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Purpose: Idiopathic normal pressure hydrocephalus (iNPH) is the leading reversible cause of cognitive impairment and gait
disturbance that has similar clinical manifestations and accompanies to major neurodegenerative disorders in older adults. We
aimed to investigate whether cerebrospinal fluid (CSF) biomarker for Alzheimer’s disease (AD) may be useful in the differential
diagnosis of iNPH.
Patients and Methods: Amyloid-beta (Aß) 42 and 40, total tau (t-tau), phosphorylated tau (p-tau) were measured via ELISA in 192
consecutive CSF samples of patients with iNPH (n=80), AD (n=48), frontotemporal dementia (FTD) (n=34), Lewy body diseases
(LBDs) (n=30) consisting of Parkinson’s disease dementia and dementia with Lewy bodies.
Results: The mean age of the study population was 75.6±7.7 years, and 54.2% were female. CSF Aβ42 levels were significantly
higher, and p-tau and t-tau levels were lower in iNPH patients than in those with AD and LBDs patients. Additionally, iNPH patients
had significantly higher levels of t-tau than those with FTD. Age and sex-adjusted multi-nominal regression analysis revealed that the
odds of having AD relative to iNPH decreased by 37% when the Aβ42 level increased by one standard deviation (SD), and the odds of
having LBDs relative to iNPH decreased by 47%. The odds of having LBDs relative to iNPH increased 76% when the p-tau level
increased 1SD. It is 2.5 times more likely for a patient to have LBD relative to NPH and 2.1 times more likely to have AD relative to
iNPH when the t-tau value increased 1SD.
Conclusion: Our results suggest that levels of CSF Aβ42, p-tau, and t-tau, in particularly decreased t-tau, are of potential value in
differentiating iNPH from LBDs and also confirm previous studies reporting t-tau level is lower and Aβ42 level is higher in iNPH than
in AD.
Keywords: Alzheimer’s disease, beta-amyloid 42, phosphorylated tau, Tau, frontotemporal dementia, Lewy body diseases,
cerebrospinal fluid, biomarker, Parkinson’s disease dementia, dementia with Lewy body, differential diagnosis

Introduction
Idiopathic normal pressure hydrocephalus (iNPH) is a progressive neurodegenerative disorder with no identifiable cause
characterized by a triad composed of gait, memory, urinary complaints, and enlarged cerebral ventricles on the brain
imaging.1,2 Its frequency increases with age rising to 6% or 8.9% of prevalence after the age of 80 years in the
population-based studies.2,3 Moreover, the prevalence of iNPH in Asia, particularly in Japan, is higher than in Europe or
North America.4 The primary treatment of the disorder is shunt surgery in which cerebrospinal fluid (CSF) is diverted
into the peritoneal or atrial cavity4–8, and between 60% to 80% of patients improve following this disease-specific
treatment.7 Studies also showed that increasing age did not decrease the chance of shunting being successful, with an
83% chance of improvement on the timed-walk test at six months.8 Even there is a practical approach via serial
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cerebrospinal fluid removal procedure for those older iNPH patients who refuse or have a contraindication to the surgery.
The deterioration of gait disturbance was improved, and cognitive decline was stabilized by applying recurrent CSF
removal in those unshunted patients with iNPH.9 Yet, unfortunately, the vast majority of patients with iNPH are
underrecognized or misdiagnosed even though it is a leading cause of a treatable form of dementia, poor gait, and
urinary dysfunction in older adults.

One of the most remarkable reasons for this discrepancy between the diagnosis and treatment success rates is
a diagnostic challenge in iNPH.8,10 Despite the well-known characteristics of the disease, sometimes it may be difficult
to distinguish it from other neurodegenerative ones commonly seen in older patients with other co-occurring comorbid-
ities. Alzheimer’s disease (AD) is one of those illnesses, and iNPH and AD share common features in clinical
appearance, laboratory, and imaging, such as executive dysfunction, impairment in attention and short-term memory,
low amyloid-beta 42 (Aß42) levels in CSF, and ventriculomegaly.10,11 Functional neuroimaging studies revealed altera-
tions related to the default mode network (DMN) connectivity network dynamics in the pathophysiology of these
diseases.12 Also, cognitive symptoms of iNPH overlap with those of frontotemporal dementias, including psychomotor
slowing, difficulty with problem-solving, decreased fine motor speed or accuracy, behavioral or personality changes.7,13

