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Objective: The coronavirus disease 2019 (COVID-19) pandemic changed the lives of patients with Parkinson’s disease (PD) and
their caregivers. This study aimed to investigate changes in patient behavior and PD symptoms and their effect on caregiver burden
resulting from the COVID-19 pandemic in Japan.

Methods: This nationwide, observational, cross-sectional survey included patients with self-reported PD and caregivers (members of
the Japan Parkinson’s Disease Association). The primary objective was to evaluate changes in behaviors, self-assessed PD symptoms,
and caregiver burden from pre-COVID-19 (February 2020) to post—national state of emergency (August 2020 and February 2021).
Results: Responses from 1883 patients and 1382 caregivers from 7610 distributed surveys were analyzed. Mean (standard deviation)
age of patients and caregivers was 71.6 (8.2) and 68.5 (11.4) years, respectively; 41.6% of patients had a Hoehn and Yahr (HY) scale
of 3. Patients (>40.0%) reported decreased frequency of going out. Most patients (>70.0%) reported no change in treatment visit
frequency, voluntary training, or rehabilitation and nursing care insurance services. Symptoms worsened for approximately 7-30% of
patients; the proportion with HY scale 4-5 increased from pre-COVID-19 (25.2%) to February 2021 (40.1%). Aggravated symptoms
included bradykinesia, walking, gait speed, depressed mood, fatigue, and apathy. Caregivers’ burden increased because of patients’
worsened symptoms and reduced time going out.

Conclusion: Control measures during infectious disease epidemics should consider that patients’ symptoms may worsen; therefore,
patient and caregiver support is needed to reduce burden of care.
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Introduction

In late 2019, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) led to a global pandemic of coronavirus
disease 2019 (COVID-19). The infectious coronavirus leads to a severe respiratory syndrome and potentially to
neurological disorders.! Older people with comorbidities, including diabetes mellitus, cardiac failure, and respiratory
disease, are at increased risk for serious COVID-19 illness. Parkinson’s disease (PD) is more prevalent in older people
who are often frail and have comorbidities; therefore, elderly patients with PD could be at risk of severe COVID-19
disease.'

Many countries implemented lockdowns and social distancing to control the COVID-19 pandemic. These social
measures may have changed the lives of patients with PD and their caregivers by reducing access to treatment and
rehabilitation services. In addition, reduced socialization may also contribute to physical and mental health effects, even
in noninfected patients. Patients with PD worldwide experienced worsening of motor and nonmotor symptoms during the
COVID-19 pandemic, including more stress, depression, and anxiety, and less physical activity.>'? Under nonpandemic

conditions, the duration and severity of PD are predictors of caregiver burden, and psychiatric symptoms, hallucinations,
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and falls greatly impact caregiver quality of life.'> '® In Italy, during COVID-19 lockdown, caregiver stress and
exacerbation of burden correlated with patient independence'’” and nonmotor PD symptoms.18 Thus, social restrictions
and psychological stress caused by COVID-19 extend to caregivers.

Japan declared a national state of emergency in April and May 2020, and people were encouraged to stay at home and
social distance. In a survey conducted under this state of emergency, clinical depression and anxiety correlated with
motor aspects of daily living in patients with PD.'” In a study of 100 patients with PD and their caregivers, lifestyle
changes due to the COVID-19 pandemic resulted in symptom worsening, increased stress, and decreased physical
activity in one-third to one-half of patients.'” For caregivers, depression, stress, and worsening of patients’ mood
contributed to worse mental health.”” To date, no large study has reported COVID-19—induced behavior changes in
patients with PD or their caregivers and their effects on PD symptoms in Japan.

Our large-scale survey investigated the changes in behavior and PD symptoms of patients with PD, and the effect of
these changes on caregiver burden, before and after the COVID-19 pandemic in Japan.

