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Abstract
This meta-analysis aimed to determine the prevalence, symptoms, and outcomes of COVID-19 in the elderly with Parkinson’s 
disease (PD) by searching in the international databases of PubMed, Scopus, Web of Sciences, and EMBASE using the 
keywords of “COVID-19” and “Parkinson’s.” All articles related to Parkinson's disease and COVID-19 from January 2019 
to October 20, 2021 were reviewed. The STATA software was used for analysis. A total of 20 articles were selected for data 
extraction in this meta-analysis, of which ten were cross-sectional studies (to determine the prevalence), five case–control 
studies, and five cohort studies (to examine the association). The results of the meta-analysis showed the prevalence of 
COVID-19 in patients with PD was 1.06% (95% CI 1.03–1.1%; P = 0.02), and the prevalence of their hospitalization due to 
COVID-19 was 0.98% (95% CI: 0.95–1.02%; P = 0.00). Also, the prevalence of depression and anxiety during the pandemic 
in this group was 46% (95% CI 29–64%; P = 0.00) and 43% (95% CI: 24–63%; P = 0.00), respectively. The prevalence of 
tremor and sleep problems were higher than those of other symptoms in the studied population. According to the results, there 
was no significant difference in the risk of COVID-19 infection between Parkinson's patients and healthy people. In other 
words, the risk of COVID-19 infection was equal in both groups (RR = 1.00 (CI 95% 0.77–1.30%; P = 0.15)). The results 
showed mortality and hospitalization rates of the elderly with Parkinson's disease were not significantly different from those 
of the general population during the COVID-19 pandemic. Also, the symptoms of Parkinson’s disease and mental disorders 
increased during the COVID-19 pandemic. So, designing and developing more specific studies, like cohort studies, with 
large sample size is required for assessing these associations.
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Introduction

COVID-19 spread in most countries so rapidly that the 
World Health Organization (WHO) declared a pandemic on 
March 11, 2020 [1–4]. The pandemic has had a profound 

effect on all human life aspects, including people’s physi-
cal and mental health around the world [5, 6]. The risk of 
COVID-19 and its mortality is higher among vulnerable 
populations, such as the elderly with chronic diseases, espe-
cially neurological ones [7]. However, the pandemic and 
the subsequent emergency situation forced officials to focus 
on controlling and adhering to the care associated with this 
virus while ignoring the priority of caring for those with 
chronic and neurological diseases [8]. On the other hand, 
the outcomes of this disease increased in older people living 
with neurological diseases, one of the most prominent of 
which is Parkinson's disease [6]. Parkinson’s disease (PD) 
is one of the most common neurological diseases preva-
lent in the elderly. In addition to motor symptoms, such as 
bradykinesia, rigidity, and tremor caused by degeneration 
and the destruction of dopaminergic nigrostriatal neurons, 
non-motor symptoms, such as depression, anxiety, and sleep 
disorders, to advanced stages are also common in the early 
[8, 9]. Therefore, changes and social conditions during the 
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pandemic may have affected the motor and non-motor symp-
toms experienced by PD patients and negatively affected 
their life quality [6, 9, 10]. To date, few clinical studies have 
been performed on patients with PD, infected by COVID-19 
[4]. Therefore, there is currently insufficient evidence to sug-
gest PD itself increases the risk of COVID-19 or COVID-19 
exacerbates PD symptoms. Contradictory results have been 
reported from studies with small sample sizes of PD patients 
with COVID-19 [2].

However, studies have shown the COVID-19 pandemic 
has directly and indirectly affected patients with PD world-
wide in various ways [6, 11]. First, although the risk of 
developing PD does not increase in the general population 
[3], individuals infected with SARS-CoV-2 are more likely 
to have worsening symptoms [12]. It is not yet clear whether 
patients with Parkinson's and those receiving advanced treat-
ment are likely to be at greater risk of COVID-19 death 
[13]. Second, the conditions of caring for PD patients have 
changed [14]: surgical treatments have been delayed [15], 
and access to outpatient clinics has been limited to prevent 
the spread of COVID-19 [16]. Regular physical evaluation 
and adjustment of medications in non-emergency situations 
have also become more difficult. Third, the social, economic, 
and medical outcomes have led to profound lifestyle changes 
in patients with PD, including decreased overall physical 
activities, inability to attend exercise classes, and increased 
levels of mental distress.

In PD, these lifestyle changes are referred to the "hidden 
sorrows" of COVID-19 [17] because they may indirectly 
worsen symptoms. Physical activities help reduce PD motor 
symptoms [18]. Also, staying at home is especially psycho-
logically harmful to this population. Mental distress worsens 
a variety of motor symptoms and also causes or exacerbates 
neuropsychiatric symptoms, such as anxiety and depression 
[6].

The study aimed to systematically review and meta-ana-
lyze the status of patients with PD during the COVID-19 
pandemic. The first goal of this meta-analysis was to deter-
mine the prevalence of COVID-19 in patients with Parkin-
son's disease. Subsequently, the occurrence of symptoms 
and outcomes associated with COVID-19 was determined in 
these patients. Finally, the effect of COVID-19 and its condi-
tions was determined on the symptoms of PD, like physical 
activities, sleep complications, and mental disorders.

Methods

The study protocol has previously been registered in PROS-
PERO with the code CRD42021282398. The present study 
was a systematic review and meta-analysis designed and 
conducted with the PECOT structure. P means the study 
population, patients with Parkinson’s disease, E means 

exposure to COVID-19, C means the comparison group, 
including all people with Parkinson's who did not have 
COVID-19, and O means the study outcome, the prevalence 
of COVID-19, depression and anxiety, physical activities, 
Parkinson’s symptoms, and sleep disorders in patients with 
Parkinson’s disease during the pandemic. This meta-analysis 
is the most comprehensive one associated with COVID-19 
in patients with Parkinson’s disease, which has considered 
all possible outcomes reported in the early studies.

Search strategy and screening

All articles published in international databases were 
searched to extract studies which examined PD during the 
COVID-19 pandemic. The search was conducted in these 
databases without any language or time restrictions. Search 
strategies included the following keywords: “COVID 19,” 
“COVID-19 Virus Disease,” “2019-nCoV Infections,” “2019 
Novel Coronavirus Disease,” “Coronavirus Disease 2019,” 
SARS Coronavirus 2 Infection,” “SARS-CoV-2 Infection,” 
“SARS-CoV-2 Infections,” “COVID-19 Virus,” “Wuhan 
Coronavirus,” “SARS Coronavirus 2,” “Severe Acute Res-
piratory Syndrome Coronavirus 2,” “Parkinson,” “Idiopathic 
Parkinson’s Disease,” “Lewy Body Parkinson’s Disease,” 
“Parkinson’s Disease,” “Primary Parkinsonism,” and “Sec-
ondary Parkinson’s Disease,” all of which have been com-
piled from Mesh. The search databases included (Medline) 
PubMed, Scopus, Web of Sciences, and EMBASE, and its 
timeline was from January 2019 to October 20, 2021. The 
duplicate studies were removed using the title of the pub-
lished articles, their authors, and year of publication using 
Endnote software, version 9. Then, the remaining articles 
were reviewed and evaluated based on their titles, abstracts, 
and full texts considering the inclusion criteria. Two study 
authors independently (MA, PM) screened articles based 
on their titles, abstracts, and full texts, and disagreements 
were resolved by a third one (YM). After screening, the final 
selection of articles was made by evaluating the full text of 
the selected ones.

