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Cerebrospinal fluid Aβ42, t-tau, 
and p-tau levels in the differential diagnosis 
of idiopathic normal-pressure hydrocephalus:  
a systematic review and meta-analysis
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Abstract 

Objectives: The purpose of this systematic review and meta-analysis was to evaluate the performance of cerebro-
spinal fluid (CSF) beta amyloid 42 (Aβ42), total tau (t-tau), and phosphorylated tau (p-tau) as potential diagnostic 
biomarkers for idiopathic normal-pressure hydrocephalus (iNPH) and to assess their utility indistinguishing patients 
with iNPH from those with Alzheimer disease (AD) and healthy normal controls.

Methods: Studies were identified by searching PubMed, Embase, the Cochrane Library, Web of Science, Chinese 
National Knowledge Infrastructure (CNKI), Wanfang Chinese Periodical Database, VIP Chinese database, and Chinese 
Bio-medicine Database (CBM) before August 2016. The standardized mean difference (SMD) and 95% confidence 
interval (CI), comparing CSF Aβ42, t-tau, and p-tau levels between iNPH, AD and healthy controls, were calculated 
using random-effects models. Subgroup analyses were created according to ethnicity (Caucasian or Asian) and CSF 
type (lumbar or ventricular), and the publication bias was estimated using Egger’s test and the Begg’s test.

Results: A total of 10 studies including 413 patients with iNPH, 186 patients with AD and 147 healthy controls were 
included in this systematic review and meta-analysis. The concentrations of CSF t-tau, and p-tau were significantly 
lower in iNPH patients compared to AD (SMD = −1.26, 95% CI −1.95 to −0.57, P = 0.0004; SMD = −1.54, 95% CI 
−2.34 to −0.74, P = 0.0002, respectively) and lower than healthy controls (SMD = −0.80, 95% CI −1.50 to −0.09, 
P = 0.03; SMD = −1.12, 95% CI −1.38 to −0.86, P < 0.00001, respectively). Patients with iNPH had significantly lower 
Aβ42 levels compared with controls (SMD = −1.14, 95% CI −1.74 to −0.55, P = 0.0002), and slightly higher Aβ42 
levels compared with AD patients (SMD = 0.32, 95% CI 0.00–0.63, P = 0.05). Subgroup analyses showed that the 
outcomes may have been influenced by ethnicity and CSF source. Compared to AD, overall sensitivity in differentiat-
ing iNPH was 0.813 (95% CI 0.636–0.928) for Aβ42, 0.828 (95% CI 0.732–0.900) for t-tau, 0.943 (95% CI 0.871–0.981) for 
p-tau. Relative to AD, overall specificity in differentiating iNPH was 0.506 (95% CI 0.393–0.619) for Aβ42, 0.842 (95% CI 
0.756–0.907) for t-tau, 0.851 (95% CI 0.767–0.914) for p-tau.

Conclusion: The results of our meta-analysis suggest that iNPH may be associated with significantly reduced levels 
of CSF Aβ42, t-tau and p-tau compared to the healthy normal state. Compared to AD, both t-tau and p-tau were 
significantly decreased in iNPH, but CSF Aβ42 was slightly increased. Prospective studies are needed to further assess 
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Background
Normal pressure hydrocephalus (NPH) was first 
described in 1965 by Hakim, Adams and colleagues [1] 
as a syndrome of cerebral ventricular enlargement occur-
ring in adults without elevated cerebrospinal fluid (CSF) 
pressure or macroscopic obstruction to CSF flow. Early 
studies identified NPH as a progressive but treatable 
disorder that often presents with the classical symptom 
triad of gait disturbance, dementia, and urinary incon-
tinence. This condition is considered idiopathic NPH 
(iNPH) when there is no identifiable antecedent cause 
and secondary NPH (sNPH) when events such as severe 
head trauma, subarachnoid hemorrhage or meningitis 
precede its onset.