Methods

Study Design

This was an observational, cross-sectional, paper-based survey conducted from February 2 to 26, 2021 in Japan. Paper
surveys were mailed to patients with PD and their caregivers. Patients and caregivers had to provide written informed
consent to participate and permit the publication and secondary use of survey results. People objectively considered
incapable of giving informed consent could participate with the consent of their legal representative. Participation was
voluntary, and respondents received a gift card from the survey company after survey completion. The protocol was
approved by the Institutional Review Board (IRB #: 202009) in Japan. The study was conducted in accordance with the
ethical principles of the Declaration of Helsinki and in compliance with the Ethical Guidelines for Medical Research
Involving Human Subjects. The study was registered at the University Hospital Medical Information Network-Clinical
Trials Registry (https://www.umin.ac.jp/ctr/index.htm; identification: UMIN000043167; date of registration: January 29,
2021).

Study Population

Respondents included consenting patients with PD (self-reported by patients or caregivers) and their caregivers, either of
whom were members of the Japan Parkinson’s Disease Association (JPDA). Respondents were excluded if they did not
provide an answer to over half of the survey questions, gave the same answer to all questions, answered after the survey
period, or did not participate in the follow-up process if they had provided safety information (adverse events).

Objectives

The primary objective was to evaluate how the COVID-19 pandemic affected behaviors and PD symptoms (motor and
nonmotor) in patients with PD, and caregiver burden. The secondary objectives were to determine whether perceived
effects of the COVID-19 pandemic on motor and nonmotor symptoms differed between patients and caregivers, and to
explore the needs and challenges of online medical care and medication instruction.

Survey Variables and Measurement Scales

The survey consisted of 29 questions for patients and 20 questions for caregivers, from which respondents could select
>1 answer. Three confirmation questions on informed consent, who completed the survey, and patient/caregiver relation-
ship were also included. The questionnaires were developed and delivered in Japanese (see Supplementary Methods for

questionnaires in English).

In summary, the questionnaires asked about life before and after the COVID-19 pandemic. The patient
questionnaire included questions about patient demographics, PD treatment and lifestyle, self-assessed PD symp-
toms, and PD-related information (disease duration, severity, and treatment). The caregiver questionnaire included
questions about patient and caregiver demographics, caregiver lifestyle and burden, PD treatment, and patient
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lifestyle and PD symptoms. The use of telemedicine by telephone was defined as phone calls without video; online
telemedicine included the use of video. Self-assessed symptom severity was selected from “0: No symptom” to “5:
Most severe symptom”. Caregiver burden was selected from “0: No burden” to “5: Greatest burden”. Health status
(fatigue, insomnia, irritability, loss of appetite, weight loss) was selected from “0: No problem” to “5: Severe
problem”. See Supplementary Methods for further details and for patient and caregiver questionnaires.

Timeline

Responses for each survey question were required for February (Feb) 2020 (pre—COVID-19), August (Aug) 2020 (post—
national state of emergency; referred to as post—state of emergency from here onward), and Feb 2021 (time of survey and
continued pandemic conditions).

Statistical Analysis

Responses were collected, converted to electronic data, tabulated, and analyzed. The mean, standard deviation (SD),
median, quartile 1 and 3 (Q1, Q3), minimum, and maximum were determined for continuous variables, and the
number and percentage of responses in each category were described for categorical variables. Changes in Hoehn
and Yahr (HY) scale (self-assessed) (Feb 2020—Feb 2021) were modeled using ordinal logistic regression. Change in
self-assessed PD symptoms (Feb 2020—-Aug 2020 and Feb 2020-Feb 2021) was categorized as “worsened”, “not
changed”, and “improved”. Subgroup analyses were conducted to investigate the effects of the COVID-19 pandemic
on PD symptoms. The perceived effects of the COVID-19 pandemic on symptoms between patients and caregivers
and the needs/challenges of online medical care and medication instruction were explored using descriptive
statistics. If no valid selection was made for any survey question, the response was handled as missing. For ordinal
logistic regression, multiple imputation was performed for missing data. All analyses were conducted using R,
Version 4.1.0 (R Foundation for Statistical Computing, Vienna, Austria). See Supplementary Methods for further
details.

Results

Demographic and Clinical Characteristics
Of the 7610 surveys distributed, 1950 patients with PD and 1493 caregivers responded. Responses from 1883 patients
and 1382 caregivers were included in the analysis (Figure S1).