Study selection

The search strategy in international databases was indepen-
dently performed by the two researchers (MA and PM), and 
the disagreements were resolved by the third person (YM).

Inclusion and exclusion criteria

This study aimed to determine the prevalence of COVID-19 
infection and its symptoms in elderly patients with PD and 
the association between PD and COVID-19. Therefore, both 
descriptive observational studies (cross-sectional ones) and 
analytical observational studies (case or cohort ones) were 
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examined. The prevalence of PD symptoms and those of 
COVID-19 in Parkinson's patients should have been reported 
in these studies. Review studies, case reports, case series, 
clinical trials, other interventional studies, and letters to the 
editor were excluded from the present research (Table 1).

Data extraction

After three stages of evaluation based on the title, abstract, 
and full text, the selected articles were retrieved for detailed 
analysis. The data were collected using a checklist contain-
ing the authors’ names, country, publication year, study type, 
study population, sample size, data source, duration of Par-
kinson’s disease, age, number of patients with COVID-19, 
rates of hospitalization and mortality due to COVID-19, 
evaluation of depression and anxiety, physical activities, 
COVID-19 symptoms (fever, cough, weakness, respira-
tory problems and shortness of breath, dysuria, decreased 
sense of smell, decreased sense of taste, fatigue, headache, 
myalgia, diarrhea, nausea, and vomiting), and PD symptoms 
(tremor, dyskinesia, bradykinesia, rigidity, gait, freezing of 
gait, balance problems, cognitive impairment, sleep prob-
lems, and daytime sleepiness) (Table 2).

Qualitative evaluation of articles

Two of the study authors (MA, MA) conducted a qualita-
tive evaluation of the studies on the basis of the Newcas-
tle–Ottawa Quality Assessment Scale (NOS) checklist. This 
checklist was designed to evaluate the quality of observa-
tional studies. This tool examines each research with six 
items in three groups of selecting study samples, comparing 
and analyzing study groups, and measuring and analyzing 
the desired outcome. Each of these items is given a score 
of one if observed in the studies, and the maximum score 
for each study is nine points. In case of disagreements in 
the score assigned to the published articles, the discussion 
method and a third researcher were used [19].

Statistical analysis

The Metaprop command was used to calculate the cumula-
tive prevalence with a 95% confidence interval. First, the 
total sample volume was extracted from the initial studies. 
Then, the sample volumes with the desired outcomes were 
identified in the initial studies and analyzed by the Metaprop 
command.

Because the prevalence of COVID-19 was very low in 
patients with Parkinson’s disease, it was decided to combine 
the indexes in the case–control and cohort studies and report 
them in the form of the relative risk (RR) indicating the rate 
of risk of the preferred outcomes in people with Parkinson's.

To investigate the association using the cumulative RR 
with a 95% confidence interval, the methane command was 
used considering the logarithm and standard deviation of the 
logarithm of the RR. The heterogeneity between the studies 
was assessed using I2 and Q Cochrane tests. Also, Egger test 
was used to assess publication bias. The statistical analysis 
was performed using STATA 16.0, and the P value < 0.05 
was considered.

Results

Qualitative results

Based on the search strategy, 522 studies were obtained from 
the PubMed, Scopus, Web of Sciences, and EMBASE data-
bases, of which 135 were excluded due to duplication, and 
390 remained. After reviewing the title and full text of the 
articles, 20 studies remained for analysis, of which ten were 
cross-sectional studies [5, 6, 8–11, 20–23], five case–con-
trol studies [2, 3, 12, 24, 25], and five cohort studies [4, 7, 
26–28] (Table 2), and all were from 2020 to 2021 (Fig. 1).

The quality assessment checklist (NOS checklist) of 
the observational studies showed 50% of the scores were 

Table 1   The eligibility criteria

Eligibility criteria

Association Prevalence

The study population was patients with Parkinson’s disease (with Covid-
19 or not)

The exposure in these studies was Covid-19
The comparison group included people with Parkinson's who did not have 

Covid-19
The intended outcomes were the risk of complications associated with 

Covid-19 and its symptoms (Covid-19, hospitalization, and death and 
symptoms, including fever, cough, respiratory difficulties, diarrhea, 
smell reduction, taste reduction, muscle pain/ joint pain, nausea/vomit-
ing, and fatigue)

The study population was patients with Parkinson’s disease (with 
Covid-19 or not)

The intended outcomes in studies were evaluation of the Parkinson's 
symptoms such as tremor, physical activity, sleep disorders, and 
mental disorders

The intended type of studies was analytical or descriptive cross 
sectional



1212	 Acta Neurologica Belgica (2023) 123:1209–1223

1 3

Ta
bl

e 
2  

C
ha

ra
ct

er
ist

ic
s o

f p
ar

tic
ip

an
ts

 a
nd

 m
en

ta
l d

is
or

de
rs

A
ut

ho
rs

 
(Y

ea
rs

) (
R

)
C

ou
nt

ry

Ty
pe

 o
f 

stu
dy

St
ud

y 
po

pu
la

-
tio

n
Sa

m
pl

e 
si

ze
D

at
a 

so
ur

ce
s

A
ge

 (m
al

e)
D

ur
at

io
n 

of
 D

is
ea

se
N

um
be

r o
f 

CO
V

ID
-1

9
A

dm
is

si
on

 to
 h

os
pi

ta
l 

(C
O

V
ID

-1
9)

M
or

ta
lit

y 
(C

O
V

ID
-1

9)
M

or
-

ta
lit

y 
C

au
se

s 
(E

F;
 

95
%

 
C

I)

D
ep

re
ss

io
n 

(C
O

V
ID

-
19

)
A

nx
ie

ty
 (C

O
V

ID
-

19
)

N
O

S 
sc

or
e

B
irg

ul
 B

al
ci

 
(2

02
1)

 [2
3]

Tu
rk

is
h

C
as

e co
nt

ro
l

PD N
on

-P
D

Pa
tie

nt
s =

 45
H

ea
lth

y =
 43

Q
ue

sti
on

na
ire

 
sc

re
en

in
g

Pa
tie

nt
s =

 67
(6

6%
)

H
ea

lth
y =

 66
(5

5.
8%

)
8 

ye
ar

s
0

N
R

N
R

N
R

N
R

N
R

7

El
is

a 
M

on
-

ta
na

ro
(2

02
1)

 [2
4]

Ita
ly

C
as

e co
nt

ro
l

PD N
on

-P
D

A
ll 

Pa
tie

nt
s  

=
 10

0
C

ar
eg

iv
er

s 
 =

 60

El
ec

tro
ni

c 
da

ta
ba

se
 o

f 
th

e 
m

ov
e-

m
en

t d
is

or
de

r 
C

en
te

r o
f t

he
 

U
ni

ve
rs

ity
 

H
os

pi
ta

l o
f 

Tu
rin

A
ll 

pa
tie

nt
s =

 62
.4

 ±
 9.

