging from not at all to every day) an individual travels in a given 
period of time. The results are calculated by the LSA score, which is 120 for the most active30.

The EQ is a comprehensive measure of health-related QOL that is used worldwide31. In this study, the official 
Japanese version of the EQ five-dimension five-level questionnaire (EQ-5D-5L) was used, and an index value 
was calculated, with 1 the highest and 0 the lowest32.

In summary, to clarify the effect of the COVID-19 pandemic on MSA, ICF functioning during the pandemic 
was defined as the main outcome, potential predictors of functioning decline were defined as MSIQ, PHQ-2, 
mRS, BI, LSA, and EQ, and the potential confounders were age, sex, disease duration, and dwelling place.

Statistical analyses.  Descriptive statistics are presented for demographic variables and functional out-
comes during the COVID-19 pandemic for PwMSA. Continuous variables are presented as means (standard 
deviation) and categorical variables as numbers (%). Spearman’s product rate correlation coefficients were cal-
culated for the associations between ICF functioning scores related to the COVID-19 pandemic. To compare 
the affected patients with the unaffected patients on ICF functioning, group comparisons were performed using 
Student’s t-test for numerical variables, the Mann–Whitney U test for ordinal variables, and the χ2 test when 
appropriate for categorical variables. A score of 0 was excluded from the analysis in that domain. Among the data 
of selected patients, missing values were excluded only for that item.

Univariate logistic regression analyses were performed on the identified variables to assess the potential risk 
factors for affected functioning domains during the COVID-19 pandemic. The dependent variable was a dummy 
variable that was set to 0 for unaffected (− 3 to − 1) and 1 for affected (+ 1 to + 3) for each functioning domain, 
and the independent variables were the MSIQ, PHQ-2, mRS, BI, LSA, and EQ. Similar analyses were performed 
for each domain of ICF functioning (impairment, activity limitation, and participation restriction). The associa-
tions between risk factors and outcomes are presented as odds ratios (ORs) and 95% confidence intervals (CIs). 
Finally, multivariate logistic regression analyses were performed to identify independent risk factors for affected 
function scores during the COVID-19 pandemic for each domain of ICF functioning. Age, sex, disease duration, 
and dwelling place were forced into the model as adjustment factors, and a stepwise variable increase method 
(likelihood ratio) was used with independent variables identified on univariate logistic regression analysis. ORs 
and 95% CIs are presented after adjustment for confounders, including age, sex, disease duration, and dwelling 
place. For multivariate analysis only, participants with even one missing value were excluded from the analysis, 
and only complete data were analyzed.
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Data analysis was performed using SPSS statistical software version 27.0 (IBM Corp). The significance level 
was set at α = 0.05, and all tests were 2-tailed.

Ethical approval.  All procedures performed in the study were approved by the ethics committee of the 
Faculty of Health Science of Juntendo University (approval number 20-012).

Informed consent.  Informed consent was obtained from all participants by providing a written explana-
tion of the study and by their return of the questionnaire form.

Results
Demographic characteristics.  Questionnaires were mailed to 1000 participants, and 591 were returned. 
Based on the criteria, 165 patients met the eligibility criteria. In addition, data regarding ICF functioning were 
missing for 10 patients (6.1%). The outcome rates based on the AAPOR statement were response rate 2 of 58.2%, 
cooperation rate 4 of 97.4%, Refusal Rate 1 of 1.6%, and Contact Rate 1 of 59.7%. The final analysis included 155 
PwMSA (Fig. 1).

Demographic characteristics are presented in Table 1. The mean age was 65.6 (8.1) years, 43.9% were women, 
and the mean disease duration was 8.0 (6.2) years. The specific diagnoses of MSA were MSA-C in 100, MSA-P 
in 20, MSA-A in 14, and unknown or difficult to classify in 21. The dwelling place was home in 92.3%, with 
the rest living in a long-term care facility or hospitalized. There were no reports of COVID-19 infection among 
the participants themselves or those living with them. Staying at home (self-quarantine) due to the COVID-19 

Figure 1.   Recruitment flow of patients with MSA.

Table 1.   Patients’ characteristics. MSA multiple system atrophy, MSA-C MSA with predominant cerebellar 
ataxia, MSA-P MSA with predominant parkinsonism, MSA-A MSA with predominant autonomic features, 
LTCF long-term care facility.

