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Abstract The cerebrospinal fluid (CSF) signature of reduced
amyloid beta 1–42 (Aβ42), elevated total tau (t-tau), and phos-
phorylated tau181 (p-tau) is important for the early diagnosis
of Alzheimer’s disease (AD). Aβ42, t-tau, and p-tau have been
reported in numerous studies to contribute to predicting cog-
nitive impairment in Parkinson’s disease (PDCI). However,
no consistent conclusion can be drawn so far. Literatures re-
garding Aβ42, t-tau, and p-tau in CSF were systematically
reviewed, and a meta-analysis was thus performed to evaluate
the changes of these biomarkers in PDCI patients, including
PD with mild cognitive impairment (PDMCI) and PD demen-
tia (PDD) patients, relative to PD with normal cognition
(PDNC) patients. Databases of BPubMed,^ BEBSCO,^ and
BSpringer^ were retrieved for articles concerning Aβ42, t-
tau, and p-tau in PDCI patients relative to those in PDNC
patients published from January 1, 2000 to February 1,
2017. The following keywords were set, namely, Bdementia^
or Bcognitive impairment^ or Bmild cognitive impairment^
and Bcerebrospinal fluid^ and BParkinson*.^ Sixteen articles
comprising 590 PDCI patients and 1182 PDNC patients were

included. The results showed that CSF Aβ42 level in PDCI
cohort was lower than that in PDNC cohort (pooled
Std.MD = −0.44, 95% CI [−0.61, −0.26], p < 0.00001).
Reduced Aβ42 (pooled Std.MD = −0.60, 95% CI [−0.75,
−0.45], p < 0.00001) as well as elevated t-tau (pooled
Std.MD = 0.21, 95% CI [0.06, 0.35], p = 0.006) and p-tau
(pooled Std.MD = 0.36, 95% CI [0.02, 0.69], p = 0.04) could
be observed in PDD cohort compared with PDNC cohort.
Therefore, amyloid pathology and tauopathy may participate
in the development of PDD, which is similar to AD.
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Introduction

Mild cognitive impairment (PDMCI) and dementia (PDD) in
Parkinson’s disease (PD) have been recognized as the two
phenotypes of cognitive impairment (PDCI) [1]. Moreover,
PDMCI is often considered to be an intermediate condition
between PD with normal cognition (PDNC) and PDD [2].
PDMCI progresses accompanied by age, less education, dis-
ease duration, symptom profile, and disease severity [2, 3],
which is an independent risk factor for subsequent develop-
ment of early PDD [4].

Three pathologic subgroups of PDD, including predomi-
nant synucleinopathy, predominant synucleinopathy with
amyloid-β (Aβ) deposition but minimal or no cortical
tauopathy, and synucleinopathy and Aβ deposition with at
least moderate neocortical tauopathy, have been identified,
based on aggregation of α-synuclein, Aβ, and tau protein in
the brain [5]. The pathological accumulation ofα-synuclein in
the brain represents the primary pathological hallmark of PD,
which is characterized by the formation of abundant α-
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synuclein neuronal inclusions, such as Lewy bodies and
Lewy neurites [6]. This has resulted in progressive dopami-
nergic nigrostriatal neurodegeneration [6]. However, deposi-
tions of Aβ and tau protein have been suggested to be corre-
lated with PDCI [5, 7].

Amyloid beta 1–42 (Aβ42), total tau (t-tau), and phos-
phorylated tau181 (p-tau) are core cerebrospinal fluid
(CSF) biomarkers for the early diagnosis of Alzheimer’s
disease (AD). Meanwhile, the CSF signature of reduced
Aβ42 as well as elevated t-tau and p-tau is closely related
to both AD-induced mild cognitive impairment (MCI) and
dementia [8]. A 2-year prospective study has been con-
ducted recently, in which decreasing CSF Aβ42 level has
been reported to play a role in predicting early PDCI
among the newly diagnosed PD patients with mild motor
symptoms [9]. Moreover, Bäckström DC et al. discovered
in their 5–9-year follow-up study that high levels of neu-
rofilament light chain protein and heart fatty acid-binding
protein while low Aβ42 level in CSF of PD patients were
linked with PDD development [10]. On the other hand, Liu
C et al. suggested in their prospective cohort research that
signature of CSF biomarkers, such as the levels of Aβ42, t-
tau, p-tau, p-tau/t-tau, t-tau/Aβ42, and p-tau/Aβ42, had no
relationship with the development of PDCI in the newly
diagnosed drug-naive PD patients [11]. In the meantime,
higher CSF levels of p-tau and p-tau/Aβ42 had played a
role in predicting the subsequent cognitive reduction upon
the initiation of levodopa treatment [11]. But CSF level of
Aβ42 was not correlated with the development of PDCI
[11]. The changes of CSF core biomarkers, such as Aβ42, t-
tau, and p-tau, in PDMCI and/or PDD patients relative to
PDNC have been extensively investigated [9–11]. However,
no consistent findings can be gained so far.