0 
(3

8–
78

)
M

al
e =

 60
C

ar
eg

iv
er

s =
 62

.1
 ±

 9.
2 

(4
3–

83
)

M
al

e =
 21

A
ll Pa

tie
nt

s =
 13

.4
 ±

 4.
6 

(6
–3

1)

Ex
ec

ut
io

n 
of

 
na

so
ph

ar
yn

-
ge

al
 sw

ab
 

(f
ro

m
 F

eb
ru

-
ar

y 
20

20
 to

 
T0

) n
 =

 1 
D

ia
gn

os
is

 o
f 

CO
V

ID
-1

9 
(f

ro
m

 F
eb

ru
-

ar
y 

20
20

 to
 

T0
) n

 =
 1

N
R

N
R

N
R

T 
=

 0
A

ll 
pa

tie
nt

s =
 35

%
T 

=
 1

A
ll 

pa
tie

nt
s =

 34
.1

%

T 
=

 0
A

ll 
pa

tie
nt

s =
 39

%
T 

=
 1

A
ll 

pa
tie

nt
s =

 30
.6

%

7

Lu
ca

 V
ig

na
-

te
lli

(2
02

0)
 [7

]
Ita

ly

H
ist

or
ic

al
 

co
ho

rt 
de

si
gn

PD N
on

-P
D

Pa
rk

in
so

n’
s 

di
se

as
e =

 69
6

Pa
rk

in
so

ni
sm

 =
 18

4
C

on
tro

l 
co

ho
rt 

=
 85

90

Ita
lia

n 
he

al
th

sy
ste

m
C

on
tro

l c
oh

or
t =

 76
(5

8.
2)

Pa
rk

in
so

n’
s d

is
ea

se
 =

 75
(5

8.
8)

Pa
rk

in
so

ni
sm

 =
 

80
.5

 (5
7.

1)

–
PD

: 4
(3

 m
en

)
PS

 =
 6

(3
 m

en
)

co
nt

ro
l 

co
ho

rt 
=

 64
 

(4
4 

m
en

)

N
um

be
r o

f h
os

pi
ta

l 
ad

m
is

si
on

 fo
r 

CO
V

ID
-1

9
C

on
tro

l c
oh

or
t =

 64
Pa

rk
in

so
n’

s d
is

-
ea

se
 =

 4
Pa

rk
in

so
ni

sm
 =

 6

N
 =

 29
PD

 =
 1

PS
 =

 3
co

nt
ro

l 
co

ho
rt 

=
 25

N
R

N
R

N
R

8

M
ar

ia
 B

uc
-

ca
fu

sc
a

(2
02

0)
 [2

5]
Ita

ly

C
oh

or
t

Pa
tie

nt
s w

ith
 

CO
V

ID
 a

nd
 

Pa
rk

in
so

n'
s

Pa
tie

nt
s w

ith
 

CO
V

ID
 a

nd
 

Pa
rk

in
so

n'
s =

 
12

H
os

pi
ta

l
73

 (5
0%

)
22

 y
ea

rs
12 (1

00
%

)
D

ay
s o

f h
os

pi
ta

liz
a-

tio
n 

– 
av

er
ag

e
 =

 30
.7

0
N

R
N

R
N

R
6

R
ap

ha
el

 
Sc

he
rb

au
m

(2
02

0)
 [1

1]
G

er
m

an
y

C
ro

ss
-

se
ct

io
na

l 
stu

dy

PD no
n-

PD
5,

21
0,

43
2

nu
m

be
rs

 P
D

 =
 

65
,1

27
N

on
-P

D
 =

 
5,

17
6,

17
7

H
os

pi
ta

l
N

R
N

R
30

,8
72

N
on

-P
D

 =
 

30
,1

79
PD

 =
 69

3

30
,8

72
N

on
-P

D
 =

 
30

,1
79

PD
 =

 69
3

N
on

-P
D

 =
 

62
41

 2
0.

7%
PD

 =
 

24
5 

35
.4

%

N
R

N
R

N
R

7



1213Acta Neurologica Belgica (2023) 123:1209–1223	

1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

A
ut

ho
rs

 
(Y

ea
rs

) (
R

)
C

ou
nt

ry

Ty
pe

 o
f 

stu
dy

St
ud

y 
po

pu
la

-
tio

n
Sa

m
pl

e 
si

ze
D

at
a 

so
ur

ce
s

A
ge

 (m
al

e)
D

ur
at

io
n 

of
 D

is
ea

se
N

um
be

r o
f 

CO
V

ID
-1

9
A

dm
is

si
on

 to
 h

os
pi

ta
l 

(C
O

V
ID

-1
9)

M
or

ta
lit

y 
(C

O
V

ID
-1

9)
M

or
-

ta
lit

y 
C

au
se

s 
(E

F;
 

95
%

 
C

I)

D
ep

re
ss

io
n 

(C
O

V
ID

-
19

)
A

nx
ie

ty
 (C

O
V

ID
-

19
)

N
O

S 
sc

or
e

M
eh

ri 
Sa

la
ri

(2
02

0)
 [1

9]
Ir

an

C
ro

ss
-

se
ct

io
na

l, 
ca

se
–

co
nt

ro
l 

su
rv

ey

Pa
rk

in
so

n’
s 

di
se

as
e 

(P
D

) 
an

d 
no

n-
PD

50
0

PD
 =

 13
7

C
ar

eg
iv

er
s =

 95
C

on
tro

l =
 44

2

N
R

PD
 =

 55
(3

4.
3)

C
on

tro
l =

 
43

 (2
5.

3)

 <
 5 

32
.8

5–
10

 3
5.

8
 >

 10
 3

1.
4

PD
 =

 1.
5%

C
on

tro
l =

 4.
5

N
R

N
R

N
R

N
R

PD
 %

N
o 

an
xi

et
y =

 
18

.2
M

ild
 =

 
26

.3
M

od
er

at
e =

 
29

.9
Se

ve
re

 =
 

25
.5

CO
N

TR
O

L
N

o 
an

xi
et

y =
 

56
.3

M
ild

 =
 

28
.3

M
od

er
at

e =
 

10
.6

Se
ve

re
 =

 
4.

