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Abstract.
Background: Neurodegenerative disease pathology is associated with neuroinflammation, but evidence on idiopathic normal
pressure hydrocephalus (iNPH) remains limited and cerebrospinal fluid (CSF) biomarker profiles need to be elucidated.
Objective: To investigate whether iNPH pathological mechanisms are associated with greater CSF markers of core
Alzheimer’s disease pathology (amyloid-�42 (A�42), phosphorylated tau (P-tau)), neurodegeneration (total tau (T-tau)),
and neuroinflammation (soluble triggering receptor expressed on myeloid cells 2 (sTREM2), chitinase-3-like protein 1
(YKL-40)).
Methods: The study analyzed lumbar CSF samples from 63 patients with iNPH and 20 age-matched orthopedic surgery
patients who had no preoperative gait or cognitive impairment (control group). A�42, T-tau, P-tau, sTREM2, and YKL-40 in
different subgroups were investigated.
Results: CSF sTREM2 levels were significantly higher in the iNPH group than in the control group, but no significant
between-group difference was noted in YKL-40. Moreover, YKL-40 levels were significantly higher in the tap test non-
responders than in the tap test responders (p = 0.021). At the 1-year follow-up after shunt surgery, the CSF P-tau levels
were significantly lower (p = 0.020) in those with gait improvement and the CSF sTREM2 levels were significantly lower
(p = 0.041) in those with cognitive improvement. In subgroup analysis, CSF sTREM2 levels were strongly correlated with
CSF YKL-40 in the iNPH group (r = 0.443, p < 0.001), especially in the tap test non-responders (r = 0.653, p = 0.002).
Conclusion: YKL-40 and sTREM2 are disease-specific markers of neuroinflammation, showing higher CSF levels in iNPH.
In addition, sTREM2 is positively associated with YKL-40, indicating that interactions of glial cells play an important role
in iNPH pathogenesis.
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INTRODUCTION

Idiopathic normal pressure hydrocephalus (iNPH)
is a treatable dementia in adults that is char-
acterized as a surgically reversible neurological
disorder with symptoms including but not limited
to dementia, gait disturbance, and urinary inconti-
nence [1]. Normal pressure hydrocephalus includes
both idiopathic and secondary forms and iNPH
is considered in the absence of secondary factors
such as head trauma, intracranial infection, or sub-
arachnoid hemorrhage. Recent research suggests that
iNPH is a complication of neurodegenerative dis-
eases that might constitute a vicious, deregulating
loop. Potential etiologic factors and pathophysi-
ological changes eventually result in the clinical
symptoms of iNPH [2]. iNPH has long been con-
ceptualized as a form of “treatable dementia.” The
surgical insertion of a shunt to bypass the normal
cerebrospinal fluid (CSF) circulation improves the
symptoms in most cases, but improvements in these
symptoms have been variable and unsatisfactory
[3]. Shunts used mainly include ventriculoperitoneal
and lumboperitoneal shunts, and these can improve
symptoms in approximately 60–93.3% of patients
[4, 5]. Pathophysiological factors cause white mat-
ter and gray matter lesions, such as hypoperfusion,
glymphatic system injury, metabolic disorders, neu-
roinflammation, astrogliosis, and blood-brain barrier
disruption, ultimately leading to various iNPH symp-
toms [2].

Neuroinflammatory responses characterized by the
release of inflammatory mediators such as cytokines
and chemokines (e.g., tumor necrosis factor (TNF)-�,
tumor growth factor-�1, monocyte chemoattractant
protein-1, interleukin (IL)-8, and IL-6) are signifi-
cantly increased in iNPH [6–8]. Neuroinflammation
has been suggested to be involved in the patho-
genesis of iNPH, and it may occur independently
or in conjunction with other pathological processes.
Neuroinflammation, a defense mechanism, initially
protects the brain by clearing or inhibiting vari-
ous pathogens. However, persistent inflammation is
harmful and can induce the onset of neurodegenera-
tive diseases that involves the activation of microglia
and astrocytes [9]. As key regulators of the inflamma-
tory response in the central nervous system (CNS),
microglia and astrocytes were traditionally classified
as neurotoxic (M1 microglia and A1 astrocytes) or
neuroprotective (M2 microglia and A2 astrocytes)
and their activation was heterogeneous [10]. Trigger-
ing receptor expressed on myeloid cells 2 (TREM2) is

a natural immune receptor selectively expressed by
microglia in the CNS involved in cell survival pro-
motion, phagocytosis regulation, and inflammatory
signaling inhibition [11]. The extracellular structure
of TREM2 is cleaved on the cell surface, releas-
ing soluble triggering receptor expressed on myeloid
cells 2 (sTREM2) that can be measured in the CSF
[12, 13].

