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INTRODUCTION: Establishing valid diagnostic strategies is a precondition for suc-
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single molecular array (Simoa) plasma neurofilament light chain (NfL) levels at base-

was estimated by continuous shrinkage polygenic risk score (PRS-CS, genome-wide
association study).

RESULTS: Nineteen participants developed AD after a median of 60 months
(interquartile range 30). In participants with AD, baseline NfL plasma levels
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AD (p < 0.01).

AD.

KEYWORDS

1 | INTRODUCTION

Neurofilament light chain (NfL) is a correlate of neuroaxonal damage
and considered an unspecific biomarker of neurodegeneration that
can be measured in cerebrospinal fluid (CSF), but also in plasma and
serum.>2 Levels of NfL in peripheral blood and CSF are strongly corre-
lated and can be precisely inferred with single molecule array (Simoa)
technology.3¢

Plasma NfL has been reported previously to differentiate among
persons with Alzheimer’s disease (AD), mild cognitive impairment
(MCI), and cognitively unimpaired participants in a cross-sectional
design.” A recent study confirmed a distinguishing capacity of plasma
NfL between AD and MCI or persons with subjective cognitive decline
in a memory clinic setting.® With regard to potential future disease-
modifying therapies, the identification of AD at-risk subjects is of even
higher interest.? In this context, the study by Gerards et al. did not
find a distinguishing capacity of plasma NfL among MCI, an AD at-risk
group, and persons with subjective cognitive decline in this cross-
sectional approach.® Intriguingly, though, two recent longitudinal
studies have suggested a predictive value of baseline plasma NfL for
future cognitive decline or imaging parameters of neurodegeneration
in cognitively impaired persons or a mixed sample of MClI and healthy
control subjects.>19 Outcome parameters in the latter study such
as global cognition, attention, and cortical thickness are non-AD
specific, though, and might be explained by other neurodegenerative
processes.'® A longitudinal study with familial AD mutation carriers
found a predictive value of peripheral NfL values for neurodegenera-
tion and clinical deterioration in cognitively unimpaired participants.
As age of onset is significantly younger in familial than in sporadic AD,
which might impact NfL levels also in the control group, results cannot
readily be translated to sporadic AD.

Taken together, no study has evaluated the predictive value of base-
line peripheral NfL levels for the clinical manifestation of sporadic AD
over time in non-demented old-aged persons.

Another emerging marker for individual risk stratification of AD
development is the AD polygenic risk score (PRS). An advantage of PRS
is that, although it might not be completely independent from it, an

effect of age on the score is presumably rather low. Therefore, PRS can

correlated with PRS-CS (r = 0.75, p < 0.001; difference to controls: Fisher’s r-to-z:
z = 3.89, p < 0.001). PRS-CS combined with baseline plasma NfL predicted onset of

DISCUSSION: Our data suggest that polygenic risk for AD and plasma NfL closely
interact years before onset of clinical symptoms. Peripheral NfL may serve as a diag-

nostic measure supporting early therapeutic intervention and secondary prevention in

Alzheimer’s disease, genome-wide association studies, neurofilament light chain, plasma
biomarker, polygenic risk score, single molecular array

be calculated prior to disease onset at any point in an individual’s life.
Yet, due to the score being sample and methodology dependent, PRS in
its current application is not recommended to be applied to determine
AD risk as a single marker.11-13

Based on the outlined findings we hypothesized that NfL in plasma
might not be of predictive value for the future development of spo-
radic AD in non-demented old-aged participants as a single marker.
This might be related to NfL being a neuron specific but etiologically
unspecific marker of neurodegeneration.

We hypothesized that baseline plasma NfL combined with AD-PRS,
a biomarker with higher specificity for AD, might be associated with
AD diagnosis over 90 months in a “community-dwelling” cohort of
non-demented old-aged persons, in which all were 75 years of age at

baseline.

