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Abstract

Background: Cerebrospinal fluid (CSF) levels of total tau (t-tau) protein are thought to reflect 

the intensity of the neuronal damage in neurodegeneration, including Alzheimer’s disease (AD). 

The recent link of CSF t-tau to rapidly progressive AD raises the question among other AD 

clinical variants regarding CSF t-tau. We investigated the clinical phenotypes of AD patients with 

varying CSF t-tau levels.

Objective: We tested the hypothesis that highly elevated CSF t-tau level would have a higher 

likelihood of presenting with atypical non-amnestic variants of AD.

Methods: Retrospective comparative case study of 97 patients evaluated in a memory clinic with 

clinical presentation and CSF biomarkers consistent with AD. We compared the age, sex, 

education, APOE ε4 status, Montreal Cognitive Assessment (MoCA) score, clinical phenotype, 

and MRI volumetric measures by CSF t-tau quartile at baseline. Multivariable logistic regression 

models were used to evaluate if CSF t-tau levels predict non-amnestic presentations controlling for 

covariates.

Results: Non-amnestic AD had a higher median CSF t-tau level compared to amnestic-AD (p = 

0.014). Each 50 pg/ml increase in CSF t-tau was associated with an increase in the odds of having 

a non-amnestic presentation (7.4%) and aphasia (10.6 %) as the initial presenting symptom even 

after taking into account; age, sex, education, APOE ε4, MoCA, and CSF Aβ42. Logopenic AD 

had higher t-tau and p-tau levels compared to other variants.
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Conclusions: Highly elevated CSF t-tau levels could indicate more cortical involvement 

presenting with early non-amnestic symptoms in atypical AD subtypes, particularly in the 

logopenic variant.
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INTRODUCTION

Clinical diagnosis of cognitive impairment from Alzheimer’s disease (AD) has significantly 

been improved by the availability of biomarkers of underlying AD pathology, including 

cerebrospinal fluid (CSF) levels of amyloid-β (Aβ)42, total tau (t-tau), and phosphorylated 

tau (p-tau), magnetic resonance imaging (MRI) volumetric estimation of hippocampal and 

medial temporal atrophy, and amyloid brain positron emission tomography (PET) imaging 

[1–3]. These biomarkers are currently used in the clinical criteria for the diagnosis of AD in 

both the NIA/AA and International Working Group (IWG) criteria [4–6], as well as the ATN 

biological research classifications [7]. Increasingly, there has been a recognition of 

significant heterogeneity of clinical phenotypes in AD, with atypical non-amnestic AD 

presentations formalized in the IWG clinical diagnosis criteria [6]. Consistent with this, 

pathologic heterogeneity has also been described in AD [8–10], where up to 25% of AD 

cases do not show the typical distribution of neurofibrillary tangles as expected by Braak 

sequential staging in the brain [9, 11]. Brain imaging has also noted differences in cortical 

and hippocampal atrophy patterns among the different AD subtypes [10, 11]. As CSF levels 

of t-tau protein is thought to reflect the intensity of the neuronal damage, it is possible that 

very high CSF t-tau levels, compared to moderately elevated levels, could relate to 

corresponding differences in the degree of cortical atrophy and the clinical, neuroimaging, 

and neuropathology defined subtypes of AD.

High CSF t-tau levels have been previously related to a faster rate of clinical progression 

[12–15] and cognitive profiles in AD [16]. However, evaluation of clinical rate of 

progression has often been limited to the Mini-Mental State Examination (MMSE) scores 

and therefore had limited patient characterization [12, 17]. The MMSE score, as it is heavily 

dependent on language skills, is also known to overestimate dementia severity in aphasic 

patients [17, 18], and thus language variant AD patients could be perceived as having a more 

rapid rate of decline. We therefore undertook to determine if CSF t-tau levels related to the 

clinical and neuroimaging phenotypes in AD.