Recent studies have reported prevalence rates of iNPH 
ranging from 0.51 to 5.9% in the elderly population that 
increase with advancing age. This suggests that iNPH is 
much more common than previously recognized [2–4]. 
It is extremely underdiagnosed throughout most of the 
world [5] and less than 10–20% of patients with iNPH 
get appropriate specialized treatment [6, 7]. This is par-
ticularly unfortunate because iNPH and sNPH can be 
effectively treated by neurosurgical placement of a shunt, 
which leads to improvement or stabilization of symptoms 
in upwards of 80% of accurately diagnosed patients [8].

An important factor in the under-diagnosis of iNPH is 
that early clinical features may be subtle and its manifes-
tations can overlap those of other neurological disorders 
such as AD and normal brain aging. Therefore, finding 
sensitive and specific tools for early and accurate differ-
ential diagnosis is vital for improving the detection and 
care of patients with iNPH.

Analysis of CSF biomarkers is performed as part of 
many neurodegenerative research studies and is increas-
ingly employed in the clinical diagnostic work-up when 
neurodegenerative disorders are suspected. Aβ42, t-tau, 
and p-tau have been widely validated as CSF biomarkers 
for AD diagnosis. In particular, a pattern of reduced CSF 
Aβ42 with elevated CSF p-tau and t-tau is strongly asso-
ciated with AD [9]. The Aβ42 protein is closely linked to 
AD pathology as the central component of extracellular 
neuritic plaques [10]. Tau is an intracellular microtubule-
associated protein and its total level in CSF is thought to 
reflect the extent of ongoing neuronal death. Hyperphos-
phorylated forms of tau (p-tau) are more closely associ-
ated with neurofibrillary tangle formation in AD and 

measurement of CSF p-tau therefore adds specificity for 
AD to the CSF biomarker profile [10, 11].

Comparably fewer CSF biomarker studies have been 
performed on iNPH patients and there has been only 
moderate consistency among those performed. Some 
studies have reported that patients with iNPH have low 
Aβ42 similar to those in AD, but without increased t-tau 
and p-tau levels. There has been speculation that this 
pattern might be useful for differentiating iNPH from 
AD [12, 13]. However, other studies did not reach the 
same conclusion [14, 15]. Considering these inconsist-
ent results, we conducted a meta-analysis to evaluate 
whether CSF Aβ42, t-tau, and p-tau levels are of value in 
the differential diagnosis of iNPH from AD and healthy 
normal controls.

Methods
Literature search
We did asystematic review and meta-analysis according 
to the PRISMA guidelines [16]. Two authors searched 
PubMed, Embase, the Cochrane Library, Web of Science, 
Chinese National Knowledge Infrastructure (CNKI), 
Wanfang Chinese Periodical Database, VIP Chinese data-
base, and Chinese Bio-medicine Database (CBM) for 
relevant articles published before August 2016 by using 
Medical Subject Heading (MeSH) terms and the follow-
ing free text terms: “((normal pressure OR normoten-
sive) AND hydrocephal*) OR Hydrocephalus, Normal 
Pressure [Mesh]” AND “((biological) AND markers) OR 
biomarker OR CSF OR cerebrospinal” AND “Aβ42 OR 
Abeta42 OR Abeta-42 OR Aβ1-42 OR t-tau OR p-tau OR 
tau OR phospho-tau OR phosphorylated tau”.

The search was confined to human studies published 
in English and Chinese. The titles and abstracts of each 
article were scanned independently by two authors (ZYC 
and CYL) to exclude studies that were clearly irrelevant. 
The full text of the remaining studies were then retrieved 
and assessed for eligibility according to the inclusion cri-
teria. Any disagreement was resolved by discussion with 
a third author (JZ).

Study selection
Studies were eligible for the analysis if they fulfill the fol-
lowing criteria: (1) case–control studies which compared 
the CSF levels of Aβ42 and/or t-tau and/or p-tau between 
iNPH patients and AD patients or healthy controls; 

the clinical utility of these and other CSF biomarkers in assisting in the diagnosis of iNPH and differentiating it from AD 
and other neurodegenerative disorders.

Keywords: CSF biomarkers, Idiopathic normal-pressure hydrocephalus, Alzheimer’s disease, Meta-analysis, 
Systematic review
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(2) clearly stated iNPH and AD diagnostic criteria (see 
Additional file 1: Table S1); (3) original articles contain-
ing independent data, and data were expressed as mean 
and standard deviation (SD) or median and interquartile 
range (IQR).

