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Abstract
Background  Accumulation of aggregated α-synuclein from the enteric nervous system is believed to be involved in the 
pathogenesis of Parkinson’s disease (PD). The appendix contains abundant α-synuclein and lacks a blood–tissue barrier, 
suggesting that appendectomy might reduce α-synuclein aggregation, and therefore the risk of PD. Studies on this intriguing 
possibility have not come to consistent conclusions.
Methods  PubMed, Embase (via Ovid), and the Cochrane Controlled Register of Trials were searched for studies published 
through February 20, 2019 on the potential relationship between appendectomy and PD. Two reviewers independently 
screened literature, extracted data and evaluated the quality of included studies. Data were summarized as pooled effect 
sizes (RRs or SMDs) with 95% confidence intervals (CIs), which were calculated using the inverse variance method and a 
random-effects model. Heterogeneity was assessed using the I2 statistic and explored in subgroup analyses.
Results  Of the 408 references screened, six studies involving 3,554,540 people were included eventually. Appendectomy 
did not significantly affect PD risk (RR 1.02, 95% CI 0.87–1.20, I2 = 83.1%, P = 0.789) or delay its onset (SMD 0.21, 95% 
CI − 0.03 to 0.44, I2 = 43.4%, P = 0.083).
Conclusion  The available evidence suggests no protective effect of appendectomy against PD. Future studies should seek to 
clarify the role of inflammation, α-synuclein pathology and the gut–brain axis in PD pathogenesis.

Keywords  Parkinson’s disease · Appendectomy · Correlation · Meta-analysis

Introduction

Parkinson’s disease (PD) is the second most common neu-
rodegenerative disease [1]: in 2016, it affected more than 
6.1 million individuals globally, causing substantial bur-
den to the health system [2]. Due to the progressive loss of 
midbrain dopaminergic neurons of the substantia nigra, PD 
patients present with motor symptoms of bradykinesia, rigid-
ity, rest tremor, abnormal gait and posture [3]. Non-motor 
symptoms also occur in many PD patients, such as gastroin-
testinal dysfunction, and may precede motor symptoms by 

years [4]. The potential involvement of the gut–brain axis in 
PD is gaining increasing attention.

Braak and colleagues proposed that the protein 
α-synuclein, a key component in Lewy bodies and Lewy 
neurites and a pathological hallmark of PD, may move from 
the enteric nervous system to the brain via active retrograde 
transport along the vagal nerve, giving rise to idiopathic 
PD [5, 6]. The appendix is abundant in α-synuclein, and 
materials can move freely from that organ into the brain 
without passing through a barrier [7]. Thus, several studies 
have examined the possibility that appendectomy, a surgical 
procedure to remove the vermiform appendix [8], may affect 
the pathogenesis of PD.

Studies of this question have examined potential effects 
of appendectomy on age at PD onset, PD risk and PD sever-
ity [9–14], and they have come to conflicting conclusions. 
Therefore, we undertook the present systematic review and 
meta-analysis to gain a clear picture of the available evi-
dence on this question.
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Method

Search strategy

The PubMed, Embase (via Ovid), and Cochrane Con-
trolled Register of Trials (CENTRAL) databases were 
systematically searched by two independent researchers 
(HTL and QYS) through February 20, 2019. The follow-
ing search strategy was employed: “(Parkinsonian disor-
ders OR Parkinson disease OR Parkinson OR Parkinson’s 
disease OR Idiopathic Parkinson disease OR Idiopathic 
Parkinson’s disease OR Paralysis agitans OR Parkinson-
ism) AND (Appendectomy OR Appendicectomy OR 
Ecphyadectomy OR Append*)”. All terms were searched 
as text words and subject headings (e.g., MeSH in Pub-
Med) where available. Additional potential publications 
were identified by hand-searching reference lists of the 
included articles and relevant reviews.

Study selection

Two authors (HTL and QYS) independently screened all 
titles and abstracts to determine eligibility for our review. 
If these items did not present sufficient information to 
decide eligibility, the full text was evaluated. Disagree-
ments were resolved through discussion or, when neces-
sary, decided by a third expert (YMX).