8

7

El
eo

no
ra

 D
el

 
Pr

et
e 

(2
02

0)
 

[2
]

Ita
ly

C
as

e-
co

n-
tro

lle
d 

su
rv

ey

Pa
rk

in
so

n’
s 

di
se

as
e 

(P
D

)
21 PD

 C
O

V
ID

-1
9 =

 7
PD

 n
on

-
CO

V
ID

 =
 14

PD
 =

 73
3

N
R

75
PD

 n
on

-C
O

V
ID

 =
 

8.
93

PD
 C

O
V

ID
-1

9 =
 

9.
29

PD
 C

O
V

ID
-

19
 =

 7
N

R
N

R
N

R
N

R
PD

 =
 18

3
25

%
8



1214	 Acta Neurologica Belgica (2023) 123:1209–1223

1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

A
ut

ho
rs

 
(Y

ea
rs

) (
R

)
C

ou
nt

ry

Ty
pe

 o
f 

stu
dy

St
ud

y 
po

pu
la

-
tio

n
Sa

m
pl

e 
si

ze
D

at
a 

so
ur

ce
s

A
ge

 (m
al

e)
D

ur
at

io
n 

of
 D

is
ea

se
N

um
be

r o
f 

CO
V

ID
-1

9
A

dm
is

si
on

 to
 h

os
pi

ta
l 

(C
O

V
ID

-1
9)

M
or

ta
lit

y 
(C

O
V

ID
-1

9)
M

or
-

ta
lit

y 
C

au
se

s 
(E

F;
 

95
%

 
C

I)

D
ep

re
ss

io
n 

(C
O

V
ID

-
19

)
A

nx
ie

ty
 (C

O
V

ID
-

19
)

N
O

S 
sc

or
e

Fu
ki

ko
 

K
ita

ni
-

M
or

ii
(2

02
0)

 [8
]

Ja
pa

n

C
ro

ss
-

se
ct

io
na

l 
stu

dy

PD
 p

at
ie

nt
s a

nd
 

th
ei

r f
am

ily
 

m
em

be
rs

71 39
 P

D
 p

at
ie

nt
s a

nd
 

32
 c

on
tro

ls

N
R

 <
 70

 =
 25

 (3
5.

2)
70

–7
9 =

 33
 (4

6.
4)

 >
 80

 =
 13

 (1
8.

3)

 <
 5 

=
 22

 (5
6.

4)
 >

 5 
=

 17
 (4

3.
5)

N
R

N
R

N
R

N
R

To
ta

l
N

or
m

al
 =

 
32

 (4
6.

3)
M

ild
 =

 
20

 (2
8.

9)
M

od
er

at
e =

 
9 

(1
3.

0)
Se

ve
re

 =
 

8 
(1

1.
5)

PD N
or

m
al

 =
 

14
 (3

6.
8)

M
ild

 =
 

9 
(2

3.
6)

M
od

er
at

e =
 

8 
(2

1.
0)

Se
ve

re
 =

 
7 

(1
8.

4)
CO

N
TR

O
L

N
or

m
al

 =
 

18
 (5

8.
0)

M
ild

 =
 

11
 (0

.3
5)

M
od

er
at

e =
 

1 
(3

.2
)

Se
ve

re
 =

 
1 

(3
.2

)

To
ta

l
N

or
m

al
 =

 35
 (4

9.
2)

M
ild

 =
 20

 (2
8.

1)
M

od
er

at
e =

 10
 

(1
4.

0)
Se

ve
re

 =
 6 

(8
.4

)
PD N

or
m

al
 =

 18
 (4

6.
1)

M
ild

 =
 9 

(2
3.

0)
M

od
er

at
e =

 7 
(1

7.
9)

Se
ve

re
 =

 5 
(1

2.
8)

C
on

tro
l

N
or

m
al

 =
 17

 (5
3.

1)
M

ild
 =

 11
 (3

4.
3)

M
od

er
at

e =
 3 

(9
.3

)
Se

ve
re

 =
 1 

(3
.1

)

8

Fr
an

ce
sc

o 
C

av
al

lie
ri

(2
02

0)
 [1

0]
Ita

ly

C
ro

ss
-

se
ct

io
na

l 
on

lin
e 

su
rv

ey

PD C
ar

eg
iv

er
s

10
3

PD
 =

 67
C

ar
eg

iv
er

s =
 

36

on
lin

e 
su

rv
ey

(M
en

 =
 61

.1
7%

)
41

–5
0 =

 3
51

–6
0 =

 16
61

–7
0 =

 54
71

–8
0 =

 22
 >

 80
 =

 8

 <
 2 

=
 11

2–
5 =

 28
 >

 5 
=

 64

N
R

N
R

N
R

N
R

N
R

N
R

6



1215Acta Neurologica Belgica (2023) 123:1209–1223	

1 3

A
ut

ho
rs

 
(Y

ea
rs

) (
R

)
C

ou
nt

ry

Ty
pe

 o
f 

stu
dy

St
ud

y 
po

pu
la

-
tio

n
Sa

m
pl

e 
si

ze
D

at
a 

so
ur

ce
s

A
ge

 (m
al

e)
D

ur
at

io
n 

of
 D

is
ea

se
N

um
be

r o
f 

CO
V

ID
-1

9
A

dm
is

si
on

 to
 h

os
pi

ta
l 

(C
O

V
ID

-1
9)

M
or

ta
lit

y 
(C

O
V

ID
-1

9)
M

or
-

ta
lit

y 
C

au
se

s 
(E

F;
 

95
%

 
C

I)

D
ep

re
ss

io
n 

(C
O

V
ID

-
19

)
A

nx
ie

ty
 (C

O
V

ID
-

19
)

N
O

S 
sc

or
e

H
 E

l O
tm

an
i

(2
02

0)
 [2

6]
M

or
oc

ca
n

Pr
os

pe
c-

tiv
el

y
co

ho
rt

PD
 p

at
ie

nt
s

50
vi

a 
th

e 
In

te
rn

et
60

.4
(4

8%
)

N
R

0
N

R
N

R
N

R
A

t t
he

 b
eg

in
ni

ng
 =

 14
 

(2
8%

) A
fte

r 
6 

w
ee

ks
 =

 17
 (3

4%
)

D
ep

re
ss

io
n 

Im
pr

ov
e-

m
en

t =
 5

W
or

se
ni

ng
 =

 12

A
t t

he
 b

eg
in

-
ni

ng
 =

 16
 

(3
2%

) A
fte

r 
6 

w
ee

ks
 =

 15
 

(3
0%

)
A

nx
ie

ty
 Im

pr
ov

e-
m

en
t =

 4
W

or
se

ni
ng

 =
 8

8

Y
un

 X
ia

(2
02

0)
 [3

7]
C

hi
na

A
 q

ua
n-

tit
at

iv
e 

stu
dy

C
ro

ss
-

se
ct

io
na

l 
an

d

PD
 p

at
ie

nt
s

he
al

th
y 

co
nt

ro
ls

28
8

PD
 p

at
ie

nt
s

 =
 11

9
he

al
th

y 
co

n-
tro

l =
 16

9

Q
ue

sti
on

na
ire

ba
se

d 
in

te
rv

ie
w

 
in

ve
sti

ga
tio

n

61
.1

8 ±
 8.

77
ye

ar
s

PD
 =

 (5
1.

3%
)

m
al

e

6.
84

 ±
 4.