Most eligible respondents lived in Tokyo (patients: 170/1860, 9.1%; caregivers: 126/1377, 9.2%), Osaka (patients:
147/1860, 7.9%; caregivers: 105/1377, 7.6%), and Hyogo (patients: 121/1860, 6.5%; caregivers: 95/1377, 6.9%)
prefectures (Figure S2). The mean (SD) age of patients and caregivers was 71.6 (8.2) years and 68.5 (11.4) years,
respectively, and just over half were female. Most patients (64.0%) were unemployed and lived with their spouse
(75.1%), and in most cases (82.3%) the spouse was the caregiver. Approximately half of patients had a PD diagnosis for
>10 years, and 41.6% had a self-assessed HY scale of 3. Most patients traveled <1 hour to receive treatment and traveled
by private car (64.0%; Tables 1 and S1).

Behavior Changes in Patients

Frequency of Treatment Visits to a Medical Institution

The proportion of patients with a high visit frequency (1-2 visits/month) decreased from 38.3% pre-COVID-19 to 33.2%
post—state of emergency (Figure 1A). The proportion of patients with a low visit frequency (<1 visit/3 months) increased
from 5.6% pre—COVID-19 to 10.2% post—state of emergency and 7.8% at Feb 2021. For most patients (>70.0%), visit
frequency did not change.

Frequency of Rehabilitation (Voluntary Training)

Approximately one-third of patients did not undertake voluntary training pre—COVID-19 and post—state of emergency
(Figure 1B). Overall, 22.3% conducted this activity 2 times/week pre-COVID-19 and 20.4-21.1% post-state of
emergency, and the frequency decreased for 12.1% of patients up to Feb 2021.
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Table | Clinical Background and Demographics of Eligible Respondents at the Time of the Survey

Characteristic (February 2021) Patients (N=1883) Caregivers (N=1382)
Age (years)
n 1863 1371
Mean (SD) 71.6 (8.2) 68.5 (11.4)
Mean (SD) of patient caring for - 723 (7.9)
Sex
n 1864 1376
Male 795 (42.7) 610 (44.3)
Female 1069 (57.3) 766 (55.7)
Living situation
n 1883 -
With someone 1618 (85.9) -
Spouse 1415 (75.1) -
Offspring 533 (28.3) -
Sibling 21 (1.1) -
Parent 97 (5.2) -
Alone 181 (9.6) -
In elderly home/care facility 93 (4.9) -
Years of diagnosis of PD for the patient/patient being cared for
Patient’s disease duration since diagnosis
n 1862 1369
<5 years 326 (17.5) 200 (14.6)
5 to <10 years 590 (31.7) 459 (33.5)
10 to <15 years 460 (24.7) 335 (24.5)
2|5 years 486 (26.1) 373 (27.2)
Unknown - 2 (0.1)
Hoehn and Yahr scale of patient/patient being cared for
n 1547 1128
| 185 (12.0) 94 (8.3)
2 97 (6.3) 54 (4.8)
3 644 (41.6) 416 (36.9)
4 521 (33.7) 452 (40.1)
5 100 (6.5) 98 (8.7)
Unknown - 14 (1.2)
(Continued)
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Table | (Continued).

Characteristic (February 2021) Patients (N=1883) Caregivers (N=1382)
Treatment for PD for patient/patient being cared for
n 1657 1233
Medication® 1591 (96.0) 1180 (95.7)
Brain surgery® 117 (7.1) 91 (7.4)
Levodopa/carbidopa intestinal gel infusion® 61 (3.7) 58 (4.7)
Medical institution type and department where treatment for PD is mainly
received
n 1693 -
General hospital (including a university hospital) 1218 (71.9)
Clinic 450 (26.6)
Home medical care 25 (1.5)
Travel time to medical institution for PD treatment
n 1833 -
<30 minutes 891 (48.6) -
30 minutes to <I| hour 647 (35.3) -
| to <2 hours 246 (13.4) -
2 to <3 hours 40 (2.2) -
23 hours 9 (0.5) -

Notes: Data are n (%) except where indicated. *Oral drugs, transdermal patches, etc. ®Deep brain stimulation. “Continuous drug infusion via percutaneous
endoscopic gastrojejunostomy.
Abbreviations: PD, Parkinson’s disease; SD, standard deviation.