2 | MATERIALS AND METHODS

2.1 | Participants

The present study is based on data collected in a subsample of
the Vienna Transdanube Aging (VITA) study. The VITA study is a
community-based cohort study of 606 participants that were all 75
years old at study inclusion and originated from the 21st and 22nd
district of Vienna, Austria. The study started in May 2000. At study
inclusion (“baseline”), all 606 participants were healthy and had normal
cognitive performance. The main scientific aim of the VITA study is the
prediction of dementia in old-aged persons.'*

The VITA study protocol includes a thorough neurologic and psy-
chiatric examination, neuropsychological testing including the CERAD
(Consortium to Establish a Registry for Alzheimer’s Disease) test
protocol, cerebral magnetic resonance imaging (cMRI), and blood
sampling. Detailed descriptions of the study procedures have been
published previously.215 Participants were invited for follow-up vis-
its and examinations after 30, 60, and 90 months. Fulfillment of the
National Institute for Neurological and Communicative Disorders and
Stroke-Alzheimer’s Disease and Related Disorders Association crite-

ria for AD were evaluated at each visit.'617 The data used for the
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present study is based on 169 persons, from whom genome-wide asso-
ciation study (GWAS) data (n = 159) or plasma NfL levels (n = 160)
from all time points (0, 30, 60, 90 months) were available. From 151
persons both NfL at baseline and GWAS data was available. Of these
144 passed GWAS quality control (QC) procedures.

2.2 | Analysis of NfL in plasma

Levels of NfL were analyzed in plasma samples at baseline (O months),
30, 60, and 90 months from all 160 participants. All frozen plasma sam-
ples were analyzed at the University Hospital of Basel using a Simoa
assay (Quanterix NfL Advantage Kit). A detailed description of the
assay has been published previously.**® All samples and calibrators
were measured in duplicate with follow-up samples from the same
participants analyzed in the same run. Interassay variability of the mea-
surements was assessed with three native serum controls (sample 1:
7.2 pg/mL, sample 2: 20.7 pg/mL, sample 3: 38.5 pg/mL). Interassay
mean coefficients of variation of duplicate measures were (sample 1,
2,and 3): 4.2%, 4.7%, and 1.3%, respectively.

2.3 | Genome-wide genotyping of VITA
participants

159 VITA DNA samples were genotyped on the Infinium Global Screen-
ing Array (lllumina), as previously described.!? GWAS data collection
was part of the European Alzheimer’s Disease DNA Biobank dataset
(EADB) study.2°

2.4 | Genotypes QC and imputation

The genotype QC of 159 VITA participants was performed using
Ricopili Pipeline 2! using following standard parameters for retaining
subjects and single nucleotide polymorphisms (SNPs): SNP missing-
ness < 0.05 (before sample removal); subject missingness < 0.02;
autosomal heterozygosity deviation (| Fhet | < 0.2); SNP missing-
ness < 0.02 (after sample removal); difference in SNP missingness
between cases and controls < 0.02; SNP Hardy-Weinberg equilibrium
(p>10~%in controls or p > 10710 in cases); and male subjects with het-
erozygosity rate for chromosome X > 0.5 and female subjects < 0.5.
Three participants were excluded due to SNP missing > 0.02. Four par-
ticipants were excluded as population outliers in a principal component
analysis (PCA,; two participants with principal component [PC] 1 > 0.2
and two with PC 2 > 0.2).

The genotype imputation was performed using the pre-
phasing/imputation stepwise approach implemented in EAGLE22/
MINIMAC32324 (with a variable chunk size of 132 genomic chunks
and default parameters). The imputation reference set consisted of
54,330 phased haplotypes with 36,678,882 variants from the publicly

available Haplotype Reference Consortium reference.2®

Disease Monitoring

RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the litera-
ture using traditional sources (e.g., PubMed). An ongoing
major focus of the field is the identification of blood
biomarkers valid for estimating risk for developing spo-
radic Alzheimer’s disease (AD). We identified a knowl-
edge gap regarding the predictive value of baseline
peripheral neurofilament light chain (NfL) levels for the
manifestation of sporadic AD in non-demented old-aged
persons as a single marker or combined with individual
polygenic risk scores (PRS).

2. Interpretation: Our data align well with the notion that
peripheral NfL is a powerful biomarker of neurodegen-
eration. Our findings substantiate a role of peripheral
NfL in early AD diagnostics combined with more disease-
specific markers.

3. Future directions: Relevance for developing AD needs
to be confirmed in larger longitudinal cohorts. Further
on, benefit for early therapeutic interventions could be
assessed.

The relatedness was tested using a subset of 77,177 SNPs obtained
with a stringent quality criterion (INFO > 0.8, missingness < 1%, minor
allele frequency > 0.05) and by applying linkage disequilibrium (LD)
pruning (r2 > 0.02). The analysis did not find any related or overlap-
pingindividuals within VITA participants. A second PCA was performed
using the same set of high-quality SNPs to generate a set of PCs. PCs 1
to 4 were used to control for population stratification in downstream

analysis.