The exclusion criteria for the study were as follows: 
(1) abstracts, reviews, case reports, animal experiments, 
experts’ opinions and commentaries; (2) duplicate pub-
lications of the same dataset; (3) papers not specifically 
focused on iNPH (i.e.: NPH or sNPH).

Data extraction
Two authors extracted data from the included articles, 
which included the following: the first author’s name, 
year of publication, country, number of cases and con-
trols, age (mean  ±  SD or median and interquartile 
range), the number of females and males, the CSF levels 
of Aβ42, t-tau and p-tau concentration (mean ±  SD or 
median and interquartile range), analytical technology, 
and CSF source.

Quality evaluation
The Newcastle-Ottawa Quality Assessment Scale (NOS) 
was used to assess the quality of each included study, 
and was performed by two authors independently, with 
a third author consulted in case of discrepancy. Three 
major components were collected: (1) the selection (0–4 
points); (2) the exposure (0–3 points); 3) the compara-
bility (0–2 points). Higher scores represent better qual-
ity in methodology. All studies in this systematic review 
had scores greater than or equal to seven, indicating good 
qualities.

Statistical analysis
Statistical analyses were performed using Review Man-
ager 5.1.2 (Cochrane Collaboration, Oxford, UK), Meta 
DiSc 1.4 version (Cochrane Collaboration, Oxford, UK) 
and Stata 12.0 (Stata Corp, College Station, Texas, USA). 
Data given as median and IQR were converted into 
mean ± SD in accordance with the protocol provided by 
Wan et al. [17]. In studies where patients with iNPH were 
divided into shunt responder and shunt non-responders, 
we combined the two datasets for the purpose of the cur-
rent evaluation [18].

The standardized mean difference (SMD) and the cor-
responding 95% CI were used as the main effect measure. 
Heterogeneity across the studies was estimated by using 
the Chi square based Cochran Q and the I2 test statis-
tics [19]. The heterogeneity was considered statistically 
significant if P < 0.1 or I2 > 50%, a random-effects model 
(DerSimonian–Laird method) of analysis was used; 
otherwise, the fixed-effects model (Mantel–Haenszel 
method) was applied instead. Sub-groups were created 

according to ethnicity (Caucasian or Asian) and CSF 
source (lumbar or ventricular). Sensitivity analysis was 
performed by removing studies one by one to detect its 
influence on pooled ORs. The Egger’s test and the Begg’s 
test were used to estimate the severity of publication bias 
[20]. Where publication bias existed, we used the Trim 
and Fill method to correct it. The overall sensitivity, spec-
ificity, positive likelihood ratio (PLR), and negative likeli-
hood ratio (NLR), as well as their corresponding 95% CIs, 
were pooled based on the random effects model. In addi-
tion, the area under the curve (AUC) and Q* index were 
calculated to evaluate the diagnostic test accuracy. All 
statistical tests were 2-sided, and statistical significance 
was defined as P < 0.05.

Results
Included studies
A total of 121 relevant articles were identified in the ini-
tial search. Seventy-four articles remained after removal 
of duplicate studies and 28 articles were excluded based 
on titles and abstracts. After systematically reviewing the 
remaining 46 full-text articles, 36 articles were excluded 
for not fulfilling our inclusion criteria. Finally, ten arti-
cles met stringent search criteria for data analysis and 
three articles were included in the diagnostic analysis. A 
detailed flow chart of the search and selection process is 
depicted in Fig. 1.

Study characteristics
The characteristics of the ten studies included in the 
meta-analysis are listed in Table 1. A total of 413 patients 
with iNPH, 186 patients with AD, and 147 healthy con-
trols were included in this meta-analysis. 2 studies were 
performed in the United States [21, 22], 2 in Japan [23, 
24], 2 in Sweden [12, 25], 1 in Greece [13], 1 in Finland 
[26], 1 in South Korea [27] and 1 in Italy [28]. These 
studies were published between 2007 and 2015. With 
respect to the assay method used to measure CSF Aβ42, 
t-tau, p-tau levels, 9 studies were performed using ELISA 
methodology and 1 was conducted using other methods.