Studies had to have an observational design and involve 
a control group of non-appendectomy subjects matched 
to appendectomy subjects for age, sex, lifestyle hobbies, 
comorbidity, etc. These control subjects had to have PD if 
the study examined age at PD onset or PD severity. Other 
inclusion criteria included: publication in English; con-
firmation of appendectomy history based on procedural 
codes or patient interviews and reporting of the surgical 
details; reporting numbers of PD cases, age at PD onset 
and standardized assessment of PD severity; follow-up 
lasting at least 10 years to ensure detection of outcomes; 
and reporting adjusted relative risk (RR), hazard ratio 
(HR) or odds ratio (OR) with corresponding 95% confi-
dence intervals (CIs), or the corresponding original data 
to allow calculation of these values. If multiple studies 
reported data on overlapping populations, only the study 
with larger sample or longer follow-up was included.

Studies were excluded if they were editorials, letters, 
meta-analyses, reviews, meeting abstracts, experimental 
studies or case reports unsuitable for quantitative analysis; 
failed to define the study population or recruited one using 
an invalid method; did not include a suitable compari-
son or control group; did not report on any of the desired 

outcomes (PD risk, age at PD onset or PD severity); or 
reported on desired outcome(s) but not in sufficient detail 
to calculate adjusted risk estimates.

Data extraction

Two reviewers (HTL and QYS) independently extracted the 
following data from the included studies into a predesigned 
table: first author, year of publication, country, study design, 
population source, study period, sample size, appendectomy 
history and reason for surgery, number of individuals with or 
without PD and with or without appendectomy history, mean 
(± SD) age at PD onset, and adjusted risk estimates with cor-
responding 95% CIs. If risk estimates were not reported, an RR 
was calculated from the original data. The tables from the two 
reviewers were compared to correct any errors.

Quality assessment

The Newcastle–Ottawa Scale (NOS) was adopted to assess 
the quality of these non-randomized studies [15]. This scale 
assesses selection, comparability and outcome/exposure (in 
cohort/case–control studies, respectively). Based on previ-
ous literature, we defined studies that reached a total score ≥ 7 
points out of a maximum 9 as high quality [16, 17].

Statistical analysis

Continuous data were transformed as described [18] to obtain 
means (± SD) for synthesis. Given the low incidence of PD, 
we assumed that adjusted HRs and ORs could be considered 
equivalent to the more conservative RR, and so, all risk esti-
mates were treated as RR in our meta-analysis. Pooled RRs or 
standard mean differences (SMDs) with corresponding 95% 
CIs were calculated using a random-effects inverse variance 
method. Heterogeneity across studies was measured using the 
I2 statistic, with 25% ≤ I2 < 50% defined as low heterogene-
ity; 50% ≤ I2 < 75%, moderate heterogeneity; and ≥ 75%, high 
heterogeneity [19]. Sources of heterogeneity were investigated 
through subgroup analyses based on sex, study quality, sample 
size, geographical location and follow-up duration. Sensitivity 
analysis was conducted by removing each study individually 
and repeating the analysis. Publication bias was not assessed 
because too few studies were included in the meta-analysis 
[20].

All statistical analyses were undertaken using Stata/MP 
14.0 (StataCorp LP, Texas, USA). All statistical tests were 
two-tailed, and P < 0.05 was considered significant.
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Results

Search results and study characteristics

Our database searching yielded 408 potentially relevant 
articles. After removing duplicates, 302 were screened 
and six were included in the end (Fig. 1) [9–14]. The six 
studies were published in 2016 or later and involved a 
total of 3,554,540 individuals in Sweden, USA, Portugal, 
Canada, Denmark and Germany (Table 1). Four studies 
analyzed nation- or province-wide data on samples rang-
ing from 85,994 to 1,698,000 people [9, 10, 12, 13], while 
two involved much smaller samples of 295 [11] and 1,625 
people [14]. Three studies applied a data linkage method 
[9, 12, 13], while others were based on self-reported [10, 
11] or chart review [14] appendectomy history. One study 
utilized a case–control design [14], while the other five 
studies employed a cohort design, three were prospective 
[10, 12, 13], one was retrospective [11], and the remain-
ing one used both prospective and retrospective designs 
because the authors conducted two complementary epi-
demiological studies together [9]. 