A meta-analysis enrolling the maximum studies was
thereby conducted to assess the changes of CSF Aβ42, t-
tau, and p-tau levels in PDMCI and/or PDD cohorts rela-
tive to PDNC cohorts. Hopefully, those inconsistent find-
ings in previous studies could be understood in this meta-
analysis and the possible heterogeneity sources could be
found out.

Methods

Search strategy

Databases of BPubMed,^ BEBSCO,^ and BSpringer^ were
retrieved for published articles. The search was limited to
articles published from January 1, 2000 to February 1, 2017
with language restriction as BEnglish.^ In addition, biblio-
graphic references of retrieved articles and related reviews
were conducted a hand search to identify potential studies.
The following combined keywords, such as Bdementia^ or

Bcognitive impairment^ or Bmild cognitive impairment^ and
Bcerebrospinal fluid^ and BParkinson*,^ were employed.

Inclusion and exclusion criteria

Inclusion criteria were listed as follows: (1) retrospective or
prospective cohort or cross-sectional study designs; (2) in-
cluding a group of patients (the number is more than 5) who
were clearly diagnosed with PDNC; (3) including a group of
patients (the number is more than 5) who were clearly diag-
nosed by PDCI including PDMCI and/or PDD; and (4) the
CSF Aβ42, t-tau, and p-tau levels in patients with PDNC or
PDCI were detected. Furthermore, exclusion criteria included
(1) non-human studies or non-original studies; (2) studies
concerning children, adolescents, and pregnant women; and
(3) studies in which the mean value and standard deviation
(SD) of CSFAβ42, t-tau, and p-tau cannot be quantified.

Data extraction and quality assessment

Two investigators reviewed the retrieved articles to deter-
mine eligibility and extract study data independently.
Methodological quality was assessed by the Newcastle-
Ottawa Scale (NOS) criteria [12], which included the se-
lection (0–4 scores), comparability (0–2 scores), and expo-
sure (0–3 scores) categories. Besides, studies were low-
quality methodology in accordance with NOS scores lower
than 6. Discrepancies were resolved through discussion
and consultation of a third author when necessary.

Statistical analysis

Heterogeneity test was conducted by the I2 statistic.
Standard mean difference (Std.MD), 95% confidence inter-
val (CI), and overall effect from individual studies were
calculated by weighted fixed-effect model when the het-
erogeneity test was p ≥ 0.05. Accordingly, random-effect
model was applied when the heterogeneity test was
p < 0.05. The data of CSF Aβ42, t-tau, and p-tau in PDCI
patients and PDNC patients were extracted and pooled for
separate meta-analysis. To deal with heterogeneity, sub-
group analysis was chosen. Besides, publication bias was
assessed by funnel plots. Additionally, heterogeneity,
Std.MD, overall effect, and sensitivity analysis were cal-
culated by Review Manager version 5.3 (Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration,
2014). Funnel plot was charted by Review Manager ver-
sion 5.3 when the heterogeneity test was p ≥ 0.05.
Meanwhile, funnel plot was charted by Comprehensive
Meta-Analysis 2 (Biostat, Englewood, NJ, USA) when
the heterogeneity test was p < 0.05.
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Results

Literature retrieval strategy and characteristics
of the studies involved

A total of 1389 reports were identified through systematic
retrieval, and 585 of them were selected after removing
duplicates and reports with irrelevant topics. Sixteen co-
hort studies [13–28] were selected finally in accordance
with the inclusion and exclusion criteria, including 10 ret-
rospective cohort studies [13–18, 20, 22, 23, 26], 4 pro-
spective cohort studies [19, 21, 25, 28], and 2 cross-
sectional studies [24, 27].