Meta‑analysis
Pooled analysis (Table 2)
Aβ42 in  iNPH versus  AD/healthy controls Seven stud-
ies, including 268 patients with iNPH and 186 patients 
with AD and 6 studies, including 193 patients with iNPH 
and 147 healthy controls were used in the meta-analysis, 
respectively. A random-effect model was used to calculate 
pooled SMD because of highly significant heterogeneity 
among those studies (iNPH versus AD, P < 0.06, I2 = 50%; 
iNPH versus healthy controls, P  =  0.0003, I2  =  79%). 
Patients with iNPH showed significantly decreased Aβ42 
levels compared with healthy controls (SMD  =  −1.14, 
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95% CI −1.74 to −0.55, P = 0.0002), and slightly increased 
Aβ42 levels compared with AD patients (SMD =  0.32, 
95% CI 0.00–0.63, P = 0.05).

T‑tau in iNPH versus AD/healthy controls Eight studies 
reported values for CSF t-tau in 323 iNPH patients and 
206 AD patients and 6 studies reported values for CSFt-
tau in 193 iNPH patients and 147 healthy controls. A sig-
nificant heterogeneity across studies was found (iNPH 
versus AD, P  <  0.00001, I2 =  90%; iNPH versus healthy 
controls, P < 0.00001, I2 = 86%), thus the random-effects 
model was used to calculate the pooled SMD. T-tau lev-
els were significantly lower in iNPH patients than in AD 
(SMD = −1.26, 95% CI −1.95 to −0.57, P = 0.0004) and 
significantly lower than in healthy controls (SMD = −0.80, 
95% CI −1.50 to −0.09, P = 0.03).

P‑tau in  iNPH versus AD/healthy controls Mean P-tau 
values of iNPH patients were compared with AD patients 
in 8 articles, including 323 iNPH patients and 206 AD 
patients. 6 studies reported CSF values for p-tau in 194 

iNPH patients and 147 healthy controls. A significant het-
erogeneity across studies was found in iNPH versus AD 
(P < 0.00001, I2 = 92%), while no heterogeneity was found 
between iNPH and healthy controls (P = 0.64, I2 = 0%). 
P-tau levels were significantly lower in iNPH patients 
than in AD (SMD  =  −1.54, 95% CI −2.34 to −0.74, 
P = 0.0002) and significantly lower than in healthy con-
trols (SMD = −1.12, 95% CI −1.38 to −0.86, P < 0.00001).

Subgroup analysis
A subgroup analysis was performed according to the cat-
egories of country (Asia or others) and CSF source (lum-
bar or ventricular) (see Table 2).

Of the ten studies included in this meta-analysis, 3 
studies were performed in Asian populations, whereas 7 
studies were performed in Caucasian groups. For Aβ42 
levels in iNPH versus AD, the pooled SMD was 0.75 (95% 
CI 0.27–1.22, P = 0.002) in Asian groups and 0.17 (95% 
CI −0.07 to 0.40, P  =  0.16) in Caucasian groups. For 
Aβ42 levels in iNPH versus healthy controls, the pooled 
SMD was −0.17 (95% CI −0.96 to 0.63, P = 0.58) in Asian 

Fig. 1 Flow chart of the search and selection process
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groups and −1.60 (95% CI −1.91 to −1.28, P < 0.00001) 
in Caucasian groups. For t-tau levels in iNPH versus AD, 
the pooled SMD was −1.88 (95% CI −2.72 to −1.03, 
P < 0.00001) in Asian groups and −0.86 (95% CI −1.60 
to −0.13, P =  0.02) in Caucasian groups. For t-tau lev-
els in iNPH versus healthy controls, the pooled SMD was 
−0.66 (95% CI −1.19 to −0.12, P = 0.02) in Asian groups 
and −0.87 (95% CI −1.91 to 0.17, P = 0.10) in Caucasian 
groups. For p-tau levels in iNPH versus AD, the pooled 
SMD was −2.23 (95% CI −3.59 to −0.87, P  =  0.001) 
in Asian groups and −1.11 (95% CI −1.99 to −0.24, 
P = 0.01) in Caucasian groups. For p-tau levels in iNPH 
versus healthy controls, the pooled SMD was −0.83 
(95% CI −1.37 to −0.29, P = 0.003) in Asian groups and 
−1.21 (95% CI −1.51 to −0.91, P < 0.00001) in Caucasian 
groups.