N Mean (SD)/no. (%)

Age (years) 155 65.6 (8.1)

Female 155 68 (43.9)

Diagnosis 155

MSA-C 100 (64.5)

MSA-P 20 (12.9)

MSA-A 14 (9.0)

Unknown 21 (13.5)

Disease duration [years] 149 8.0 (6.2)

Status [home/LTCF/hospital] 154 143 (92.9)/9 (5.8)/2 (1.3)

Staying at home [yes/no] 130 115 (88.5)/15 (11.5)

Limitation of rehabilitation services [yes/no] 117 25 (21.4)/92 (78.6)
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pandemic was practiced by 88.5%, whereas 21.4% restricted their use of rehabilitation services as an indirect 
effect of the COVID-19 pandemic.

ICF domains.  Regarding the effect of the COVID-19 pandemic, 46.0% reported participation restriction. In 
contrast, impairment and activity limitation were reported by 17.4% and 17.6%, respectively (Fig. 2). Body func-
tion and activity had the largest percentages of participants who reported being strongly unaffected.

Correlations among ICF functioning.  A high correlation was found between the body function and 
activity domains (r = 0.85). There were moderate correlations with the participation domain of the domains of 
body function (r = 0.44) and activity (r = 0.45).

The affected/unaffected group comparison.  The comparison between the affected and unaffected 
groups in each functioning domain showed some specific characteristics (Table 2). There were no significant dif-
ferences in age, sex, or duration of disease across all comparisons. The MSIQ score was significantly higher in the 
affected group in the body function and activity domains (p < 0.01 and p = 0.02). The LSA score was significantly 
higher in the affected group in the activity and participation domains (p = 0.04 and p < 0.01).

Logistic regression analyses.  The set of complete data without missing values (110 PwMSA) was used 
in the regression models, and participants with functioning scores of 0 were excluded from the analysis. The 
univariate logistic regression model showed that MSIQ was significantly related to impairment and activity limi-
tation, and the LSA score was significantly related to activity limitation and participation restriction. The multi-
variate model identified the MSIQ score and the LSA score as the two variables that independently contributed 
to all domains. In terms of ORs for the MSIQ score and the LSA score, they were 1.083 (95% CI 1.032–1.136) 
and 1.030 (95% CI 1.006–1.054) for impairment, 1.073 (95% CI 1.025–1.123) and 1.035 (95% CI 1.011–1.059) 

Figure 2.   Effect of the COVID-19 pandemic on ICF functioning domains. A color has been assigned to each of 
the three groups: + 1 to + 3 for COVID-19 pandemic-affected (red oblique bar), − 1 to − 3 for unaffected (white 
solid bar), and 0 for neither (gray dotted bar).

Table 2.   Comparison of patients affected and unaffected by the COVID-19 pandemic. Data are presented as 
means (standard deviations) for numerical variables that showed a normal distribution, median (25th, 75th 
percentiles) for ordinal variables and numerical variables that did not show a normal distribution, and actual 
numbers for categorical variables. MSIQ multiple system impairment questionnaire, PHQ-2 patient health 
questionnaire-2, mRS modified rankin scale, BI barthel index, LSA life-space assessment, EQ EuroQoL.

Body function Activity Participation

Affected (n = 27)
Unaffected 
(n = 103) p-value Affected (n = 27)

Unaffected 
(n = 103) p-value Affected (n = 69)

Unaffected 
(n = 103) p-value

Age (y) 65.0 (8.8) 66.0 (8.1) 0.60 64.9 (9.0) 65.8 (7.6) 0.60 64.6 (7.9) 67.3 (7.9) 0.05

Sex [female/male] 9/18 48/55 0.22 11/16 47/56 0.65 29/40 32/31 0.31

Disease duration (y) 5.2 (3.6, 9.2) 6.3 (4.0, 10.0) 0.53 5.6 (3.4, 11.4) 6.5 (4.1, 10.0) 0.58 6.6 (3.5, 10.8) 6.4 (4.0, 9.8) 0.91

MSIQ score [0–66] 40.1 (14.0) 32.1 (13.5)  < 0.01 39.3 (15.4) 32.0 (13.0) 0.02 34.9 (15.2) 31.8 (12.0) 0.26

PHQ-2 score [0–6] 2 (0, 3) 2 (0, 4) 0.84 2 (1, 4) 2 (0, 3) 0.27 2 (0, 4) 2 (0, 3) 0.11

mRS score [0–5] 4 (4, 5) 4 (4, 5) 0.93 4 (4, 5) 4 (4, 5) 0.67 4 (3, 5) 4 (4, 5) 0.15

BI [0–100] 43 (0, 95) 38 (0, 90) 0.94 58 (0, 95) 43 (0, 91) 0.83 43 (0, 95) 38 (0, 90) 0.64

LSA score [0–120] 27 (17, 36) 20 (8, 32) 0.09 25 (17, 32) 20 (9, 34) 0.16 30 (16, 41) 18 (4, 29) 0.01

EQ value 
[0.00–1.00] 0.36 (0.22) 0.38 (0.23) 0.68 0.38 (0.21) 0.38 (0.23) 0.90 0.40 (0.25) 0.35 (0.21) 0.28
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for activity limitation, and 1.052 (95% CI 1.014–1.091) and 1.048 (95% CI 1.021–1.076) for participation restric-
tion, respectively (Table 3). Throughout all analyses, basic characteristics such as age and sex were not identified 
as sole risk factors.

