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A B S T R A C T   

Background: Parkinson’s Disease (PD) is among one of the common comorbidities in older patients. People with 
PD may be more vulnerable to severe pneumonia, due to the impairment of pulmonary function. Currently, the 
association between PD and COVID-19 is not yet established. This study aims to analyze the relationship between 
PD and in-hospital outcomes of COVID-19. 
Materials and methods: We systematically searched the PubMed and Europe PMC database using specific key
words related to our aims until December 25th, 2020. All articles published on COVID-19 and Parkinson’s 
Disease were retrieved. The quality of the study was assessed using the Newcastle Ottawa Scale (NOS) tool for 
observational studies and Joanna Briggs Institute (JBI) Critical Appraisal Tools for cross-sectional studies. Sta
tistical analysis was done using Review Manager 5.4 software. 
Results: A total of 12 studies with 103,874 COVID-19 patients were included in this meta-analysis. This meta- 
analysis showed that Parkinson’s Disease was associated with poor in-hospital outcomes [[OR 2.64 (95% CI 
1.75–3.99), p < 0.00001, I2 = 81%] and its subgroup which comprised of severe COVID-19 [OR 2.61 (95% CI 
1.98–3.43), p < 0.00001, I2 = 0%] and mortality from COVID-19 [RR 2.63 (95% CI 1.50–4.60), p = 0.0007, I2 =

91%]. Meta-regression showed that the association was influenced by age (p = 0.05), but not by gender (p =
0.46) and dementia (p = 0.23). 
Conclusions: Extra care and close monitoring should be provided to Parkinson’s Disease patients to minimize the 
risk of infections, preventing the development of severe and mortality outcomes.   

1. Introduction 

A novel coronavirus disease (COVID-19) was initially reported in the 
region of Wuhan around December 2019. This disease, which is caused 
by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), have 
made a national outbreak of severe pneumonia in China and spread 
worldwide just in a few months. On March 11th, 2020, the World Health 
Organization (WHO) have declared COVID-19 as a global pandemic. As 
of December 21, 2020, there have been 75,479,471 confirmed cases of 
COVID-19, including 1,686,267 deaths, globally [1]. 

Although most patients are thought to have a favorable prognosis, 
some individuals are more prone to develop severe manifestations, 

including fatal pneumonia that eventually results in death [2,3]. People 
with pre-existing medical conditions (e.g. hypertension, diabetes, cor
onary heart disease), older age, and male sex appear linked to more 
severe manifestations and mortality of COVID-19 [4–10]. Parkinson’s 
Disease (PD) is the second most common age related neurodegenerative 
disease after Alzheimer’s disease, affecting over 1% of the population 
over the age of 60 [11]. People with PD may be more vulnerable to 
severe pneumonia, due to its motor and non-motor symptoms. More
over, the emotional impact of this pandemic, the social isolation, and 
prolonged immobility imposed by lockdown, may indirectly exacerbate 
both motor and psychic symptoms of PD, leading to worsening symp
toms of the disease [12]. However, there is currently insufficient 
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evidence regarding the association between Parkinson’s Disease (PD) 
and the in-hospital outcomes from COVID-19. The aims of this system
atic review and meta-analysis study is to explore the potential associa
tion between PD and in-hospital outcomes of COVID-19 infection. 

2. Materials and Methods 

2.1. Eligibility criteria 

Studies were included in this review if met the following inclusion 
criteria: have all the features from the PICO (Population, Intervention, 
Control, and Outcome) criteria (P: hospitalized patients with positive/ 
confirmed cases of COVID-19; I: a group of patients with Parkinson’s 
Disease as their comorbidity; C: a group of patients without Parkinson’s 
disease; O: in-hospital outcomes which comprise of severe COVID-19 OR 
mortality), type of study was a cohort or case-cohort design, and if the 
full-text article was available. The following types of articles were 
excluded: randomized control trial, clinical trial, cross-over design, ar
ticles other than original research (e.g., review articles, letters, or 
commentaries); case reports; articles not in the English language; arti
cles on research in pediatric populations (17 years of age or younger); 
and articles on research in pregnant women. 