Quality of included studies

Quality assessment of five of the included studies for PD 
risk analysis gave an average score of 7 points (range 5–8; 
Table S2), suggesting reasonably high quality. We did not 
determine the exact quality score for one study [11] and 
defined it’s low-quality because we considered that its cases 
did not adequately representative and there was a lack of 
comparable control, and it was only included in subsequent 
meta-analysis of appendectomy on age at PD onset.

Meta‑analysis

Appendectomy and risk of PD

Data from five studies involving 3,553,396 people were 
meta-analyzed to assess the potential relationship between 
appendectomy and PD risk [9, 10, 12–14]. Risk did not vary 
significantly with previous appendectomy or not (RR 1.02, 
95% CI 0.87–1.20, I2 = 83.1%, P = 0.789; Fig. 2).

Fig. 1   Flow diagram of 
included studies

Records identified through database 
searching
(n=408)

Sc
re
en

in
g

In
cl
ud

ed
El
ig
ib
ili
ty

Id
en

�fi
ca
�o

n

Additional records identified 
through other sources

(n=0)

Records after duplicates removed
(n=302)

Records screened
(n =302)

Records excluded
(n =291)

Full-text articles assessed 
for eligibility

(n=11)

Full-text articles excluded for: 
- Conference with data already 

published (n=2)
- Editorial (n=2)
- Review (n=1)

Studies included in 
qualitative synthesis

(n=6)

Studies included in quantitative synthesis 
(meta-analysis):

- Appendectomy and PD risk (n=5)
- Appendectomy and PD onset (n=3)



2204	 Aging Clinical and Experimental Research (2020) 32:2201–2209

1 3

Ta
bl

e 
1  

C
ha

ra
ct

er
ist

ic
s o

f s
tu

di
es

 in
cl

ud
ed

 in
 th

e 
va

rio
us

 m
et

a-
an

al
ys

es

Fi
rs

t a
ut

ho
r, 

pu
bl

ic
at

io
n 

ye
ar

C
ou

nt
ry

St
ud

y 
de

si
gn

Sa
m

pl
e 

si
ze

A
cq

ui
si

tio
n 

of
 

ap
pe

nd
ec

to
m

y 
hi

sto
ry

Id
en

tifi
ca

tio
n 

of
 

PD
 c

as
es

N
o.

 w
ith

 
ap

pe
nd

ec
-

to
m

y

N
o.

 w
ith

ou
t 

ap
pe

nd
ec

-
to

m
y

N
o.

 o
f P

D
 

ca
se

s o
r m

ea
n 

(±
 S

D
) o

f t
he

 
ap

pe
nd

ec
to

m
y 

gr
ou

p

N
o.

 o
f P

D
 c

as
es

 
or

 m
ea

n 
(±

 S
D

) 
of

 th
e 

co
nt

ro
l 

gr
ou

p

R
is

k 
es

tim
at

e 
(9

5%
 C

I)
A

dj
us

te
d 

va
ri-

ab
le

s

A
pp

en
de

ct
om

y 
an

d 
PD

 ri
sk

 K
ill

in
ge

r 2
01

8 
[9

]
Sw

ed
en

PC
O

d
1,

69
8,

00
0

IC
D

 c
od

es
C

od
es

 fo
r I

C
D

-
7,

8,
9,

10
55

1,
64

7
1,

14
6,

35
3

64
4

16
08

O
R

 0
.8

31
 

(0
.7

56
–0

.9
07

)
Se

x 
an

d 
ur

ba
n/

ru
ra

l m
un

ic
i-

pa
lit

y
 P

al
ac

io
s 2

01
8 

[1
0]