Discussion
This study identified the effect of the early COVID-19 pandemic on ICF functioning and related factors in 
PwMSA based on Japanese nationwide data. It should be emphasized that the present survey was not an assess-
ment of the full COVID-19 pandemic, but rather of only the early stages of the pandemic, when strict infection 
control strategies were implemented in each country. As expected, participation restriction was reported by 
about half of the patients. This result is consistent with the hypothesis that participation is the most directly 
affected by the COVID-19 pandemic, with limited effects on body function and activity. The focal question was 
to determine in which patients not only was there participation restriction, but also other decreases in function-
ing. In particular, severity of disease-related impairments (measured by the MSIQ) and the extent of daily living 
space (measured by the LSA) affected ICF functioning during the COVID-19 pandemic. A high MSIQ score 
and a high LSA score were independent risk factors for decreased ICF functioning in all aspects. Compared to 
previous reports13,33, the characteristics of the patients in the present study were higher severity of disease in the 
participants when referring to the mRS and the BI, as well as higher mean age and longer duration of disease. 
However, regression analysis showed that these factors and health-related QOL were not associated with COVID-
19. These findings can be embodied in the patient characteristics indirectly affected by COVID-19. Unlike the 
gap between the participation and other domains in the COVID-19 pandemic, patients with a similar clinical 
status were consistently affected in their overall functioning.

The correlation between participation and the other domains was moderate, indicating that participation 
restriction caused by the COVID-19 pandemic was not necessarily linked to impairment or activity limitation. 
On the other hand, the correlation between impairment and activity limitation was very high, and they were 
similar domains that were almost equally affected. The basic concept of ICF domains is that they are inter-
related, and in fact, mild to moderate correlation coefficients between domains have been reported in several 
populations34–36. One possible cause for the characteristic gap among ICFs could be the benefit of the lack of 
strict lockdowns in Japan. About 90% of respondents reported refraining from going out, whereas only 27% 
of patients who received rehabilitation reported restrictions of rehabilitation. For example, in Italy during the 
lockdown, rehabilitation was interrupted in 72% of Friedreich’s ataxia patients37 and up to 82% of MS patients38. 
Suspension of hospital treatments or physical therapy, reported in 41% of Parkinson’s disease patients and 43% 
of hereditary spastic paraplegia and spinocerebellar ataxia patients, was also correlated with subjective worsen-
ing of neurological symptoms7. In addition, worsening of self-reported health status due to usual rehabilitation 
limitations was reported in 68.8–82.4% of multiple sclerosis patients with mild to severe disability39 and in more 
than 50% of PwMSA18. In contrast to these reports, the fact that necessary rehabilitation services were continued 
in about 80% of the patients in Japan may have acted to maintain body function23.

Table 3.   Univariate and multivariate logistic regression analyses. CI confidence interval, MSIQ multiple 
system impairment questionnaire, PHQ-2 patient health questionnaire-2, mRS modified rankin scale, BI 
barthel index, LSA life-space assessment, EQ EuroQoL. a Adjusted for age, sex, disease duration, and dwelling 
place.

