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Abstract

Objectives—To longitudinally evaluate five cerebrospinal fluid (CSF) biomarkers in the transition
from Mild Cognitive Impairment (MCI) to Alzheimer’s disease (AD)

Methods—A baseline and 2-year follow-up clinical and CSF study of 86 subjects, including 22
MCI patients that declined to AD (MCI-AD), 43 MCI that did not deteriorate (MCI-MCI) and 21
controls (NL-NL). All subjects were studied for total and phosphorylated tau (T-tau, P-tauys1),
amyloid beta (AB) AB4/AP4g ratio, isoprostane (IP) as well as P-tauy31/ABap/a0 and T-tau/AB4z/40
ratios.

Results—At baseline and at follow-up MCI-AD showed higher levels P-tauy3q, T-tau, IP, P-
taus31/ABaojag and T-tau/APap/ao ratios and lower AB4o/AB4g than MCI-MCI or NL-NL. Baseline
P-tauy3; best predicted MCI-AD (80%, p<0.001) followed in accuracy by P-taup31/APB4p/a0 and T-
tau/AP 440 ratios (both 75%, p’s <0.001), T-tau (74%, p<0.001), AB42/AB4g (69%, p<0.01), and IP
(68%, p<0.01). Only IP showed longitudinal effects (p<0.05).

Conclusions—P-tauysy is the strongest predictor of the decline from MClto AD. IP levels uniquely
show longitudinal progression effects. These results suggest the use of CSF biomarkers in secondary
prevention trials.
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1. INTRODUCTION

The incidence of Alzheimer’s disease (AD) will more than double by the 21st century [21].
The socioeconomic consequences of such increases warrant a reliable and accurate method
that will enable the early diagnosis of AD and facilitate prevention studies. Evaluation of
biochemical changes in cerebrospinal fluid (CSF) is seen as a promising strategy for a diagnosis
of incipient AD [5]. The most frequently used CSF biomarkers include total tau (T-tau) and
hyperphosphorylated tau protein (P-tau), which are associated with neuronal damage and
intracellular neurofibrillary tangles (NFT); amyloid beta 1-42 (AB42), a predominant
component of brain parenchyma amyloid plaques; amyloid beta 1-40 (AB4g) found mainly in
vascular walls [39]; and isoprostane (IP), a marker of lipid peroxidation and inflammation
[30,35]. Recent studies using T-tau and AB4, show that future AD can be accurately predicted
inthe MCl stage, which is considered by many as a prodromal stage of AD [5,32]. Other studies
have shown that both IP and P-tau,3; can also predict future AD [3,9,12]. However, no single
study has compared the predictive accuracy or longitudinal performance of all these commonly
used biomarkers in the prediction of decline from MCI to AD. The present study was designed
to evaluate the univariate and incremental accuracy of the most commonly used CSF
biochemical markers in predicting decline from MCI to AD, as well as to examine their
longitudinal utility in characterizing clinical change.

2. MATERIAL AND METHODS

2.1 Clinical Studies

Subjects—Eighty-six community-dwelling subjects participated in this 2-year longitudinal
study. Using a standardized longitudinal protocol, the clinical evaluation consisted of medical
(history, physical, MRI, and laboratory with apolipoprotein € (APOE) genotyping)
neurological and psychiatric evaluations. All subjects signed IRB approved informed consent.
The three study groups were as follows: MCI patients who declined to AD (MCI-AD: n=22,
age 71.3x7, 73% females; see Table 1); MCI patients that did not deteriorate over the 2-year
study duration (MCI-MCI: n=43, age 72.1+8, 35% females); and a normal control group that
remained normal over the 2-year study duration (NL-NL: n=21, age 68.7£11, 71% females).
All consecutive MCI subjects were included as research subjects. A comparable number of
healthy control subjects (NL-NL) balanced for age was selected from an ongoing 2-year
longitudinal study (see inclusion and exclusion criteria below). The creation of the study groups
was solely based on the clinical diagnosis and was blinded to all CSF, MRI and APOE data.
All subjects received longitudinal 2-timepoint clinical, MRI-imaging. All NL-NL and MCI-
AD and 33 of the 43 MCI-MCI received follow-up lumbar puncture.