U
SA

PC
O

17
3,

22
9

Se
lf-

re
po

rt
M

ed
ic

al
 re

co
rd

61
02

09
a

20
91

95
5a

28
6

86
6

H
R

 1
.0

8 
(0

.9
4–

1.
23

)
A

ge
 in

 m
on

th
s, 

sm
ok

in
g,

 p
ac

k-
ye

ar
s s

m
ok

in
g,

 
po

stm
en

op
au

-
sa

l h
or

m
on

e 
us

e 
at

 b
as

el
in

e
 M

ar
ra

s 2
01

6 
[1

2]
C

an
ad

a
PC

O
85

,9
94

D
at

a 
lin

ka
ge

C
od

es
 fo

r I
C

D
-

8,
9,

10
 a

nd
 

an
tip

ar
ki

ns
on

 
dr

ug
 p

re
sc

rip
-

tio
n

42
,9

99
42

99
5b

12
9

17
2b

H
R

 1
.0

04
 

(0
.7

40
–1

.3
64

)
M

ed
ia

n 
ne

ig
hb

or
ho

od
 

in
co

m
e 

an
d 

ag
gr

eg
at

ed
 

di
ag

no
si

s 
gr

ou
ps

 S
ve

ns
so

n 
20

16
 [1

3]
D

en
m

ar
k

PC
O

1,
59

4,
54

8
O

pe
ra

tio
n 

co
de

C
od

es
 fo

r I
C

D
-

8,
10

26
5,

75
8

1,
32

8,
79

0
48

7
17

90
H

R
 1

.1
4 

(1
.0

3–
1.

27
)

A
ge

, s
ex

, d
ia

-
be

te
s, 

ch
ro

ni
c 

pu
lm

on
ar

y 
di

s-
ea

se
, c

ar
di

ov
as

-
cu

la
r d

is
ea

se
, 

ot
he

r C
ha

rls
on

 
C

om
or

bi
di

ty
 

In
de

x 
co

nd
i-

tio
ns

, u
lc

er
at

iv
e 

co
lit

is
, C

ro
hn

’s
 

di
se

as
e,

 a
nd

 
he

ad
 tr

au
m

a
 Y

ilm
az

 2
01

7 
[1

4]
G

er
m

an
y

C
C

16
25

C
ha

rt 
re

vi
ew

A
cc

or
di

ng
 to

 
th

e 
U

K
 B

ra
in

 
B

an
k 

C
rit

er
ia

 
by

 a
 sp

ec
ia

lis
t

13
4

14
91

69
77

0
H

R
 1

.1
2 

(0
.8

7–
1.

44
)

A
ge

, s
ex

, t
im

in
g 

of
 th

e 
ap

pe
n-

de
ct

om
y

A
pp

en
de

ct
om

y 
an

d 
ag

e 
of

 P
D

 o
ns

et
 K

ill
in

ge
r 2

01
8 

[9
]

Sw
ed

en
RC

O
d

84
9

En
ro

llm
en

t 
in

te
rv

ie
w

So
lid

 d
ia

gn
os

is
 

by
 c

lin
ic

s 
sp

ec
ia

liz
ed

 in
 

ne
ur

ol
og

y 
an

d 
m

ov
em

en
t 

di
so

rd
er

s

39
c

78
0

62
.6

 (3
5.

8)
59

.0
 (1

1.
0)