Of the ten studies included in this meta-analysis, 8 
studies were performed using lumbar CSF while 2 studies 
were using ventricular CSF. For Aβ42 levels in iNPH ver-
sus AD, the pooled SMD was 0.39 (95% CI −0.12 to 0.91, 
P = 0.14) in lumbar CSF groups and 0.21 (95% CI −0.08 
to 0.50, P =  0.16) in ventricular CSF groups. For t-tau 
levels in iNPH versus AD, the pooled SMD was −1.66 

(95% CI −2.28 to −1.05, P  <  0.00001) in lumbar CSF 
groups and −0.12 (95% CI −0.41 to 0.17, P =  0.41) in 
ventricular CSF groups. For p-tau levels in iNPH versus 
AD, the pooled SMD was −2.03 (95% CI −2.77 to −1.30, 
P  <  0.00001) in lumbar CSF groups and −0.12 (95% CI 
−0.41 to 0.17, P = 0.42) in ventricular CSF groups.

Sensitivity analysis
Sensitivity analysis was performed by removing stud-
ies one by one and comparing the pooled estimate from 
the remaining studies with the pooled estimate from all 
studies. Sensitivity analysis of Aβ42 levels between iNPH 
and healthy controls, t-tau levels between iNPH and AD, 
and p-tau levels between iNPH and AD/healthy controls 
revealed that the direction and magnitude of pooled esti-
mates did not change significantly, indicating that the 
results of the meta-analysis were relatively robust. In 
contrast, sensitivity analysis of Aβ42 levels in iNPH and 
AD, as well as t-tau levels in iNPH and healthy controls 
revealed that the pooled estimates were different when 
the leave-one-out approach was used. This suggests that 
results of those between-groups analyses were not stable 
and reliable (see Figs. 2, 3, 4, 5, 6, 7).

Fig. 2 Sensitivity analysis of CSF Aβ42 levels in iNPH compared to AD. Sensitivity analysis was performed by removing studies one by one and com-
paring the pooled estimate from the remaining studies with the pooled estimate from all studies. The X axis represents the pooled estimate and the 
Y axis represents the excluded studies. Analyses were conducted on the raw data and the pooled estimate was 0.33 (95% CI 0.00–0.65). The pooled 
estimate was different when the study of Seppala et al. [26], Miyajima et al. [24], Lim et al. [27], Pyykko et al. [21], Schirinzi et al. [28] were omitted 
separately. The pooled estimates (95% CI) were 0.37 (95% CI −0.05 to 0.79), 0.30 (95% CI −0.07 to 0.67), 0.22 (95% CI −0.07 to 0.51), 0.35 (95% CI 
−0.04 to 0.74), 0.25 (95% CI −0.07 to 0.56), respectively. This suggests that results of those between-groups analyses were not stable and reliable
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Fig. 3 Sensitivity analysis of CSF Aβ42 levels in iNPH compared to healthy controls. Analyses were conducted on the raw data and the pooled 
estimate was −1.16 (95% CI −1.77 to −0.56). The direction and magnitude of pooled estimates did not change significantly after removing studies 
one by one, indicating that the results of the meta-analysis were relatively robust

Fig. 4 Sensitivity analysis of CSF t-tau levels in iNPH compared to AD. Analyses were conducted on the raw data and the pooled estimate was 
−1.29 (95% CI −1.99 to −0.58). The direction and magnitude of pooled estimates did not change significantly after removing studies one by one, 
indicating that the results of the meta-analysis were relatively robust
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Fig. 5 Sensitivity analysis of CSF t-tau levels in iNPH compared to healthy controls. Analyses were conducted on the raw data and the pooled 
estimate was −0.81 (95% CI −1.53 to −0.10). The pooled estimate was different when the study of Agren-Wilsson et al. [12], Jeppsson et al. [25], Lim 
et al. [27] were omitted separately. The pooled estimates (95% CI) were −0.68 (95% CI −1.47 to 0.12), −0.59 (95% CI −1.29 to 0.11) and −0.83 (95% 
CI −1.68 to 0.21), respectively. This suggests that results of those between-groups analyses were not stable and reliable