Inclusion Criteria—NL subjects were highly functioning individuals, had Clinical Dementia
Rating (CDR) score of 0, Global Deterioration Scale (GDS) scores of 1 or 2 (differentiated by
subjective reporting of age-related memory change) [38], MMSE score > 28 and minimum of
8 years of education. The diagnosis of MCI was based on: progressive memory complaints
corroborated by an informant, a CDR=0.5, GDS score = 3 [38] and clinically recognizable
memory impairment without fulfilling either the DSM-IV [1] or NINCDS-ADRDA (8) criteria
for dementiaand AD. AD patients fulfilled the DSM-IV criteria for dementia and the NINCDS-
ADRDA criteria for probable AD [28], and had GDS scores > 4 [38].

Exclusion Criteria—Individuals with medical conditions or a history of significant
conditions that may affect brain structure or function (e.g. stroke, other neurodegenerative
diseases including fronto-temporal and Lewy body dementia, depression, uncontrolled
hypertension or diabetes mellitus type 2) were excluded from the study. Additionally, all
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subjects with MRI-based evidence of lacunar or cortical infarctions as assessed with T1- and
T2-weighted images at baseline were disqualified from participation in the study.

Study Protocol—All subjects underwent lumbar puncture within 3 months of their
longitudinal clinical assessment periods as described above. At baseline and after an average
period of 2 years (2.05+0.7 years; see table 1), a complete follow-up examination was
conducted.

2.2 CSF study

After an overnight fast, at 11:00 A.M., a 25 gauge Sprott pencil point lumbar puncture needle
was used to collect CSF. Samples were centrifuged, aliquoted to polypropylene tubes and
stored at —80 °C. Assays were blinded to clinical data.

CSF T-tau levels were determined using a commercially available INNOTEST hTAU antigen
kit (Innogenetics®, Gent, Belgium). The detection limit is 60 pg/ml for T-tau and the coefficient
of variability are 5.5% (intra-assay) and 11.6% (inter-assay) [7].

A sandwich ELISA assay was used to detect tau phosphorylated at threonine 231 (P-tauy31).
In this assay, tau is captured with two backbone-directed antibodies, tau-1 and CP-27. The
captured tau is then detected by CP9, which is specific for P-tauy3; [25]. Detection limit for
this assay is 9 pg/ml and the coefficients of variation range from 6.0 to 10.3% (intra-assay) and
11.6 to 14.4% (inter-assay).

The CSF amyloid B levels (AB4g, APa2) were measured using a monoclonal antibody 6E10

(specific to an epitope present on AB-16) and to rabbit antisera to AB4g and AR,y respectively,
in a double antibody sandwich ELISA [29]. The detection limit for AB4g and AB4, was 10 pg/
ml while the reproducibility ranged from 8 to 14% (intra-assay) and 10 to 18% (inter-assay).

CSF levels of isoprostanes (8,12-is0-iPF,,-V1) were assayed by negative ion chemical
ionization gas chromatography / mass spectrometry, after CSF samples were spiked with a
fixed amount of internal standard (d4-8,12-iso-iPF2a-V1), extracted on a C18 cartridge column
and purified by thin-layer chromatography [34]. The detection limit for this assay was 1 pg/
ml. The coefficient of variation ranged from 4-7% (intra-assay) and 4.5-6.5% (inter-assay).

3. STATISTICAL ANALYSIS

For all analytes, the metric used was the CSF concentration. CSF levels of the analytes are
presented in the text and the tables as mean value + SD. Since prior studies and the current
data demonstrate that AB4g alone is not a useful predictor of cognitive decline and that the
APl APy ratio is superior to APy, level in discriminating AD from NL or from other
dementias [26], for predicting future MCI [18] or MCI transition to AD [19], the AB42/AB4g
ratio was used for the analyses. Subjects with at least one APOE4 allele were classified as
“APOEA4 carriers”. Analysis of covariance with post-hoc Tukey tests was used to detect
differences in univariate and combined CSF marker levels between diagnostic groups
correcting for gender, education and APOE genotype. Differences in CSF marker levels
between APOE4 carrier and non-carriers were corrected for gender and education. Non-
normally distributed data, as determined by Shapiro-Wilk test, were examined using the
Kruskal-Wallis nonparametric test after calculating residualized values using the previously
mentioned covariates. The post hoc analysis for non-normally distributed data was performed
with the Mann-Whitney U test with Bonferroni correction.