This fact may be attributed to a characteristic pattern of regional cerebral blood flow reduction with frontal lobe
hypoperfusion in iNPH.14 Apart from AD and FTD, some features in iNPH resemble those observed in Parkinson’s
disease dementia (PDD) or dementia with Lewy bodies (DLB), such as difficulty in gait initiation, shuffling, festination,
en bloc turning, falling, retropulsion, or retropulsion together with impaired cognition and urinary urgency/incontinence.
Furthermore, patients with iNPH were reported to have visuospatial and visuoperceptual deficits in the neuropsycholo-
gical assessments, which extend beyond frontal-executive dysfunction,15,16 and is similar to those seen in DLB and PDD.

On the other hand, considering that iNPH can frequently accompany these neurodegenerative diseases,7,17 (differ-
ential) diagnostic workup is of paramount importance to confirm iNPH regardless of the presence of these comorbidities,
which means that such patients have a chance to relieve iNPH related symptoms even at least in geriatrics practice.18

For this purpose, CSF biomarkers for AD pathology may be helpful because previous studies showed that Aß42, Aß40,
phosphorylated tau (p-tau), and total tau (t-tau) proteins seem to separate iNPH, which may have individual CSF
composition changes, from patients with some of those diseases.10,19–21 Therefore, in this study, as a geriatric memory
referral center in a university hospital, we aimed to report our experience on CSF biomarker for AD pathology analysis in
patients with iNPH and other common confusing causes of gait, memory, and urinary disturbances including AD, FTD
and Lewy body diseases (LBDs).

Materials and Methods
Participants
One hundred ninety-two patients over 60 years of age with an existing cerebrospinal fluid (CSF) biochemical analysis as
part of their clinical diagnostic investigation between January 2016 and January 2019, at the Department of Geriatrics,
Dokuz Eylul University, Izmir, Turkey, were included in this retrospective study. Mixed subjects were excluded. There
were 80 patients with probable iNPH, 48 with AD, 34 with FTDs, and 30 with PDD and DLB together denoted LBDs.
The study was approved by the ethics committee of Dokuz Eylul University Faculty of Medicine (2014/38-33), and
participants provided written consent by the principles of the Declaration of Helsinki.

Probable INPH was diagnosed according to the international INPH guidelines.6 The diagnostic criteria were (a) gait
or balance disturbance, cognitive disturbance, or impaired urinary continence, with an insidious onset of symptoms over
at least three months or more (b) enlarged ventricles on cranial imaging with Evans’ index >0.3 and at least one of the
four supporting features reported as temporal horn enlargement, periventricular signal changes, periventricular edema, or
an aqueductal/fourth ventricular flow void; (c) lumbar CSF opening pressure below 18 mmHg. Additionally, the tap test
was performed in all iNPH cases since it is our routine practice for the patients to confirm the diagnosis, which is one of
the most disseminated worldwide, for it is easily performed and cost-effective.22 The diagnosis of probable AD was made
according to the National Institute on Aging-Alzheimer’s Association workgroup’s criteria.23 FTD patients included
those with behavioral variant FTD (bvFTD), progressive supranuclear palsy (PSP), and corticobasal degeneration (CBD)
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and were diagnosed as follows: the diagnosis of bvFTD was based on clinical, neuropsychological, and neuroimaging
findings,24 probable or definite (PSP) according to the National Institute of Neurological Disorders and Stroke and
Society for Progressive Supranuclear Palsy, clinical criteria,25 and probable CBD according to Armstrong et al.26 PDD
was diagnosed by Movement Disorder Society Task Force’s clinical diagnostic criteria, and practical
recommendations27,28 and probable DLB was made according to the fourth consortium of DLB consensus.29 All patients
had neuroimaging, and demographic characteristics and clinical including age, gender, and mini mental state examination
(MMSE) scores were collected.

