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Abstract

The worsening of neuropsychiatric symptoms such as depression, anxiety, and insomnia in

patients with Parkinson’s disease (PD) has been a concern during the COVID-19 pandemic,

because most people worked in self-isolation for fear of infection. We aimed to clarify the

impact of social restrictions imposed due to the COVID-19 pandemic on neuropsychiatric

symptoms in PD patients and to identify risk factors associated with these symptoms. A

cross-sectional, hospital-based survey was conducted from April 22, 2020 to May 15, 2020.

PD patients and their family members were asked to complete paper-based questionnaires

about neuropsychiatric symptoms by mail. PD patients were evaluated for motor symptoms

using MDS-UPDRS part 2 by telephone interview. A total of 71 responders (39 PD patients

and 32 controls) completed the study. Although there was no difference in the age distribu-

tion, the rate of females was significantly lower in PD patients (35%) than controls (84%) (P

< 0.001). Participants with clinical depression (PHQ-9 score� 10) were more common in

PD patients (39%) than controls (6%) (P = 0.002). Multivariate logistic regression analysis

revealed that an MDS-UPDRS part 2 score was correlated with the presence of clinical

depression (PHQ-9 score� 10) and clinical anxiety (GAD-7 score� 7) (clinical depression:

OR, 1.31; 95% CI, 1.04–1.66; P = 0.025; clinical anxiety: OR, 1.36; 95% CI, 1.07–1.72; P =

0.013). In the presence of social restrictions, more attention needs to be paid to the neuro-

psychiatric complications of PD patients, especially those with more severe motor

symptoms.

Introduction

The pandemic of coronavirus disease 2019 (COVID-19) and subsequent state of emergency

forced people to focus on the infection and lower the priority of care for chronic diseases.

Older people, who often have underlying medical conditions, have an increased mental bur-

den, because they were reported to be at a higher risk for severe disease [1]. While Japan’s state
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of emergency did not introduce legal penalties for leaving the house, there was concern that

self-isolation and social distancing, which were strongly advocated, would worsen physical

inactivity and mental instability, especially in the elderly [2, 3].

Parkinson’s disease (PD) is one of the most frequent neurodegenerative diseases that is pre-

dominant in the elderly. In addition to motor symptoms like bradykinesia, rigidity, and

tremor, non-motor symptoms such as depression, anxiety, and sleep disturbance occur from

the early to advanced stages of PD [4–6]. There was concern that the increased mental burden

and restrictions placed on exercise due to the COVID-19 pandemic negatively affect both

motor and non-motor symptoms [7]. Indeed, several groups from around the world have

reported higher rates of neuropsychiatric problems in PD patients due to the social restrictions

imposed following the surge of infections [8–13]. Notably, a report from Netherland clearly

showed that PD patients with more COVID-19 related stressors had more PD symptoms

through increased mental stress [14]. However, we need to accumulate more cases from

diverse regions to more closely examine the impact of the COVID-19 pandemic on PD

patients, because there are regional differences in the severity of the infection and social

restrictions.

The purpose of this study was to assess the severity of depression, anxiety, and insomnia in

PD patients in Japan experiencing social stresses caused by the COVID-19 pandemic, and to

identify factors associated with severe non-motor features and subjective worsening of motor

and non-motor symptoms.

Materials and methods

Study design and participants

The study protocol was reviewed and approved by the institutional ethics review boards of

Kyoto Prefectural University of Medicine in accordance with the Helsinki Declaration

(ERB-G-12). Written informed consent was provided by all survey participants. No minors

were among the participants. According to a priori power analysis (with 95% power and 5%

type I error rate) of the results of previous studies [8–10], the minimum number for the sample

was found to be 41 patients for the comparative study of the prevalence of psychiatric symp-

toms during COVID-19 pandemic in PD and control groups. This study was a cross-sectional,

single hospital-based survey conducted from April 22, 2020 to May 15, 2020. Japan’s state of

emergency was imposed from April 7, 2020 to May 22, 2020. PD patients who regularly visited

the outpatient clinic of Kyoto Prefectural University of Medicine were asked to participate in

this study. The family members of each PD patient were recruited to the study as controls. Par-

ticipants were asked to complete paper-based questionnaires by mail and respond to a tele-

phone interview.

Outcomes measures and patients’ characteristics

We assessed symptoms of depression, anxiety, and insomnia both in PD patients and controls

using the Japanese version of questionnaires such as the 9-item Patient Health Questionnaire

(PHQ-9), 7-item Generalized Anxiety Disorder (GAD-7), and 7-item Insomnia Severity Index

(ISI), respectively [15–18]. The scores for each assessment method were classified into the fol-

lowing categories: PHQ-9, normal (0–4), mild (5–9), moderate (10–14), moderate to severe

(15–19), and severe (20–27) depression; GAD-7, normal (0–4), mild (5–9), moderate (10–14),

and severe (15–21) anxiety; ISI, normal (0–7), subthreshold (8–14), moderate (15–21), and

severe (22–28) insomnia (15–18). The cutoff values for PHQ-9, GAD-7, and ISI were 10, 7,

and 15, respectively. Participants with scores higher than the cutoff were considered to have

“clinical depression”, “clinical anxiety”, and “clinical insomnia”. In addition, all participants
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were asked if they had experienced a subjective worsening of motor performance, anxiety, and

insomnia.

PD patients were further evaluated based on the Movement Disorder Society Unified Par-

kinson’s Disease Rating Scale (MDS-UPDRS) part 2, which assesses the patient’s subjective

motor experiences of daily living [19]. The questions and possible responses were read out

over the phone, and the patient responded accordingly. The following information was

obtained from medical records of PD patients: sex, age, whether they lived alone, duration of

PD, Hoehn & Yahr (HY) stage, non-motor symptoms (such as cognitive impairment, halluci-

nations, and rapid eye movement sleep behavior disorder [RBD]), medications such as

L-DOPA, dopamine agonist, psychiatric medicines (including selective serotonin reuptake

inhibitor, serotonin noradrenaline reuptake inhibitor, and tricyclic/tetracyclic antidepressant,

atypical antipsychotics), and sleeping pills. Controls provided the following information: sex,

age, and whether they lived alone.