The general characteristics of the included studies were
listed in Table 1. Altogether 17 groups were pooled, in-
volving 1182 PDNC patients and 590 PDCI patients. The
mean age of PDNC and PDCI patients at lumbar puncture
ranged from 56 to 72 and 61.1 to 78 years, respectively.
Differences in age and gender were selected to investigate
the comparability categories of NOS criteria [12]. Studies
by Montine TJ et al. and Nutu M et al. [16, 20] had sug-
gested that the age of PDD patients was obviously elder
than that of PDNC patients. But difference in gender was
not mentioned in study by Montine TJ et al. [16], while
significant difference in gender was observed in study by
Nutu M [20]. Therefore, zero star was given to the compa-
rability category of those two studies when comparing the
CSF core biomarkers in PDD patients with those in PDNC
patients [16, 20].

CSF levels of core biomarkers of AD in PDCI relative
to PDNC

Significant heterogeneity (I2 = 58%, p = 0.001) could be seen
within the pooled 17 groups (Fig. 1) when comparing CSF
Aβ42 level in PDCI cohorts with that in PDNC cohorts.
Moreover, CSFAβ42 level in PDCI patients was lower than that
in PDNC patients (pooled Std.MD = −0.44, 95% CI [−0.61,
−0.26], p < 0.00001) (Fig. 1). Meanwhile, that in PDD patients
was lower than that in PDNC patients (pooled Std.MD = −0.60,
95% CI [−0.75, −0.45], p < 0.00001) (Table 2). Besides, CSF
levels of t-tau (pooled Std.MD = 0.21, 95% CI [0.06, 0.35],
p = 0.006) (Fig. 2) and p-tau (pooled Std.MD = 0.36, 95% CI
[0.02, 0.69], p = 0.04) (Fig. 3) in PDD patients were higher than
those in PDNC patients. However, differences in CSF levels of
t-tau (pooled Std.MD = 0.17, 95% CI [−0.00, 0.34], p = 0.05)
and p-tau (pooled Std.MD = 0.15, 95% CI [−0.08, 0.37],
p = 0.20) between PDCI patients and PDNC patients were not
statistically significant (Table 2). In addition, differences in CSF
levels of Aβ42 (pooled Std.MD = −0.05, 95% CI [−0.21, 0.11],
p = 0.55), t-tau (pooled Std.MD = −0.16, 95% CI [−0.58, 0.26],
p = 0.45), and p-tau (pooled Std.MD = 0.06, 95% CI [−0.10,

0.22], p = 0.47) between PDMCI patients and PDNC patients
showed no statistical significance (Table 2).

Sensitivity analysis

Conditions such as PDMCI and PDD were selected, and all
details were listed in Table 2. There was no heterogeneity
within studies in terms of CSFAβ42 level when comparing
PDMCI (I2 = 0%, p = 0.47) or PDD (I2 = 0%, p = 0.46)
patients with PDNC patients. Low heterogeneity could be
observed within studies when CSF t-tau levels in PDD
patients were compared with that in PDNC patients
(I2 = 43%, p = 0.07). No further heterogeneity could be
seen in CSF p-tau level within studies when comparing
PDMCI patients with PDNC patients (I2 = 0%, p = 0.45).
Furthermore, there was no heterogeneity between prospec-
tive cohort studies and cross-sectional studies when CSF p-
tau levels in PDD patients were compared with that in
PDNC patients (I2 = 0%, p = 0.89). Low heterogeneity
was observed within studies when comparing CSF p-tau
level in PDD patients with that in PDNC patients. In the
meantime, there was low heterogeneity within studies in
which zero or one star was given to the comparability cat-
egory of NOS criteria (I2 = 46%, p = 0.12).

Significant heterogeneity could be observed within studies
when comparing CSF t-tau level in PDMCI patients with that
in PDNC patients (I2 = 71%, p = 0.02). At the same time,
marked heterogeneity was found within studies when compar-
ing changes of CSF p-tau in PDD patients with that in PDNC
patients (I2 = 69%, p = 0.002). There was remarkable hetero-
geneity within retrospective cohort studies, in which CSF p-
tau levels in PDD patients were compared with that in PDNC
patients (I2 = 59%, p = 0.04). Moreover, significant heteroge-
neity was observed within studies in which CSF p-tau level in
PDD patients was compared with that in PDNC patients. Two
stars were given to the comparability category of NOS criteria
(I2 = 82%, p = 0.004).