Frequency of Going Out
Pre—COVID-19, most patients (66.2%) went out >3 times/week (Figure 1C). The frequency of going out decreased for
45.1% and 44.2% of patients post—state of emergency and up to Feb 2021, respectively.

Frequency of Rehabilitation Services and Nursing Care Insurance Services

Of patients who used rehabilitation services (excluding voluntary training), most used it 1-2 times/week (48.5%,
Feb 2020; 44.4%, Aug 2020; 47.4%, Feb 2021; Figure S3). Use decreased for approximately 10% of patients post—
state of emergency and up to Feb 2021. Most patients did not use nursing care insurance, bathing day care, or short-stay

services, and there was minimal change in the frequency of their use.

Telemedicine Use

Most patients did not use telemedicine pre—COVID-19, post—state of emergency, and up to Feb 2021 (86.3-98.3%;
Figure S4). The most common reason for not using telemedicine by Feb 2021 was “I can receive more satisfactory
treatment face-to-face” (65.0%). Overall, 15.2% of patients used online telemedicine, 1.9% used the telephone, and 0.6%
used both. Telemedicine use increased post—state of emergency from pre—COVID-19 (telephone: 2.0% vs 0.7%,

respectively; online: 11.8% vs 1.0%, respectively).
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Figure | Behavior changes in patients. Change in (A) Frequency of treatment visits to a medical institution in a month, (B) Rehabilitation (voluntary training) in a week, and
(C) Going out in a week among patients from pre—~COVID-19 pandemic (February 2020) to post—national state of emergency (August 2020) or to the time of the survey
(February 2021).

Abbreviations: Aug, August; COVID-19, coronavirus disease 2019; Feb, February.

Changes in PD Symptoms

HY Scale (Patient- and Caregiver-Assessed)

Overall, patients reported a general deterioration in HY scale, and HY scale tended to worsen for patients with milder
disease versus a higher HY scale rating (Figure 2 and Table S2). There was a similar trend in the perception of severity of
PD symptoms between patients and caregivers (Tables S2 and S3).

The proportion of patients with an HY scale of <3 was 74.8% (n=1148/1535) pre—COVID-19, 69.2% (n=1013/1464)
post—state of emergency, and 59.9% (n=926/1547) up to Feb 2021. The proportion of patients with an HY scale of >4
was 25.2% (n=387/1535) pre-COVID-19, 30.8% (n=451/1464) post—state of emergency, and 40.1% (n=621/1547) up to
Feb 2021, indicating a change to more severe PD symptoms.

Ordinal logistic regression analysis showed that frequency of going out (1-day decrease/week), age (10-year
increase), HY scale at Feb 2020, PD duration since diagnosis, and living situation were significantly associated with
the deterioration in HY scale from pre-COVID-19 to Feb 2021, and changes in the frequency of rehabilitation services
(1-time decrease/week) were significantly associated with improvement in HY scale (Table 2).
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Figure 2 Differences between patients’ and caregivers’ perceptions of self-assessed symptom changes in Hoehn and Yahr scale. Differences from pre—COVID-19 pandemic
(February 2020) to post—national state of emergency (August 2020) or to the time of the survey (February 2021). Patient perception: February 2020 to August 2020
(N=1435, missing data = 448); February 2020 to February 2021 (N=1437, missing data = 446). Caregiver perception: February 2020 to August 2020 (N=1051, missing data =
832); February 2020 to February 2021 (N=1051, missing data = 832).

Abbreviations: COVID-19, coronavirus disease 2019; Feb, February; HY, Hoehn and Yahr.

Motor and Nonmotor Symptoms

The proportion of patients with more severe self-assessed symptoms increased over time, with motor and nonmotor
symptoms worsening in approximately 7-30% of patients pre-COVID-19 to post—state of emergency and up to Feb 2021
(Figure 3). Similar trends were observed for patient- and caregiver-reported changes in severity for motor and nonmotor
symptoms (Figures 3 and S9).