Statistical analysis

PHQ-9, GAD-7, and ISI scores are expressed as the median and interquartile (IQR) because

they do not show a normal distribution. A Mann-Whitney U test was adopted to compare

each questionnaire score between PD patients and controls. For PD patients, uni- and multi-

variate logistic regression analyses were performed to determine potential risk factors for clini-

cal depression, anxiety, and insomnia, and subjective worsening of motor and non-motor

symptoms. The relationship between risk factors (sex, age [< 70, 70–79,� 80], duration of PD

[years, < 5 or� 5], HY stage [0–2 or� 3], scores of MDS-UPDRS part 2 [Note: this scale was

treated as continuous variables in the analysis], L-DOPA dose [mg, < 600 or� 600], and use

of dopamine agonist) and outcomes are expressed as odds ratios (ORs) and 95% confidence

intervals (CIs). Univariate logistic regression analysis was performed for all variables. For the

multivariate model, the L-DOPA dose and use of dopamine agonists were adopted as variables

if their P-value was greater than 0.2 on univariate analysis in addition to basic characteristics

(including sex, age, duration of PD, HY stage, and scores of MDS-UPDRS part 2). Data analy-

sis was performed using SPSS version 26 (IBM, Armonk, NY, USA) and SAS version 9.4 (SAS

Institute, Inc., Cary, NC, USA) under the supervision of statisticians. A P-value of less than

0.05 indicated significance, and all reported P-values were 2-sided.

Results

Participants’ characteristics

A total of 88 patients and their family members (44 PD patients and 44 controls) were invited

to participate in the study, and 71 (80%) responders completed the survey. Of the 71 partici-

pants, 39 (54%) were PD patients and 32 (45%) were controls. The response rates for PD

patients and controls were 88 and 72%, respectively. The rate of females was significantly

lower in PD patients (PD patients vs. controls: 14 [35%] vs. 27 [84%], P< 0.001). There was

no significant difference in age between PD patients and controls (mean age ± standard devia-

tion of PD patients vs. controls: 72.3 ± 10.9 vs. 66.4 ± 13.8, P = 0.058) and most patients in

both groups were 70–79 years of age (PD patients vs. controls: 18 [46%] vs. 15 [46%],

P = 0.078). Only three (4%) participants were living alone. In 39 PD patients, 17 (43%) had a

disease duration of 5 years or more, 27 (69%) were classified into HY stage 3 or more, and the

median MDS-UPDRS part 2 score was 17 (interquartile range: 10.0 to 20.5). The rates of cog-

nitive impairment, hallucinations, and RBD were 6 (15%), 4 (10%), and 6 (15%), respectively.

There were 9 (23%) patients who were prescribed 600 mg or more of L-DOPA, and dopamine

agonists were taken by 15 (38%) patients. Psychiatric and sleeping medicines were used in 8
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(20%) and 13 (33%) patients, respectively (Table 1). Among PD patients, there was no differ-

ence between female and male participants in disease duration, HY stage, non-motor symp-

toms, therapeutic medications, or MDS-UPDRS part 2 scores (S1 Table).

Severity and scores of measurements

Compared with controls, significantly more PD patients presented with clinical depression

using PHQ-9 (PD patients vs. controls: 15 [39%] vs. 2 [6%], P = 0.002). Assessment of anxiety

using GAD-7 and insomnia using ISI showed that PD patients tended to be more likely to

present with clinical anxiety and insomnia, but neither reached significance (clinical anxiety

among PD patients vs. controls: 19 (48%) vs. 11 (34%), P = 0.223; clinical insomnia among PD

patients vs. controls: 13 (33%) vs. 7 (21%), P = 0.286) (Table 2). When analyzed by sex, signifi-

cantly more female PD patients presented with clinical depression (PD patients vs. controls: 7

[50%] vs. 1 [3.8%], P = 0.001), whereas no significant difference was observed in male PD

Table 1. Demographic characteristics of responders.

No. (%)

Characteristics Total PD Control P-value

Overall 71 (100) 39 (54.9) 32 (45.0)

Sex

Male 30 (42.2) 25 (64.1) 5 (15.6) < 0.001

Female 41 (57.7) 14 (35.8) 27 (84.3)

Age, y

<70 25 (35.2) 11 (15.4) 14 (19.7) 0.078

70–79 33 (46.4) 18 (46.1) 15 (46.8)

>80 13 (18.3) 10 (25.6) 3 (9.3)

Living alone 3 (4.2) 3 (7.6) - 0.109

Disease duration, years

< 5 22 (56.4) - -

� 5 17 (43.5) - -

HY stage

stage 0–2 12 (30.7) - -

stage 3, 4 27 (69.2) - -

Non-motor symptoms

Cognitive impairment 6 (15.3) - -

Hallucinations 4 (10.2) - -

RBD 6 (15.3) - -

L-DOPA, mg

< 600 30 (76.9) - -

� 600 9 (23.0) - -

Other medications

Dopamine agonist 15 (38.4) - -

Psychiatric medicines 8 (20.5) - -

Sleeping medicines 13 (33.3) - -

MDS-UPDRS part 2, 17 (10–20.5) - -

median (IQR), n = 36�

Abbreviations: HY, Hoehn & Yahr; RBD, REM sleep behavior disorder; MDS-UPDRS, Movement Disorder Society

Unified Parkinson’s Disease Rating Scale; IQR, interquartile range.

�Of the 39 participants, 36 responded to the question about MDS-UPDRS part 2.

https://doi.org/10.1371/journal.pone.0245864.t001
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patients and controls (PD patients vs. controls: 8 [33%] vs. 1 [20%], P = 0.558) (S2A and S2B

Table).

The median (IQR) score of PHQ-9 for depression in PD patients was significantly higher

than in controls (PD patients vs. controls: 7.0 [2.0–13.0] vs. 2.0 [0.0–7.0], P = 0.010). Scores of

GAD-7 for anxiety and ISI for insomnia tended to be higher in PD patients, but neither

reached significance (median [IQR] GAD-7 scores among PD patients vs. controls: 6.0 [1.5–

10.5] vs. 4.0 [1.0–7.0], P = 0.130; median [IQR] ISI scores among PD patients vs. controls: 10.0

[5.0–16.0] vs. 7.5 [2.0–13.25], P = 0.170) (Table 3). When analyzed by sex, no significant dif-

ferences between PD patients and controls in depression, anxiety, and insomnia were observed

for either sex (S3A and S3B Table).

Table 2. Severity categories of depression, anxiety, and insomnia measurements in PD patients and controls.