60
 y

ea
rs

N
R

N
R

N
R

N
R

H
A

D
S-

de
pr

es
-

si
on

 ≥
 8 

PD
 =

 27
C

on
tro

l =
 27

H
A

D
S-

an
xi

et
y ≥

 8
8 PD

 =
 25

C
on

tro
l =

 29

6

A
no

uk
 v

an
 

de
r H

ei
de

(2
02

0)
 [6

]
N

et
he

rla
nd

s

Lo
ng

itu
-

di
na

l 
ob

se
r-

va
tio

na
l 

cr
os

s-
se

ct
io

na
l 

stu
dy

PD
 p

at
ie

nt
s

PD
 =

 49
8

Re
sp

on
de

rs
 

(n
 =

 35
8)

 
no

n-
re

sp
on

de
rs

 
(n

 =
 14

0)

se
nt

 a
n 

on
lin

e
su

rv
ey

 to
 th

e 
Pe

rs
on

al
iz

ed
Pa

rk
in

so
n

Pr
oj

ec
t (

PP
P)

co
ho

rt

Re
sp

on
de

rs
 =

 
62

.8
(6

1.
5%

) m
al

e
N

on
-r

es
po

nd
er

s
 =

 
63

.3
 (5

5.
7%

)
m

al
e

Re
sp

on
de

rs
 =

 
3.

9 
(1

.8
)

N
on

-r
es

po
nd

er
s =

 4.
3 

(2
.0

)

N
R

N
R

N
R

N
R

W
or

se
ne

d =
 31

.6
%

N
o 

ch
an

ge
 =

 62
.7

%
Im

pr
ov

ed
 =

 5.
8%

N
R

9

N
ira

j K
um

ar
(2

02
0)

 [2
1]

In
di

a

C
ro

ss
-

se
ct

io
na

l 
stu

dy

PD
 p

at
ie

nt
s

83
2

35
.4

%
 re

po
rte

d
sl

ee
p

di
stu

rb
an

ce
s

 =
 29

5
N

ew
-o

ns
et

/
w

or
se

ni
ng

 o
f

sl
ee

p
di

stu
rb

an
ce

s 
(N

O
W

S)
 w

as
 

re
po

rte
d 

by
23

.9
%

 su
b-

je
ct

s =
 19

9

Q
ue

sti
on

na
ire

N
ea

rly
 8

4%
 p

at
ie

nt
s

w
er

e
ag

ed
 5

0
ye

ar
s o

r
ol

de
r

N
R

N
R

N
R

N
R

N
R

N
ew

-o
ns

et
/w

or
se

ni
ng

 
of

 sl
ee

p 
di

stu
rb

an
ce

s 
(n

 =
 19

9)
 =

 56
.3

%
Pa

rk
in

so
n’

s d
is

ea
se

 
su

bj
ec

ts
 w

ho
 

ne
ve

r h
ad

 sl
ee

p 
di

stu
rb

an
ce

s 
(n

 =
 53

7)
 =

 35
.7

%

N
ew

-o
ns

et
/w

or
s-

en
in

g 
of

 sl
ee

p 
di

stu
rb

an
ce

s 
(n

 =
 19

9)
 =

 60
%

Pa
rk

in
so

n’
s d

is
ea

se
 

su
bj

ec
ts

 w
ho

 
ne

ve
r h

ad
 sl

ee
p 

di
stu

rb
an

ce
s 

(n
 =

 53
7)

 =
 39

.1
%

8

K
ei

su
ke

 
Su

zu
ki

(2
02

0)
 [3

8]
Ja

pa
n

C
ro

ss
-

se
ct

io
na

l 
su

rv
ey

PD C
ar

eg
iv

er
s

20
0

PD
 =

 10
0

C
ar

eg
iv

er
s =

 10
0

N
R

C
G

 =
 65

.5
 ±

 12
.0

PD
 =

 72
.2

 ±
 9.

1

5.
8 ±

 4.
4

Y
EA

R
S

N
R

N
R

N
R

N
R

C
G

 =
 17

 (1
7.

0)
PD

 =
 20

 (2
0.

0)
C

G
 =

 6 
(6

.0
)

PD
 =

 
6 

(6
.0

)

8

Ta
bl

e 
2  

(c
on

tin
ue

d)



1216	 Acta Neurologica Belgica (2023) 123:1209–1223

1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

A
ut

ho
rs

 
(Y

ea
rs

) (
R

)
C

ou
nt

ry

Ty
pe

 o
f 

stu
dy

St
ud

y 
po

pu
la

-
tio

n
Sa

m
pl

e 
si

ze
D

at
a 

so
ur

ce
s

A
ge

 (m
al

e)
D

ur
at

io
n 

of
 D

is
ea

se
N

um
be

r o
f 

CO
V

ID
-1

9
A

dm
is

si
on

 to
 h

os
pi

ta
l 

(C
O

V
ID

-1
9)

M
or

ta
lit

y 
(C

O
V

ID
-1

9)
M

or
-

ta
lit

y 
C

au
se

s 
(E

F;
 

95
%

 
C

I)

D
ep

re
ss

io
n 

(C
O

V
ID

-
19

)
A

nx
ie

ty
 (C

O
V

ID
-

19
)

N
O

S 
sc

or
e

H
en

g 
Zh

ai
(2

02
0)

 [4
]

C
hi

na

Re
tro

sp
ec

-
tiv

e,
 

co
ho

rt 
an

d 
ob

se
r-

va
tio

na
l 

stu
dy

1-
PD

 +
 C

O
V

ID
2-

CO
V

ID
29

6
1–

10
2–

28
6

H
os

pi
ta

l
66

 y
ea

rs
(5

0.
68

%
)

N
R

29
6

A
LL

 =
 13

.0
0 

(7
.0

0–
18

.7
5)

PD
 +

 C
O

V
ID

 =
 12

.0
0 

(5
.2

5–
24

.5
0)

CO
V

ID
 +

 no
n-

PD
 =

 13
.0

0 
(7

.0
0–

18
.0

0)

A
LL

 =
 11

9
(4

0.
20

%
)

PD
 +

 C
O

V
ID

  
=

 3(
30

.0
0%

)
CO

V
ID

 +
 

N
on

-P
D

 =
 11

6 
(4

0.
56

%
)

N
R

N
R

N
R

7

Jo
om

ee
 

So
ng

(2
02

0)
 

[2
7]

e 
U

ni
te

d 
K

in
gd

om

C
oh

or
t

PD
 p

at
ie

nt
s

10
0

N
R

70
 M

al
e 

(5
4%

)
6

N
R

N
R

N
R

N
R

5 
(5

)
N

R
8

Et
ha

n 
G

 
B

ro
w

n
(2

02
0)

 [2
2]

U
SA

C
ro

ss
 se

c-
tio

na
l

PD no
n-

PD
PD

 =
 54

29
N

on
-P

D
 =

 14
52

N
R

PD
 +

 C
O

V
ID

 =
 

65
(4

7)
PD

 =
 68

(5
2)

N
on

-P
D

 +
 C

O
V

ID
 =

 
57

(8
)

N
on

-P
D

 =
 61

(2
2)

PD
 =

 51
N

on
-P

D
 =

 26
PD

 =
 5 

(9
.8

%
)

N
on

-P
D

 =
 2 

(7
.7

%
)

N
R

N
R

N
R

N
R

8

C
ili

a 
(2

02
0)

 
[1

2]
Ita

ly

C
as

e co
nt

ro
l

PD
 +

 C
O

V
ID

PD
PD

 +
 C

O
V

ID
 =

 12
PD

 =
 36

N
R

PD
 +

 C
O

V
ID

 =
 65

.5
(4

1.
7)

PD
 =

 66
.3

(4
1.