2.2. Search strategy and study selection 

A systematic search of the literature was conducted on PubMed and 
Europe PMC using the keywords “Parkinson’s Disease” OR “parkin
sonism” OR “movement disorders” AND “coronavirus disease 2019′′ OR 
“COVID-19′′, between 2019 and present time (December 25th, 2020) 
with language restricted to English only. The title, abstract, and full text 
of all articles identified that matched the search criteria were assessed, 
and those reporting the rate of Parkinson’s Disease in COVID-19 patients 
with a clinically validated definition of “severe disease” and “mortality” 
were included in this meta-analysis. The references of all identified 

studies were also analyzed (forward and backward citation tracking) to 
identify other potentially eligible articles. The study was carried out per 
the Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) guidelines [13]. 

2.3. Data extraction and quality assessment 

Data extraction was performed independently by two authors, we 
used standardized forms that include author, year, study design, number 
of participants, age, number of patients with Parkinson’s Disease, and 
proportion of patients with each outcome of COVID-19. 

The outcome of interest was in-hospital outcomes that comprised of 
severe COVID-19 and mortality. Severe COVID-19 was defined as pa
tients who had any of the following features at the time of, or after, 
admission: (1) respiratory distress (≥30 breaths per min); (2) oxygen 
saturation at rest ≤93%; (3) ratio of the partial pressure of arterial ox
ygen (PaO2) to a fractional concentration of oxygen inspired air (fiO2) 
≤300 mmHg; or (4) critical complication (respiratory failure, septic 
shock, and or multiple organ dysfunction/failure) or admission into ICU. 
Mortality outcome from COVID-19 was defined as the number of pa
tients who were dead because of COVID-19. 

Two investigators independently evaluated the quality of the 
included cohort and case-control studies using the Newcastle–Ottawa 
Scale (NOS) [14]. The selection, comparability, and outcome of each 
study were broadly assessed and studies were assigned a score from zero 
to nine. Studies with scores ≥7 were considered of good quality. 
Meanwhile, the quality of the included cross-sectional studies was 
assessed by using the Joanna Briggs Institute (JBI) Critical Appraisal 
Tools For Analytical Cross Sectional Studies [15]. 

2.4. Statistical analysis 

A meta-analysis was performed using Review Manager 5.4 
(Cochrane Collaboration) software. We used the Generic Inverse 

Fig. 1. PRISMA diagram of the detailed process of selection of studies for inclusion in the systematic review and meta-analysis.  
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Variance formula with random-effects models to calculate each out
come’s risk in the Parkinson’s Disease group compared with non-Par
kinson’s Disease group. The heterogeneity was assessed by using the I2 

statistic with a value of <25%, 26–50%, and >50% were considered as 
low, moderate, and high degrees of heterogeneity, respectively. If there 
was significant heterogeneity amongst the results, a further sensitivity 
analysis was conducted to determine the source of heterogeneity. After 
significant clinical heterogeneity was excluded, the randomized effects 
model was used for meta-analysis. The effect estimate was reported as 
odds ratio (OR) along with its 95% confidence intervals (CIs) for 
dichotomous outcomes, respectively. P-value was two-tailed, and the 
statistical significance was set at ≤0.05. Random effects meta-regression 
was performed using a maximum likelihood for pre-specified variables 
including age, gender, hypertension, diabetes, and dementia. We per
formed Begg’s funnel-plot analysis to qualitatively assess the risk of 
publication bias. 

3. Results 

3.1. Study selection and characteristics 

A total of 416 records were obtained through systematic electronic 
searches. After the removal of duplicates, 324 records remained. A total 
of 297 records were excluded after screening the titles/abstracts because 
they did not match our inclusion and exclusion criteria. After evaluating 
27 full-texts for eligibility, 8 full-text articles were excluded because 
they do not have the control/comparison group, 5 full-text articles were 
excluded because they do not have the outcome of interest (severe 
COVID-19 OR mortality), 2 full-text articles were excluded because the 
articles were not in English, and finally, 12 studies [16–27] with a total 
of 103,874 COVID-19 patients were included in the meta-analysis 
(Fig. 1). Of a total of 12 included studies, 9 studies were retrospective 
cohort, 1 study was prospective cohort, 1 study was case-control study, 
while the remaining 1 study was a cross-sectional study. The essential 

Table 1 
Characteristics of included studies.  