Chitinase-3-like protein 1 (YKL-40) is abundantly
expressed in activated astrocytes and plays key
roles in inflammation, proliferation, angiogenesis,
and tissue remodeling in neuroinflammatory con-
ditions. Cytokines released from macrophages can
induce YKL-40 transcription, resulting in morpho-
logical changes and altered mobility of astrocytic
cells [14, 15]. sTREM2 [16–19] and YKL-40 [20–22]
in CSF are significantly increased with various
degenerative diseases. It has also been shown that
increased microglia-derived sTREM2 is associated
with glia-mediated immune responses, with a positive
correlation with the astrocyte CSF marker YKL-40
[23]. Previous studies have found that neuroinflam-
mation with microglial activation and astrogliosis
also plays a role in neurodegenerative disease and
dementia [24]. The glymphatic system has recently
provided a new direction for the study of the mech-
anisms underlying iNPH. Subarachnoid CSF enters
the cerebral stroma through arterial pulsation along
the periarterial space and through the aquaporin 4
transporter in the terminal of astrocytes. The CSF
mixes the interstitial fluid and moves through the
interstitial space to the space around the veins and
nerves, through which it is removed from the brain
[25]. A biopsy study found glial cell proliferation
in the iNPH cortex [26], especially astrocytes [27,
28].

The purpose of this study was to explore the role of
microglia and astrocyte in the pathogenesis of iNPH.
To achieve this goal, we investigated the CSF lev-
els of sTREM2, YKL-40, and Alzheimer’s disease
(AD) biomarkers (amyloid-�42 (A�42), phospho-
rylated tau (P-tau), and total tau (T-tau)) in iNPH
and examined the correlation between different CSF
biomarkers.

MATERIALS AND METHODS

Study design and patients

This study was approved by our institutional
review board and was conducted according to
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Fig. 1. Patient selection flowchart. Sixty-three patients with suspected idiopathic normal pressure hydrocephalus (iNPH) and twenty control
patients who underwent orthopedic surgery were included in the study.

the tenets of the Declaration of Helsinki. Written
informed consent was obtained from all participants
and their caregivers.

This study recruited 63 iNPH patients at the
Department of Neurology of Huadong Hospital Affil-
iated to Fudan University between January 2020 and
October 2021. iNPH was diagnosed according to
the “Guidelines for Management of Idiopathic Nor-
mal Pressure Hydrocephalus (Third Edition)” criteria
[29]. The inclusion criteria were: age ≥60 years, pres-
ence of typical clinical symptoms of the triad for
more than 6 mouths, Evans’ index of >0.3, and nor-
mal CSF opening pressure (≤20 cm H2O). Exclusion
criteria included: factors associated with secondary
hydrocephalus, such as head trauma, intracerebral
hemorrhage, meningitis, or any other known cause
of secondary hydrocephalus.

Concurrently, 20 age-matched orthopedic surgery
patients due to hip or knee arthroplasty were selected
as control group. They were defined as subjects with
Mini-Mental State Examination (MMSE) score ≥26
and subjected to brain MRI and neurological exam-
ination. Patients with clinical and radiological signs
of NPH or other neurodegenerative diseases were not
included. CSF samples were obtained during lum-
bar anesthesia before orthopedic surgery. The patient
selection flowchart is shown in Fig. 1.

All iNPH patients underwent the tap test, and
43/63 patients were test responders. Among these
test responders, 37 patients underwent shunt surgery,
and 24 had gait improvement and 24 had cognition
improvement at the 1-year follow-up. There were 33
surgical patients who had urine symptom improve-
ment, but they could not be included in the analysis
because the non-responder sample (n = 4) after shunt-
ing was small.

CLINICAL SYMPTOM ASSESSMENT, TAP
TEST, AND EFFECT EVALUATION OF
SHUNT SURGERY

All patients clinically suspected of iNPH under-
went rigorous clinical evaluation. Preoperatively,
symptomatic status was evaluated by assessing the
iNPH grading scale (iNPHGS) score; gait disor-
der was evaluated by using the 3 m Timed Up and
Go test (3 m-TUG) and the timed 10 m walking
test; and cognitive impairment was evaluated using
the Mini-Mental State Examination (MMSE). The
iNPHGS [30] is a clinical scale used to assess symp-
tom severity (cognitive impairment, gait disturbance,
and urination disturbance) in iNPH after unstructured
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Table 1
Preoperative clinicodemographic characteristics in the control and iNPH groups