7)
C

as
e =

 6.
3

C
on

tro
l =

 6.
1

C
on

fir
m

ed
 

CO
V

ID
-1

9
C

as
e =

 6
C

on
tro

l =
 0

–– Su
sp

ec
t 

CO
V

ID
-1

9
C

as
e =

 2
C

on
tro

l =
 4

N
 (%

)
C

as
e =

 1 
(8

.3
)

0
N

R
N

R
N

R
6

Fa
sa

no
 (2

02
0)

 
[3

]
Ita

ly

C
as

e co
nt

ro
l

PD
 +

 C
O

V
ID

N
on

-P
D

C
as

e =
 13

81
C

on
tro

l =
 12

07
N

R
C

as
e +

 C
O

V
ID

 =
 70

.5
(5

2.
4)

C
as

e 
no

n-
CO

V
ID

 =
 

73
(5

7.
2)

C
as

e +
 C

O
V

ID
 =

 9.
9

C
as

e 
no

n-
CO

V
ID

 =
 9.

1

C
as

e =
 10

5
(3

2 
co

nfi
rm

ed
 

an
d 

73
 p

ro
b-

ab
le

 c
as

es
)

C
on

tro
l =

 95

N
 (%

)
C

as
e =

 18
(1

7.
1)

C
on

tro
l =

 
25

(2
7.

2)

N
 (%

)
C

as
e =

 
6(

5.
7)

C
on

tro
l =

 
7(

7.
6)

N
R

N
R

N
R

8

D
ie

go
 S

an
to

s-
G

ar
ci

a 
(2

02
0)

 [5
]

Sp
ai

n

C
ro

ss
 se

c-
tio

na
l

PD
 +

 C
O

V
ID

PD
56

8
PD

 +
 C

O
V

ID
 =

 15
PD

 =
 55

3

N
R

63
.5

(4
7)

8.
6

15
N

R
N

R
N

R
PD

 +
 C

O
V

ID
 =

 57
.1

%
PD

 =
 65

.6
%

To
ta

l =
 65

.4
%

PD
 +

 C
O

V
ID

 =
 60

%
PD

 =
 65

.5
%

To
ta

l =
 65

.6

6



1217Acta Neurologica Belgica (2023) 123:1209–1223	

1 3

between 6 and 8 and the other 50% were between 8 and 10, 
indicating most of these studies had a good quality (Table 2).

Depression in PD patients was examined in nine studies 
[5, 6, 8, 9, 21, 22, 25, 27, 28], of which two [25, 27] were 
performed before and during the pandemic and seven [5, 6, 
8, 9, 21, 22, 27, 28] during the pandemic. The results of the 
two comparative studies showed the depression frequency in 
patients with PD increased during the COVID-19 pandemic 
compared to before the pandemic (32.6% vs. 34%)[25, 27]. 
In cross-sectional studies [5, 6, 8, 9, 21, 22] which deter-
mined the depression frequency in PD patients during the 
COVID-19 pandemic, the results showed a high frequency 
of depression (with an average above 20%) in these patients. 
The prevalence of depression among Parkinson's patients 
during the pandemic was evaluated in six reference studies.

Nine studies [2, 5, 8, 9, 20–22, 25, 27] examined and 
compared anxiety in PD patients before and during the 
pandemic, of which two studies [25, 27] checked the level 
before and during the pandemic and seven [2, 5, 8, 9, 20–22] 
during the pandemic. The results of the two comparative 
studies for anxiety levels before and during the pandemic 
showed a reduction in anxiety in patients with PD during 
the COVID-19 pandemic (36.6% vs. 30%)[25, 27]. How-
ever, cross-sectional studies [5, 8, 9, 20–22] showed a high 
prevalence of anxiety in these patients during the pandemic.

Sleep disorders were investigated in the selected articles 
in two categories of sleep problems and daytime sleepi-
ness. Sleep problems were studied in nine articles [2, 6, 8, 
9, 20–22, 24, 28], three of which [24] examined the changes 
after the occurrence of COVID-19 infection. In the first 
study [24], this symptom became more severe in 25.9% of 
patients over 65 years old and 11% of those under 65 years 
old. In the second study [6], the sleep-related symptoms 
became more severe in 27% of the study population, and in 
the third study [9], 41% of patients were affected. In a study 
[21], the average sleep time rose to 1.39 during the pan-
demic. Another study [28] found the sleep rate was reduced 
in 5% of people with PD. Daytime sleepiness was studied in 
one article [24] which found it became more severe in 25.9% 
of patients over 65 years old and 5.6% of ones under 65 years 
old. Finally, sleep disorders became more severe in the popu-
lation with Parkinson’s disease in the post-pandemic period.

Quantitative results

Prevalence of COVID‑19 and its associated outcomes 
in patients with Parkinson’s disease

The COVID-19 prevalence in Parkinson’s patients during 
the pandemic was evaluated in four studies [5, 11, 20, 23]. 

Fig. 1   The flowchart of search 
strategy and syntax Records iden�fied through 

database searching
(n = 522)

gnineercS
dedulcnI

ytilibigilE
noitacifitnedI

Addi�onal records iden�fied 
through other sources
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Records a�er duplicates removed
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By �tle and abstract 
screened (390)

Records excluded
(n =169)

Full-text ar�cles assessed 
for eligibility

(n = 221)

Full-text ar�cles excluded, 
with reasons

(n = 201)

Other methods like case 
series, case reports (n = 
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Unrelated outcomes (n = 
89)

Unavailable full text (n = 
4)

Ar�cles included in the 
study

(n = 20)
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The sample size of patients with Parkinson’s disease was 
71,261 people in 4 studies, of whom 761 were infected 
with COVID-19. The prevalence of COVID-19 in patients 
with PD was 1.06% (CI 95% 1.03%–1.1%; P = 0.02) with a 
heterogeneity rate of 70.36% after combining these studies 
(Table 3). The results of Egger test showed the publication 
bias occurred (B: 0.34, SE: 0.05, P < 0.001).

The hospitalization prevalence in Parkinson’s patients 
during the pandemic was evaluated in three studies [5, 11, 
23], in which the sample size of patients with Parkinson's 
disease was 71,124 people, of whom 703 were hospitalized 
due to COVID-19. After combining these studies, the hos-
pitalization prevalence in patients with Parkinson’s disease 
was equal to 0.98% (CI 95% 0.95–1.02%; P = 0.00) with a 
heterogeneity rate of 98.05% (Table 3). The results of Egger 
test showed the publication bias occurred (B 0.22, SE 0.03, 
P < 0.001).