Logistic regression models were used to examine the CSF measures as predictors of cognitive
decline to AD among the MClI subjects. The overall accuracy is the total proportion of correctly
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classified subjects across the diagnostic groups. Cut-off levels for sensitivity and specificity
figures were derived from receiver operating characteristic (ROC) curves in two ways: 1) by
maximizing their sum; and 2) by constraining sensitivity at 82% (in order to compare
specificities across CSF analytes). The 82% sensitivity was chosen as the closest value on the
ROC curve above 80%, consistent with the 80% threshold recommended for AD diagnostic
tests by the Consensus Working Group [11]. CSF measures were tested for superiority with
logistic regression prediction models by calculating step increase of the model after adding the
other CSF measure to the equation. Correlations between CSF biomarkers were analyzed with
partial correlations correcting for diagnostic group effects. P values < 0.05 were considered
significant. All analyses were performed with SPSS 12.0 (SPSS, Chicago, IL 2004).

4. RESULTS

Demographics of the study participants are presented in table 1. There were no significant
differences between the three study groups with respect to age (F(2,83)=2.8, n.s.) or observation
interval (F(2,83)=0.6, n.s., see table 1). The MCI-AD group had more APOE4 carriers

(2 ()=7-2; p<0.01) and less education (F,g3)=8.1, p<0.01) than both NL-NL and MCI-MCI
groups (see table 1). The percentage of females was higher in both MCI-AD and NL-NL than
in MCI-MCI (xz(l):7.6; p<0.001). Consequently, APOE genotype, gender and education were
used as covariates in between-group analyses.

4.1 Study group discrimination effects

The baseline CSF analyte data by diagnostic group are presented in Table 2. After correcting
for gender, education and APOE genotype, MCI-AD subjects presented with higher levels of
CSF T-tau, P-taugsy, IP, T-tau/ABap/ag and P-taupz1/ABagsag ratios as well as a lower ABgo/
APy ratio than either MCI-MCI or NL-NL (p’s<0.01). MCI-MCI did not show differences as
compared to NL-NL (p>0.05). CSF measures are shown in Figure 1.

Similar to the baseline results, after correcting for confounding variables the MCI-AD patients
at follow-up presented with higher values of CSF T-tau, P-tauysg, IP, T-tau/AB4o/40 and P-
tauy31/ABagyag ratios and lower AB4o/AP4g ratio as compared with either MCI-MCI or NL-NL
(p’s<0.01; see table 2). Again, there were no significant differences between MCI-MCI and
NL-NL.

4.2 AD prediction effects

MMSE score at baseline did not predict MCI to AD decline X2(1)= 2.7,p>0.05). Table 3 presents
the sensitivity, specificity and overall accuracy for the baseline AD-prediction model
calculated using CSF cut-off levels that maximized the combined sensitivity and specificity
(part A) and by constraining sensitivity at 82 % (part B). Because there were no significant
interactions between confounding variables and CSF biomarker levels, sensitivity and
specificity figures are presented for uncorrected models (in order to provide cut-off levels).
All the significant uncorrected predictions were confirmed in analyses correcting for
demographic and APOE differences (p’s <0.01). The logistic regression and maximized ROC
analysis showed that among univariate markers, both P- taU231 and T-tau demonstrated
comparable overall accuracy in predlctlng decline (83%, 2 (1=17.0 and 18.2 respectively,
p<0.001), followed by IP (74%, 2 =122, p<0.01). Among combined markers, the overall
predlctlon accuracies of the P-tauyg1/ABa/ag (82%, y2 (1)=13.3, p<0.001) and T-tau/ABaz/a0
(80%, x2 (1)=15.9, p<0.001) provided superior results to AB42/AB4q (69%, 2 )=11.0, p<0.01),
as determined by step wise logistic regression, but were not significantly different form T-tau
and P-taups; levels alone (p>0.05 for the step increase).
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By constraining sensitivity to 82%, baseline CSF levels of P-tauy3; demonstrated the highest
specificity (80%) and highest overall accuracy (80%) in discriminating MCI-AD from MCI-
MCI, followed by T-tau/AB42/49 ratio (74% and 75%, respectively), P-taup31/AB4o/40 ratio
(72% and 75%), T-tau alone (70% and 74%), AB42/AB4o (63% and 69%) and IP (61% and
68%).

In both stepwise logistic regression analyses, prediction accuracies of P-tauy3; and T-tau were
significantly better than that of IP (the step increase xz(l): 5.7 and; xz(l): 5.4, respectively, p’s
<0.001) and of AB4o/ABag (the step 3%1y= 4.4,and x%(1)= 3.9, respectively, p’s <0.01).