CSF Biochemical Evaluation
CSF concentrations of total Aß42, Aß40, p-tau, and t-tau proteins were analyzed. Briefly, CSF samples were collected in
sterile polypropylene tubes, immediately centrifuged at 2000 g for 10 min at four °C, aliquoted into polypropylene tubes,
and stored at −80 degrees until analysis. CSF Aß42, Aß40, and t-tau were measured using the manufacturer’s
commercially available Euroimmun ELISA kits (Euroimmun, Lubeck, Germany). All samples were measured in
duplicates. The mean intra-assay and inter-assay coefficients of variation (CVs) of the assay ranges for t-tau were 3.9–
6.5% and 6.6–9.3%, respectively. The reference detection limit of the test kit for Aß40 was 41 pg/mL, and Aß42 was 6.5
pg/mL. According to the manufacturer’s instructions, the level of p-tau was analyzed using commercially available
ELISA kits (INNOTEST phosphorylated-Tau181; Fujirebio, Ghent, Belgium). The assay’s mean intra-assay and inter-
assay coefficients of variation (CVs) were 2.5% and 5.4%. The ratio of Aβ1–42/Total tau and Aβ1–42 /Aβ1–40 were also
calculated. Cerebrospinal fluid Aß42 concentration under 550 pg/mL, CSF t-tau above 452 pg/mL, and CSF-p-tau above
61 pg/mL were considered pathological for AD profile. The results were analyzed blinded to the diagnosis of the patients.

Statistical Analysis
Statistical analysis of the data was performed with IBM SPSS Statistics for Windows, Version 24.0. Amork, NY: IBM
Corp. Descriptive statistics were used to explore the sample characteristics. Continuous data were expressed as the
median (range) and as mean± standard deviation when they were not normally distributed and normally distributed,
respectively. The CSF levels of the related proteins among disease groups were compared using the Kruskal Wallis test,
and followed by post hoc Mann Whitney U-tests. Gender distribution was analyzed by the Pearson Chi-Square test.
Unadjusted and age and sex-adjusted multinomial logistic regression models were built to investigate the relationship
between the standardized independent variables and disease groups expressed as a categorical variable. In all analyses,
p< 0.05 was considered statistically significant, and interval estimators were provided with 95% confidence.

Results
Demographic and Clinical Variables
A total of 48 patients with AD, 80 patients with iNPH, 34 patients with FTD (20 bvFTD, 8 PSP, and 6 CBD), and 30
patients with LBDs (17 DLB and 13 PDD) were included in this study. The mean age of the study population was 75.6
±7.7 years, and 54.2% (n=104) were female. There was a significant difference among patients regarding age and gender
distribution (p<0.001 and p=0.002, respectively, with One-Way-ANOVA). The mean age was significantly lower in
patients with FTD than in those with iNPH (p<0.001) and LBDs (p=0.005) in the post hoc analysis. It was also revealed
that the female gender was significantly higher in patients with AD than in those with iNPH (p=0.004), FTD (p=0.001),
LBDs (p=0.001).

The demographic and clinical features of the participants were shown in Table 1, and Figure 1 and Table 2 shows the
demographic, clinical and neuropsychological features of the patients with iNPH.

MMSE scores differed among groups p<0.001 (One-Way ANOVA), which were significantly higher in patients with
iNPH than in those with AD (p= 0.019), with FTD (p=0.029), and with LBDs (p<0.001).
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Table 1 Demographic and CSF Biomarker Data in the Diagnostic Groups

n Age (y)
Mean
±SD

Gender
(F) (%)

MMSE
Mean
±SD

Aβ1–42* Aβ1–40* p-tau* t-tau* Aβ42/41* Aβ42/t-tau*

All
groups

192 75.6±7.7 54.2 20±6.7 711 (15.3–4180.9) 8652 (63–102721.5) 58.3 (2.7–680) 288.6 (3.1–10700.2) 0.08 (0–15.2) 2.2 (0–495)