Control group iNPH group p

Male patient 9 (45.0%) 41 (65.1%) 0.110
Hypertension 13 (65.0%) 35 (55.6%) 0.456
Diabetes mellitus 7 (35.0%) 22 (34.9%) 0.139
Age, mean (SD), y 71.4 ± 6.3 74.8 ± 8.7 0.107
CSF A�42 (pg/mL) 461.29 ± 122.82 331.00 ± 194.36 0.001∗
CSF P-tau (pg/mL) 57.52 ± 10.34 48.41 ± 12.52 0.002∗
CSF T-tau (pg/mL) 193.35 ± 17.13 150.37 ± 29.81 <0.001∗∗
CSF sTREM2 (pg/mL) 13695.79 ± 3867.07 21331.07 ± 9489.94 <0.001∗∗
CSF YKL-40 (pg/mL) 127940.85 ± 27162.45 126057.16 ± 46813.79 0.825
∗p < 0.05, ∗∗p < 0.001. iNPH, idiopathic normal pressure hydrocephalus; A�42, amyloid beta 42; P-tau,
phosphorylated Tau; T-tau, total Tau; sTREM2, soluble triggering receptor expressed on myeloid cells 2;
YKL-40, chitinase-3-like 1 protein.

interviews. Symptomatic status was measured again
1 year after shunt surgery using the iNPHGS.

A positive tap test was defined as the finding of any
of the following within 1 week after CSF removal: A)
symptomatic improvements: defined as an improve-
ment of ≥1 grade on the iNPHGS in any domain of
gait, cognition, urination, or its total; B) a decrease of
>10% on the 3 m-TUG; or C) an increase of ≥3 points
on the MMSE. Test responders underwent a lum-
boperitoneal shunt, and functional outcomes were
followed up using the iNPHGS 1 year after shunting.
Positive shunt surgery was defined as an improve-
ment of ≥1 grade on the iNPHGS in any domain
after one year following surgery. The patients were
then divided into two groups according to the surgical
outcomes: patients with improvement ≥1 in iNPHGS
gait or cognition score were classified as the shunt
responder group, while patients with no change or
deterioration in iNPHGS gait or cognition score were
classified as the no-response group.

Cerebrospinal fluid collection and examination

To identify patient response to CSF drainage,
preoperative CSF was collected during diagnostic
lumbar puncture. Lumbar puncture was performed in
a lateral decubitus position between the intervertebral
space L3-–4/L4–5. CSF aliquots were stored as 1 ml
samples in polypropylene tubes and frozen in liquid
nitrogen at –80◦C until analysis. In a validated labora-
tory, CSF levels of A�42, T-tau, P-tau, sTREM2, and
YKL-40 were measured to minimize the variability
in CSF assay results. According to the manufac-
turer’s protocol, the CSF samples were measured
the concentrations of T-tau (Human T-TAU ELISA
Kit, BIM Biosciences, Inc.), 181p-tau (Human p-Tau
181 ELISA Kit, BIM Biosciences, Inc.), and A�-

42 (hA beta (aal-42) Oki (1 Kit), R&D Systems®,
MN, USA), sTREM2 (Human TREM2 ELISA Kit,
Abcam, Cambridge, England) and YKL-40 (Human
YKL-40 ELISA Kit, Abcam, Cambridge, England)
for enzyme-linked immunosorbent assays (ELISAs).

Statistical analysis

Measurement data with normal distribution were
represented as mean ± standard deviation. Indepen-
dent sample t-tests were used to compare the
measurement data with normal distributions, and χ2

tests were used to compare the conditional count data.
Spearman or Pearson correlation analysis were used
for correlation analysis. Statistical analyses were per-
formed using SPSS software version 25.0. Statistical
plots were drawn using GraphPad version 8.0. A p-
value of 0.05 was considered statistically significant.

RESULTS

Patient characteristics

The iNPH group had a mean age of 74.8 (±8.7)
years, and 22 and 41 of the patients were female
and male, respectively. The mean time from symp-
tom onset to hospital presentation was 25 months.
The clinical data of the iNPH group are summarized
in Table 1. All iNPH patients completed assessments
before and after the tap test, including the MMSE,
iNPHGS grading scale, 3 m-TUG, and the timed 10-
m walking test. Overall, 43 and 20 patients were
classified as tap test responders and non-responders,
respectively. The patient characteristics according to
the tap test response are summarized in Table 2. There
were 37/43 responders who received lumboperitoneal
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Table 2
Preoperative clinicodemographic characteristics in the tap test responders and non-responders