No. (%)

Severity category Total PD Control P-value�

PHQ-9, depression symptoms n = 69 n = 38 n = 31

Normal 32 (46.3) 14 (36.8) 18 (58.0) 0.002

Mild 20 (28.9) 9 (23.6) 11 (0.35)

Moderate 9 (13.0) 8 (21.0) 1 (3.2)

Severe 8 (11.5) 7 (18.4) 1 (3.2)

GAD-7, anxiety symptoms n = 71 n = 39 n = 32

Normal 35 (49.2) 18 (46.1) 17 (53.1) 0.223

Mild 20 (28.1) 9 (23.0) 11 (34.3)

Moderate 10 (14.0) 7 (17.9) 3 (9.3)

Severe 6 (8.4) 5 (12.8) 1 (3.1)

ISI, insomnia symptoms n = 71 n = 39 n = 32

Absence 31 (43.6) 15 (38.4) 16 (50.0) 0.286

Subthreshold 20 (28.1) 11 (28.2) 9 (28.1)

Moderate 18 (25.3) 11 (28.2) 7 (21.8)

Severe 2 (2.8) 2 (5.1) 0 (0.0)

Abbreviations: PHQ-9, 9-item Patient Health Questionnaire; GAD-7, 7-item Generalized Anxiety Disorder; ISI, 7-item Insomnia Severity Index.

� Cutoff scores for PHQ-9, GAD-7, and ISI were 10, 7, and 15, respectively. Participants who had scores greater than the cutoff threshold were characterized as showing

clinical symptoms. Chi-squared test was applied to compare the rate of participants with clinical symptoms in PD patients and controls.

https://doi.org/10.1371/journal.pone.0245864.t002

Table 3. Scores of depression, anxiety, and insomnia measurements in PD patients and controls.

Median (IQR)

Scale Total score PD Control P-value�

PHQ-9, depression symptoms 5.0 7.0 2.0 0.010

(1.0–8.0) (2.0–13.0) (0.0–7.0)

GAD-7, anxiety symptoms 5.0 6.0 4.0 0.130

(1.0–9.0) (1.5–10.5) (1.0–7.0)

ISI, Insomnia symptoms 8.0 10.0 7.5 0.170

(2.5–15.0) (5.0–16.0) (2.0–13.25)

Abbreviations: PD, Parkinson’s disease; IQR, interquartile range; PHQ-9, 9-item Patient Health Questionnaire;

GAD-7, 7-item Generalized Anxiety Disorder; ISI, 7-item Insomnia Severity Index.

� Mann-Whitney U test was adapted to compare each questionnaire score between PD patients and controls on.

https://doi.org/10.1371/journal.pone.0245864.t003
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Among both PD patients and controls, 30–40% of participants complained of subjective

worsening of motor performance and anxiety, but there were no significant differences (sub-

jective worsening of motor performance among PD patients vs. controls: 16 [41%] vs. 12

[37%], P = 0.84; subjective worsening of anxiety among PD patients vs. controls: 12 [30%] vs.

14 [43%], P = 0.25). Interestingly, the control group was more likely to report subjective wors-

ening of anxiety than PD patients. Fewer PD patients and controls complained of subjective

worsening of insomnia (PD patients vs. controls: 5 [12%] vs. 3 [9%], P = 0.64) (Table 4).

When analyzed by sex, more than 40% of female participants in both PD and control groups

complained of subjective worsening of motor function and anxiety, whereas less than 20% of

male participants in PD and control groups showed subjective worsening of motor function

and 20–40% of them showed subjective anxiety (S4A and S4B Table).

Risk factors

Multivariate logistic regression analysis demonstrated that an MDS-UPDRS part 2 score was

correlated with the presence of clinical depression (PHQ-9 score� 10) and clinical anxiety

(GAD-7 score� 7) in PD patients (clinical depression: OR, 1.31; 95% CI, 1.04–1.66; P = 0.025;

clinical anxiety: OR, 1.36; 95% CI, 1.07–1.72; P = 0.013). A male sex was also a significant risk

factor for PD patients’ clinical anxiety in the multivariate model (OR, 17.12; 95% CI, 1.13–

257.27; P = 0.040). Univariate logistic regression analysis showed that an MDS-UPDRS part 2

score was correlated with clinical insomnia (clinical insomnia: OR, 1.13; 95% CI, 1.01–1.26;

P = 0.038), but it did not reach significance in the multivariate model (Table 5). The univariate

model also showed the following results: the L-DOPA dose was not associated with clinical

depression, anxiety, or insomnia, and the use of dopamine agonists was significantly correlated

with clinical depression (clinical depression: OR, 5.40; 95% CI, 1.29–22.60; P = 0.021), but not

with clinical insomnia or anxiety. In the multivariate model, the use of dopamine agonists did

not reached significance (Table 6). Neither uni- nor multivariate logistic regression analyses

were able to demonstrate significant risk factors for subjective worsening of motor perfor-

mance, anxiety, and insomnia (Table 7).

Discussion

This cross-sectional study in Japan involved 39 PD patients and 32 controls and revealed that

PD patients were significantly more likely to have clinical depression than controls under the

social restrictions imposed due to the COVID-19 pandemic. An MDS-UPDRS part 2 score

was correlated with the presence of clinical depression and anxiety in PD patients. A male sex

was a significant risk factor only for clinical anxiety in PD patients. Subjective worsening of

motor performance was noted in about 40% of both PD patients and controls. Subjective wors-

ening of anxiety was more common in controls, though it did not reach statistical significance.

Table 4. Rate of responders with worsening of motor performance, anxiety, and insomnia.

No. (%)

Values Total PD Control P-value

Overall 71 (100) 39 (54.9) 32 (45.0)

Worsening of motor performance 28 (39.4) 16 (41.0) 12 (37.5) 0.84

Worsening of anxiety 26 (36.6) 12 (30.7) 14 (43.7) 0.25

Worsening of insomnia 8 (11.2) 5 (12.8) 3 (9.3) 0.64

Abbreviation: PD, Parkinson’s disease.

https://doi.org/10.1371/journal.pone.0245864.t004
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It is becoming clear that the COVID-19 pandemic has a negative impact on the PD symp-

toms [8, 9, 20]. Van der Heide et al. showed that COVID-19-related stress load was positively

correlated with psychological distress, resulting in more severe PD symptoms [14]. Shalash

et al. showed that more than 52% of PD patients reported stress, anxiety, and disrupted contact

Table 5. Risk factors for neuropsychiatric symptoms identified by uni- and multivariate logistic regression analyses.