AD 48 74.3±7.3 77.1 19.4±5.4 643.1 (15.3–4181) 7998.3 (63–43,911) 69.2 (8.9–493.2) 306.7 (47.7–5716.9) 0.07 (0–10.4) 1.6 (0.02–19.8)

iNPH 80 77.8±6.6 51.3 22.9±5.3 812.7 (191.4–3255.7) 9889.2 (63–102721.5) 45.9 (7–680) 213.1 (3.1–5142.2) 0.09 (0.02–15.2) 3.6 (0.05–495)

FTD 34 68.6±7.3 41.2 17.1±9.1 710 (21–3351.2) 8725.5 (63–32917.5) 63.4 (2.7–534) 414 (49.1–3360) 0.08 (0.01–8.67) 1.2 (0.02–17.3)

LBDs 30 76.6±6.2 40 15.7±5.7 641.6 (17.2–1885.7) 7629.7 (63–35311.5) 80 (5.2–659.2) 437.4 (102.3–10700.2) 0.07 (0.02–15.02) 1.3 (0–7.6)

P values for CSF biomarkers** 0.016 ns 0.018 0.002 ns <0.001

iNPH vs AD 0.040 - 0.007 0.022 - <0.001

iNPH vs FTD ns - ns 0.003 - 0.002

iNPH vs LBDs 0.023 - 0.009 0.002 - <0.001

Notes: Values in bold are statistically significant (P < 0.05). *(pg/mL), Median (min-max). Differences among groups in terms of CSF biomarkers were assessed with Kruskal–Wallis test** followed by Mann–Withney U post-hoc test for
continuous variables.
Abbreviations: AD, Alzheimer’s disease; Aβ, amyloid beta; CSF, cerebrospinal fluid; F, female; FTD, frontotemporal dementia spectrum; iNPH, idiopathic normal pressure hydrocephalus; LBDs, Lewy body dieases; MMSE, Mini-Mental
State Examination; min-max, minimum-maximum; ns, non-significant; n, number; p-tau, phosphorylated tau protein; SD, standard deviation; t-tau, total tau protein; y, years.
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CSF AD Biomarker Levels
Table 1 and Figure 1 show the details of the AD biomarker levels in each patient group. In summary, CSF Aβ42 levels
differed significantly in iNPH patients from the other non-iNPH patients, and the levels were higher in iNPH patients than
those of AD and LBDs patients. CSF p-tau and t-tau levels were found to be significantly lower in patients with iNPH when
compared to those with AD and LBDs. Additionally, iNPH patients had significantly lower levels of t-tau than those with
FTD. And the ratio of Aβ42/t-tau was higher in patients with iNPH than in each of the other non-iNPH patient groups.

Multinomial Logistic Regression Model Analysis
Unadjusted analysis results revealed that the odds of having AD relative to iNPH decreases by 32% when the Aβ42 value
increases one standard deviation (SD). The odds of having LBD relative to iNPH increases by 73% when the p-tau181

Figure 1 Values of the cerebrospinal fluid biomarkers. (A) Amyloid beta-42 (B) amyloid beta-40 (C) Phosphorylated tau protein (D) total tau protein (E) amyloid beta 42/
40 ratio (F) amyloid beta 42/total tau protein ratio in patients with Alzheimer’s disease (AD), idiopathic normal pressure hydrocephalus (iNPH), frontotemporal dementia
(FTD) and Lewy body dementia (LBD)s.
Note: The statistical significance level is 0.05. *p<0.05; **p<0.001.

Table 2 Demographic, Clinical and Neuropsychological
Characteristics of Patients with Idiopathic Normal Pressure
Hydrocephalus

Features, n=80

Mean age (years) 77.8±6.6 (range, 61–90)
Sex, F/M (%) 41/ 39 (51.2/48.8)

Mean symptom duration (months) 18.8±10.5

Gait and balance symptoms n (%) 80 (100)
Cognitive impairment n (%) 62 (77.5)

Urinary dysfunction n (%) 69 (86.3)

Evans’ index 0.35±0.03
FAB 13.1±1.7

Stroop colour naming (seconds) 35.7±11.5

Stroop interference (seconds) 51.9±14.7
9-Hole peg test (seconds) 29.4±8.2

Abbreviations: F, female; m, male; n, number; FAB, frontal assessment battery (0–18).
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value increases one SD. It is 2.4 times more likely for a patient to have LBD relative to iNPH when the t-tau value
increases one SD (Table 3).