Fig. 6 Sensitivity analysis of CSF p-tau levels in iNPH compared to AD. Analyses were conducted on the raw data and the pooled estimate was 
−1.57 (95% CI −2.39 to −0.76). The direction and magnitude of pooled estimates did not change significantly after removing studies one by one, 
indicating that the results of the meta-analysis were relatively robust
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Publication bias
Begg and Egger tests were performed to assess for publi-
cation bias of the included studies and provide statistical 
evidence of publication funnel plot symmetry. Results 
showed that no significant publication bias was found 
in CSF Aβ42 levels between iNPH and AD (Begg’s test: 
Z = 0.60, P = 0.548; Egger’s test: t = 0.73, P = 0.500), Aβ42 
levels between iNPH and healthy controls (Begg’s test: 
Z = 1.13, P = 0.260; Egger’s test: t = 0.96, P = 0.390), t-tau 
levels between iNPH and healthy controls (Begg’s test: 
Z = 0.00, P = 1.000; Egger’s test: t = −0.44, P = 0.686), 
p-tau levels between iNPH and healthy controls (Begg’s 
test: Z = 0.00, P = 1.000; Egger’s test: t = 0.55, P = 0.609). 
However evidence of publication bias was found in CSF 
t-tau levels between iNPH and AD (Begg’s test: Z = 0.87, 
P =  0.386; Egger’s test: t = −2.77, P =  0.032) and p-tau 
levels between iNPH and AD (Begg’s test: Z  =  1.86, 
P = 0.063; Egger’s test: t = −3.69, P = 0.010). We therefore 
used the Trim and Fill method to correct it. There was no 
significant change in the results after using the trim and fill 
method, which suggested that the influence of publication 
bias on stability of results was weak.

Diagnostic results of included studies
Detailed data regarding the sensitivity, specificity and 
other diagnostic results were presented in Table  3. 

Compared to AD, higher Aβ42 concentrations differen-
tiated iNPH with a sensitivity of 0.813 (95% CI 0.636–
0.928) and a specificity of 0.506 (95% CI 0.393–0.619). 
The PLR and NLR of CSF Aβ42 concentrations in dif-
ferentiating iNPH from AD were 2.032 (95% CI 0.918–
4.498) and 0.324 (95% CI 0.156–0.673), respectively.

Relative to AD, the sensitivity and specificity of lower 
CSF t-tau concentrations in differentiating iNPH were 

Fig. 7 Sensitivity analysis of CSF p-tau levels in iNPH compared to healthy controls. Analyses were conducted on the raw data and the pooled 
estimate was −1.14 (95% CI −1.40 to −0.87). The direction and magnitude of pooled estimates did not change significantly after removing studies 
one by one, indicating that the results of the meta-analysis were relatively robust

Table 3 Summary of the diagnostic results of the included 
studies

Study Group 
compared

Cutoff 
value

Auc Sensitivity Specificity

Jingami 
et al. [23]

iNPH vs. AD

 t-tau 766 0.9 75 98

 p-tau 24.4 0.91 95 74

Kapaki et al. 
[13]

iNPH vs. AD

 Aβ42 268 0.58 90.9 44.4

 t-tau 294 0.84 92.5 77.8

 p-tau 47.4 0.83 88.7 86.7

Schirinzi 
et al. [28]

iNPH vs. AD

 Aβ42 371 0.75 73.3 81.3

 t-tau 386 0.99 100 93.8

 p-tau 46 0.99 100 93.8
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0.828 (95% CI 0.732–0.900) and 0.842 (95% CI 0.756–
0.907), respectively. The PLR and NLR of CSF t-tau con-
centrations in differentiating iNPH were 8.199 (95% CI 
1.738–38.678) and 0.112 (95% CI 0.018–0.699), respec-
tively. The SROC AUC value was 0.963 ± 0.021, and the 
pooled diagnostic accuracy (Q*) was 0.909 ± 0.032.