N
R

A
ge

, s
ex

, e
th

ni
c-

ity
, n

um
be

r 
of

 e
du

ca
tio

n 
ye

ar
s, 

fa
m

ily
 

hi
sto

ry
, a

nd
 P

D
 

m
ut

at
io

n 
st

at
us



2205Aging Clinical and Experimental Research (2020) 32:2201–2209	

1 3

Fu
ll 

ve
rs

io
n 

of
 th

is
 ta

bl
e 

is
 p

re
se

nt
ed

 in
 T

ab
le

 S
1

PD
 P

ar
ki

ns
on

 d
is

ea
se

, I
C
D

 In
te

rn
at

io
na

l C
la

ss
ifi

ca
tio

n 
of

 D
is

ea
se

s, 
N
R 

no
t r

ep
or

te
d,

 O
R 

od
ds

 ra
tio

, H
R 

ha
za

rd
 ra

tio
, S

D
 s

ta
nd

ar
d 

de
vi

at
io

n,
 P
C
O

 p
ro

sp
ec

tiv
e 

co
ho

rt 
stu

dy
, R

C
O

 re
tro

sp
ec

tiv
e 

co
ho

rt 
stu

dy
, C

C
 c

as
e–

co
nt

ro
l s

tu
dy

a  Pe
rs

on
-y

ea
rs

 o
f f

ol
lo

w
-u

p
b  M

at
ch

ed
 c

ho
le

cy
ste

ct
om

y 
gr

ou
p

c  A
pp

en
de

ct
om

y ≥
 30

 y
ea

rs
 b

ef
or

e 
PD

d  U
se

 o
f d

iff
er

en
t d

es
ig

ns
 in

 th
e 

sa
m

e 
ar

tic
le

 b
ec

au
se

 th
e 

au
th

or
s c

on
du

ct
ed

 tw
o 

co
m

pl
em

en
ta

ry
 e

pi
de

m
io

lo
gi

ca
l s

tu
di

es

Ta
bl

e 
1  

(c
on

tin
ue

d)

Fi
rs

t a
ut

ho
r, 

pu
bl

ic
at

io
n 

ye
ar

C
ou

nt
ry

St
ud

y 
de

si
gn

Sa
m

pl
e 

si
ze

A
cq

ui
si

tio
n 

of
 

ap
pe

nd
ec

to
m

y 
hi

sto
ry

Id
en

tifi
ca

tio
n 

of
 

PD
 c

as
es

N
o.

 w
ith

 
ap

pe
nd

ec
-

to
m

y

N
o.

 w
ith

ou
t 

ap
pe

nd
ec

-
to

m
y

N
o.

 o
f P

D
 

ca
se

s o
r m

ea
n 

(±
 S

D
) o

f t
he

 
ap

pe
nd

ec
to

m
y 

gr
ou

p

N
o.

 o
f P

D
 c

as
es

 
or

 m
ea

n 
(±

 S
D

) 
of

 th
e 

co
nt

ro
l 

gr
ou

p

R
is

k 
es

tim
at

e 
(9

5%
 C

I)
A

dj
us

te
d 

va
ri-

ab
le

s

 M
en

de
s 2

01
5 

[1
1]

Po
rtu

ga
l

RC
O

29
5

Ph
on

e 
co

nt
ac

t
A

cc
or

di
ng

 to
 

th
e 

U
K

 B
ra

in
 

B
an

k 
cr

ite
ria

34
26

1
66

 (1
3.

3)
61

 (1
1.

9)
H

R
 0

.7
7 

(0
.5

3–
1.

10
)

N
R

 Y
ilm

az
 2

01
7 

[1
4]

G
er

m
an

y
C

C
83

9
C

ha
rt 

re
vi

ew
A

cc
or

di
ng

 to
 

th
e 

U
K

 B
ra

in
 

B
an

k 
C

rit
er

ia
 

by
 a

 sp
ec

ia
lis

t

69
77

0
59

.1
 (1

2.
0)

58
.8

 (1
3.

9)
N

R
N

R

A
pp

en
de

ct
om

y 
an

d 
se

ve
rit

y 
of

 P
D

 sy
m

pt
om

s
 K

ill
in

ge
r 2

01
8 

[9
]

Sw
ed

en
RC

O
d

84
9

En
ro

llm
en

t 
in

te
rv

ie
w

So
lid

 d
ia

gn
os

is
 

by
 c

lin
ic

s 
sp

ec
ia

liz
ed

 in
 

ne
ur

ol
og

y 
an

d 
m

ov
em

en
t 

di
so

rd
er

s

54
79

5
Th

e 
se

ve
rit

y 
of

 P
D

 sy
m

pt
om

s d
id

 n
ot

 d
iff

er
 

be
tw

ee
n 

gr
ou

ps
, a

s d
et

er
m

in
ed

 b
y 

th
e 

un
ifi

ed
 P

D
 

ra
tin

g 
sc

al
e 

an
d 

th
e 

H
oe

hn
 a

nd
 Y

ah
r S

ca
le

Se
x,

 e
th

ni
ci

ty
, 

nu
m

be
r o

f e
du

-
ca

tio
n 

ye
ar

s, 
fa

m
ily

 h
ist

or
y,

 
an

d 
PD

 m
ut

a-
tio

n 
st

at
us

 M
en

de
s 2

01
5 

[1
1]