Logistic regressions examining the incremental value of the individual baseline biomarkers to
predict AD showed that the only significant accuracy increment was found after adding
AP/ AByg to IP. This increased the 74% accuracy X2(1):4-5, p=0.03) of the IP level, to a
combined model with 80% accuracy x2(2:16.7, p<0.01). The absence of other incremental
effects was likely due to the significant correlations between the biomarkers.

Analysis of the correlations between CSF biomarkers at baseline showed that after setting
diagnostic group as a covariate, most CSF biomarkers were significantly correlated with each
other with (r’s ranging from 0.28 to 0.94, p’s<0.01; see Table 4). The strongest relationships
were between IP and both P-tauy3; and T-tau (r’s~ 0.70). IP was not associated with the
APgo/ APy ratio.

4.3 Longitudinal effects

Analyses of the longitudinal changes for the univariate and combined CSF markers showed
that only the annualized rate of CSF IP level change (pg/ml/year) was different between the
three diagnostic groups (x2(2)28.1; p<0.05). The rate of IP increase was higher in MCI-AD
subjects (5.9+5.4 pg/ml/year) than in either MCI-MCI (4.4£9.0 pg/ml/year) or NL-NL (1.3
+5.2 pg/ml/year). The IP rate of change was also higher in MCI-MCI as compared with NL-
NL (p’s<0.05).

Interestingly, baseline levels of each of the CSF biomarkers predicted the longitudinal change
in IP levels in both the MCI-MCI and MCI-AD groups (p’s <0.05), but not in the NL-NL group
(p>0.05; see Table 4). The significant correlations ranged from r =.36 for T-tau in the MCI-
MCI group to r =.72 for T-tau in the MCI-AD group. The longitudinal IP level change did not
significantly correlate with the longitudinal changes in the other CSF measures (p’s>0.05).

4.4 APOE effects

In Analyses of Covariance examining APOE4 carrier status, diagnostic group and their
interaction, the results showed significant genotype effects only for AB42/AB4o. The diagnostic
effects were the same as presented above and there was no interaction between APOE carrier
status and diagnostic group. APOE4 carriers showed lower levels of AB4o/AB4g as compared
with non-carriers at both baseline (F(y 77y=12.7, p<0.01) and follow-up (F(1,69)=10.4, p<0.01)
but not longitudinally (see Figure 2). Exploratory analyses showed that the difference in
ABao/AB4g levels between carriers and non-carriers reached statistical significance in the MCI-
MCI group at both time points (baseline: F(1 35=16.6, p<0.01: follow-up: F(1 2g)=5.2, p<0.05)
and in the MCI-AD group at follow-up (F(1,17)=8.7, p<0.01).

5. DISCUSSION

This 2-year longitudinal study examined five commonly used CSF biomarkers for AD in a
study of healthy controls, stable MCI and MCI patients who progressed to AD. There were
three main findings. First, at baseline and at follow-up, all the CSF biomarkers separated

declining MCI patients from stable MCI and normal controls. Second, all biomarkers were
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statistically significant predictors of the decline from MCI to AD with P-taup3; and T-tau the
strongest univariate predictors. Third, only IP demonstrated longitudinal effects.

At baseline, all CSF measures accurately separated MCI subjects who later declined to AD
from stable MCI subjects and from NL-NL. MCI-AD patients had higher CSF concentrations
of P-taupsy, T-tau, IP, P-taus31/APBap/ag and T-tau/AB4o/ag ratios as well as lower AB4o/AB4g
measures as compared to either stable MCI or to normal elderly controls. This finding is in
agreement with previous findings [2,6,9,12,22]. Our results confirm that before the onset of
clinically overt AD, there are changes in the CSF biochemical composition that reflect AD
pathology: neurofibrillary tangles, amyloid plaques [4,36], and oxidative damage to neuronal
cell membranes [30,36].