Age and sex-adjusted analysis revealed that the odds of having AD relative to iNPH decreases by 37% when the
Aβ42 value increases one SD, and the odds of having LBDs relative to iNPH decrease by 47%. The odds of having LBDs
relative to iNPH increases by 76% when the p-tau181 value increases one SD. It is 2.5 times more likely for a patient to
have LBD relative to iNPH and 2.1 times more likely to have AD relative to iNPH when the t-tau value increases one SD
(Table 4).

Discussion
The current study demonstrated that CSF Aβ42, p-tau, and t-tau levels may help distinguish patients with iNPH from
those with LBDs and confirmed that patients with iNPH had higher Aβ42 levels and lower t-tau levels when compared to
those with AD.

Clinical findings similar to AD, LBDs, and FTD can be observed in iNPH, which is one of the causes of reversible
cognitive dysfunction and gait disturbance. Namely, it may show clinical presentations similar to FTD due to frontal-type

Table 3 Multi-Nominal Logistic Regression Results for Idiopathic Normal Pressure Hydrocephalus

Variable Parameter Estimates

vs AD vs FTD vs LBDs

B SE Wald DF Odds Ratio (95% CI) p p p

Aβ1–42 −0.449 0.223 4.031 1 0.638 (0.412–0.989) 0.045

−0.65 0.190 0.118 1 0.937 (0.645–1.360) 0.731

−0.555 0.285 3.795 1 0.574 (0.329–1.003) 0.051

Aβ1–40 −0.201 0.198 1.028 1 0.818 (0.555–1.206) 0.311

−0.156 0.214 0.533 1 0.855 (0.562–1.301) 0.465

−0.322 0.269 1.437 1 0.724 (0.428–1.227) 0.231

p-Tau181 0.328 0.220 2.218 1 1.388 (0.902–2.136) 0.136

0.327 0.238 1.896 1 1.387 (0.871–2.210) 0.169

0.548 0.221 6.138 1 1.729 (1.121–2.666) 0.013

t-Tau 0.607 0.350 2.996 1 1.834 (0.923–3.645) 0.083

0.680 0.356 3.649 1 1.975 (0.982–3.968) 0.056

0.877 0.347 6.363 1 2.403 (1.216–4.747) 0.012

Aβ1-42/Aβ1-40 0.034 0.026 1.785 1 1.035 (0.984–1.088) 0.181

0.067 0.034 3.850 1 1.070 (1.000–1.144) 0.050

0.017 0.025 0.440 1 1.017 (0.968–1.068) 0.507

Aβ1-42/ t-Tau 0.002 0.006 0.087 1 1.002 (0.989–1.014) 0.768

0.004 0.006 0.562 1 1.004 (0.993–1.016) 0.454

0.000 0.009 0.002 1 1.000 (0.982–1.017) 0.962

Note: Values in bold are statistically significant (P < 0.05).
Abbreviations: AD, Alzheimer’s disease; Aβ, amyloid beta; FTD, frontotemporal dementia spectrum; LBDs, Lewy body dieases; p-tau, phosphorylated tau protein; t-tau,
total tau protein.
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cognitive impairment, AD due to general memory impairment symptoms, and PDD or DLB due to gait apraxia and
psychomotor slowing. Although the basis of the relationship between cognitive impairment, brain shrinkage, and excess
of fluid (ventriculomegaly) dates back to the times of Hippocrates, iNPH in mixed cases appears to be overshadowed by
primary neurodegeneration. Considering that there is no definitive treatment for these three progressive diseases, which
are the most common causes of irreversible cognitive dysfunction, it is essential to eliminate the clinical worsening of
iNPH in the current clinical picture, both for patients and their caregivers.