Tap test Responder Tap test Non-Responder p

Male patient 28 (65.1%) 13 (65.0%) 0.993
Age, mean (SD), y 75.01 (±9.21) 74.21 (±7.80) 0.725
Hypertension 28 (65.1%) 8 (40%) 0.061
Diabetes mellitus 10 (23.3%) 4(20%) 0.772
CSF pressure 132.75 (±39.66) 126.94 (±30.06) 0.725
Duration of symptoms, mean (SD), mo 25.11 (±20.36) 26.80 (±19.97) 0.764
Evan’s ratio, mean (SD) 0.349 (±0.038) 0.360 (±0.046) 0.649
iNPHGS grading scale 7.48 (±2.26) 6.30 (±3.33) 0.116
iNPHGS Gait 2.49 (±0.65) 2.36 (±1.16) 0.627
iNPHGS Cognition 2.57 (±0.76) 2.36 (±1.01) 0.413
iNPHGS Urination 2.43 (±1.17) 1.89 (±1.32) 0.125
3-m Timed Up and Go test (3 m-TUG) (s) 22.50 (±15.95) 26.00 (±15.30) 0.540
The timed 10 m walking test (s) 19.38 (±15.54) 25.40 (±17.66) 0.301
MMSE 17.76 (±8.24) 12.43 (±9.13) 0.113
CSF A�42 (pg/mL) 332.17 ± 200.32 328.95 ± 185.89 0.952
CSF P-tau (pg/mL) 44.97 ± 12.34 55.80 ± 9.46 <0.001∗∗
CSF T-tau (pg/mL) 179.86 ± 49.39 223.21 ± 37.87 <0.001∗∗
CSF sTREM2 (pg/mL) 21498.65 ± 10413.14 20970.75 ± 4785526 0.839
CSF YKL-40 (pg/mL) 116840.23 ± 47855.25 145873.55 ± 38513.79 0.021∗
∗p < 0.05, ∗∗p < 0.001. iNPH, idiopathic normal pressure hydrocephalus; iNPHGS, iNPH grading scale; CSF,
cerebrospinal fluid; MMSE, Mini-Mental State Examination; A�42, amyloid-beta 42; P-tau, phosphorylated Tau;
T-tau, total Tau; sTREM2, soluble triggering receptor expressed on myeloid cells 2; YKL-40, chitinase-3-like 1
protein.

shunts. At the 1-year postoperative follow-up, 24
had gait score improvement and 24 had cognition
score improvement. Since 33/37 surgical patients had
a urine improvement score of >1 point, they could
not be included in this analysis because the non-
response sample (n = 4) after shunting was small.
The clinical data of these patients are summarized in
Table 3.

Difference in CSF biomarkers between the
control and iNPH groups and between tap test
responders and non-responders

Age, sex, hypertension, and diabetes mellitus
were not significantly different between the control
and iNPH groups (Table 1). However, there were
significant between-group differences in the CSF
levels of A�42 (p = 0.001), P-tau (p = 0.002), T-tau
(p < 0.001), and sTREM2 (p < 0.001; Fig. 2Aa-d),
but not in that of YKL-40 (p = 0.864; Fig. 2e). The
demographic data, clinical characteristics, and CSF
opening pressures during the tap test for the respon-
ders and non-responders are presented in Table 2.
Figure 2B shows the difference in CSF protein lev-
els between tap test responders and non-responders.
There was a significant difference in CSF levels of P-
tau (p < 0.001; Fig. 2Bb), T-tau (p < 0.001; Fig. 2Bc),
and YKL-40 (p = 0.021; Fig. 2Be).

Correlation between different CSF biomarkers in
iNPH

CSF sTREM2 levels were significantly corre-
lated with CSF A�42 levels in the control group
(r = 0.634, p = 0.004; Fig. 3A) but not in the iNPH
group (r = 0.283, p = 0.030; Fig. 3B). To study the
effect of astrocyte and microglia activation on the
pathogenesis of iNPH and explore the possible mech-
anism, we explored the correlation between CSF
levels of sTREM2 and YKL-40 in different groups.
There was no correlation between the CSF YKL-
40 and CSF sTREM2 levels in the control group
(r = 0.301, p = 0.210; Fig. 3C), but a correlation
was found in the iNPH group (r = 0.443, p < 0.001;
Fig. 3D). Further, there was a stronger correlation
between CSF sTREM2 levels and CSF YKL-40 lev-
els in the tap test non-responder group (r = 0.653,
p = 0.002; Fig. 3F) than in the tap test responder group
(r = 0.411, p = 0.008; Fig. 3E).