Study Sample 
size 

Design Outcome Age 
(years) 

Male n 
(%) 

Hypertension n 
(%) 

Diabetes n 
(%) 

Dementia n 
(%) 

Patients with 
PD n (%) 

Patients 
without PD n 
(%) 

Brown EG et al. 
[16] 2020 

77 Cross-sectional Severitya 64.6 ±
16.3 

26 
(33.7%) 

21 (27.2%) N/A N/A 51 (66.2%) 26 (33.8%) 

Clift AK et al. [17] 
2020 

10776 Retrospective 
cohort 

Mortality 69.6 ±
17.9 

5962 
(55.3%) 

N/A 3153 
(29.2%) 

1235 
(11.4%) 

218 (2%) 10558 (98%) 

Hong KS et al. 
[18] 2020 

98 Retrospective 
cohort 

Severitya 55.4 ±
17.1 

38 
(38.8%) 

30 (30.6%) 9 (9.2%) 3 (3.1%) 1 (1%) 97 (99%) 

Hwang J et al. 
[19] 2020 

103 Retrospective 
cohort 

Mortality 67.6 ±
15.3 

52 (50%) 57 (55%) 35 (34%) 11 (11%) 2 (2%) 101 (98%) 

Jang JG et al. 
[20] 2020 

110 Retrospective 
cohort 

Severityb 56.9 ±
17 

48 
(43.6%) 

37 (33.6%) 29 (26.4%) 4 (3.6%) 1 (0.9%) 109 (99.1%) 

Ji W et al. [21] 
2020 

7341 Case-control Severityc 47 ± 19 2970 
(40.5%) 

1628 (22.2%) 1043 
(14.2%) 

368 (5%) 265 (3.6%) 7076 (96.4%) 

Mendes A et al. 
[22] 2020 

235 Retrospective 
cohort 

Mortality 86.3 ±
6.5 

102 
(43.4%) 

168 (71.5%) 54 (23%) 119 
(50.6%) 

8 (3.5%) 227 (96.5%) 

Poblador-Plou B 
et al. [23] 2020 

4412 Retrospective 
cohort 

Mortality 67.7 ±
20.7 

1819 
(41.2%) 

1520 (34.4%) 528 
(11.9%) 

468 
(10.6%) 

53 (1.2%) 4359 (98.8%) 

Rutten JJS et al. 
[24] 2020 

1538 Prospective 
cohort 

Mortality 84 ± 8.7 554 
(36%) 

N/A 52 (3.3%) 122 (7.9%) 92 (6%) 1446 (94%) 

Yin R et al. [25] 
2020 

106 Retrospective 
cohort 

Severityd 72.7 ±
11.8 

64 
(60.4%) 

72 (67.9%) 37 (34.9%) 20 (18.9%) 2 (1.9%) 104 (98.1%) 

Zhang Q et al. 
[26] 2020 

79049 Retrospective 
cohort 

Mortality 58.4 ±
18.3 

N/A N/A N/A N/A 694 (0.8%) 78355 
(99.2%) 

Zhao J et al. [27] 
2020 

29 Retrospective 
cohort 

Severityd 51.1 ±
25.5 

14 
(48.3%) 

N/A 7 (24.1%) N/A 1 (3.4%) 28 (96.6%)  

a admission into intensive care unit (ICU). 
b respiratory distress (≥30 breaths per min) or admission into ICU. 
c oxygen saturation at rest ≤93%. 
d any of the followings: (1) respiratory distress (≥30 breaths per min); (2) oxygen saturation at rest ≤93%; (3) ratio of the partial pressure of arterial oxygen (PaO2) 

to a fractional concentration of oxygen inspired air (fiO2) ≤300 mmHg; (4) critical complications. 

Table 2 
Newcastle-Ottawa quality assessment of observational studies.  

First author, year Study design Selectiona Comparabilityb Outcomec Total score Result 

Clift AK et al. [17] 2020 Cohort **** ** *** 9 Good 
Hong KS et al. [18] 2020 Cohort *** ** *** 8 Good 
Hwang J et al. [19] 2020 Cohort *** ** *** 8 Good 
Jang JG et al. [20] 2020 Cohort *** ** *** 8 Good 
Ji W et al. [21] 2020 Case-control *** ** *** 8 Good 
Mendes A et al. [22] 2020 Cohort *** ** **** 9 Good 
Poblador-Plou B et al. [23] 2020 Cohort *** ** *** 8 Good 
Rutten JJS et al. [24] 2020 Cohort *** ** *** 8 Good 
Yin R et al. [25] 2020 Cohort *** ** *** 8 Good 
Zhang Q et al. [26] 2020 Cohort ** ** *** 7 Good 
Zhao J et al. [27] 2020 Cohort *** ** *** 8 Good  

a (1) representativeness of the exposed cohort; (2) selection of the non-exposed cohort; (3) ascertainment of exposure; (4) demonstration that outcome of interest was 
not present at start of study. 

b (1) comparability of cohorts on the basis of design or analysis, (maximum two stars). 
c (1) assessment of outcome; (2) was follow-up long enough for outcomes to occur; (3) adequacy of follow up of cohorts. 
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characteristics of the included studies are summarized in Table 1. 