Table 2 Ordinal Logistic Regression Analysis of Change in Hoehn and Yahr Scale

Explanatory Variables Odds Ratio® | 95% Confidence Interval | P-value
Change in frequency of treatment (l-visit decrease in a month)® 1.15 0.82—-1.60 0.413
Use of telemedicine (vs nonuse) 1.14 0.79-1.63 0.483
Change in frequency of rehabilitation service (I-time decrease in a week)® | 0.76 0.64-0.90 0.002
Change in frequency of voluntary training (I-time decrease in a week)® .11 0.97-1.28 0.142
(Continued)
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Table 2 (Continued).

Explanatory Variables Odds Ratio® | 95% Confidence Interval | P-value
Change in frequency of going out (I-day decrease in a week)® 1.25 1.13-1.39 <0.001
Male (vs female) 0.94 0.73-1.22 0.644
Age (10-year increase) 1.60 1.33-1.92 <0.001
Hoehn and Yahr stage at February 2020 (vs 3) <0.001

| 5.16 3.49-7.62 -

2 5.10 3.48-7.47 -

4 0.21 0.14-0.33 -

5 0.05 0.01-0.21 -
Disease duration since diagnosis (vs <5 years) <0.001

5 to <10 years 2.75 1.74-4.35 -

10 to <15 years 4.13 2.57-6.64 -

2|5 years 4.12 2.49-6.82 -
Living situation (vs with someone) 0.016

Alone 0.82 0.56—1.21 —

In elderly home/care facility 2.24 1.21-4.12 -
Medical institution (vs general hospital)

Clinic 1.09 0.81-1.45 0.824

Home medical care 1.17 0.41-3.29 -
Time to medical institution (vs <30 minutes) 0.098

30 minutes to <I| hour 1.04 0.79-1.36

| to <2 hours 0.66 0.42—-1.02 -

22 hours 0.56 0.25-1.27 -

Notes: N=1883. *Odds ratios for the |-scale increase in Hoehn and Yahr scale (indicating a deterioration in Hoehn and Yahr scale stage). bChange in frequency
was the change from February 2020 to February 2021.

In a subgroup analysis, changes in PD symptoms tended to differ with HY scale, disease duration, and living
situation; no clear trend was observed with sex and age (Figure S6). Compared with their respective subgroups,
worsening of motor symptoms was greater in patients with an HY scale of 1-3 and disease duration <15 years.
Worsening of nonmotor symptoms was greater in patients living alone or in an elderly home or care facility.

Changes in Caregiver Burden

An increase in daily caregiver hours pre-COVID-19 to Aug 2020 and up to Feb 2021 was reported by 16.8% and 22.9%
of caregivers, respectively (Figure 4). Median (Q1-Q3) hours for patient care increased from 1.00 (0.0-4.0) pre—COVID-
19 to 2.0 (0.0-5.0) in Feb 2021. The burden increased for 31.2% of caregivers up to Feb 2021 (Table S4). Of the 432 of
1382 caregivers who reported increased burden, 385 provided reasons, which were mainly aggravation of the patient’s
symptoms (44.2%) and patients went out less frequently, requiring caregivers to spend more hours at home (43.9%).
Approximately 40% of caregivers and their patients went out less frequently post—state of emergency and up to Feb 2021
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A Motor symptoms
Slow body movement (bradykinesia)
Inability to walk a long distance
Slow gait speed
Poor balance/fall easily
Freezing of gait
Poor posture
Inability to rise from a chair
Difficulty with speech

Difficulty swallowing, choking on food

Poor response in spite of taking medications
(off-period)
Difficulty with handwriting

Inability to turn over in bed
Inability to get out of bed
Tremor of limbs

Inability to walk independently

Festinating gait

Involuntary body movements while taking
medications (dyskinesia) |
0 10 20 30 40
August 2020 February 2021
Proportion of patients (%)

s Worsened = |mproved

B Nonmotor symptoms

Depressed mood, low mood
Fatigue

Decreased motivation or apathy
Trouble with urine control
Body pains

Forgetfulness

Drooling

Feeling isolated or anxious
Daytime sleepiness

Poor concentration

Shortness of breath
Laughing/smiling less
Sleeplessness at night
Decreased number of words
Constipation
Light-headedness on standing
Hallucination, delusion
Frequent talking in sleep