Univariate model Multivariate model

No. of clinical cases/No. of total cases (%) Unadjusted OR P-value Adjusted OR P-value

Variable 95%CI Category Overall 95%CI Category Overall

PHQ-9, depression symptoms

Sex

Female 7/14 (50.0) 1 [reference] - 1 [reference] -

Male 8/24 (33.3) 0.5 (0.13 - 1.93) 0.314 5.66 (0.51 - 62.47) 0.157

Age

<70 7/11 (63.6) 1 [reference] - 0.123 1 [reference] - 0.530

70–79 4/17 (23.5) 0.18 (0.03 - 0.93) 0.084 0.61 (0.05 - 8.08) 0.750

�80 4/10 (40.0) 0.38 (0.07 - 2.22) 0.901 0.19 (0.01 - 3.93) 0.264

Disease duration

< 5 5/22 (22.7) 1 [reference] - 1 [reference] -

� 5 10/16 (62.5) 5.67 (1.37 - 23.46) 0.017 1.01 (0.13 - 7.78) 0.995

HY stage

0–2 4/12 (33.3) 1 [reference] - 1 [reference] -

3, 4 11/26 (42.3) 1.47 (0.35 - 6.13) 0.600 10.17 (0.57 - 182.91) 0.116

MDS-UPDRS part 2� 1.24 (1.06 - 1.45) 0.008 1.31 (1.04 - 1.66) 0.025

GAD-7, anxiety symptoms

Sex

Female 7/14 (50.0) 1 [reference] - 1 [reference] -

Male 12/25 (48.0) 0.92 (0.25 - 3.42) 0.905 17.12 (1.13 - 257.27) 0.040

Age

<70 8/11 (72.7) 1 [reference] - 0.137 1 [reference] - 0.458

70–79 6/18 (33.3) 0.19 (0.04 - 0.98) 0.083 0.55 (0.04 - 7.69) 0.774

�80 5/10 (50.0) 0.38 (0.06 - 2.31) 0.850 0.16 (0.01 - 3.08) 0.221

Disease duration

< 5 9/22 (40.9) 1 [reference] - 1 [reference] -

� 5 10/17 (58.8) 2.06 (0.57 - 7.47) 0.270 0.35 (0.04 - 3.08) 0.359

HY stage

0–2 6/12 (50.0) 1 [reference] - 1 [reference] -

3, 4 13/27 (48.1) 0.93 (0.24 - 3.62) 0.915 8.19 (0.52 - 128.74) 0.135

MDS-UPDRS part 2� 1.17 (1.03 - 1.32) 0.014 1.36 (1.07 - 1.72) 0.013

ISI, insomnia symptoms

Sex

Female 5/14 (35.7) 1 [reference] - 1 [reference] -

Male 8/25 (32.0) 0.85 (0.21 - 3.36) 0.814 1.68 (0.25 - 11.2) 0.595

Age

<70 6/11 (54.6) 1 [reference] - 0.116 1 [reference] - 0.310

70–79 3/18 (16.7) 0.17 (0.03 - 0.93) 0.052 0.21 (0.03 - 1.63) 0.158

�80 4/10 (40.0) 0.56 (0.1 - 3.15) 0.693 0.53 (0.05 - 5.7) 0.884

Disease duration

< 5 6/22 (27.3) 1 [reference] - 1 [reference] -

� 5 7/17 (41.2) 1.87 (0.49 - 7.18) 0.364 1.55 (0.27 - 8.78) 0.620

HY stage

0–2 5/12 (41.7) 1 [reference] - 1 [reference] -

3, 4 8/27 (29.6) 0.59 (0.14 - 2.42) 0.464 0.87 (0.11 - 7.09) 0.900

MDS-UPDRS part 2� 1.13 (1.01 - 1.26) 0.038 1.11 (0.98 - 1.25) 0.113

Abbreviations: Unadjusted OR, Unadjusted odds ratio; 95%CI, 95% confidence interval; PHQ-9, 9-item Patient Health Questionnaire; HY, Hoehn & Yahr;

MDS-UPDRS, Movement Disorder Society-Unified Parkinson’s Disease Rating Scale; GAD-7, 7-item Generalized Anxiety Disorder; ISI, 7-item Insomnia Severity

Index.

� Continuous quantity was analyzed.

https://doi.org/10.1371/journal.pone.0245864.t005
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with their physicians due to COVID-19 related social restrictions [9]. Basically, depression,

anxiety, and sleep disturbance are common non-motor features from the prodromal to late

stage of PD [4–6]. A previous systematic review of prevalence for depression in PD patients

concluded that clinically significant depressive symptoms were observed in 35% of them [21].

Other studies using PHQ-9, like our study, for the assessment of depression reported the prev-

alence of clinical depression as 14–34% [22, 23]. Because we did not have data on the neuro-

psychiatric status of PD patients before the COVID-19 pandemic, we could not directly show

that the COVID-19 pandemic in Japan worsened the neuropsychiatric status of our PD

patients. However, the prevalence of clinical depression in PD patients of this study (39%) was

as high as or higher than that of previous reviews. Considering this fact, the impact of the

COVID-19 pandemic should not be ignored on the neuropsychiatric status of PD patients

even in Japan, where no legal penalties were imposed for going out during the state of

emergency.

PD patients with specific characteristics such as low optimism and high neuroticism were

reported to show higher levels of psychological distress due to COVID-19 pandemic [14]. Pre-

vious reports described that PD patients with a maladaptive metacognitive style showed an

increased vulnerability to psychological distress. In other words, uncontrolled anxiety in PD

patients is likely to amplify the anxiety itself [24, 25]. In our study, clinical depression and anx-

iety were more common in PD patients, even though the prevalence of subjective worsening of

anxiety was comparable between PD patients and controls. Overall, we may indicate that PD

Table 6. Association with neuropsychiatric symptoms and PD drugs in uni- and multivariate logistic regression analyses.