Po
rtu

ga
l

RC
O

29
5

Ph
on

e 
co

nt
ac

t
A

cc
or

di
ng

 to
 

th
e 

U
K

 B
ra

in
 

B
an

k 
cr

ite
ria

34
26

1
N

o 
st

at
ist

ic
al

ly
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
 w

as
 fo

un
d 

be
tw

ee
n 

pa
tie

nt
s w

ith
 a

nd
 w

ith
ou

t a
pp

en
de

ct
om

y 
re

ga
rd

in
g 

di
se

as
e 

du
ra

tio
n,

 th
e 

un
ifi

ed
 P

D
 ra

tin
g 

sc
al

e-
II

I, 
H

oe
hn

 a
nd

 Y
ah

r s
ta

ge
, a

nd
 le

vo
do

pa
 

eq
ui

va
le

nt
 d

os
e

N
R

 Y
ilm

az
 2

01
7 

[1
4]

G
er

m
an

y
C

C
83

9
C

ha
rt 

re
vi

ew
A

cc
or

di
ng

 to
 

th
e 

U
K

 B
ra

in
 

B
an

k 
C

rit
er

ia
 

by
 a

 sp
ec

ia
lis

t

69
77

0
N

o 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
s i

n 
re

sp
ec

t o
f d

is
ea

se
 

du
ra

tio
n,

 th
e 

H
oe

hn
 a

nd
 Y

ah
r S

ca
le

 a
nd

 le
vo

do
pa

 
eq

ui
va

le
nt

 d
ai

ly
 d

os
e

N
R



2206	 Aging Clinical and Experimental Research (2020) 32:2201–2209

1 3

Appendectomy and age at PD onset

Data from three studies involving 1983 PD patients were 
meta-analyzed to explore the potential correlation between 
appendectomy and age at PD onset [9, 11, 14]. Age at onset 
did not differ significantly between those with or without a 
history of appendectomy (SMD 0.21, 95% CI − 0.03 to 0.44, 
I2 = 43.4%, P = 0.083; Fig. 3).

Appendectomy and PD severity

Data from three studies involving 1983 PD patients were 
qualitatively assessed to examine the potential association 
between appendectomy and PD severity [9, 11, 14]. The data 
were not meta-analyzed because the studies used different 
methods to assess severity and report them, some of which 
were subjective that may induce considerable heterogeneity. 

Fig. 2   Meta-analysis of appendectomy and PD risk

Fig. 3   Meta-analysis of appendectomy and age at PD onset
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Moreover, a scarce of available data made it impossible to 
quantify effects. All three studies concluded that appendec-
tomy was not related to disease severity, based on the unified 
PD rating scale, the Hoehn and Yahr Scale score, levodopa 
equivalent daily dose or disease duration.

Subgroup analyses

We performed several subgroup analyses to explore whether 
certain factors may affect the potential relationship between 
appendectomy and PD risk (Table 2). The only significant 
effect that we observed was for follow-up duration: the 
one study that followed up longer than 35 years found that 
appendectomy was associated with reduced risk of PD; 
whereas, four studies that followed up for shorter periods 
found appendectomy to be associated with elevated PD risk. 
We did not perform subgroup analysis based on early or 
late PD onset because insufficient data were reported in two 
studies [12, 14].

Discussion

To our knowledge, this is the first systematic review and 
meta-analysis investigating the impact of appendectomy on 
PD. Our meta-analysis of all the included studies as well 
as subgroup analyses suggest that appendectomy does not 
significantly affect PD risk, age at onset or severity. Despite 
these negative findings, it remains possible that the appendix 
acts as a source of α-synuclein that can contribute to PD. 
Patients who undergo appendectomy later in life may already 
have accumulated sufficient α-synuclein originating from 
that organ in order for PD to occur. It is also possible that 

α-synuclein that contributes to PD originates not only from 
the appendix but also from the olfactory and gastrointesti-
nal systems, and that these alternative sources continue to 
drive disease progression even after appendectomy [21, 22]. 
Further work is needed to determine conclusively whether 
α-synuclein from the appendix contributes to PD.