30 40 0 10 20 30 40
August 2020 February 2021
Proportion of patients (%)

Figure 3 Changes in self-assessed motor and nonmotor symptoms. Change in severity of (A) Motor and (B) Nonmotor symptoms in patients from pre~COVID-19
pandemic (February 2020) to post—national state of emergency (August 2020) or to the time of the survey (February 2021).
Abbreviation: COVID-19, coronavirus disease 2019.
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February 2020 = 0 hours Change in hours for taking care of patient in a day
(N=1,189) B2 1 hour Feb-Aug2020  Feb 2020—Feb 2021
B 2 hours (N=1,161) (N=1,157)
August 2020 = 3 hours Decreased, n (%) 22 (1.9) 37 (32)
(N=1,186) = 4 hours Not changed, n (%) 944 (81.3) 855 (73.9)
Increased, n (%) 195 (16.8) 265 (22.9)
B3 5 hours Missing data, 221 225
February 2021 on ssing data, n
(N=1,214) =5 hours

Proportion of patients (%)

Figure 4 Changes in caregiver burden. Changes in daily caregiver hours from pre-COVID-19 pandemic (February 2020) to post—national state of emergency (August 2020)
or to the time of the survey (February 2021).
Abbreviations: Aug, August; COVID-19, coronavirus disease 2019; Feb, February.

(Figure S7). The most commonly reported changes in PD symptoms that contributed to increased caregiver burden were

poor balance/fall easily (40.6%) and slow body movement (39.0%; Figure S7). Caregivers’ health status tended to not
change over time, but caregivers were particularly troubled by fatigue and frustration (Table 3).

Table 3 Changes in Caregivers’ Health Status

Health Problem Pre-COVID-19 Pandemic to Post- | Pre-COVID-19 Pandemic to
National State of Emergency Time of the Survey
February-August 2020 February 2020-February 2021
Fatigue
n 1380 1381
Improved, n (%) 38 (2.8) 51 3.7)
Not changed, n (%) 1104 (80.0) 966 (69.9)
Worsened, n (%) 238 (17.2) 364 (26.4)
Missing data, n 2 |
Sleeplessness
n 1382 1382
Improved, n (%) 27 (2.0) 39 (2.8)
Not changed, n (%) 1191 (86.2) 1098 (79.5)
Worsened, n (%) 164 (11.9) 245 (17.7)
Missing data, n 0 0
Frustration
n 1381 1380
Improved, n (%) 41 (3.0 54 (3.9)
Not changed, n (%) 1078 (78.1) 963 (69.8)
Worsened, n (%) 262 (19.0) 363 (26.3)
Missing data, n | 2

(Continued)
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Table 3 (Continued).

Health Problem Pre-COVID-19 Pandemic to Post- | Pre—-COVID-19 Pandemic to
National State of Emergency Time of the Survey
February-August 2020 February 2020-February 2021

Decreased appetite

n 1381 1381
Improved, n (%) 17 (1.2) 26 (1.9)
Not changed, n (%) 1302 (94.3) 1264 (91.5)
Worsened, n (%) 62 (4.5) 91 (6.6)

Missing data, n | |

Weight loss
n 1382 1382
Improved, n (%) 14 (1.0) 20 (1.4)
Not changed, n (%) 1312 (94.9) 1277 (92.4)
Worsened, n (%) 56 (4.1) 85 (6.2)
Missing data, n 0 0

Abbreviation: COVID-19, coronavirus disease 2019.