We hypothesized that among biomarker-confirmed AD patients, the phenotype with the 

highest quartile of CSF t-tau would have a higher likelihood of presenting with non-amnestic 

cortical symptoms (logopenic, frontal, and posterior variants of AD). We further determined 

if patients with different AD clinical phenotypes would also have corresponding differences 

in other CSF biomarkers and radiological and neuropsychological characteristics.
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MATERIALS AND METHODS

Participants

This was a retrospective comparative case study approved by the Cleveland Clinic 

Institutional Review Board. We identified all patients from the Cleveland Clinic Lou Ruvo 

Center for Brain Health biobank enrolled between January 2013 and March 2018 with a 

clinical diagnosis of AD supported by AD biomarkers (Aβ42, t-tau, p-tau) [4, 5]. Ninety-

seven patients met the above criteria; of these, 54 patients were evaluated less than 2 years 

from symptom onset. Reversible causes of cognitive impairment and other common 

mimickers of dementia (nutritional deficiencies, endocrine disorders, stroke, paraneoplastic 

process tumor, hemorrhage) were ruled out as the primary etiology of their dementing 

process. Clinical consensus with a neuropsychologist (ABJ) and two behavioral neurologists 

(JAP, JBL), blinded to the CSF results, categorized patients into typical and atypical AD 

based on the IWG-2 research diagnostic criteria [6], including typical amnestic AD n = 69, 

and atypical AD subtypes including logopenic AD n = 17, posterior-biparietal AD n = 4, and 

frontal AD n = 4. Patients diagnosed as Lewy body variant of AD (n = 4) were excluded 

from further analysis

CSF biomarkers of AD

CSF was collected after lumbar puncture between 9am and 11am following standard clinical 

protocols in polypropylene test tubes, and frozen within 30 min of collection and shipped 

frozen for further analysis. Presence of biomarkers supporting AD was confirmed by a 

commercially available test via Athena Diagnostics (Marlborough, MA). The ADmark® 

Alzheimer’s evaluation uses sandwich Enzyme Linked Immunosorbant Assay (ELISA) kits 

[Innotest β-amyloid[1–42], Innotest hTAU-Ag, Innotest Phospho-Tau[181P], Innogenetics, 

Ghent, Belgium], the characteristics of which have been previously published [19–21]. 

These tests measure CSF levels of Aβ42, t-tau, and p-tau levels, respectively. Patients were 

labeled as the ‘high tau’ group if they had t-tau in the highest quartile for this cohort (≥960 

pg/ml). The possibility of an underlying prion etiology was ruled out on all CSF samples 

meeting high tau criteria by RT-QuIC analysis as previously described [16].

Cognitive assessment

The majority of patients (n = 94 out of 97) underwent Montreal Cognitive Assessment 

(MoCA) [22] at baseline, which was therefore included in the primary analysis. Thirty-two 

patients (n = 8 in high t-tau quartile) completed more detailed neuropsychological 

assessment and were therefore evaluated in an exploratory analysis due to the smaller 

number. The cognitive tests in this subset of patients included: a prose memory test (Logical 

Memory subtest of WMS-IV), a word list memory test (either Rey Auditory Verbal Learning 

Test, Hopkins Verbal Learning Test, or California Verbal Learning Test), confrontation 

naming (Boston Naming Test), lexical and semantic verbal fluency, verbal abstract reasoning 

(Similarities subtest of WAIS-IV), angle estimation (Judgment of Line Orientation), and 

visuoconstruction (Block Design subtest of WAIS-IV).
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MRI brain volumetric analysis

Of the total 97, 51 patients had in-house MRI brain scans using a 20-channel receive-only 

head/neck coil on a Siemens Skyra (Erlangen, Germany) on a 12-channel receive only head 

coil on a Siemens TIM Trio 3T MRI scanner. Volumetric data were derived using a 

volumetric T1 MPRAGE sequence from the Alzheimer’s Disease Neuroimaging Initiative 

(ADNI) protocol [23] with one of the following sets of parameters (slightly varying 

depending on the MRI): (1) 176 coronal slices; thickness 1.2 mm; FOV 256 × 240 mm; 

TI/TE/TR/flip angle, 900/2.98/2300.0 ms/9°; matrix 256 × 256; BW 240 Hz/Px, voxel size = 

1.0 × 1.0 × 1.2 mm. (2) 176 coronal slices; thickness 1.2 mm; FOV 256 × 256 mm; 

TI/TE/TR/flip angle, 900/2.77/2300.0 ms/9°; matrix 192×192; BW 240 Hz/Px, voxel size = 

1.3 × 1.3 × 1.2 mm. T1-weighted volumetric images were processed using the 

NeuroQuant™ software (Cortech Labs Inc, La Jolla, California). Manual image correction 

and quality control procedures were conducted during image processing to avoid 

segmentation errors.