CSF biomarkers may play different roles in iNPH
symptom improvement after shunt surgery

In the tap test responder group, 24 (64.9%)
patients showed an improvement in the iNPHGS
gait, 24 (64.9%) patients showed an improvement in
iNPHGS cognition, 18 patients showed an improve-
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Table 3
Correlation analyses of CSF biomarkers between different groups

Control group iNPH group Tap test
Responder

Tap test
Non-Responder

sTREM2 correlation
CSF A�42 r = 0.634 r = 0.283 r = 0.261 r = 0.373

p = 0.004∗ p = 0.030 p = 0.099 p = 0.127
CSF P-tau r = 0.153 r = –0.065 r = –0.205 r = 0.391

p = 0.530 p = 0.621 p = 0.200 p = 0.098
CSF T-tau r = –0.009 r = 0.018 r = 0.053 r = –0.080

p = 0.972 p = 0.894 p = 0.743 p = 0.745
CSF YKL-40 r = 0.301 r = 0.443 r = 0.411 r = 0.653

p = 0.210 p < 0.001∗∗ p = 0.008∗ p = 0.002∗
YKL-40 correlation

CSF A�42 r = –0.332 r = –0.062 r = –0.088 r = 0.062
p = 0.153 p = 0.6443 p = 0.588 p = 0.807

CSF P-tau r = 0.082 r = –0.082 r = –0.177 r = 0.276
p = 0.731 p = 0.534 p = 0.268 p = 0.253

CSF T-tau r = –0.117 r = 0.079 r = 0.142 r = –0.171
p = 0.623 p = 0.547 p = 0.376 p = 0.485

CSF sTREM2 r = 0.301 r = 0.443 r = 0.411 r = 0.653
p = 0.210 p < 0.001∗∗∗ p = 0.008∗∗ p = 0.002∗∗

∗p < 0.05, ∗∗p < 0.001. iNPH, idiopathic normal pressure hydrocephalus; A�42, amyloid beta 42; P-tau,
phosphorylated Tau; T-tau, total Tau; sTREM2, soluble triggering receptor expressed on myeloid cells
2; YKL-40, chitinase-3-like 1 protein.

ment in the two domains, and 34 patients showed
an improvement in iNPHGS urination. In the cogni-
tive improvement subgroup, tap test non-responders
were older than tap test responders (p = 0.008).
There were no significant differences in other demo-
graphic characteristics (Table 3). In the iNPHGS
gait improvement subgroup, there was a signifi-
cant difference in CSF levels of P-tau (p = 0.020;
Fig. 4Ab) but none in those of A�42 (p = 0.612),
T-tau (p = 0.515), sTREM2 (p = 0.409), or YKL-40
(p = 0.912; Fig. 4Aa, c-e). Meanwhile, in the iNPHGS
cognition improvement subgroup, there was a signif-
icant difference in CSF levels of A�42 (p = 0.041;
Fig. 4Ba) and sTREM2 (p = 0.021; Fig. 4Bd) but
none in those of P-tau (p = 0.318), T-tau (p = 0.064),
or YKL-40 (p = 0.281; Fig. 4Bb-c, e).

DISCUSSION

Evidence on CSF biomarker profiles in iNPH is
sparse. This study found that CSF levels of A�42, P-
tau, and T-tau were significantly lower while those
of sTREM2 were higher in iNPH patients than in
controls. In addition, CSF levels of P-tau, T-tau,
and YKL-40 were significantly higher in tap test
non-responders than in responders. Further, lower
CSF P-tau levels were significantly correlated with
improvement in gait dysfunction, whereas a higher

CSF A�42 level and a lower CSF sTREM2 level
were associated with cognitive improvement after
shunt surgery. Finally, activation and interaction of
microglia and astrocytes played an important role in
the pathogenesis of iNPH.

The decrease in CSF A�42 level in iNPH may
have a different mechanism from that in AD. Almost
all APP-metabolites are suppressed in iNPH CSF,
whereas A�42 is reduced but other A�-isoforms are
not perturbed in AD [31]. Reduced iNPH CSF A�42
levels may be related to the smaller extracellular
spaces during the sleep period [32], the associa-
tion with perivascular lymphatic drainage pathways
dysfunction [33], and hypometabolism in the periven-
tricular zone and axonal degeneration [34]. There’s
no denying that lower A�42 levels and high tau lev-
els could also be the result of that coexistence with
signs of AD pathophysiological changes occurred in
not only iNPH but also normal cognitive individuals
[35, 36].