3.2. Quality of study assessment 

Studies with various study designs including cohort and case-control 
were included in this review and assessed accordingly with the appro
priate scale or tool. The Newcastle Ottawa Scale (NOS) was used to 
assess the cohort and case-control studies (Table 2), while the Joanna 
Briggs Institute Critical Appraisal checklist was used for case series 
studies (Table 3). All included studies were rated ‘good’ based on the 
criteria used in the Newcastle Ottawa Scale (NOS) and the Joanna Briggs 

Institute Critical Appraisal checklist. In conclusion, all studies were 
deemed fit to be included in the meta-analysis. 

3.3. Parkinson’s disease and outcomes 

Our pooled analysis showed that Parkinson’s Disease (PD) was 
associated with poor in-hospital outcomes of COVID-19 [OR 2.64 (95% 
CI 1.75–3.99), p < 0.00001, I2 = 81%] (Fig. 2A). Subgroup analysis 
showed that Parkinson’s Disease (PD) was associated with severe 
COVID-19 [OR 2.61 (95% CI 1.98–3.43), p < 0.00001, I2 = 0%], and 
mortality from COVID-19 [RR 2.63 (95% CI 1.50–4.60), p = 0.0007, I2 

= 91%]. 
We then performed a sensitivity analysis to found the studies which 

are responsible for the significant heterogeneity. After removing the 
study by Rutten JJS et al. [24] and Zhang Q et al. [26], the heterogeneity 
was dropped from 81% into 6% and the pooled analysis still showed that 
Parkinson’s Disease (PD) was associated with poor in-hospital outcomes 
of COVID-19, but with low heterogeneity [OR 2.72 (95% CI 2.21–3.35), 
p < 0.00001, I2 = 6%] (Fig. 2B). 

3.4. Meta-regression 

Meta-regression showed that the association between Parkinson’s 
Disease and in-hospital outcomes of COVID-19 was affected by age (p =
0.05) (Fig. 3A), but not affected by gender (p = 0.46) (Fig. 3B), hyper
tension (p = 0.44), diabetes (p = 0.58), and dementia (p = 0.23) 
(Fig. 3C). 

Table 3 
Joanna Briggs Institute Critical Appraisal tool for cross-sectional study.   

Brown EG et al. [16] 
2020 

1. Were the criteria for inclusion in the sample clearly 
defined? 

Yes 

2. Were the study subjects and the setting described in 
detail? 

Yes 

3. Was the exposure measured in a valid and reliable way? Yes 
4. Were objective, standard criteria used for measurement 

of the condition? 
Yes 

5. Were confounding factors identified? Yes 
6. Were strategies to deal with confounding factors stated? Yes 
7. Were the outcomes measured in a valid and reliable way? Yes 
8. Was appropriate statistical analysis used? Yes 
Quality Include study  

Fig. 2. (A) Forest plot that demonstrates 
the association of Parkinson’s Disease 
with in-hospital outcomes and its sub
group which comprises of severe COVID- 
19 and mortality. 
(B). Sensitivity analysis performed by 
removing study by Rutten JJS et al. and 
Zhang Q et al. which cause significant 
heterogeneity still showed significant 
association between Parkinson’s Disease 
with in-hospital outcomes of COVID-19.   
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3.5. Publication bias 

The funnel-plot analysis showed a qualitatively symmetrical inverted 
funnel-plot for the association between Parkinson’s Disease and in- 
hospital outcomes of COVID-19 (Fig. 4), showing no indication of pub
lication bias. 