One of the difficulties in assessing the potential relation-
ship between appendectomy and PD is the long follow-up 
needed to ensure that PD is detected. Insufficient follow-
up may fail to detect PD in those who go on to develop 
the disease, leading to false-negative (type II) errors. The 
follow-up in the five studies whose quality we assessed 
ranged from 10 years to 52 years. Whether follow-up lasted 
longer or shorter than 35 years indeed led to opposite rela-
tionships between appendectomy and PD risk. The reason 
for this difference is unclear, since previous work suggests 
that 20 years is long enough to detect PD in patients who 
manifest a prodromal phase in the gastrointestinal tract [21]. 
It may be that appendectomy does reduce PD risk, but only 
over much longer time frames than have been followed up 
in the literature.

Another difficulty in assessing the potential relationship 
between appendectomy and PD is the variety of outcome 
measures for assessing PD, some of which may be more 
subjective than others, as well as the potential confound-
ers that may be adjusted (Table 1). This and other factors 
likely contribute to the substantial heterogeneity among our 
included studies. For example, the appendectomy groups in 
some studies were relatively young, suggesting insufficient 
follow-up, and our meta-analysis did not adjust for several 
potential confounding variables, such as genetic polymor-
phism, smoking or medication [23]. We could eliminate the 
heterogeneity in our meta-analysis only by removing the 

Table 2   Subgroup analysis of the potential association between appendectomy and PD risk

Subgroup No. of studies RR (95% CI) I2 static Pheterogeneity Poverall effect Pinteraction

Sex
 Men 2 [10, 13] 1.12 (1.02–1.23) 0.0% 0.451 0.018 0.995
 Women 2 [10, 13] 1.12 (1.004–1.25) 0.0% 0.590 0.042

Study quality (NOS score)
 ≥ 7 points 4 [9, 10, 12, 13] 1.00 (0.84–1.21) 86.7% 0.000 0.960 0.807
 < 7 points 1 [14] 1.12 (0.87–1.44) – – –

Sample size
 Large (≥ 1 million) 2 [9, 13] 0.97 (0.71–1.33) 95.0% 0.000 0.859 0.662
 Small (< 1 million) 3 [10, 12, 14] 1.08 (0.96–1.20) 0.0% 0.862 0.187

Location
 Europe 3 [9, 13, 14] 1.01 (0.79–1.29) 90.7% 0.000 0.933 0.734
 America 2 [10, 12] 1.07 (0.94–1.21) 0.0% 0.669 0.300

Follow-up time (years)
 > 35 1 [9] 0.83 (0.76–0.91) – – – 0.302
 ≤ 35 4 [10, 12–14] 1.11 (1.03–1.20) 0.0% 0.843 0.007
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largest study with the longest follow-up [9] (Fig. 4), which 
should arguably be the most reliable study. We conclude that 
exploring whether appendectomy or other factors affect PD 
involves inherent heterogeneity difficult to eliminate through 
statistical methods.

Some have suggested that because appendicitis and 
PD share common inflammatory factors, the inflamma-
tory response associated with appendicitis may promote 
α-synuclein transmission to the brain [24–26]. Others 
have suggested that appendicitis may be caused by neuro-
trophic enteric pathogens that lead to PD [7]. However, the 
decreased PD risk resulting from appendectomy in individu-
als followed up longer than 35 years [9] argues against these 
ideas.

This meta-analysis was based on high-quality studies 
involving more than three million people, suggesting that 
it should be reliable and capable of demonstrating a rela-
tionship between appendectomy and PD risk if one exists. 
Nevertheless, there was substantial heterogeneity across the 
studies that we could not eliminate, primarily in the duration 
of follow-up, the methods used to identify cases and adjust-
ment of different variables.

Despite these limitations, our meta-analysis of the avail-
able high-quality evidence suggests no association between 
appendectomy and PD risk, age at onset or severity. Pro-
spective studies with long follow-up are warranted to (1) 
determine the sufficient observation time for credible PD 
diagnosis and to investigate the impact of appendectomy 
on prodromal gastrointestinal tract dysfunction, (2) develop 
a more sensitive algorithm for identifying PD or appen-
dectomy history, and (3) explore whether the relationship 
between appendectomy and PD depends on the reasons 
for the appendectomy, the type of surgery or the age of the 
patient.

To conclude, the available evidence suggests no pro-
tective effect of appendectomy against PD. Future studies 

should seek to clarify the role of inflammation, α-synuclein 
pathology and the gut–brain axis in PD pathogenesis.
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