APOE status

APOE status was determined by using genomic DNA extracted from whole blood. Briefly, 

10 ng DNA of each subject was analyzed by TaqMan allelic discrimination detection of 

SNPs that discriminate the APOE ε4, ε3, and ε2 alleles (rs429358, rs7412) (Life 

Technologies). Allelic discrimination analyses were carried out using a 9700 Gene Amp 

PCR System (Applied Biosystems, CA) and an end-point read in a 7500 Real-Time PCR 

System (Applied Biosystems, CA).

Statistical analysis

In order to evaluate the impact of CSF biomarker levels of t-tau on clinical phenotypes 

across the whole range, we grouped them by quartiles. After checking for normality of data, 

analysis of variance tests (ANOVA) was used to compare the quartiles on continuous 

variables. The nonparametric statistical test, Kurskal Wallis was used to establish significant 

group differences when appropriate. Differences in categorical variables between groups 

were assessed with χ2 test. Pearson correlation was used to check for the degree of expected 

correlation between CSF t-tau and p-tau levels. As CSF t-tau and p-tau were significantly 

correlated (ρ = 0.90, p < 0.0001), only the t-tau levels were used in additional model 

calculations to avoid multicollinearity. To evaluate if t-tau (as a continuous variable) could 

be a factor in predicting atypical AD phenotype (all non-amnestic presentations or aphasia) 

our multivariable logistic regression model included age, sex, education, MoCA score, 

APOE ε4 status, CSF Aβ42, and t-tau as independent variables and non-amnestic 

presentation present/absent (model 1) and aphasia relating to a logopenic variant present/

absent (model 2) as the dependent variable. Statistical analyses were performed using SPSS 

™ (Chicago, IL) and R3.5.2 statistical software packages.

RESULTS

Among all patients in the cohort, non-amnestic AD had a higher median CSF t-tau level 

compared to amnestic-AD (p = 0.014) (Fig. 1). When the data was next analyzed by 

quartiles, we did not observe a significant difference in age, sex, APOE ε4, MoCA scores, or 
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duration of symptoms across the t-tau quartiles (Table 1). The t-tau quartiles differed in the 

frequency of aphasia as a frequent early clinical sign (χ2 = 11.3, p = 0.01).

In a secondary analysis, limited to the 54 patients who were evaluated within 2 years of 

symptom onset, there were 17 patients in the revised highest t-tau quartile. The results across 

all clinical variables of interest for the entire cohort noted previously were similar in the 

patients with symptoms onset within 2 years (detailed analysis not presented). As in the full 

cohort, those within the highest quartile t-tau group within two years of symptom onset 

again had a significantly higher frequency of non-amnestic presentations (χ2 = 10.1, p = 

0.002) and aphasia as an early clinical sign compared to the rest (χ2 = 13.3, p < 0.0001).

CSF AD biomarker differences between AD variants

When comparing the mean CSF t-tau levels between the AD variants (amnestic, logopenic, 

posterior-biparietal, frontal/executive), when all subjects were considered, mean CSF t-tau 

levels between the AD variants reached threshold of significance (Kruskal Wallis p = 0.05), 

but there were no differences in p-tau (p = 0.13) (Fig. 2) or Aβ42 levels (data not shown) (p 
= 0.11). There was a significantly lower frequency of amnestic AD patients in the ‘high t-

tau’ quartile (χ2 = 10.7, p = 0.013) with no differences in the frequency of other AD 

variants. When patients within two years of symptoms onset were considered alone, there 

were significant differences between the AD variants in t-tau (Kruskal Wallis p = 0.006) and 

p-tau (p = 0.006) levels (Fig. 3) but not Aβ42 levels (data not shown) (p = 0.078).

Prediction models

In the multivariate logistic regression model 1, each 50 pg/ml increase in CSF t-tau was 

associated with a 7.4% increase in the odds of having a non-amnestic presentation. Similar 

results were noted in model 2, where each 50 pg/ml increase in CSF t-tau was associated 

with a 10.6% increase in the odds of having aphasia as an initial clinical presentation (Table 

2).