Compared with AD, the sensitivity and specific-
ity of lower CSF p-tau concentrations in distinguish-
ing iNPH were 0.943 (95% CI 0.871–0.981) and 0.851 
(95% CI 0.767–0.914), respectively. The PLR and NLR 
of CSF p-tau concentrations in distinguishing iNPH 
were 5.577 (95% CI 3.513–8.854) and 0.085 (95% CI 
0.038–0.193), respectively. The SROC AUC value was 
0.9453 ± 0.037, and the pooled diagnostic accuracy (Q*) 
was 0.884 ± 0.048.

Discussion
In this systematic review and meta-analysis, we explored 
whether concentrations of CSF Aβ42, t-tau, and p-tau are 
of potential value in differentiating iNPH from AD and 
from healthy normal controls. Our results suggest that 
concentrations of CSF t-tau and p-tau in iNPH patients are 
lower than in AD patients and lower than healthy controls. 
Concentrations of Aβ42 in iNPH patients are lower than 
in healthy controls but slightly higher than in AD patients. 
Lower CSF t-tau and p-tau levels appear to carry higher 
sensitivity and specificity in differentiating iNPH from AD.

The combined pattern of reduced CSF levels of Aβ42 
and increased levels of CSF t-tau and p-tau is an estab-
lished CSF biomarker for AD [9]. The low Aβ42 levels 
compared to healthy controls in AD are believed to result 
from sequestration of soluble beta amyloid in plaques, 
while the elevated concentrations of t-tau and p-tau are 
thought to reflect release from the intraneuronal com-
partment owing to nerve cell and neurite damage. Past 
studies have fairly consistently found iNPH patients 
have low CSF Aβ42 levels in a range that overlaps that 
of AD. In this meta-analysis, we found that high Aβ42 
levels in CSF might be slightly helpful in differentiating 
iNPH from AD, whereas low CSF Aβ42 could potentially 
be useful as a marker for differentiating of iNPH from 
healthy normal elderly.

Various hypotheses have been proposed to explain 
the reduction of CSF Aβ42 levels in iNPH patients. One 
hypothesis is that delivery of Aβ42 to the CSF compart-
ment is impaired as a consequence of reduced centrip-
etal flow of extracellular fluid in the brain caused by the 
retrograde CSF flow dynamics in iNPH [14, 25]. Xie 
et al. [29] found that Aβ clearance from the extracellular 
fluid is increased during sleep, as the interstitial space 
increases 60% in size at this time. Hence, Graff-Radford 
et al. [14] hypothesized that reduced CSF Aβ42 levels in 
iNPH may be related to the smaller extracellular space 

and having less room for the convective flux of CSF and 
interstitial fluid during sleep. The increased CSF levels 
of many proteins obtained from lumbar CSF drainage in 
iNPH provides indirect support for this theory. However, 
Hladky and Barrand [30] raised doubts about this theory 
and proposed a hypothesis that the elimination of Abeta 
from the brain might be associated with the perivascular 
lymphatic drainage pathways. Another possible explana-
tion is that hypometabolism in the periventricular zone, 
as sometime seen on PET and SPECT studies in iNPH 
patients, may play a role in lowering generation of CSF 
Aβ42 [25].

Contrary to the consistency of finding low Aβ42 level 
in iNPH, there is only moderate agreement regard-
ing the concentrations of CSF t-tau and p-tau. In 2007, 
Kapaki et al. [13] found that t-tau was slightly increased 
in iNPH and obviously increased in AD compared to 
healthy controls, while p-tau levels were significantly 
increased only in AD. Therefore, the authors concluded 
that CSF p-tau alone or in combination with t-tau may 
be a useful marker in the differentiation of iNPH from 
AD. However, other studies found that both t-tau and 
p-tau concentrations were significantly reduced in iNPH 
patients compared to AD [23] and healthy controls [25]. 
Our results suggest that concentrations of CSF t-tau and 
p-tau in iNPH are lower than in AD and healthy controls 
and this difference might be used to differentiate iNPH 
from AD or healthy controls. Prior reports have found 
that the concentrations of t-tau and p-tau increased with 
age [31, 32]. Since the average ages of iNPH patients were 
older than the AD patients in this study, one might have 
expected to find higher t-tau and p-tau levels in the iNPH 
group. On the contrary, we found the opposite. Hence, 
the differences in the concentrations of t-tau and p-tau 
observed between iNPH and AD are more likely associ-
ated with the pathophysiology of iNPH than age differ-
ences [31]. Reduced clearance from extracellular fluid 
and decreased brain metabolism of periventricular zone 
in iNPH may contribute to this phenomenon of reduc-
tion in CSF t-tau and p-tau levels in iNPH [14].