Univariate model Multivariate model�

No. of clinical cases/No. of total cases (%) Unadjusted OR Adjusted OR

Variable 95%CI P-value 95%CI P-value

PHQ-9, depression symptoms

L-DOPA, mg

< 600 10/30 (33.3) 1 [reference] - 1 [reference] -

� 600 5/8 (62.5) 3.33 (0.66 - 16.85) 0.145 1.39 (0.13 - 15.26) 0.787

Dopamine agonist

without 6/24 (25.0) 1 [reference] - 1 [reference] -

with 9/14 (64.3) 5.40 (1.29 - 22.6) 0.021 9.33 (0.85 - 102.72) 0.068

GAD-7, anxiety symptoms

L-DOPA, mg

< 600 15/30 (50.0) 1 [reference] -

� 600 4/9 (44.4) 0.8 (0.18 - 3.57) 0.77

Dopamine agonist

without 9/24 (72.7) 1 [reference] - 1 [reference] -

with 10/15 (66.7) 3.33 (0.86 - 12.92) 0.082 13.07 (0.81 - 210.16) 0.070

ISI, insomnia symptoms

L-DOPA, mg

< 600 9/30 (30.0) 1 [reference] -

� 600 4/9 (44.4) 1.87 (0.41 - 8.61) 0.424

Dopamine agonist

without 8/24 (33.3) 1 [reference] -

with 5/15 (33.3) 1.00 (0.25 - 3.93) 1.000

Abbreviations: Unadjusted OR, Unadjusted odds ratio; 95%CI, 95% confidence interval; PHQ-9, 9-item Patient Health Questionnaire; GAD-7, 7-item Generalized

Anxiety Disorder; ISI, 7-item Insomnia Severity Index.

https://doi.org/10.1371/journal.pone.0245864.t006
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Table 7. Risk factors for subjective worsening of motor performance, anxiety, and insomnia identified by uni- and multivariate logistic regression analyses.

Univariate model Multivariate model

No. of clinical cases/No. of

total cases (%)

Unadjusted

OR

P-value Adjusted

OR

P-value

Variable 95%CI Category Overall 95%CI Category Overall

Subjective worsening of motor performance

Sex

Female 8/14 (57.1) 1 [reference] - 1

[reference]

-

Male 8/25 (32.0) 0.35 (0.09 - 1.36) 0.131 0.60 (0.11 - 3.20) 0.547

Age

<70 6/11 (54.6) 1 [reference] - 0.301 1

[reference]

- 0.582

70–79 5/18 (27.8) 0.32 (0.07 - 1.54) 0.126 0.39 (0.05 - 2.80) 0.307

�80 5/10 (50.0) 0.83 (0.15 - 4.63) 0.606 0.75 (0.07 - 7.65) 0.845

Disease duration

< 5 7/22 (31.8) 1 [reference] - 1

[reference]

-

� 5 9/17 (52.9) 2.41 (0.65 - 8.92) 0.188 1.90 (0.38 - 9.61) 0.437

HY stage

0–2 4/12 (33.3) 1 [reference] - 1

[reference]

-

3, 4 12/27 (44.4) 1.60 (0.39 - 6.62) 0.517 3.68 (0.39 - 34.3) 0.253

MDS-UPDRS part 2� 1.06 (0.97 - 1.15) 0.217 1.02 (0.93 - 1.12) 0.694

Subjective worsening of anxiety

Sex

Female 7/14 (50.0) 1 [reference] - 1

[reference]

-

Male 5/25 (20.0) 0.25 (0.06 - 1.05) 0.058 0.34 (0.06 - 2.15) 0.253

Age

<70 4/11 (36.4) 1 [reference] - 0.561 1

[reference]

- 0.721

70–79 4/18 (22.2) 0.50 (0.09 - 2.62) 0.287 1.18 (0.12 - 12.04) 0.719

�80 4/10 (40.0) 1.17 (0.20 - 6.80) 0.516 2.61 (0.16 - 42.16) 0.427

Disease duration

< 5 5/22 (22.7) 1 [reference] - 1

[reference]

-

� 5 7/17 (41.2) 2.38 (0.59 - 9.53) 0.221 1.71 (0.29 - 9.91) 0.551

HY stage

0–2 3/12 (25.0) 1 [reference] - 1

[reference]

-

3, 4 9/27 (33.3) 1.50 (0.32 - 6.94) 0.604 2.12 (0.17 - 26.69) 0.561

MDS-UPDRS

part 2�
1.06 (0.97 - 1.16) 0.218 1.03 (0.93 - 1.15) 0.552

Subjective worsening of insomnia

Sex

Female 3/14 (21.4) 1 [reference] - 1

[reference]

-

Male 2/25 (8.0) 0.32 (0.05 - 2.19) 0.245 0.705 (0.07 - 7.52) 0.772

Age

(Continued)
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patients, especially who have pre-existing psychological problems, are more likely to develop

clinical depression in response to social distress.

In this study, a high MDS-UPDRS part 2 score was shown to be a risk factor for clinical

depression and anxiety. This is consistent with previous studies suggesting that reduced exer-

cise time was associated with worsening of both motor and non-motor symptoms under

COVID-19 pandemic [12–14] and that motor fluctuation and impairment of activities of daily

life were significant risk factors for the development of depression [26]. In addition, we

showed that a male sex was associated with clinical anxiety, while a female sex was reported to

be a potential risk factor for anxiety both in general population and in PD patients [26, 27]. In

the previous report, Xia et al. showed lower scores of depression and anxiety in male PD

patient than female, though it was not multivariate analysis [10]. In addition, we are currently

under the distinct stress due to COVID-19 pandemic that did not exist in the past, so we need

more cases to determine the impact of sex on the neuropsychiatric symptoms under COVID-

19 pandemic. Other potential risk factors for non-motor symptoms such as age, disease dura-

tion, and HY stage did not show statistical significance in this study [4–6]. A larger sample size

may be needed to examine the correlation between neuropsychiatric symptoms and these

potential risk factors because they presented statistical significance in the univariate model

(Table 5).

Reasons for the high prevalence of subjective worsening of anxiety in controls may be

related to the fact that they were caregivers, in addition to the fact that 84% of them are female.