In cases where the clinic is not very distinctive, CSF biomarkers may play an essential role in the differential
diagnosis. For AD, there is an established pattern using decreased Aβ42, elevated p-tau, and t-tau levels.30,31 The
biomarkers for AD increase the diagnostic confidence up to 86% and lead to diagnostic (32.5%) and treatment changes
(32.5%).32 A recent meta-analysis,21 as in our results, found that CSF Aβ42 levels were higher in patients with iNPH than
in AD patients. Indeed, low levels of CSF Aβ42 are thought to occur due to the accumulation of these least soluble Aβ
peptides into insoluble plaques in the AD brain.33 However, prior studies reported that low Aβ42 levels in iNPH could be
related to the impaired elimination of Aβ42 from the brain to the CSF compartment as a final consequence of retrograde
CSF flow dynamics in the disease pathophysiology.34,35 On the other hand, biopsy studies from iNPH brains revealed that

Table 4 Age and Gender Adjusted Multi-Nominal Logistic Regression Results for Idiopathic Normal Pressure Hydrocephalus

Variable Parameter Estimates

vs AD vs FTD vs LBDs

B SE Wald DF Odds Ratio (95% CI) p p p

Aβ1-42 −0.462 0.223 4.309 1 0.630 (0.407–0.975) 0.038

−0.135 0.196 0.472 1 0.874 (0.595–1.284) 0.492

−0.628 0.300 4.386 1 0.534 (0.297–0.961) 0.036

Aβ1-40 −0.129 0.192 0.452 1 0.879 (0.603–1.281) 0.502

−0.115 0.228 0.252 1 0.892 (0.570–1.395) 0.615

−0.370 0.280 1.753 1 0.691 (0.399–1.195) 0.186

p-Tau181 0.437 0.240 3.311 1 1.548 (0.967–2.478) 0.069

0.355 0s.259 1.881 1 1.426 (0.859–2.366) 0.170

0.569 0.234 5.917 1 1.767 (1.117–2.795) 0.015

t-Tau 0.777 0.373 4.328 1 2.175 (1.046–4.521) 0.037

0.700 0.379 3.406 1 2.014 (0.958–4.237) 0.065

0.932 0.364 6.548 1 2.539 (1.244–5.184) 0.010

Aβ1-42/Aβ1-40 0.040 0.026 2.332 1 1.041 (0.989–1.095) 0.127

0.090 0.039 5.266 1 1.094 (1.013–1.181) 0.022

0.019 0.026 0.537 1 1.019 (0.968–1.073) 0.464

Aβ1-42/ t-Tau 0.002 0.007 0.109 1 1.002 (0.989–1.016) 0.741

0.000 0.006 0.003 1 1.000 (0.988–1.013) 0.955

−0.001 0.010 0.023 1 0.999 (0.980–1.018) 0.880

Note: Values in bold are statistically significant (P < 0.05).
Abbreviations: AD, Alzheimer’s disease; Aβ, amyloid beta; FTD, frontotemporal dementia spectrum; LBDs, Lewy body dieases; p-tau, phosphorylated tau protein; t-tau,
total tau protein.
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some patients had AD-related neuropathological findings.36–38 Recent data suggest an association between CSF changes
typical of AD and NPH changes, suggesting a marked coincidence of AD and NPH. Furthermore, fortunately, those
iNPH patients with CSF biomarker signature typical for AD were reported to have improved upon a spinal tap, in
contrast to those with no such CSF changes.39 Indeed, it is not yet well understood why some iNPH patients have CSF
biomarker profile or pathology typical of AD, but some do not. A previous study suggested that the APOE ε4 carrier
status independently predicted the presence of cortical Aβ in patients with iNPH.38 From this perspective, for those
patients, it may be speculated that the reason for the AD-specific increase in CSF t-tau and p-tau concentrations is that
neuronal CSF tau protein secretion may be induced by alzheimerogenic factors such as A β42,40,41 and, from a preclinical
point of view, Aβ may appear to function as a p-tau pathology accelerator via prion protein spreading,42 which might also
be the case in those iNPH patients.