Publication bias

Publication bias was assessed by visual inspection of fun-
nel plot when comparing levels of CSF Aβ42, t-tau, and p-
tau in PDCI patients or PDD patients with those in PDNC
patients. Symmetrical distribution in the funnel plot could be
observed when CSFAβ42 level in PDCI cohorts (Fig. 4a), as
well as Aβ42 (Fig. 4b) and p-tau (Fig. 4d) levels in PDD
cohorts, was compared with those in PDNC cohorts. It sug-
gested low risk of publication bias in the separate meta-
analysis. Moreover, an asymmetry was present in the fun-
nel plot on t-tau level in PDD cohorts relative to PDNC
cohorts (Fig. 4c), suggesting a publication bias.

Neurol Sci (2017) 38:1953–1961 1955



T
ab

le
1

C
ha
ra
ct
er
is
tic
s
of

st
ud
ie
s
in
vo
lv
ed

in
th
e
m
et
a-
an
al
ys
is

A
ut
ho
r
ye
ar
(g
ro
up
)
N
at
.

N
o.
of

ge
n*

A
ge

M
M
SE

A
m
yl
oi
d
be
ta
1–
42

To
ta
lt
au

p-
ta
u

Q
ua
lit
y

P
D
N
C
/P
D
C
I

P
D
N
C

P
D
C
I

P
D
N
C

P
D
C
I

PD
N
C

P
D
C
I

P
D
N
C

P
D
C
I

P
D
N
C

P
D
C
I

S.
C
.
E
.

M
ol
le
nh
au
er

B
20
06

(P
P
D
)
[1
3]

G
E
R

23
/7
3
2.
3:
2.
8

72
(7
)

72
(6
)

30
(0
)

18
(6
)

55
9
(1
54
)

46
6
(1
98
)

21
6
(1
70
)

21
4
(1
49
)

N
R

N
R

3
2

3

Pa
rn
et
ti
L
20
08

(P
P
D
)
[1
4]

It
al
y

20
/8

1.
2:
1.
25

62
(6
)

65
(5
)

27
.4
(1
.8
)
16
.8
(3
.4
)
78
8
(2
03
)

64
7
(2
69
)

16
0
(6
4)

28
6
(1
84
)

37
(9
)

52
(2
9)

3
2

3

C
om

pt
a
Y
20
09

(P
P
D
)
[1
5]

Sp
ai
n

20
/2
0
1.
7:
0.
7

69
(7
)

73
(7
)

27
.9
(1
.8
)
17
.8
(4
.8
)
53
8.
58

(1
85
.8
5)

41
0.
19

(1
82
.5
8)

24
6.
82

(9
4.
23
)
46
3.
44

(2
59
.4
9)

28
.7
1
(1
1.
77
)
45
.5
8
(2
4.
7)

3
2

3

M
on
tin

e
T
J
20
10

(M
C
I)
[1
6]

U
SA

41
/5
8
N
R

64
(1
0)

66
(8
)

N
R

N
R

32
2
(8
8.
1)

31
3
(1
21
.5
)

54
(1
7)

53
(1
6.
3)

20
(5
.9
)

20
(3
.7
)

3
1

3

M
on
tin

e
T
J
20
10

(P
P
D
)
[1
6]

U
SA

41
/1
1
N
R

64
(1
0)

71
(8
)

N
R

N
R

32
2
(8
8.
1)

22
0
(6
5.
2)

54
(1
7)

33
(3
1)

20
(5
.9
)

17
(1
3.
7)

3
0

3

H
al
lS

20
12

(P
P
D
)
[1
7]

SE
90
/3
3
1.
9:
3.
1

63
(1
1.
1)

76
(5
.2
)

29
(1
.5
)

24
(5
.2
)

61
2
(1
21
.5
)

55
9
(1
40
.7
)

37
1
(2
19
.3
)

36
5
(1
32
.6
)

46
(8
.1
)

52
(9
.6
)

3
1

3

M
ae
tz
le
r
W

20
12

(P
P
D
)
[1
8]

G
E
R

77
/2
6
1.
3:
1.
4

68
(9
.3
)

71
(5
.5
)

29
(1
.3
)

21
(1
.5
)

62
9
(3
31
)

49
7
(1
76
)

17
6
(2
62
)

25
4
(1
53
)

36
(2
8)

57
(2
4.
3)

3
2

3

B
ey
er

M
K
20
13

(M
C
I)
[1
9]

Sp
ai
n

73
/1
8
2.
2:
1.
3

65
.1

(9
.9
)