Neuropsychology score differences between AD variants

An exploratory analysis comparing performance of ‘highest t-tau’ quartile compared to 

others was done among the 32 patients (8 high tau) who underwent more detailed cognitive 

assessments. There was a significant between-group difference with the high t-tau group 

performing worse on the verbal abstraction measure (WAIS-IV Similarities) (t (30) = 2.25, p 
= 0.03). A trend-level effect with worse non-verbal delayed recall (p = 0.06) was also noted. 

No other comparisons reached statistical significance.

On more detailed evaluation of MoCA scores which most patients completed, the ‘high t-

tau’ quartile performed significantly worse than others across a range of MoCA subtests 

including, clock drawing (t(90) = 2.9, p = 0.005), vigilance (t(90) = 2.64, p = 0.01), serial 7 s 

(t(90) = 2.32, p = 0.02), and lexical fluency (t(89) = 2.06, p = 0.04), as well as a trend-level 

effect (p = 0.06) for sentence repetition. Comparison of the highest versus lowest tau quartile 

groups on the total MoCA scores also revealed a trend-level between-groups difference (t 

(106) = 1.87, p = 0.064), with the low tau group performing 2 points higher (M = 16.94) 

than the high tau group (M = 14.91).
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MRI brain volumetric measures in relation to CSF t-tau and p-tau levels

In an exploratory analysis, we evaluated the correlations between MRI volumetric measures 

and CSF t-tau and p-tau values among the 54 patients who had concomitant MRI volumetric 

measures. There were no significant correlations between MRI measures of hippocampal 

and cortical volumes corrected for ICV and CSF t-tau and p-tau values. There were small 

but consistent negative correlations noted between CSF p-tau and left (ρ = −0.32, p = 0.019) 

and right inferior lateral ventricles (ρ = −0.33, p = 0.014), which did not meet statistical 

significance threshold at p = 0.05 with CSF t-tau (left: ρ = −0.25 p = 0.06, right: ρ = −0.23 p 
= 0.08).

DISCUSSION

Among the patients with clinical and biomarkers supportive of underlying AD, those 

patients within the highly elevated CSF t-tau levels in our cohort (with the highest tau 

quartile) had a higher likelihood of non-amnestic presentations (frontal/executive, logopenic, 

posterior-biparietal). Logopenic variant of AD was the most common of the AD subtype 

among the non-amnestic presentations noted in the highest tau group. A key inference from 

these results is that highly elevated CSF t-tau, implying more neuronal loss, is related to a 

higher likelihood of more extensive cortical changes as noted in the preponderance of 

cortical symptoms at initial presentation. The negative correlations between CSF p-tau levels 

and inferior lateral ventricle volume also raises the possibility of more extensive neuronal 

loss beyond the medial temporal regions in the high-tau cases. This is supported by recent 

studies on Tau PET imaging which have also noted the magnitude of cortical atrophy was 

associated closely with that of [18F] AV-1451 binding [24, 25]. Future studies into potential 

differences in diffusion characteristics of tau among the different clinical phenotypes 

relating to regional neuropathology is also warranted.

Prior studies evaluating CSF t-tau levels in atypical AD variants compared mean values 

alone and did not find significant mean group differences across all atypical AD variants 

[26, 27]. We note that in the above studies, even as the range of t-tau was comparable with 

the current report, analysis by quartiles was not done to see if higher tau quartiles had a 

higher frequency of atypical AD variants as in the current study. Higher mean CSF tau levels 

have also been reported in the frontal variant AD than in posterior cortical atrophy (PCA) for 

both t-tau and p-tau with intermediate levels in the logopenic variant AD (n = 11) [27] and in 

typical AD than PCA [28]. Concentrations of CSF tau have also been noted to decline in the 

later stages of the AD process [29]. This raises the possibility that highly elevated CSF tau 

levels could be likely noted in the earlier stages of symptoms in the cortical variants of AD 

accounting for the differences among the cohorts or that PCA has a distinct biomarker 

profile. We also note that the relationship of the high CSF t-tau and p-tau to non-amnestic 

AD was most striking in our subgroup analysis of subjects with less than two years of 

symptom duration. This has not been previously reported.