Oppo et al. also reported that caregivers complained similar or higher levels of worsened men-

tal stress than PD patients during home confinement due to COVID-19 pandemic (PD

patients vs. caregivers, 43% vs 54%, respectively) [12]. It has been reported that caregivers of

PD patients have a marked mental burden [28, 29]. Research based on interviews revealed that

caregivers of PD patients complained of increased responsibility and insufficient time to take

care of themselves [30, 31]. Regarding COVID-19, Lara et al. showed that 30% of patients with

Table 7. (Continued)

Univariate model Multivariate model

No. of clinical cases/No. of

total cases (%)

Unadjusted

OR

P-value Adjusted

OR

P-value

Variable 95%CI Category Overall 95%CI Category Overall

<70 3/11 (27.3) 1 [reference] - 0.278 1

[reference]

- 0.569

70–79 1/18 (5.6) 0.16 (0.01 - 1.75) 0.302 0.19 (0.01 - 4.16) 0.412

�80 1/10 (10.0) 0.30 (0.02 - 3.45) 0.812 0.35 (0.01 - 8.82) 0.874

Disease duration

< 5 3/22 (13.6) 1 [reference] - 1

[reference]

-

� 5 2/17 (11.8) 0.84 (0.12 - 5.72) 0.863 0.66 (0.05 - 8.36) 0.745

HY stage

0–2 2/12 (16.7) 1 [reference] - 1

[reference]

-

3, 4 3/27 (11.1) 0.63 (0.09 - 4.32) 0.634 1.90 (0.08 - 38.5) 0.676

MDS-UPDRS

part 2�
1.09 (0.97 - 1.23) 0.131 1.11 (0.96 - 1.28) 0.172

Abbreviations: Unadjusted OR, Unadjusted odds ratio; 95%CI, 95% confidence interval; HY, Hoehn & Yahr; MDS-UPDRS, Movement Disorder Society-Unified

Parkinson’s Disease Rating Scale.

� Continuous quantity was analyzed.

https://doi.org/10.1371/journal.pone.0245864.t007
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Alzheimer’s disease and 40% of their caregivers reported worsening mental health conditions

due to the COVID-19 lockdown [32]. Oppo et al. also indicated that some non-motor symp-

toms such as mood, cognition, and urinary problems in PD patients caused additional mental

burden on the caregivers [12]. In addition to caregivers’ own health concerns, feeling responsi-

ble for PD patients’ health status may have led to the high prevalence of subjective worsening

of anxiety in controls in this study.

Limitations of this study include the absence of information about depression, anxiety, and

insomnia of participants before COVID-19 pandemic and a female bias in sex ratio in control

group. We can review patients’ chart and find information about psychiatric or sleeping medi-

cines to estimate pre-COVID-19 neuropsychiatric status of PD patients, though these are not

perfect and would not be available for controls. As we mentioned above, several papers are now

proving the negative impact of the COVID-19 pandemic on symptoms of PD patients, so we

need to continue to monitor the impact of the COVID-19 pandemic on PD patients in Japan.

Although we calculated the required number of samples to compare the prevalence of neuro-

psychiatric symptoms during COVID-19 pandemic in PD and control groups based on previ-

ous papers, we had a larger number of female participants in controls. We found more clinical

depression among female PD patients, while there were no significant differences between male

PD patients and controls. This result may be influenced by the small number of male controls.

We may need to adjust the sex ratio of participants in future and need more participants to esti-

mate risk factors which potentially influence neuropsychiatric symptoms of PD patients.

Conclusions

PD patients may be more likely to develop clinical depression than those without PD in the

presence of social stresses, such as a pandemic, even in Japan where no legal penalties were

imposed during the state of emergency. Considering the significant correlation between high

MDS-UPDRS part 2 scores and the complication of severe depression and anxiety in PD

patients, such patients may require special attention regarding the development of neuropsy-

chiatric symptoms not only during COVID-19 pandemic but also in the event of another

major disaster in the future.

Supporting information

S1 Table. Demographic characteristics of responders stratified by sex.

(DOCX)

S2 Table. a. Severity categories of depression, anxiety, and insomnia measurements in female

PD patients and controls. b. Severity categories of depression, anxiety, and insomnia measure-

ments in male PD patients and controls.

(DOCX)

S3 Table. a. Scores of depression, anxiety, and insomnia measurements in female PD patients

and controls. b. Scores of depression, anxiety, and insomnia measurements in male PD

patients and controls.

(DOCX)

S4 Table. a. Rate of female responders with worsening of motor performance, anxiety, and

insomnia. b. Rate of male responders with worsening of motor performance, anxiety, and

insomnia.

(DOCX)

PLOS ONE Risk factors of neuropsychiatric symptoms of PD patients during COVID-19 pandemic in Japan

PLOS ONE | https://doi.org/10.1371/journal.pone.0245864 January 22, 2021 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245864.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245864.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245864.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245864.s004
https://doi.org/10.1371/journal.pone.0245864


S1 Data. Questions that ask for subjective change in participants and original data of all

participants.

(XLSX)

Author Contributions

Conceptualization: Fukiko Kitani-Morii, Takashi Kasai.

Data curation: Fukiko Kitani-Morii, Takuma Ohmichi, Makiko Shinomoto, Yuzo Fujino.

Formal analysis: Go Horiguchi, Satoshi Teramukai.

Funding acquisition: Takashi Kasai, Takuma Ohmichi.

Project administration: Fukiko Kitani-Morii, Takashi Kasai.

Supervision: Toshiki Mizuno.

Writing – original draft: Fukiko Kitani-Morii.

Writing – review & editing: Takashi Kasai, Go Horiguchi, Satoshi Teramukai, Takuma Ohmi-

chi, Makiko Shinomoto, Yuzo Fujino, Toshiki Mizuno.

References
1. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for mortality of adult inpa-

tients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet. 2020; 395(10229):1054–

62. https://doi.org/10.1016/S0140-6736(20)30566-3 PMID: 32171076

2. Looi MK. Covid-19: Japan declares state of emergency as Tokyo cases soar. BMJ. 2020; 369:m1447.

https://doi.org/10.1136/bmj.m1447 PMID: 32273382

3. Lippi G, Henry BM, Bovo C, Sanchis-Gomar F. Health risks and potential remedies during prolonged

lockdowns for coronavirus disease 2019 (COVID-19). Diagnosis (Berl). 2020; 7(2):85–90.