4. Discussion 

This is the first systematic review and meta-analysis which analyze 
the potential association between Parkinson’s Disease (PD) and in- 
hospital outcomes of COVID-19. Based on our pooled analysis of avail
able data, PD seems to be associated with an enhanced risk of severity 
and mortality from COVID-19. This association was influenced by age, 
but not by gender, hypertension, diabetes, and dementia. Several rea
sons can be proposed to explain this result. First, most of the patients 
with Parkinson’s Disease (PD) were old and have other co-existing co
morbid conditions that could increase the severity of infections [28,29]. 
Parkinson’s Disease was most often diagnosed in people over age of 60 
and only 4% of all cases are diagnosed before age 50 [29,30]. Patients of 
older age tend to present with atypical symptoms of COVID-19. They 
may present afebrile with non-respiratory symptoms, such as delirium or 
isolated functional decline without any obvious physical symptoms 
[31]. These atypical presentations of COVID-19 may impede the early 
recognition of the disease, increase COVID-19 spread, and mortality. 
Moreover, in a meta-analysis of 611,583 COVID-19 patients, age over 60 
years was found to be a risk factor for disease progression [32]. This fact 
could be influenced by both the physiological aging process and, espe
cially, the greater prevalence in older adult patients and patients with 
Parkinson’s Disease of frailty and comorbidities that contribute to a 
decrease in functional reserve that reduces intrinsic capacity and resil
ience and hinders the fight against infections [32,33]. Older people will 
have a condition called “immune senescence” which consist of (1) 
decreased neutrophil phagocytosis and oxidative burst; (2) decreased 
macrophages chemotaxis and phagocytosis; and (3) decreased number 
of peripheral naïve T and B cells which will lead to a reduced ability to 
respond to new antigen [34]. Elderly patients with Parkinson’s Disease 
may also experience respiratory muscle rigidity and impaired cough 
reflex alongside pre-existing dyspnea, which could lead to increased 
COVID-19 severity [35]. Second, patients with Parkinson’s Disease may 
experience worsening of both motor and non-motor symptoms during 
SARS-CoV-2 infection. A recently published studies have shown that 
31.9% of patients with pre-existing neurological disorders, including 
Parkinson’s Disease experienced a worsening of neurological symptoms 
during COVID-19 infection, independent of age and disease duration 
[36,37]. Worsening of Parkinson’s Disease symptoms is either due to the 
effects of the acute systemic inflammatory response, altered dopami
nergic signaling or the pharmacokinetics changes during infection [38]. 
This condition can caused a significant stress, depression or even anxiety 
to Parkinson’s Disease patients, where all of these can lead to reduction 
of quality of life (QoL) and finally higher mortality from the disease 
[39]. Third, patients with Parkinson’s Disease (PD) depend on the 
medications to control their symptoms. Meanwhile, COVID-19 
pandemic has caused interruption in the PD-related care, including 
medical care, exercise, and social activities. Some hospitals even closed 
the Parkinson’s clinics because of this pandemic [40]. The disruption in 
the medical care can caused irregular visit to the hospitals and more 
difficulties in obtaining PD medications because PD medications needs 
prescription, which may force the Parkinson’s Disease patients to 
decrease or even stop their medications [40]. This can also lead to 
worsening of Parkinson’s Disease symptoms which increase their mor
tality rate, as described previously. 

The limitation of this study is that the data/information regarding 
the other confounding factors such as patients’ nutritional status, 
duration of Parkinson’s Disease, severity of motor symptoms, and daily 
medication that can affect the relationship between Parkinson’s Disease 
and clinical outcomes of COVID-19 were lacking in the included studies, 
therefore cannot be analyzed and should still be considered. However, 
with this study, we hope that Parkinson’s Disease can further be 
considered as an important factor and comorbidity in COVID-19 
patients. 

Fig. 3. Bubble-plot for Meta-regression. Meta-regression analysis showed that 
the association between Parkinson’s Disease and in-hospital outcomes was 
affected by age [A], but not by gender [B] and dementia [C]. 
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5. Conclusions 

Our study suggests that patients with Parkinson’s Disease were likely 
to develop poor in-hospital outcomes of COVID-19. Hence, patients with 
Parkinson’s Disease should be given extra care and monitoring to 
minimize exposure to the virus. Physicians should be aware of the risk of 
atypical COVID-19 manifestations and exacerbations of Parkinson’s 
Disease symptoms. Telemedicine-based practice with neurologists can 
also be used to maintain patient’s treatment and provide remote eval
uations in PD patients to minimize their visit to the hospitals. Physicians 
should also be engaged in close monitoring of Parkinson’s Disease pa
tients with suspected COVID-19, for early diagnosis and treatment to 
avoid severe infections. Finally, Parkinson’s Disease should be regarded 
as an important factor in future risk stratification models for COVID-19. 
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