Previous studies have also reported highly elevated CSF t-tau levels as a marker of more 

severe cognitive impairment [13, 14, 28–30], rapidly progressive AD [12, 17], conversion to 

moderate dementia [31] and early nursing home placement [32]. Our results complement 

these results by describing the higher frequency of atypical AD clinical phenotypes with 
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cortical predominant symptoms among highly elevated CSF t-tau patients who are therefore 

likely to have more severe functional deficits accounting for these results. This may be due 

in part to often more impairment on cognitive testing, when language impairment is an early 

prominent issue.

Strengths and limitations

A cross-sectional approach was used based on a scientifically sound rationale that CSF 

levels of t-tau protein are thought to reflect the intensity of the neuronal damage in 

neurodegeneration and are therefore likely to reflect the extent of cortical involvement at 

least in earlier stages of AD. The smaller number of patients in this retrospective study of 

highly elevated CSF t-tau patients is representative of the frequency of these cases in a 

tertiary memory clinic. However, given the nature of the frequency of atypical presentations 

and that they are often missed in longitudinal studies like the ADNI, the current study 

enriches our understanding of AD pathophysiology among a wider spectrum of AD patients 

in the community. Another limitation is the lack of detailed longitudinal follow up at 

predefined time points for cognitive and functional assessments, as well as the lack of formal 

activities of daily living and behavior assessments due to the limitations of the clinical 

populations. There is, therefore, a clear and critical need for a systematic prospective follow-

up to see if rapid clinical progression in AD is related to elevated CSF t-tau and distinct AD 

subtypes.

Summary

Highly elevated CSF t-tau levels could be a surrogate biomarker for more cortical 

involvement presenting with early non-amnestic symptoms including aphasia in early 

symptomatic stages of atypical AD subtypes.
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Fig. 1. 
Median and range of total tau levels in amnestic (n = 69) and non-amnestic (n = 27) clinical 

presentations of Alzheimer’s disease. Mann Whitney p = 0.014. [The box notes values 

between 25th percentile and 75th percentile. Midline marks the median and the whiskers 

extend to 1.5 times the height of the box].
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Fig. 2. 
Median values of total tau and p-tau levels in AD patients with varying disease duration, 

Amnestic, n = 69, logopenic variant, n = 17, posterior-biparietal, n = 4, Frontal/executive n = 

4. Independent samples Kruskal Wallis test p = 0.05 for t-Tau, p = 0.138 for pTau. [The box 

notes values between 25th percentile and 75th percentile. Midline marks the median and the 

whiskers extend to 1.5 times the height of the box].
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Fig. 3. 
Median values of total tau and p-tau levels in AD variants within two years of symptom 

onset, Amnestic, n = 39, logopenic variant, n = 9, posterior-biparietal, n = 2, Frontal/

executive n = 1. Independent samples Kruskal Wallis test p = 0.006 for t-Tau, and p-Tau. 

[The box notes values between 25th percentile and 75th percentile. Midline marks the 

median and the whiskers extend to 1.5 times the height of the box].
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Table 2

Logistic regression analysis with models predicting non-amnestic presentation (model 1) and logopenic variant 

(model 2) with age, sex, education, MoCA score, APOE ε4 status, CSF Aβ42 and t-tau as independent 

variables

Model 1 Estimate Std. Error z value P

(Intercept) −0.95 2.99 −0.32 0.75

Age −0.002 0.038 −0.053 0.96

Sex 0.19 0.54 0.35 0.73

Education 0.075 0.10 0.72 0.47

APOE ε4 −0.90 0.59 −1.53 0.13

MoCA 0.016 0.053 0.30 0.77

CSFAβ42 −0.0053 0.0031 −1.70 0.09

CSF t-tau 0.0015 0.00069 2.25 0.025*

Model 2 Estimate Std. Error z value P

(Intercept) −2.84 3.95 −0.72 0.47

Age −0.0015 0.045 −0.30 0.98

Sex 0.18 0.72 0.25 0.81

Education 0.11 0.14 0.81 0.42

APOE ε4 −1.02 0.78 −1.31 0.19

MoCA 0.0078 0.072 0.11 0.91

CSF Aβ42 −0.0077 0.0042 −1.83 0.067

CSF t-Tau 0.0022 0.00084 2.68 0.0075*

*
p < 0.05.
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