71
.7

(6
.4
)

28
.3
(1
.8
)
26
.7
(3
)

36
3
(1
69
.4
)

36
3.
3
(2
08
.2
)

22
1.
2
(1
27
.5
)

22
7.
3
(8
4.
6)

58
.3
(3
7.
4)

53
.1

(2
4.
6)

4
1

3

N
ut
u
M

20
13

(P
P
D
)
[2
0]

SE
43
/3
3
1.
4:
3.
1

67
(8
.9
)

76
(5
.2
)

29
(1
.5
)

24
(5
.2
)

59
1
(1
71
.9
)

52
0
(1
87
.4
)

N
R

N
R

N
R

N
R

3
0

3

A
lv
es

G
20
14

(P
P
D
)
[2
1]

N
O

84
/2
0
N
R

N
R

N
R

N
R

N
R

58
1
(3
18
)

36
9
(1
05
)

21
1
(1
19
)

26
6
(1
52
)

58
(3
9)

59
(3
5)

4
2

3

V
ra
no
vá

H
P
20
14

(P
P
D
)
[2
2]

C
ze
ch

R
ep
.
27
/1
4
1.
1:
0.
8

56
(4
6.
4)

70
.5
(2
9.
6)

28
(2
.7
)

21
(7
.6
)

79
1
(1
32
6.
9)

60
9
(1
01
9.
4)

22
9
(5
98
)

33
7
(4
14
)

N
R

N
R

3
1

3

Y
ar
na
ll
A
20
14

(M
C
I)
[2
3]

U
K

46
/2
1
N
R

63
.6

(9
.7
)

66
.3

(8
.7
)

N
R

N
R

97
1.
6
(3
19
)

84
0.
2
(2
34
.6
)

13
5.
2
(9
2.
1)

11
9.
9
(9
7.
1)

49
.2
(1
9.
8)

44
.8

(1
7.
4)

4
1

3

Y
u
S
20
14

(C
I)
[2
4]

C
hi
na

26
/3
6
1:
1.
1

57
.4
(1
0.
8)

61
.1

(9
.4
)

N
R

N
R

43
2
(1
03
)

41
6
(1
13
)

96
(7
5.
8)

13
5.
2
(9
9.
6)

77
.2
(3
4.
4)

61
.6

(2
1.
6)

3
1

3

Sk
og
se
th

R
E
20
15

(M
C
I)
[2
5]

N
O

27
4/
14
0
1.
9:
2.
0
60
.3

(9
.7
)

63
.1

(9
.3
)

N
R

N
R

36
6.
8
(8
5.
1)

36
7.
65

(1
04
.4
)

40
.3
(1
4.
3)

42
.5
(1
5.
9)

12
.0
5
(6
.2
)

13
.1

(8
.1
)

3
2

3

C
om

pt
a
Y
20
16

(P
P
D
)
[2
6]

Sp
ai
n

19
/1
9
2.
0:
0.
6

69
(6
.7
)

73
(9
.7
)

N
R

N
R

56
9.
72

(2
27
.8
)

34
8.
43

(1
24
.8
)

21
6.
55

(7
1.
7)

36
8.
05

(3
77
.9
)

N
R

N
R

3
2

3

B
uo
ng
io
rn
o
M

20
17

(P
P
D
)
[2
7]

Sp
ai
n

16
/8

1.
3:
1

73
(1
2.
6)

78
(1
1.
9)

29
(1
)

21
(6
)

71
5
(6
63
.7
)

42
4
(1
97
.8
)

22
8
(5
92
.6
)

35
9
(3
36
.3
)

36
(4
3)

42
(2
1.
5)

3
2

3

Sc
hr
ag

A
20
17

(P
P
D
)
[2
8]

M
ul
ti

26
2/
52

1.
9:
2.
8

60
.2

(9
.9
)

66
.1

(7
.8
)

N
R

N
R

38
1.
6
(9
7.
9)

31
0.
5
(8
0.
9)

44
.5
(1
6.
8)

46
(2
1.
1)

12
(7
.4
)

11
.6
(1
0.
2)