Therefore, to discriminate iNPH from AD, we think a combination analysis would be more informative than those
with Aβ42 only. Accordingly, in a recent study, a CSF pattern of a combination of t-tau, Aβ40, and an astroglia marker for
iNPH was reported to have good diagnostic predictivity for discriminating from non-iNPH disorders, including AD,
FTD, and vascular dementia (VAD).19 Apart from the biomarkers in this study, some other biomarkers in CSF, such as
leucine-serine-lysine-leucine peptide, myelin basic protein, neurofilament light protein, protein tyrosine phosphatase
receptor type Q, are being investigated to enhance the accuracy of diagnosis and to predict shunt surgery outcomes in
patients with iNPH.11,20,43 Meanwhile, the exploration of more effective therapies has become the focus for many
researchers to provide new orientations for animal research and clinical practice.44 For instance, the TGF-β pathway was
tried to be interfered with as a means to treat hydrocephalus in animal models.45 Similar efforts are also in question
for AD, as a very recent study provided a potential therapeutic strategy for synaptic and memory deficits via a pathway in
Aβ-induced pathological alterations in AD.46

Our results were consistent with the finding that patients with AD and FTD had higher tau proteins than those with iNPH.
Meanwhile, as FTD is regarded as non-AD tauopathies, increased CSF level of t-tau protein in FTD is an expected finding
compared to iNPH. Nevertheless, increased CSF levels of p-tau and t-tau are not direct markers of these non-AD tauopathies
since they are characterized with tau protein aggregates in neurons and glial cells, without this being reflected in the extracellular
fluid, but, with keeping in mind which phospho-form of tau, a complex molecule, to measure is of importance.40,41

Furthermore, it is observed that our patients with synucleinopathies, LBDs, also had elevated tau levels. It was 2.5 times
more likely for a patient to have LBDs than iNPH when the t-tau level increased one SD. Additionally, the odds of having
LBDs relative to iNPH increased by 76% when the p-tau level increased one SD. Increased tau levels in CSF are believed to
result from its release from damaged and dying neurons.47 The low tau proteins in iNPH might be due to its dilution in CSF35

or reduced periventricular zone metabolism and decreased elimination of the protein from the extracellular fluid due to
reduced centripetal flow of extracellular fluid caused by the retrograde CSF dynamic in iNPH.36,48 Apart from the rather
known biochemical relationship between tau proteins and iNPH, the role of tau pathology remains largely an unresolved issue
in LBDs.49 Yet, it was reported that there was an interaction between tau fibrillation and insoluble α-synuclein protein deposits
in brains with LBDs. Tau pathology was accelerated with different additional cofactors as α-synuclein promotes its fibrilliza-
tion and deposition.50 The interaction probably ended with a final common pathway for neurodegeneration which means that
the increased levels in CSF total tau in LBDs probably reflects neuronal damage.50,51

Our study has several strengths: To begin with, it is the first to evaluate the biomarkers in patients with PDD, LBD,
and iNPH to provide any additional information for discriminating these diseases from each other. To the best of our
knowledge, our study is the first to show that CSF Aβ42, p-tau, and t-tau levels are highly useful as complementary
examinations during the differential diagnosis of iNPH and LBDs, even though they are not specific indicators of iNPH.
In addition, we included only older adults in contrast to the prior studies that also had younger patients.19 We thought that
age is an essential contributing factor in all these diseases’ pathophysiology. On the other hand, the study has limitations
to consider: First, the pathological verification of the clinical diagnoses was unavailable; thus, although we paid
particular attention to the inclusion of samples from “pure” cases, it is known that co-pathology is not uncommon in
iNPH.35 Second, since our unit is a geriatric memory referral center in a university hospital, our results may not be
generalized and need to be confirmed in larger CSF samples from patients with LBDs. Additionally, a lack of healthy
controls is another limitation.
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In conclusion, our results indicate that CSF biomarkers typical for AD may help improve the identification of iNPH in
the differential diagnosis, particularly with the patients having LBDs, with the latter having more than twice folds CSF
t-tau compared to the latter to iNPH patients. Additionally, our findings confirm the studies that reported that iNPH
patients had higher levels of CSF Aβ42 protein than in those patients with AD and lower levels of tau-related proteins
than in those patients with AD and FTD.
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