Previous findings regarding CSF tau levels in
iNPH have been inconsistent. CSF P-tau and T-
tau levels are decreased in iNPH, which may be
related to decreased extracellular fluid clearance
and periventricular hypometabolism [37]. One study
found higher ventricular CSF levels of T-tau and P-tau
than lumbar CSF samples, implying an impairment
in the circulation of CSF from the ventricle to the
lumbar cistern in iNPH [31, 38].
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Table 4
Preoperative clinicodemographic characteristics in the shunt responder and non-responder

iNPHGS Gait p iNPHGS cognition p
Shunt Responder (24) Shunt Non-Responder (13) Shunt Responder (24) Shunt Non-Responder (13)

Male patient 19 (79.2%) 6 (46.2%) 0.054 17 (70.8%) 8 (61.5%) 0.564
Age, mean (SD), y 75.04 (±8.03) 74.62 (±11.68) 0.468 71.79 (±9.37) 80.15 (±6.85) 0.008∗
Hypertension 17 (70.8%) 8 (61.6%) 0.564 15 (62.5%) 9 (69.2%) 0.734
Diabetes mellitus 3 (12.5%) 5 (38.5%) 0.067 3 (12.5%) 3 (32.3%) 0.643
CSF pressure 131.14 (±36.61) 133.08 (±50.52) 0.896 144.35 (±42.68) 107.92 (±27.51) 0.004∗
Duration of symptoms, mean (SD), mo 27.58 (±23.57) 20.54 (±12.02) 0.322 26.00 (±23.83) 23.46 (±12.31) 0.723
iNPHGS grading scale 7.58 (±2.30) 7.31 (±2.25) 0.728 7.50 (±2.54) 7.46 (±2.54) 0.961
iNPHGS Gait 2.63 (±0.57) 2.23 (±0.73) 0.078 2.42 (±0.72) 2.62 (±0.51) 0.383
iNPHGS Cognition 2.58 (±0.83) 2.54 (±0.66) 0.868 2.67 (±0.87) 2.38 (±0.51) 0.291
iNPHGS Urination 2.38 (±1.21) 2.54 (±1.13) 0.690 2.42 (±1.28) 2.46 (±0.97) 0.913
Evan’s ratio, mean (SD) 0.349 (±0.036) 0.344 (±0.033) 0.663 0.357 (±0.038) 0.329 (±0.018) 0.004
iNPHGS grading scale 3.79 (±1.82) 6.23 (±3.06) 0.018 3.75 (±1.92) 6.31 (±2.87) 0.003
iNPHGS Gait 1.54 (±0.59) 2.31 (±0.86) 0.003 1.58 (±0.65) 2.23 (±0.83) 0.013
iNPHGS Cognition 1.71 (±0.81) 2.23 (±0.93) 0.083 1.54 (±0.78) 2.54 (±0.66) <0.001
iNPHGS Urination 0.54 (±0.72) 1.69 (±1.49) 0.019 0.63 (±0.77) 1.54 (±1.56) 0.066
CSF A�42 (pg/mL) 270.99 ± 113.11 304.67 ± 188.29 0.612 288.16 ± 140.183 194.64 ± 89.15 0.041∗
CSF P-tau (pg/mL) 45.37 ± 12.79 55.71 ± 11.28 0.020∗ 47.39 ± 13.37 51.96 ± 12.58 0.318
CSF T-tau (pg/mL) 152.36 ± 32.42 145.55 ± 24.96 0.515 156.63 ± 30.28 137.67 ± 25.69 0.064
CSF sTREM2 (pg/mL) 17047.69 ± 6262.70 19035.33 ± 6437.16 0.409 17263.13 ± 5649.31 27249.96 ± 11852.13 0.021∗
CSF YKL-40 (pg/mL) 108565.23 ± 38369.20 106999.73 ± 38799.22 0.912 109802.69 ± 39478.85 96979.77 ± 252998.62 0.281
∗p < 0.05, ∗∗p < 0.001. iNPH, idiopathic normal pressure hydrocephalus; iNPHGS, iNPH grading scale; CSF, cerebrospinal fluid; MMSE, Mini-Mental State Examination. A�42, amyloid-beta 42;
P-tau, phosphorylated Tau; T-tau, total Tau; sTREM2, soluble triggering receptor expressed on myeloid cells 2; YKL-40, chitinase-3-like 1 protein.
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Fig. 2. Between-group comparisons of CSF biomarker levels: A�42 (a), P-tau (b), T-tau (c), sTREM2 (d), and YKL-40 (e). A) Control group
versus iNPH group: A�42 (p = 0.001; Aa); P-tau (p = 0.002; Ab); T-tau (p < 0.001; Ac); sTREM2 (p < 0.001; Ad); and YKL-40 (p = 0.825;
Ae). B) Tap test responders (+) versus non-responders (–): A�42 (p = 0.952; Ba); P-tau (p < 0.001; Bb); T-tau (p < 0.001; Bc); sTREM2
(p = 0.839; Bd); and YKL-40 (p = 0.040; Be). ∗p < 0.05, ∗∗p < 0.001.