Discussion

This novel, large-scale observational survey investigated patient behavior and PD symptoms, and caregiver burden and
health status, before and after the COVID-19 pandemic in Japan. Most patients (>70.0%) reported no change in their
behavior during the pandemic, except for going out, for which >40.0% reported a decrease in frequency, indicating that
unnecessary and nonurgent going out decreased during the pandemic. In contrast, the decrease in frequency of necessary
activities, such as treatment visits to a medical institution, was small (<17.5%). Symptoms worsened for approximately
7-30% of patients, and HY scale tended to worsen in patients with milder disease. A similar trend in perceived changes
in patient behavior and symptoms was observed between patients and caregivers. Burden of care increased in approxi-
mately one-third of caregivers, largely due to patients going out less and worsened PD symptoms. These results suggest
that social restrictions during the COVID-19 pandemic contributed to worsening PD symptoms and caregiver burden.

Social isolation is associated with disease severity and poor quality of life in patients with PD.>' In this study, the
frequency of medical treatment and services, such as rehabilitation and nursing care, did not change much. However,
nearly half of respondents went out less, suggesting that unnecessary and nonurgent going out decreased. A shift from
a low (HY 1-2) to a higher HY scale was observed in patients with PD, indicating a change from mild to more severe
disease during the pandemic. However, patients may readily transition from lower (mild disease) to higher HY values.?
Regression analysis showed a significant association between decreased frequency of going out and HY scale deteriora-
tion; however, it is unclear if this was the cause or a consequence of the observed HY scale change. Increasing age, long
disease duration since diagnosis, and living situation were also significantly associated with HY scale deterioration.

In Japan, online medical care had been provided before the COVID-19 pandemic; however, in response to the
pandemic, in April 2020 the Ministry of Health, Labour and Welfare in Japan relaxed restrictions on telemedicine
consultations and allowed insurance payment for telemedicine services.”® Interestingly, in this study, the frequency of
medical treatment visits did not change much during the pandemic and, although telemedicine consultations were
permitted, there appeared to be hesitancy with their uptake. Considering that most patients with PD visit a hospital

relatively infrequently for treatment (ie, 1-2 times/month or every 2 months), it is reasonable that the frequency of
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treatment visits did not change during the pandemic. In addition, in this study, patients indicated a preference for face-to-
face visits, with only a small proportion (11.8%) using online telemedicine services during the pandemic. Similarly, only
9.0% of patients with PD in the Tochigi prefecture in Japan implemented online care during the pandemic.”® This is in
contrast to the high acceptance of telemedicine observed in surveys of people with PD across the United States (US),
where telehealth use increased from 9.7% before to 63.5% during the pandemic,®* and in Fukuoka, Japan, during the
state of emergency, where 60.2% of patients indicated that they would be inclined to use telemedicine.?” Furthermore, in
a global survey on telemedicine use during March and April 2020, all forms of telemedicine for movement disorders
increased globally,?® and in a Japanese study of patients with neurological disease during the pandemic, patients with PD
tended to prefer telemedicine more than those without PD.?” Differences in the uptake of telemedicine may be attributed
to the lack of facilities to conduct online medical care, cultural differences, insufficient reimbursement of costs by
insurance,”® difficulty in obtaining reimbursement of costs, and regional differences in the number of people infected
with SARS-CoV-2. Overall, the results of our study suggest that patients with PD in Japan are typically engaged with
their routine treatment visits to a medical institution and have low affinity for online medical care.

In a single-center survey investigating the impact of the COVID-19 pandemic on PD in Japan, worsening of tremor,
rigidity, gait, postural stability, cognition, mood, and sleep was reported by approximately 30-40% of patients and
caregivers; <25% of patients reported a worsening of bradykinesia.’® Furthermore, many patients reported increased
stress and decreased physical activity during the pandemic.”® In our study, approximately 7-30% of patients reported
worsening of PD symptoms from before the COVID-19 pandemic to the time of this study. The most aggravated
symptoms included bradykinesia, ability to walk long distances, slow gait speed, depressed mood, fatigue, and decreased
motivation or apathy. Deterioration in PD symptoms during the COVID-19 pandemic has been observed in other
countries. In the US, in an online study of >5000 patients with PD, 43% and 52% of patients not diagnosed with
COVID-19 reported worsening of their motor and nonmotor symptoms, respectively.® In India, a study of 100 patients
with PD indicated that 11% of patients experienced aggravation of their PD symptoms, and 4% had problems with
medical visits and drug supply during the pandemic.’ In Italy, in a study of spontaneous communications from patients
with PD to a medical clinic, and a questionnaire survey study in patients with PD receiving deep brain stimulation,
worsening of subjective motor and/or psychiatric symptoms during the COVID-19 lockdown were reported.*** In Iran,
a cross-sectional survey indicated that 25.5% of patients with PD experienced severe anxiety after the COVID-19
outbreak,”” and in Egypt, a telephone survey showed that during the pandemic, patients with PD had more stress,
depression, and anxiety, less physical activity, and lower quality of life than matched controls without PD.> Furthermore,
social restrictions and psychological stress caused by the pandemic exacerbate nonmotor symptoms, including anxiety/