Prevalence of anxiety and depression in patients 
with Parkinson’s disease during the COVID‑19 pandemic

The depression prevalence in patients with Parkinson’s dis-
ease during the pandemic was investigated in 6 studies with 
a sample size of 2156 patients, of whom 1104 had depres-
sion. The lowest prevalence was related to the study of 
Suzuki et al. [9] with 20% (CI 95% 13–29%), and the high-
est rate to the study of Van der Heide [6] with 72% (CI 95% 
68–76%). The depression prevalence after combining these 
studies was 46% (CI 95% 29–64%; P = 0.00) with heteroge-
neity of 98.33% (Table 3). The results of Egger test showed 
the publication bias occurred (B 0.69, SE 0.12, P < 0.001). 
The anxiety prevalence in Patients with Parkinson's disease 
during the pandemic was evaluated in 6 studies with a sam-
ple size of 1,795 people, of whom 864 suffered from anxiety 
[5, 8, 9, 20–22]. The lowest prevalence was related to the 
study of Xia et al. [21] with 21% (CI 95% 14–29%), and the 

highest rate to the study of Salari et al. [20] with 81% (CI 
95% 73–87%). The anxiety prevalence in patients with PD 
was 43% (CI 95% 24–63%; P = 0.00) with the heterogene-
ity of 98.37% after combining these studies (Table 3). The 
results of Egger test showed the publication bias occurred 
(B 1.09, SE 0.88, P < 0.001).

The anxiety prevalence in Parkinson’s patients was differ-
ent in Asia and Europe. Of course, only one study was con-
ducted in Europe, but in Asia, five studies were published in 
this regard. After combining the studies conducted in Asia, 
the prevalence was 38% (95% CI 16–63%; P = 0.00) while 
it was 65% in Europe (95% CI 61–69%). Also, depression 
was higher in the Europe continent (Prevalence: 68%; % 95 
CI 66–71%).

Physical activities in Parkinson’s patients 
during the Covid‑19 pandemic

The prevalence of physical activities in Parkinson’s patients 
during the pandemic period was investigated in five studies 
[5, 6, 9, 10, 21]. The study of Suzuki et al. [9] had the low-
est prevalence with 44% (CI 95% 34–54%), and the highest 
was related to the study of Xia et al. [21] with 73% (CI 95% 
64–81%). Finally, the prevalence of physical activities in 
patients with PD was 57% (CI 95% 45–67%; P = 0.00) with 
the heterogeneity of 92.96% after combining these studies 
(Table 3). The results of Egger test showed the publication 
bias occurred (B 0.33, SE 0.05, P < 0.001).

Prevalence of symptoms in Parkinson’s patients 
during the COVID‑19 pandemic

Four studies [5, 6, 9, 22] investigated the tremor prevalence 
in Parkinson’s patients during the pandemic. The tremor 
prevalence in patients with Parkinson’s disease during the 
pandemic was evaluated in four studies with a sample size 

Table 3   Meta-analysis of the prevalence of COVID-19, mental disorders, Parkinson’s symptoms in patients with Parkinson’s disease

Categories Outcomes No. study (SS) No. of patients Pooled prevalence Heterogeneity assessment

I2 p value Test Q

Outcomes of covid-19 Covid-19 4 (71,261) 761 1 .06% (1.03–1.1%) 70.36% 0.02 10.12
Admission to Hospital 3 (71,124) 703 0.98% (0.91–1.7%) 98.05% 0.00 102.70

Mental Disorder Depression 6 (2156) 1104 46% (29–64%) 98.33% 0.00 299.13
Anxiety 6 (1795) 864 43% (24–63%) 98.37% 0.00 307.53

Parkinson’s symptoms The physical activity 5 (1352) 768 57% (45–67%) 92.96% 0.00 56.83
Tremor 4 (1998) 976 68% (35–94%) 99.54% 0.00 649.51
Dyskinesia 3 (1898) 866 50% (21–79%) 99.45% 0.00 362.97
Rigidity 2 (598) 458 79% (76–83%) 0.00 0.00 51.80
Gait impairments 2 (932) 377 43% (40–46%) 0.00 0.00 41.26
Freezing of gait 2 (1330) 555 42% (39–44%) 0.00 0.00 49.73
Sleep problems 6 (1725) 898 72% (45–92%) 99.08% 0.00 545.45
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of 1,998 patients, of whom 976 had tremors. The lowest rate 
was related to the study of Kumar et al. [22] with 21% (CI 
95% 19–24%), and the highest to the study of Suzuki et al. 
[9] with 100% (CI 95% 96–100%). The tremor prevalence 
was 68% (CI 95% 35–94%; P = 0.00) with the heterogeneity 
of 99.54% (I2) after combining these studies (Table 3). The 
results of Egger test showed the publication bias occurred (B 
0.11, SE 0.01, P < 0.001). The results of the meta-analysis 
also showed the prevalence of dyskinesia, rigidity, gait, and 
freezing of gait were equal to 50% (CI 95% 21–79; P = 0.00), 
79% (CI 95% 76–83; P = 0.00), 43% (CI 95% 40–46; 
P = 0.00), and 42% (CI 95% 39–44; P = 0.00), respectively 
(Table 3). The results of subgroup analyses based on the 
different continents showed the tremor prevalence in Euro-
pean patients was higher than its prevalence in those living 
in Asia (Table 3).

Sleep disorders in patients with Parkinson’s 
before and during the incidence of the COVID‑19 pandemic

The prevalence of sleep problems in patients with Parkin-
son’s disease during the COVID-19 pandemic was evaluated 
in 6 studies with a sample size of 1,725 people, of whom 
898 had sleep disorders. The prevalence of sleep problems 
in Parkinson’s patients during the pandemic period was 72% 
(CI 95% 45–92%; P = 0.00) with a rate of heterogeneity of 
99.08% after combining these studies (Table 3). The results 
of Egger test showed the publication bias occurred (B 1.33, 
SE 0.92, P < 0.001).

The association of Parkinson’s disease with the occurrence 
of COVID‑19 and its related outcomes

The association of COVID-19 with PD during the pandemic 
was studied in four [3, 4, 7, 25] articles. The lowest RR was 
related to the study of Montanaro et al. [25] with 0.20 (CI 
95% 0.01–4.92), and the highest RR to the study of Vigna-
telli et al. [7] with 1.53 (CI 95% 0.78–2.99). The reported 
RR was 1.00 (CI 95% 0.77–1.30; P = 0.15) with a heteroge-
neity rate of 43.49% after combining these studies (Table 4). 
Also, the results after combining the studies [3, 4, 7] showed 
a reduction in the hospitalization rate of those with PD (RR 
0.90; CI 95% 0.57, 1.41; P = 0.04; I square 43.49%) due to 
not seeking care for fear of COVID-19 infection (Table 4 and 
Fig. 2). The results of Egger test showed the publication bias 
not occurred (B: 2.33, SE: 1.00, P = 0.44).

The association of mortality and PD during the pandemic 
was examined, and the results of the meta-analysis showed 
the risk of mortality caused by COVID-19 in patients with 
Parkinson’s disease was 0.96 (CI 95% 0.50–1.87; P = 0.49) 
with the heterogeneity of 0% [3, 4, 7] (Table 4 and Fig. 2). 
The results of Egger test showed the publication bias not 
occurred (B 1.09, SE 0.77, P = 0.20).