The CSF sTREM2 level is an inflammatory marker
of microglial activation, which is closely related to
age. It remains unclear whether microglia activation
has a protective or deleterious effect on the brain [39].
The aging-related increase in CSF sTREM2 levels
may be in line with a protective response to rather
mild neuroinjury [40]. A recent study showed that
the levels of sTREM2 peaked at the initial stages of
sporadic AD and was positively correlated with CSF
T-tau and P-tau levels, suggesting that sTREM2 plays
an important role in AD pathology and related to not
only the clearance of A� plaques but also neurode-
generation [41]. The positive correlation between
CSF A�42 levels and sTREM2 levels in dementia
patients indicates that sTREM2 may not be asso-
ciated with the extent of amyloid deposition [42],
but instead participates in the A� precursor protein
synthesis and metabolism [43]. In A�42-rich brain
tissues, gliosis associated with vascular alterations is
a common finding [26].

In the current study, CSF sTREM2 levels were
significantly higher in iNPH than in age-matched
aging controls, suggesting that microglial activation
plays an important role in the pathophysiology of
iNPH [44]. It is unclear whether microglia activa-

tion had a protective or deleterious effect on iNPH.
However, we found a positive correlation between
sTREM2 levels and A�42 in the age-matched control
group, but no linear relationship between sTREM2
and A�42, P-tau, or T-tau in the iNPH group. This
confirmed that iNPH may have a different mechanism
from AD.

Silverberg suggests that the dementia in NPH is
of multifactorial etiology and the lack of response
may in part represent permanent tissue damage [45].
Astrocytes increase in reactivity after disease or
brain damage and reactive astrocytes up-regulate
many genes to form glial scars in the CNS [31,
46, 47]. AQP4 is the most comprehensive and spe-
cific astrocyte marker in the developing human brain,
and YKL-40 positivity is usually found in reactive
astroglia [48].

In the current study, the CSF YKL-40 levels in the
tap test responders were lower than those in the non-
responders and similar to those in the normal controls,
possibly due to coincident reactive astrogliosis and
associated depolarization of AQP4. Hua et al. found
that CSF pressure was lower in tap test responders
than in non-responders, suggesting better brain tis-
sue compliance in patients who were tap test-positive

Fig. 3. Correlation analysis among CSF biomarkers. A, B) sTREM2 and A�42. C-F sTREM2 and YKL-40. CSF sTREM2 levels (A) are
correlated with CSF A�42 levels in the control group (r = 0.634, p = 0.004), (B) but not in the iNPH group (r = 0.283, p = 0.030). CSF YKL-40
levels are (C) not positively correlated with CSF sTREM2 levels in the control group but are (D) correlated in the iNPH group (r = 0.443,
p < 0.001), (E) tap test responders (r = 0.411, p = 0.008), and (F) tap test non-responders (r = 0.653, p = 0.002).
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Fig. 3. (Continued)
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Fig. 4. Comparisons of preoperative biomarker findings between shunt responders and non-responders. Aa) CSF P-tau levels are significantly
different (p = 0.020) in the iNPHGS gait improvement subgroup. Ba) CSF levels of A�42 (p = 0.041) and (Bd) sTREM2 (p = 0.021) are
significantly different in the iNPHGS cognition improvement subgroup. iNPHGS gait (+): improvement in gait after shunt surgery as
assessed by iNPHGS. iNPHGS gait (–): No improvement in gait after shunt surgery as assessed by iNPHGS. iNPHGS cognition (+):
improvement in cognition after shunt surgery as assessed by iNPHGS. iNPHGS cognition (–): no improvement in cognition after shunt
surgery as assessed by iNPHGS. ∗p < 0.05, ∗∗p < 0.001.

[49]. Reactive proliferation of glial cells forms a glial
scar in the brain tissue and causes a decrease in brain
tissue compliance, and this may cause insensitivity
to the tap test. Previous studies suggested that CSF
YKL-40 levels in iNPH patients were similar to those
in healthy controls, but this is possibly because tap
test non-responders were not included in the analyses
[50, 51].