Interestingly, IP was the only biomarker that showed longitudinal effects, such that IP levels
increased over 2 years in association with MCI-AD conversion as compared to the same time
interval for stable MCI and NL subjects. This finding is consistent with the results from smaller
samples of MCI patients previously published by our group showing that longitudinal IP level
provides diagnostic separation of MCI from healthy controls, and adds new evidence that
longitudinal IP changes can be used to track the progression from MCI to AD [12,13]. Since
IP is a marker of membrane lipid peroxidation and inflammation, these data suggest that the
increase of CSF IP levels in cognitively deteriorating patients reflects progressive neuronal
oxidative stress and progression of neurodegenerative changes [35]. Although the cross-
sectional baseline IP levels showed high correlation with P-tauy3; and T-tau (r’s ~ .70), there
was no correlation between longitudinal changes in these analytes. This finding suggests the
unlikely summary that the processes of inflammation and neurodegeneration are not parallel.
However, it remains of extreme interest to answer the question whether there is an order or
staging effect, i.e. if oxidative stress precedes neurodegeneration or is merely a consequence
of an already existing neurodegenerative process. The present 2 time point study of MCI
patients is insufficient to answer this question. Possibly a study including normal subjects that
experience longitudinal changes related to AD would reveal this sequence. It is also possible
that other factors such as clearance of tau which is poorly understood and the dilution of a brain
derived protein such as the tau molecule in the CSF has affected the sensitivity to measure
brain progression effects [14]. As such, both additional groups and improved characterization
of the physiology of tau are needed to understand the relationship to inflammation.

As recommended by the consensus report of the NIA Working Group on Biological Measures
[11], an ideal diagnostic AD biomarker should have both sensitivity and specificity of at least
80% in separating AD from normal aging. We report that the prediction of decline with P-
taup3; exceeds the recommended 80% threshold of sensitivity and specificity and, shows the
highest specificity (80% recognition of non-declining MCI patients) among all biomarkers
analyzed in the study. However, although our results show that only P-tau,3; meets the criteria
stated by the consensus group and provides highest sensitivity and specificity figures, its
prediction accuracy was not statistically different from that of T-tau, T-tau/AB42/49 Or P-
tauo31/AP42/40 ratios. However, larger samples may provide the statistical power to detect
differences between these biomarkers.

The changes in P-taup3; are known to reflect neurofibrillary pathology [24] and clinical studies
show that elevated levels confer diagnostic specificity for AD [10]. Although CSF P-taus3;
and T-tau changes were better predictors of future cognitive decline than ABap/a0 and IP, it
remains to be established which biomarker is the first useful predictor of AD to be detected.
A recent predictor CSF study by Fagan et al. suggested that CSF AP reductions occur in normal
subjects prior to clinical decline and may precede tau elevations [16], but evidence for
biomarker staging requires longitudinal data for a large number of clinical starting points and
this is not yet available.
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Although several studies show that the use of CSF T-tau/AB4 or AB4o/AP4g ratios yield good
AD diagnostic accuracy [2,17,23,26,31] and MCI-AD prediction effects [16,20], it is usually
not reported if the ratio statistically increments the prediction accuracy over the univariate
measures. We observed a significant additive effect in our study only with the addition of
AP/ APy to IP. Statistically, combinations of CSF measures will increase AD-prediction
accuracy provided that the two markers are not highly correlated. Accordingly, our analysis
shows a high correlation between most CSF biomarkers. AB42/AB4 and IP were weakly
correlated and therefore have a greater potential to show incremental effects.

In the present study, only subjects with baseline diagnoses of NL or MCI were examined. The
homogeneity of our study population was achieved by applying clearly defined baseline
diagnostic criteria and excluding patients with cerebrovascular disease and other identifiable
causes of poor cognitive performance. Therefore, we excluded subjects that in clinical settings
have to be considered as part of the differential diagnosis of AD. It remains to be established
to what extent our results apply to more heterogeneous patient samples. Future CSF biomarker
studies are warranted to examine this issue.

Because the APOEA4 genotype is a well known risk factor for AD [27], we examined its effects
on the CSF biomarkers. We observed across the diagnostic groups that the AB4p/ag ratio was
lower in carriers as compared with non-carriers. Interestingly, we did not find any APOE
genotype differences for the other CSF analytes. These data suggest a limited role for APOE
genotype in the interpretation of CSF biomarkers. Our results are in agreement with
Engelborghs et al. [15], but not with the CSF results reported by Prince et al. [37] who reported
a link between APOEA4 genotype and AB metabolism. Further study of these relationships is
warranted.