The results of the meta-analysis showed the risk of fever, 
cough, respiratory problems, diarrhea, a loss of sense of 
smell, and a decreased sense of taste caused by COVID-
19 in patients with Parkinson’s were equal to 0.92 (CI 95% 
0.67–1.27; P = 0.75), 1.04 (CI 95% 0.73–1.48; P = 0.25), 
0.63 (CI 95% 0.38–1.07; P = 0.76), 1.01 (CI 95% 0.62–1.67; 
P = 0.44), 0.79 (CI 95% 0.41–1.54; P = 0.21), and 0.97 (CI 
95% 0.50–1.87; P = 0.32), respectively (Table 4).

Discussion

The prevalence of PD symptoms during the pandemic, 
among which sleep problems, rigidity, and tremor were 
more prevalent, was examined in this study. Home quar-
antine, travel ban, and decrease in physical activities dur-
ing the pandemic were among the factors contributing to 
the increase in sleep disorders in patients with PD [29]. In 
addition, insomnia has been exacerbated in this population 
during the pandemic due to the fact that PD patients are 
primarily elderly with various underlying diseases and take 
numerous drugs [30]. Anxiety and depression caused by the 
pandemic are other factors affecting the increase in insom-
nia in patients with PD [29, 31]. Studies of Xia et al. [20] 
and Kitani-Morii et al. [8] found sleep disorders increased 
during the COVID-19 pandemic and were associated with 
depression and anxiety in patients with inadequate access 
to medical services.

Studies showed physical activities were associated with 
reducing stress levels, so reduced physical activities dur-
ing this period became one of the factors increasing stress 
levels in people [6]. In Parkinson’s patients, the amount of 
experienced stress was related to their physical symptoms, 
and the increase in anxiety and depression in this period was 
grounds for increasing their physical symptoms [6, 32–34]. 
Suzuki et al. [9] and Balci et al. [23] in their studies found 
physical disorders, such as rigidity and tremor, sleep disor-
ders, depression, and anxiety increased because of COVID-
19 conditions.

In this study, the association between the symptoms and 
outcomes of COVID-19 and PD was investigated in addition 
to their prevalence. The results of this meta-analysis showed 
there was no significant association between COVID-19 
and the hospitalization rate of patients with PD and without 
PD. Parkinson’s patients were less likely to visit hospitals 
and medical centers during the pandemic for Parkinson’s-
related care because of fear for COVID-19 infection, which 
may be the reason for decreased hospitalization rates of this 
population.

Also, the rate of mortality caused by COVID-19 did not 
show a significant association with Parkinson’s disease. In 
PD patients, most of the variables, such as age and duration 
of COVID-19, seemed to be insignificantly different from 
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those of the general population [12, 35]. Zhai et al. [35] 
found no difference between patients with PD and healthy 
individuals in terms of COVID-19 infection and hospitaliza-
tion. Their results are in line with the ones of this meta-anal-
ysis. Scherbaum et al. [11] found the incidence, hospitaliza-
tion, and mortality caused by COVID-19 were associated 
with PD. A small number of studies also showed the dura-
tion of PD and the age of patients were not significantly 
related to the exacerbation of COVID-19 complications [12]. 
However, a number of other studies showed the duration 
of Parkinson's disease more than three years and older age 
were not factors affecting the exacerbation of COVID-19 
symptoms and increase in its death rate [3]. Although there 
are conflicting results in the world, the present study rejects 
this association because of the higher sample size of our 
meta-analysis. It is not yet fully understood whether Parkin-
son’s-related symptoms have an effect on the exacerbation 
of COVID-19 symptoms or the increase in the mortality 
rate. Therefore, cohort studies with larger sample sizes from 
many different countries are needed.

The meta-analysis results showed the symptom of fatigue 
due to COVID-19 was 1.20 times greater in patients with 
PD than ones without PD, which might be due to the fact 
that people with PD have been often elderly and have had a 
longer illness duration [13]. The results of studies conducted 
by Antonini et al. [13] and Zhai et al. [4] are consistent with 
those of this meta-analysis. So, fatigue was found to be one 
of the predominant COVID-19 symptoms in Parkinson’s 
patients.

Parkinson’s patients were highly affected by mental dis-
orders during the COVID-19 pandemic. There was a high 
prevalence of anxiety and depression in these patients who 
have been more prone to these mental disorders due to old 
age, underlying diseases, taking Parkinson’s drugs, quar-
antine conditions, and reduced contacts with family mem-
bers [36, 37]. The results of this meta-analysis and those of 
Montanaro et al. [24] showed anxiety and distress increased 
due to the unavailability of care in medical centers and the 
discontinuation of drug treatments and sports activities. The 
results of another study performed by Santos-García et al. 
[5] showed a high prevalence of depression and anxiety, 
which were in line with the findings of this meta-analysis.

In this meta-analysis, the occurrence of selection bias in 
the sections of search strategy, screening, and data extraction 
has occurred less. Because in these sections, two research-
ers independently to perform these activities. But publica-
tion bias has occurred in this meta-analysis especially in the 
combination of cross-sectional studies to determine pooled 
prevalence. The occurrence of publication bias is expected 
in cross-sectional studies, but this bias is occurrence less in 
other effect sizes like risk ratio. Publication and selection 
biases have occurred in the present meta-analysis, but these 
biases have not affected the pooled effect sizes. The reason Ta
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is that the number of sufficient studies and the sample size 
of these studies are also very high, so it can be said that 
the possibility of this bias and especially the occurrence of 
small study effect in connection with these biases in this 
meta-analysis is low.

Strengths

This study was the first meta-analysis in the world about 
Parkinson's disease during the COVID-19 pandemic. In this 
meta-analysis, most of the reviewed studies had appropri-
ate populations. The examined studies were conducted in 
different parts of the world for estimating the prevalence 

of COVID-19 infection. In this study, the heterogeneity 
was low, and in some cases, the studies were completely 
homogeneous.

Limitations

The number of studies in some subgroups, such as symptoms 
of Parkinson's disease and COVID-19, was low, making it 
difficult to obtain more accurate results. Also, in the report 
of the selected articles, confounding variables, such as age, 
sex, and the duration of Parkinson's disease, were discussed 
less, which prevented the use of many statistical methods, 
such as meta-regression and subgroup analysis.

Fig. 2   The pooled RR of asso-
ciation outcomes of covid-19 in 
Parkinson’s patients

COVID-19

Admission to Hospital

Mortality
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Conclusion

The results of this study showed the rates of mortality and 
hospitalization were not significantly different between Par-
kinson’s patients and the general population. However, the 
PD symptoms and mental disorders in patients with Par-
kinson’s significantly increased during the COVID-19 pan-
demic. Therefore, some steps need to be taken to manage 
them. This study recommends the launch of applications 
and online services facilitating doctor visits, and monitoring 
patients’ medications, as well as private and group coun-
seling services, and exercise classes tailored to individual 
needs. Such suggestions could improve the care for Parkin-
son's patients during both pandemic periods, such as the 
COVID-19 pandemic and non-pandemic periods.
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