4. Kalia LV, Lang AE. Parkinson’s disease. Lancet. 2015; 386(9996):896–912. https://doi.org/10.1016/

S0140-6736(14)61393-3 PMID: 25904081

5. Pfeiffer RF. Non-motor symptoms in Parkinson’s disease. Parkinsonism Relat Disord. 2016; 22 Suppl

1:S119–22. https://doi.org/10.1016/j.parkreldis.2015.09.004 PMID: 26372623

6. Schapira AHV, Chaudhuri KR, Jenner P. Non-motor features of Parkinson disease. Nat Rev Neurosci.

2017; 18(8):509. https://doi.org/10.1038/nrn.2017.91 PMID: 28720825

7. Helmich RC, Bloem BR. The Impact of the COVID-19 Pandemic on Parkinson’s Disease: Hidden Sor-

rows and Emerging Opportunities. J Parkinsons Dis. 2020; 10(2):351–4. https://doi.org/10.3233/JPD-

202038 PMID: 32250324

8. Salari M, Zali A, Ashrafi F, Etemadifar M, Sharma S, Hajizadeh N, et al. Incidence of Anxiety in Parkin-

son’s Disease During the Coronavirus Disease (COVID-19) Pandemic. Mov Disord. 2020. https://doi.

org/10.1002/mds.28116 PMID: 32395849

9. Shalash A, Roushdy T, Essam M, Fathy M, Dawood NL, Abushady EM, et al. Mental Health, Physical

Activity, and Quality of Life in Parkinson’s Disease During COVID-19 Pandemic. Mov Disord. 2020.

https://doi.org/10.1002/mds.28134 PMID: 32428342

10. Xia Y, Kou L, Zhang G, Han C, Hu J, Wan F, et al. Investigation on sleep and mental health of patients

with Parkinson’s disease during the Coronavirus disease 2019 pandemic. Sleep Med. 2020; 75:428–

33. https://doi.org/10.1016/j.sleep.2020.09.011 PMID: 32980664

11. Subramanian I, Farahnik J, Mischley LK. Synergy of pandemics-social isolation is associated with wors-

ened Parkinson severity and quality of life. NPJ Parkinsons Dis. 2020; 6:28. https://doi.org/10.1038/

s41531-020-00128-9 PMID: 33083522

12. Oppo V, Serra G, Fenu G, Murgia D, Ricciardi L, Melis M, et al. Parkinson’s Disease Symptoms Have a

Distinct Impact on Caregivers’ and Patients’ Stress: A Study Assessing the Consequences of the

COVID-19 Lockdown. Mov Disord Clin Pract. 2020; 7(7):865–7. https://doi.org/10.1002/mdc3.13030

PMID: 33043088

13. Song J, Ahn JH, Choi I, Mun JK, Cho JW, Youn J. The changes of exercise pattern and clinical symp-

toms in patients with Parkinson’s disease in the era of COVID-19 pandemic. Parkinsonism Relat Disord.

2020; 80:148–51. https://doi.org/10.1016/j.parkreldis.2020.09.034 PMID: 33002722

PLOS ONE Risk factors of neuropsychiatric symptoms of PD patients during COVID-19 pandemic in Japan

PLOS ONE | https://doi.org/10.1371/journal.pone.0245864 January 22, 2021 12 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245864.s005
https://doi.org/10.1016/S0140-6736%2820%2930566-3
http://www.ncbi.nlm.nih.gov/pubmed/32171076
https://doi.org/10.1136/bmj.m1447
http://www.ncbi.nlm.nih.gov/pubmed/32273382
https://doi.org/10.1016/S0140-6736%2814%2961393-3
https://doi.org/10.1016/S0140-6736%2814%2961393-3
http://www.ncbi.nlm.nih.gov/pubmed/25904081
https://doi.org/10.1016/j.parkreldis.2015.09.004
http://www.ncbi.nlm.nih.gov/pubmed/26372623
https://doi.org/10.1038/nrn.2017.91
http://www.ncbi.nlm.nih.gov/pubmed/28720825
https://doi.org/10.3233/JPD-202038
https://doi.org/10.3233/JPD-202038
http://www.ncbi.nlm.nih.gov/pubmed/32250324
https://doi.org/10.1002/mds.28116
https://doi.org/10.1002/mds.28116
http://www.ncbi.nlm.nih.gov/pubmed/32395849
https://doi.org/10.1002/mds.28134
http://www.ncbi.nlm.nih.gov/pubmed/32428342
https://doi.org/10.1016/j.sleep.2020.09.011
http://www.ncbi.nlm.nih.gov/pubmed/32980664
https://doi.org/10.1038/s41531-020-00128-9
https://doi.org/10.1038/s41531-020-00128-9
http://www.ncbi.nlm.nih.gov/pubmed/33083522
https://doi.org/10.1002/mdc3.13030
http://www.ncbi.nlm.nih.gov/pubmed/33043088
https://doi.org/10.1016/j.parkreldis.2020.09.034
http://www.ncbi.nlm.nih.gov/pubmed/33002722
https://doi.org/10.1371/journal.pone.0245864


14. van der Heide A, Meinders MJ, Bloem BR, Helmich RC. The Impact of the COVID-19 Pandemic on Psy-

chological Distress, Physical Activity, and Symptom Severity in Parkinson’s Disease. J Parkinsons Dis.

2020. https://doi.org/10.3233/JPD-202251 PMID: 32925108

15. Muramatsu K, Miyaoka H, Kamijima K, Muramatsu Y, Yoshida M, Otsubo T, et al. The patient health

questionnaire, Japanese version: validity according to the mini-international neuropsychiatric interview-

plus. Psychol Rep. 2007; 101(3 Pt 1):952–60. https://doi.org/10.2466/pr0.101.3.952-960 PMID:

18232454

16. Munezawa T, Morin CM, Inoue Y, Nedate K. [Nihongo-ban humin jushodo shitumonhyo no kaihatsu

(Japanese)]. Japanese Journal of Psychiatric Treatment. 2009; 24(2):219–25.

17. Muramatsu K. An up-to-date letter in the Japanese version of PHQ, PHQ-9, PHQ-15 (Japanese). Nii-

gata seiryou daigaku daigakuin rinsyo shinrigaku kenkyu. 2014; 7:35–9.

18. Lai J, Ma S, Wang Y, Cai Z, Hu J, Wei N, et al. Factors Associated With Mental Health Outcomes

Among Health Care Workers Exposed to Coronavirus Disease 2019. JAMA Netw Open. 2020; 3(3):

e203976.