A limitation of the current longitudinal dataset was the reliance on only one follow-up
observation period. Based on other work, one would expect that about 12-15 % of amnestic
MCI patients (and less for the non-amnestic) will progress within 1 year to AD [33]. While
our data are consistent with this expectation, with a 2-years follow-up interval our results may
underestimate the differences between stable and progressing MCI as our MCI-MCI subject
group are likely to include MCI patients who will later develop dementia. In other words, the
inclusion of future declining MCI subjects within the stable MCI group would have the
conservative effect of reducing the statistical differences between groups. Consequently,
expanding the observation period may increase the baseline prediction accuracies for the
biomarkers. As an example, in a similarly designed study published by Hansson et al., using
T-tau and A4, an observation period greater than 4 years provided sensitivity and specificity
values predicting MCI to AD decline as high as 95% and 83%, respectively,[20]. The fact that
our sensitivity and specificity estimates for P-taup3; are about 80% suggests that reliable
predictions can be made over a 2 year interval.

Although several AD-prediction studies are published, these reports do not include longitudinal
CSF measurements [8]. Our paper presents longitudinal CSF data for five most common
biomarkers, and tested the incremental potential of combining them in the prediction models.
Our results identify P-tauy3q as the better predictor of AD at the MCI stage and that IP may be
useful for monitoring the course of decline to AD. We conclude that CSF biomarkers may
facilitate the design of secondary prevention trials studies by enabling subject enrichment and
monitoring clinical course. Future studies with larger, more naturalistic study populations with
longer and more frequent follow-up intervals will further contribute to determining the most
useful sets of biomarkers and relationships among the CSF biomarkers for AD.
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Figure 1.

Mean values * standard error of the mean (SEM) of: (A) P-tauys;, (B) T-tau, (C) IP and (D)
APB42/ABygp in the diagnostic outcome groups.

Legend: Baseline (open) and follow-up (dashed lines).

* - follow-up values significantly different than baseline (p<0.01).
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Figure 2.

Mean £SEM baseline values for the AB4a/APB4g ratio in E4 carriers and non-carriers by
diagnostic group.
* - significantly different APOE4 carrier effect within MCI-MCI group (p<0.01).
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Patient Demographics

Table 1
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NL-NL (n=21) MCI-MCI (n=43) MCI-AD (n=22)
age at baseline 68.7+ 11 72.1+83 713+7.2
observation period [years] 21+07 2.0+0.7 21+05
APOEA carriers [%)] 29 % 39 % 730 &b
females [%] 71 % b 35 % 73 %
education [years] 15.0+3.8 139+372 107 £3.73b
MMSE at baseline [points] 29.7+05 281+172 273+21ab

NL-NL: normal control group, MCI-MCI: non-declining MCI group, MCI-AD: declining MCI group.

avalue significantly different than in NL-NL group

bvalue significantly different than MCI-MCI group.
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Table 3
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Sensitivity, specificity and overall diagnostic accuracy of the CSF analytes in the baseline prediction of MCI-

AD (n=22) vs. MCI-MCI (n=43).

Part A: Maximized sensitivity and specificity.

sensitivity specificity overall accuracy

P-tau,s, level:

cut-off level: 38.6 [pg/ml] 73 % 88 % 83 %
T-tau level:

cut-off level: 605.5 [pg/ml] 68 % 91 % 83 %
P-tau,zy / APy ratio:

cut-off level: 445.9 73% 86 % 82 %
T-tau / AB 4 ratio:

cut-off level: 6127 7% 81 % 80 %
IP level:

cut-off level: 47.5 [pg/m 1] 55 % 91 % 74 %
AP 4o/ APy ratio:

cut-off level: 0.099 86 % 60 % 69 %
IP + AB,,/ABy ratio:

cut-off level: n/a 64 % 88 % 80 %
Part B: Specificity and overall accuracy with sensitivity constrained at 82 %.

sensitivity specificity overall accuracy

P-tau,s, level:

cut-off level: 21.84 [pg/ml] 80 % 80 %
T-tau / AP,y ratio:

cut-off level: 4970 74 % 75 %
P-tauyz, / AP gy ratio:

cut-off level: 231.5 72% 75 %
T-tau level:

cut-off level: 414.5 [pg/ml] 82 % 70 % 74 %
AP,/ Ay ratio:

cut-off level: 0.093 63 % 69 %
IP level:

cut-off level: 30.5 [pg/ml] 61 % 68 %
IP + AB4,/AByq ratio:

cut-off level: n/a 58 % 66 %

(the overall accuracy is the total proportion of correctly classified subjects)
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