3
1

3

U
ni
to

f
ce
re
br
os
pi
na
lf
lu
id

am
yl
oi
d
be
ta
1–
42

(A
β
4
2
),
t-
ta
u,
an
d
p-
ta
u
le
ve
ls
pg
/m

l.
T
he

da
ta
of

ag
e,
M
M
SE

sc
or
es
,a
nd

th
e
le
ve
ls
of

A
β
4
2
,
t-
ta
u,
an
d
p-
ta
u
w
er
e
sh
ow

n
as

m
ea
n
(s
ta
nd
ar
d
de
vi
at
io
n)

P
D
Pa
rk
in
so
n’
s
di
se
as
e,
N
at
.n
at
io
n,
N
o.
nu
m
be
r,
M
M
SE

M
in
i-
M
en
ta
lS

ta
te
E
xa
m
in
at
io
n,
P
D
N
C
PD

w
ith

no
rm

al
co
gn
iti
on
,P

D
C
IP

D
w
ith

co
gn
iti
ve

im
pa
ir
m
en
t,
G
en
*
m
al
e/
fe
m
al
e
of

P
D
N
C
pa
tie
nt
s

m
al
e/
fe
m
al
e
of

P
D
C
I
pa
tie
nt
s,
p-
ta
u
ph
os
ph
or
yl
at
ed

ta
u,
S.
se
le
ct
io
n,
C
.c
om

pa
ra
bi
lit
y,
E
.e
xp
os
ur
e,
P
P
D
P
ar
ki
ns
on
’s
di
se
as
e
de
m
en
tia
,M

C
IP

D
w
ith

m
ild

co
gn
iti
ve

im
pa
ir
m
en
t,
N
R
no
tr
ep
or
te
d,
G
E
R

G
er
m
an
y,
SE

S
w
ed
en
,N

O
N
or
w
ay
,R

ep
.R

ep
ub
lic

1956 Neurol Sci (2017) 38:1953–1961



Discussion

CSF Aβ42 level in PDCI cohorts is lower than that in PDNC
patients as can be seen from the current meta-analysis.
Meanwhile, the CSF signature of reduced Aβ42, as well as
elevated t-tau and p-tau can also be observed in PDD cohorts
relative to PDNC cohorts. CSFAβ42 level in PDCI cohorts is
reduced compared with that in PDNC cohorts. In contrast, the

decreasing amplitude is more pronounced when CSF Aβ42

level in PDD cohorts is compared with that in PDNC cohorts.
However, there are no differences in CSF levels of Aβ42, t-
tau, and p-tau between PDMCI cohorts and PDNC cohorts.
There is obvious heterogeneity within the originally included
studies when comparing CSF levels of Aβ42, t-tau, and p-tau
in PDCI patients with those in PDNC patients. The major
sources of heterogeneity are found out by sensitivity analysis.

Fig. 1 Cerebrospinal fluid (CSF) levels of amyloid beta 1–42 (Aβ42)
in Parkinson’s disease with cognitive impairment (PDCI) cohorts
were lower than that in Parkinson’s disease with normal cognition
(PDNC) cohorts. SD standard deviation, CI confidence interval.

Diamonds standard (Std.) mean difference estimates from inverse-
variance (IV) weighted random-effect model. Unit of cerebrospinal
fluid Aβ42 level pg/ml

Table 2 Sensitivity analysis was carried out by subgroup analysis

Including condition Number of groups Weighted standard mean difference Heterogeneity Numbers of patients

Effect size 95% CI p I2 p PDCI PDNC

Aβ42

PDMCI + PDD 17 −0.44 −0.61, −0.26 p < 0.00001 58% p = 0.001 590 1182

PDMCI 4 −0.05 −0.21, 0.11 p = 0.55 0% p = 0.47 237 434

PDD 12 −0.60 −0.75, −0.45 p < 0.00001 0% p = 0.46 317 722

t-tau

PDMCI + PDD 16 0.17 −0.00, 0.34 p = 0.05 52% p = 0.008 557 1139

PDMCI 4 −0.16 −0.58, 0.26 p = 0.45 71% p = 0.02 190 434

PDD 11 0.21 0.06, 0.35 p = 0.006 43% p = 0.07 331 679

p-tau

PDMCI + PDD 13 0.15 −0.08, 0.37 p = 0.20 67% p = 0.0003 451 1070

PDMCI 4 0.06 −0.10, 0.22 p = 0.47 0% p = 0.45 237 434

PDD 8 0.36 0.02, 0.69 p = 0.04 69% p = 0.002 178 610

PDD and PCS or CSS 3 −0.01 −0.26, 0.23 p = 0.91 0% p = 0.89 80 362

PDD and RCS 5 0.58 0.17, 0.98 p = 0.005 59% 0.04 98 248

PDD and star was given to the comparability category of study according to Newcastle-Ottawa Scale criteria