19. Goetz CG, Tilley BC, Shaftman SR, Stebbins GT, Fahn S, Martinez-Martin P, et al. Movement Disorder

Society-sponsored revision of the Unified Parkinson’s Disease Rating Scale (MDS-UPDRS): scale pre-

sentation and clinimetric testing results. Mov Disord. 2008; 23(15):2129–70. https://doi.org/10.1002/

mds.22340 PMID: 19025984

20. Zipprich HM, Teschner U, Witte OW, Schonenberg A, Prell T. Knowledge, Attitudes, Practices, and Bur-

den During the COVID-19 Pandemic in People with Parkinson’s Disease in Germany. J Clin Med. 2020;

9(6).

21. Reijnders JS, Ehrt U, Weber WE, Aarsland D, Leentjens AF. A systematic review of prevalence studies

of depression in Parkinson’s disease. Mov Disord. 2008; 23(2):183–9; quiz 313. https://doi.org/10.1002/

mds.21803 PMID: 17987654

22. Thompson AW, Liu H, Hays RD, Katon WJ, Rausch R, Diaz N, et al. Diagnostic accuracy and agree-

ment across three depression assessment measures for Parkinson’s disease. Parkinsonism Relat Dis-

ord. 2011; 17(1):40–5. https://doi.org/10.1016/j.parkreldis.2010.10.007 PMID: 21084211

23. Williams JR, Hirsch ES, Anderson K, Bush AL, Goldstein SR, Grill S, et al. A comparison of nine scales

to detect depression in Parkinson disease: which scale to use? Neurology. 2012; 78(13):998–1006.

https://doi.org/10.1212/WNL.0b013e31824d587f PMID: 22422897

24. Allott R, Wells A, Morrison AP, Walker R. Distress in Parkinson’s disease: contributions of disease fac-

tors and metacognitive style. Br J Psychiatry. 2005; 187:182–3. https://doi.org/10.1192/bjp.187.2.182

PMID: 16055832

25. Brown RG, Fernie BA. Metacognitions, anxiety, and distress related to motor fluctuations in Parkinson’s

disease. J Psychosom Res. 2015; 78(2):143–8. https://doi.org/10.1016/j.jpsychores.2014.09.021

PMID: 25311871

26. Marinus J, Zhu K, Marras C, Aarsland D, van Hilten JJ. Risk factors for non-motor symptoms in Parkin-

son’s disease. Lancet Neurol. 2018; 17(6):559–68. https://doi.org/10.1016/S1474-4422(18)30127-3

PMID: 29699914

27. Craske MG, Stein MB, Eley TC, Milad MR, Holmes A, Rapee RM, et al. Anxiety disorders. Nat Rev Dis

Primers. 2017; 3:17024. https://doi.org/10.1038/nrdp.2017.24 PMID: 28470168

28. Martinez-Martin P, Arroyo S, Rojo-Abuin JM, Rodriguez-Blazquez C, Frades B, de Pedro Cuesta J,

et al. Burden, perceived health status, and mood among caregivers of Parkinson’s disease patients.

Mov Disord. 2008; 23(12):1673–80. https://doi.org/10.1002/mds.22106 PMID: 18709684

29. Mosley PE, Moodie R, Dissanayaka N. Caregiver Burden in Parkinson Disease: A Critical Review of

Recent Literature. J Geriatr Psychiatry Neurol. 2017; 30(5):235–52. https://doi.org/10.1177/

0891988717720302 PMID: 28743212

30. Martin SC. Psychosocial Challenges Experienced by Partners of People With Parkinson Disease. J

Neurosci Nurs. 2015; 47(4):211–22. https://doi.org/10.1097/JNN.0000000000000141 PMID: 26153787

31. Sanyal J, Das S, Ghosh E, Banerjee TK, Bhaskar LV, Rao VR. Burden among Parkinson’s disease

care givers for a community based study from India. J Neurol Sci. 2015; 358(1–2):276–81. https://doi.

org/10.1016/j.jns.2015.09.009 PMID: 26382831

32. Lara B, Carnes A, Dakterzada F, Benitez I, Pinol-Ripoll G. Neuropsychiatric symptoms and quality of

life in Spanish patients with Alzheimer’s disease during the COVID-19 lockdown. Eur J Neurol. 2020.

https://doi.org/10.1111/ene.14339 PMID: 32449791

PLOS ONE Risk factors of neuropsychiatric symptoms of PD patients during COVID-19 pandemic in Japan

PLOS ONE | https://doi.org/10.1371/journal.pone.0245864 January 22, 2021 13 / 13

https://doi.org/10.3233/JPD-202251
http://www.ncbi.nlm.nih.gov/pubmed/32925108
https://doi.org/10.2466/pr0.101.3.952-960
http://www.ncbi.nlm.nih.gov/pubmed/18232454
https://doi.org/10.1002/mds.22340
https://doi.org/10.1002/mds.22340
http://www.ncbi.nlm.nih.gov/pubmed/19025984
https://doi.org/10.1002/mds.21803
https://doi.org/10.1002/mds.21803
http://www.ncbi.nlm.nih.gov/pubmed/17987654
https://doi.org/10.1016/j.parkreldis.2010.10.007
http://www.ncbi.nlm.nih.gov/pubmed/21084211
https://doi.org/10.1212/WNL.0b013e31824d587f
http://www.ncbi.nlm.nih.gov/pubmed/22422897
https://doi.org/10.1192/bjp.187.2.182
http://www.ncbi.nlm.nih.gov/pubmed/16055832
https://doi.org/10.1016/j.jpsychores.2014.09.021
http://www.ncbi.nlm.nih.gov/pubmed/25311871
https://doi.org/10.1016/S1474-4422%2818%2930127-3
http://www.ncbi.nlm.nih.gov/pubmed/29699914
https://doi.org/10.1038/nrdp.2017.24
http://www.ncbi.nlm.nih.gov/pubmed/28470168
https://doi.org/10.1002/mds.22106
http://www.ncbi.nlm.nih.gov/pubmed/18709684
https://doi.org/10.1177/0891988717720302
https://doi.org/10.1177/0891988717720302
http://www.ncbi.nlm.nih.gov/pubmed/28743212
https://doi.org/10.1097/JNN.0000000000000141
http://www.ncbi.nlm.nih.gov/pubmed/26153787
https://doi.org/10.1016/j.jns.2015.09.009
https://doi.org/10.1016/j.jns.2015.09.009
http://www.ncbi.nlm.nih.gov/pubmed/26382831
https://doi.org/10.1111/ene.14339
http://www.ncbi.nlm.nih.gov/pubmed/32449791
https://doi.org/10.1371/journal.pone.0245864