Dependent variable Independent variable

Univariate analysis Multivariate analysisa

OR (95% CI) p-value OR (95% CI) p-value

Impairment

MSIQ score 1.045 (1.011–1.080) 0.010* 1.083 (1.032–1.136) 0.001*

PHQ-2 score 1.019 (0.826–1.256) 0.862

mRS score 1.043 (0.688–1.581) 0.843

BI 1.000 (0.990–1.011) 0.962

LSA score 1.013 (0.998–1.028) 0.092 1.030 (1.006–1.054) 0.015*

EQ value 0.688 (0.101–4.708) 0.703

Activity limitation

MSIQ score 1.041 (1.007–1.075) 0.017* 1.073 (1.025–1.123) 0.003*

PHQ-2 score 1.108 (0.900–1.364) 0.335

mRS score 1.077 (0.700–1.657) 0.735

BI 1.001 (0.991–1.012) 0.787

LSA score 1.016 (1.000–1.031) 0.046* 1.035 (1.011–1.059) 0.004*

EQ value 0.912 (0.126–6.582) 0.927

Participation restriction

MSIQ score 1.015 (0.989–1.041) 0.256 1.052 (1.014–1.091) 0.008*

PHQ-2 score 1.153 (0.961–1.383) 0.124

mRS score 0.743 (0.525–1.050) 0.093

BI 1.003 (0.994–1.011) 0.552

LSA score 1.030 (1.011–1.049) 0.002* 1.048 (1.021–1.076)  < 0.001*

EQ value 2.371 (0.491–11.443) 0.283
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Consistently identified by regression analysis, the MSIQ was a measure of impairment scored by summing the 
number and severity of disease-related symptoms. Although whether impairment level even affects the participa-
tion domain is controversial, several previous studies have suggested that impairment has a direct association 
with health-related QOL40,41. The relationship between PwMSA disease-related impairments and the COVID-
19 pandemic has not been fully elucidated18, but there are reports that the disability stage of multiple sclerosis 
and the progression of disease stage of cerebellar ataxias affect health status39,42. Because MSA can cause a wide 
range of symptoms, including autonomic dysfunction, these findings emphasize the importance of confirming 
the severity of comprehensive impairments rather than a single activity grade. Furthermore, it was found that 
the extent of the life space was a risk factor along with a high MSIQ. It has been reported that PwMSA require 
more care than patients with other neurological diseases43, and given the high mRS scores of the participants 
in the present study (median 4), it is likely that many of them required home care. This result was similar to the 
hypothesis that participants who maintained their life space with some peer or social support despite severe 
impairment are the most affected. It is likely that patients who used home care for activity and participation were 
directly affected by the limitations on caregiving capacity and social services due to the COVID-19 pandemic44. 
In addition, it is clear that high LSA was affected by the “stay at home” recommendation for the pandemic. 
Limitations in activities outside the home and social interactions spill over into disuse functional impairment 
and activity limitation4–7,45. When managing PwMSA at any level of functioning, attention should be paid to the 
extent of their living space, as well as disease severity.

Study strengths and limitations.  The main strength was that a large, cross-sectional study confirmed 
the effect of the pandemic on PwMSA and further identified patient attributes associated with a risk of decreased 
functioning. This will help to identify potential patients that should be targeted by social services and public 
policy during or after the COVID-19 pandemic. Specifically, it provides a rationale for monitoring symptom 
severity and daily living space and for implementing ongoing clinical and community care.

There are several limitations to this study. First, this survey was limited to a single organization during the 
early COVID-19 pandemic, which led to selection bias. Specifically, most of the cases lived in their homes, 
so that more advanced cases, such as those living in long-term care facilities or requiring hospitalization, or 
individuals with less social support not belonging to the association were not well represented in this analysis. 
Second, the MSIQ used was newly created, and its validity and reliability have not been confirmed. Because of 
these restrictions, it was used only as a tool to comprehensively measure symptom severity in the present study. 
Similarly, changes in ICF functioning after the outbreak of COVID-19 were assessed with a questionnaire and not 
a clinical examination by neurologists, which may result in both underestimation and overestimation. Third, the 
limited results of PwMSA were not compared to those of healthy or other patient populations. An earlier report 
using the same patient association database showed a relatively large reduction of ICF functioning in patients 
with spinocerebellar degeneration, which was a more actionable population assessed by mRS23. The impact of 
COVID-19 may be greater in patient populations with mild activity levels that are more susceptible to participa-
tion constraints. Finally, it is not appropriate to generalize the Japanese data to countries or cities with a strict 
lockdown. Therefore, the present results need to be interpreted by considering the relationship between behav-
ioral status and social systems during the COVID-19 pandemic in different countries and regions. The strategies 
of countries against the pandemic have been heterogeneous, and not all countries necessarily had full or partial 
lockdowns46,47. Japan’s mitigation strategy, which reflects the current global situation, suggests that the impact 
of the COVID-19 pandemic on certain patient populations may be limited in the absence of a strict lockdown 
strategy. Despite these limitations, we are convinced that this patient-oriented survey is an important contribu-
tion to understanding the patient situation during the mitigation strategy for the long COVID-19 pandemic.

Conclusion
The COVID-19 pandemic affected ICF functioning of PwMSA in Japan, particularly in the participation domain, 
with approximately 45% of PwMSA affected. The severity of disease-related impairments measured by the MSIQ 
was a common risk factor for decreased ICF functioning in MSA. In addition to the MSIQ, a large extent of 
daily living space measured by the LSA was a risk factor for a COVID-19 pandemic-induced decrease in ICF 
functioning. These results help to build a rationale for the social effect of the COVID-19 pandemic on patients 
with neurodegenerative diseases and to support the focus on patients’ characteristics for medical and social 
welfare support.

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