Prior studies reported that the ventricular CSF t-tau 
and p-tau levels are higher than in lumbar CSF samples 
[26]. In the studies we analyzed, there was marked het-
erogeneity in CSF levels depending on the location from 
which the CSF was collected. Therefore we performed 
subgroup analysis taking into account the CSF sources 
(lumbar CSF vs. ventricular CSF). Results showed that 
the lumbar CSF t-tau and p-tau levels in iNPH were lower 
than in AD, while no differences were found in ventricu-
lar CSF samples. This finding may support the hypothesis 
that lower CSF levels of proteins in iNPH relate to the 
disturbed circulation of CSF to the lumbar region in this 
disorder. Other possible explanations for this discrepancy 
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include insufficient sample size or methodologic differ-
ences such as neuronal injury associated with placing a 
ventricular catheter which may elevate ventricular CSF 
tau and p-tau levels [12]. A subgroup analysis was also 
performed according to the categories of country (Asia 
vs. Caucasian). Results showed that the CSF Aβ42 and 
t-tau levels were distinct in different  races, which sug-
gested that outcomes may have been influenced by eth-
nicity. However, insufficient sample size or methodologic 
differences may also explain this contrast.

Our systematic review and meta-analysis has some 
limitations that should be acknowledged. First, only a 
limited number of studies were eligible for inclusion, 
particularly in the diagnostic analyses, which reduced 
the power of our meta-analysis. Secondly, we observed 
marked heterogeneity suggesting that there was a sig-
nificant difference among the included studies, which can 
be attributed to variation in sample size, age, ethnicity, 
CSF source, different metrics (means and medians), and 
methodologic differences in sample collection and the 
assays employed. Although random-effects and subgroup 
analyses were performed, these parameters could not 
completely explain the heterogeneity. Other factors can 
be identified that may have contributed to the heteroge-
neity across studies. We were unable to assess what stage 
of iNPH (mild, moderate, severe) was included in the 
respective studies, and this could introduce some of the 
variance in the CSF results. In addition, we assume that 
the reported cases were pure iNPH or pure AD, but it is 
known that these conditions can occur together in many 
cases. The possible coincident occurrence of iNPH with 
AD or complications due to other diseases, could not be 
evaluated because these factors were not reported in the 
included articles. This is likely to be an important con-
tributing factor in the heterogeneity [15, 27, 33]. Thirdly, 
sensitivity analysis of Aβ42 levels between iNPH and AD, 
t-tau levels between iNPH and healthy controls indicated 
that the meta-analysis for these variables had poor relia-
bility. Fourthly, we did not include unpublished and non-
peer reviewed studies and our analysis was restricted to 
publications in English and Chinese, creating the possi-
bility geographic source biases. Finally, a weak publica-
tion bias was found in relation to reports of CSF t-tau 
levels between iNPH and AD, and p-tau levels between 
iNPH and AD. However, there was no significant change 
in the results after using the Trim and Fill method, which 
suggests that the influence of publication bias on stability 
of results was weak.

Conclusion
Our study suggests that reduced CSF t-tau and p-tau 
maybe come useful markers for the differentiation of 
iNPH from AD or healthy controls. In addition, low 

Aβ42 levels contribute to distinguish iNPH and AD from 
healthy controls while Aβ42 levels are statistically slightly 
higher in iNPH compared to AD. Given the relative 
paucity of studies included and other limitations in this 
study, it is reasonable to assume our results should be 
interpreted with caution. In future, well-designed, large-
scale prospective studies with well-controlled, stand-
ardization of experimental protocols for CSF biomarker 
measurements are warranted as a step towards improv-
ing the diagnosis and differential diagnosis of iNPH in 
clinical practice.
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