Zero or one 5 0.51 0.24, 0.78 p = 0.0002 46% p = 0.12 82 217

Two 3 0.12 −0.47, 0.71 p = 0.68 82% p = 0.004 96 393

Aβ42 amyloid beta 1–42, t-tau total tau, p-tau phosphorylated tau, PD Parkinson’s disease, PDMCI PD with mild cognitive impairment, PDD
Parkinson’s disease dementia, CI confidence interval, PDNC PD with normal cognition, PDCI PD with cognitive impairment, PCS prospective cohort
study, CSS cross-sectional study, RCS retrospective cohort study
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Besides, the current meta-analysis is the first to reveal that
CSF Aβ42, t-tau, and p-tau levels are associated with PDD,
rather than PDMCI.

Subgroup analysis is employed to evaluate the influence of
discrepant severity of PDCI, such as PDMCI and PDD on
heterogeneity. Firstly, no heterogeneity can be observed within
the included studies when pooling studies comparing CSF
Aβ42 level in PDMCI or PDD patients with that in PDNC
patients. It is indicated that variations of PDCI severity account
for the main source of heterogeneity when investigating the
difference in CSF Aβ42 level between PDCI cohorts and
PDNC cohorts. Secondly, low heterogeneity is observed with-
in studies when comparing CSF t-tau level in PDD patients
with that in PDNC patients. In addition, there is no heteroge-
neity within studies when CSF p-tau level in PDMCI patients
is compared with that in PDNC patients. Therefore, it is sug-
gested that variations of PDCI severity also contributes to the
main source of heterogeneity when investigating the differ-
ences in CSF t-tau or p-tau levels between PDCI patients and
PDNC patients. Thirdly, no heterogeneity can be seen between
prospective cohort studies and cross-sectional studies when
comparing CSF p-tau level in PDD cohorts with that in
PDNC cohorts. Meanwhile, low heterogeneity can be ob-
served within studies that are given zero or one star to the

comparability category of NOS criteria. The study design
method and comparability category of NOS criteria have con-
tributed to one of the sources of heterogeneitywhen comparing
CSF p-tau level in PDD patients with that in PDNC patients.

Reduced CSFAβ42 level is associated with increased cor-
tical Aβ deposition, as is measured by [11C] PiB positron
emission tomography (PET) [29]. It represents the amyloid
status and retention of Aβ tracers in the brain of AD patients
[29]. Two major pathological subgroups, namely, neocortical
synucleinopathy (38%) and neocortical synucleinopathy with
Aβ deposition (59%), have been identified based on the dis-
tribution and severity of pathological proteins including α-
synuclein, Aβ, and tau deposition in the brains of 32 consec-
utive autopsied patients [5]. Therefore, reduced CSF Aβ42

level in PDD patients relative to PDNC patients indicates
much more pathological Aβ deposition in the brains of PDD
patients than in PDNC patients (Table 2). Moreover, a large
amount of Aβ deposition, together with α-synuclein, can bet-
ter predict cognitive decline in PD than Aβ42 alone [30].

Nine articles are reviewed to assess whether levels of spe-
cific CSF protein biomarkers, such as t-tau and p-tau, are
predictors of progression to cognitive impairment in PD pa-
tients [31]. However, the viewpoint that levels of CSF t-tau or
p-tau are useful predictors of future PDCI is poorly supported.

Fig. 2 Cerebrospinal fluid (CSF) levels of total tau (t-tau) in Parkinson’s
disease dementia (PDD) cohorts raised relative to those in Parkinson’s
disease with normal cognition (PDNC) cohorts. SD standard deviation,

CI confidence interval. Diamonds standard (Std.) mean difference
estimates from inverse-variance (IV) weighted fixed-effect model. Unit
of cerebrospinal fluid t-tau level pg/ml