-9,12,19,2 e S Y
779.12:19.20 oo anitive function,'® and pain.

depression,

In PD, caregiver burden is dependent on patient factors,*® in particular nonmotor symptoms such as sleep problems
and autonomic dysfunction.'>'®3! A US study reported increased caregiver strain and stress since the COVID-19
pandemic began. The societal effects of the pandemic, loss of caretaking services, and increased time taking care of
the patient all contributed to increased caregiver burden.*? Patient and caregiver quality of life is closely linked, with
caregivers reporting deterioration in their health as a result of caregiving and increased burden with increased patient
disability, in particular depression, hallucination or confusion, and falls."> A single-center survey in Japan also reported
the negative impact of COVID-19 on caregivers’ quality of life, with depression, stress, and worsening of patients’ mood
being key factors.?’ In our study, caregiver burden increased with the COVID-19 pandemic. Time spent on patient care
increased for approximately 20% of caregivers, and up to 31.2% of caregivers stated that their burden of care had
increased. Increased caregiver time at home due to patients going out less and increased burden due to worsening of
patient PD symptoms were the main factors that contributed to increased caregiver burden.

This nationwide study was strengthened by the large sample size for patients (>1800) and caregivers (>1300).
Furthermore, this study investigated the change in individual symptoms rather than using a specific scale that may not
identify all changes across the spectrum of PD symptoms. However, our results should be interpreted with the following
limitations. First, patient symptoms and HY scale were self-assessed and may not align with physicians’ assessments and,
because data were collected retrospectively, there may be recall bias. However, patient and caregiver perceptions of
changes in symptoms were aligned, suggesting that the effect of recall bias was not large. Furthermore, because patient
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and caregiver answers were well matched, a formal matching analysis using groups of matched patients and caregivers
was not conducted. Second, the questionnaires were not validated; however, they were created by an author (Y.O.) who is
a patient with PD and designed for respondents to easily answer and comprehensively clarify patients’ subjective
symptoms and conditions. Third, owing to the nature of cross-sectional surveys, any causal relationships are hypothetical
and need to be interpreted with caution; specifically, changes in PD symptom severity due to disease progression®> cannot
be dissociated from changes caused by the pandemic. Fourth, multiple factors may have contributed to selection bias.
Although participation in the survey was voluntary, data were more likely to be collected from more cooperative
respondents, and because patients with severe disease tend to be unable to participate in questionnaires, data were
more likely to be collected from patients with mild disease. Finally, the study is not representative of all patients with PD
in Japan, because not all patients with PD in Japan are JPDA members and because the survey recovery rate was
relatively low (25.6% for patients; 19.6% for caregivers) compared with other surveys targeting the same populations
(32.9-48.0% for patients®*>¢; 27.6% for caregivers®®).

Conclusion

The COVID-19 pandemic changed patients’ behaviors, in particular the frequency of going out, worsening of motor and
nonmotor symptoms, and deterioration in self-assessed HY scale. Increased time spent at home by caregivers and
patients and worsened PD symptoms were likely to have increased caregiver burden. For future emergency control
measures, such as those imposed for infectious disease epidemics, it is important that treatment, procedures, and policy
consider the possibility that patients’ symptoms may worsen. Therefore, support for both patients and caregivers to
reduce the burden of long-term care should be considered.
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