The proinflammatory mediators IL-1� and TNF-
� released from macrophages control YKL-40
expression in astrocytes by microglial stimuli from
YKL-40 transcription, accompanied by morpholog-
ical changes characteristic of reactive gliosis and
increased migratory capacity [15]. Recent studies
have shown that activated microglia induce neu-
rotoxic reactive astrocyte activation by releasing
cytokines, implying a cross-talk between astrocytes
and microglia in neurodegenerative diseases and the
complex connection of immune cells in the CNS
[47]. In parallel, reactive changes of microglial cells
and astrocyte morphology would possibly lead to

an additional slowing of glymphatic flow [52]. The
current study found that CSF sTREM2 and YKL-
40 levels were closely correlated in iNPH, and
the correlation was significantly higher in the tap
test non-responders than in responders. This find-
ing indicates that microglial activation may activate
neurotoxic reactive astrocytes in the tap test non-
responder group, causing decreased compliance in
the brain tissue.

Recent studies found a significant correlation
between clinical improvement and CSF removal. In
fact, one study found that postoperative improvement
was mainly manifested in motor symptoms, but there
was no significant effect on cognitive impairment
[53]. Another study showed that surgical treatment
of iNPH was more successful in gait disturbance and
urinary incontinence, but less effective in cognitive
improvement [35]. We speculate that gait disorder
and cognitive impairment in iNPH may have differ-
ent pathogeneses. The higher the prevalence of AD
pathology in cortical tissue, the higher the severity of
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dementia in NPH patients [54]. AD neuropathologi-
cal findings are highly prevalent in patients receiving
shunts for NPH, but the effect of shunts in iNPH
patients with AD pathology is controversial. Studies
have revealed poor outcomes in terms of cognitive
improvement after shunt surgery in NPH patients
with concomitant AD [55]. AD pathology on corti-
cal brain biopsy predicts adverse outcomes after CSF
shunting. Evidence of AD pathology was found on
repeat biopsies in 13% of patients with initially nor-
mal cortical brain biopsy results, demonstrating that
AD pathology could occur at different stages of NPH
with disease progression [36]. In contrast, another
study reported that patients with CSF constella-
tions typical for AD showed significant improvement
in cognitive and gait-related functions after CSF
drainage [56].

Kazui et al. found that at 3 months after shunt,
although almost all of the triad symptoms were
decreased in iNPH patients with and without AD
pathology, memory was only improved in iNPH
patients without AD pathology [57]. In the current
study, low CSF A�42 and high CSF sTREM2 levels
had a strong correlation with poor cognitive improve-
ment 1 year after shunting. We speculate that the
activation of microglia may also play an important
role in cognitive impairment of iNPH patients. How-
ever, several studies suggest a positive correlation
between CSF sTREM2 levels and age [12, 58, 59].
In the current study, patients with poor cognitive
improvement after shunt were older, suggesting that
the higher CSF sTREM2 levels may be associated
with advanced age. CSF tau levels reflect the function
of nerve fibers and axons. Compared with T-tau, P-tau
levels, especially 181P-tau levels, are less affected by
changes in CSF dynamics and may reflect the patho-
logical changes of the brain in iNPH more steadily
[60]. CSF P-tau levels are significantly correlated
with gait dysfunction in iNPH patients [35]. A survey
showed low CSF P-tau levels was a useful prognos-
tic biomarker for good clinical outcomes at least two
years after shunting. CSF tau represents irreversible
damage to nerve axons, and higher P-Tau and T-tau
levels may represent pathological damage that has
been occurring for a considerable time before clini-
cal symptoms develop, with irreversible parenchymal
damage already present in brain tissue, thus unre-
sponsive to CSF removal and shunting [61].

Notably, this study focused on the role of neu-
roinflammation in the pathogenesis of iNPH. We
included relatively normal control group and Tap
test non-responders patients in the analysis cohort.

It can provide a more comprehensive understanding
of the biological mechanism of neuroinflammation in
iNPH. Our study has some limitations. First, CSF pro-
tein levels were not measured after the intervention,
and thus the effect of shunting on the concentra-
tion of these proteins was not determined. Second,
other control groups, such as patients with AD or
other neurodegenerative diseases, were not included.
Third, concurrent AD as a comorbidity cannot be
completely ruled out, and we cannot exclude the idea
that some iNPH patients in our study could progress
to develop classic AD.

Conclusion

CSF levels of YKL-40 and sTREM2 are disease-
specific markers of neuroinflammation, showing
higher levels in iNPH and being closely related to
the response to the tap test and outcomes of shunt
surgery. In addition, sTREM2 is positively associ-
ated with YKL-40, indicating that interactions of glial
cells play an important role in the pathogenesis of
iNPH and suggesting the role of astrocyte-microglia
cross-talk during neurodegeneration.
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