Fig. 3 Cerebrospinal fluid (CSF) levels of phosphorylated tau181 (p-tau)
in Parkinson’s disease dementia (PDD) cohorts raised relative to those in
Parkinson’s disease with normal cognition (PDNC) cohorts. SD standard

deviation, CI confidence interval. Diamonds standard (Std.) mean
difference estimates from inverse-variance (IV) weighted random-effect
model. Unit of cerebrospinal fluid p-tau level pg/ml
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It has been strongly supported by results in the current meta-
analysis that levels of CSF t-tau or p-tau are useful biomarkers
to distinguish PDD patients from PDNC patients. This is dif-
ferent from findings in Leaver K et al.’s review [31]. Unlike
global tauopathy in diverse brain regions of AD patients, over-
expression of p-tau in the brains of PD and PDD patients is
probably restricted within dopaminergic neurons of the
nigrostriatal region. This is also shown by a study on postmor-
tem striata and inferior frontal gyri from patients with PD and
PDD [32]. Moreover, progressive and diffuse accumulation of
p-tau has been confirmed in the striata of the 11-month-old
transgenic PD mice with overexpression of α-synuclein [33].

Recently, in a prospectively study for 3 years [34], lower
CSFAβ42 as well as dopamine deficiency, global atrophy, and
genetic factors independently contributed to prediction
cognitive impairment in de novo Parkinson disease.
However, in this multi-center and large-scale collaborative
study [34], α-synuclein, t-tau, and p-tau cannot be recognized
as baseline biomarkers to predict the development of PDCI.
To some extent, these views are confirmed by present
meta-analysis (Fig. 1 and Table 2). What is different and
significant is that CSF signature of reduced Aβ42 as well as
elevated t-tau and p-tau may predict the development of PDD,
suggesting a concomitant AD pathology.

Nevertheless, this meta-analysis is also associated with sev-
eral limitations. Firstly, most of the included original studies are
observational cohort studies, in which patients are selected from
hospital, except for three reports [19, 21, 23]. Undisputedly, this
will result in selective bias, such as admission bias. Secondly,
according to diagnostic criteria of PDMCI and PDD, methods
of neuropsychological assessment are diversified, including
Mini-Mental State Examination (MMSE), Montreal Cognitive
Assessment (MoCA), and Clinical Dementia Rating (CDR).
This will lead to diagnostic bias and clinical heterogeneity of
PDCI. Thirdly, distinctly elevated CSF tau level may be related
to extensive neuronal damage due to tauopathy [31]. However,
tauopathy in PDD patients may be restricted within dopaminer-
gic neurons of the nigrostriatal region [32]. Thus, t-tau and p-
tau levels may not be remarkably increased until the presence of
crucial damage of dopaminergic neurons in nigrostriatal region.
Unfortunately, the correlation of CSF tau with the severity of
dopaminergic neuronal injury in the nigrostriatal region has not
been reported so far. Fourthly, levels of Aβ42, t-tau, and p-tau in
blood would be more useful than lumbar puncture in CSF for
PD patients, since the latter is taken in less frequency.
Nevertheless, no included studies have examined the changes
of blood Aβ42, t-tau, and p-tau in PDCI patients relative to
those in PDNC patients. Fifthly, there is a publication bias on

Fig. 4 Funnel plot for assessment of publication bias. a Cerebrospinal
fluid (CSF) amyloid beta 1–42 (Aβ42) in Parkinson’s disease with
cognitive impairment (PDCI) cohorts relative to that in Parkinson’s
disease with normal cognition (PDNC) cohorts. CSF Aβ42 (b), total tau

(t-tau) (c), and phosphorylated tau181 (p-tau) (d) in Parkinson’s disease
dementia (PDD) cohorts relative to that in PDNC cohorts. Funnel plot a,
d were charted by comprehensive meta-analysis 2. Funnel plot b, c were
charted by Review Manager version 5.3
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t-tau level in PDD cohorts relative to PDNC cohorts (Fig. 4c)
because articles only published in English are included in the
meta-analysis. Moreover, some negative results of their clinical
researches may be unpublished.

In conclusion, CSFAβ42 level in PDCI cohorts is obvious-
ly lower than that in PDNC cohorts. Meanwhile, CSF signa-
ture of reduced Aβ42, as well as elevated t-tau and p-tau in
PDD cohorts relative to PDNC cohorts, suggests that amyloid
pathology and tauopathy may be involved in the development
of PDD. As is shown by subgroup analysis, variations of
severity of cognitive impairment account for the main source
of heterogeneity when CSF Aβ42, t-tau, and p-tau in PDCI
patients are compared with those in PDNC patients. The re-
sults of this meta-analysis support the hypothesis that the syn-
ergies of different proteins participate in the development of
PDD. This has suggested a larger application in clinical prac-
tice and has indicated the research purpose.
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