2.5 | Calculation of PRS for late onset AD

SNP data of 144 VITA participants, from whom both NfL at all time
points and GWAS data were available, was used for estimating individ-
ual PRS for sporadic AD. We downloaded publicly available summary
statistics of AD GWAS (cases/controls: 71,880/ 383,378)%¢ from a
complex trait genetics lab.2” We used the PRS continuous shrink-
age (CS) method,?® which uses Bayesian regression, to calculate an
updated posterior effect size by applying continuous shrinkage to the
initial (prior) effect sizes from the AD GWAS. The posterior effect size
accounts for the LD between SNPs using LD reference panels con-
structed from the 1000 Genomes Project Phase 3 European samples.2?
In total, 810,402 SNPs with a valid posterior effect size were used
as weights to perform PRS on our sample by multiplying the updated
effect size of each variant by its imputation probability for each par-
ticipant. The resulting values were summed over each participant, to
obtain a whole-genome PRS.
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2.6 | Statistical analysis

Significance of differences in descriptive data, NfL values (pg/mL and
z-scores, and PRS (z-scores) between the AD at 90 months and the
control group were assessed with Wilcoxon rank sum test.

To investigate a possible association between the two groups
AD/control (dependent variables) and PRS (independent variable), a
logistic regression analysis was conducted adjusted for population
stratification using PCs 1 to 4 as covariates. The explained variance
for the logistic regression analyses was estimated with Nagelkerke R2
using likelihood of reduced model (covariates only) and full model (con-
taining covariates and PRS) and the p value was obtained by comparing
the reduced and full model. The predictive value of PRS and baseline
NfL (independent variables) for the diagnosis (AD/control group) was
assessed with logistic regression with baseline body mass index (BMI)
and sex as additional covariates.

The Spearman’s correlation coefficient was used to describe the cor-
relation of PRS and baseline NfL values in the AD and in the control
group. Difference between the slopes of the correlation coefficients
was calculated with Fisher’s r-to-z transformation.30-31

To further characterize the effect of baseline NfL, AD diagnosis, and
time on NfL levels a linear mixed effects model was calculated with
time as the independent variable, NfL as the dependent variable, and
AD diagnosis at 90 months as well as baseline NfL and sex as covari-
ates (MATLAB 2022b, version 9.13.0, Statistics and Machine Learning
Toolbox Version 12.4).

For validity control NfL levels were controlled for the influence of
BMI and age using a large reference database of healthy controls that
was built with a generalized additive model for location, scale, and
shape.32 From this statistical model NfL z-scores and percentiles were
derived as age- and BMI-adjusted measures (Figure S1 in supporting
information). NfL z-scores were used for control analysis of the data.

As a further validity control, analyses were repeated after excluding
participants with a baseline NfL z-score > 1.5 and concurrent vascu-
lar pathology (total n = 6, all control subjects), defined as magnetic
resonance imaging evidence of infarction (diameter > 1.5 cm), lacunar
infarcts (diameter < 1.5 cm), periventricular hyperintensities at base-
line (periventricular bands and irregular with extension into deep white
matter), or deep white matter hyperintensities (beginning confluent
and confluent).

Multiple testing bias (false discovery rate [FDR]) was allowed for
using the Benjamini-Hochberg procedure.3?

GraphPad Prism software (version 9.4.1) was used for data visual-

ization.
3 | RESULTS
3.1 | Study sample: 19 out of 144 initially healthy

participants were diagnosed with AD at 90 months

Of the 144 participantsincluded in data analysis, 19 persons developed
AD while 125 participants did not develop AD over the study course of
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FIGURE 1 Plasma NfL at all time points in the AD group at 90
months and the control group. Box whisker plot of NfL (pg/mL) in
plasma at 0, 30, 60, and 90 months in the AD at 90 months and the
control group. Whiskers indicate 5% to 95% percentile, data points
represent outliers. Differences between groups were not significant at
any time point; in both groups NfL levels at 90 months were
significantly different from baseline; *** p < 0.001. AD, Alzheimer’s
disease; NfL, neurofilament light chain.

90 months (Table 1). This corresponds to 1.76 AD cases per 100 person
years. At study end, AD prevalence was 13.2%. Median time to AD
diagnosis was 60 months (interquartile range [IQR] 30). Median age at
study entry was 75.6 years with a low IQR of 0.7, due to inclusion cri-
teria. Median age at study end was 83.2 years (IQR 0.7). Median score
on the Mini-Mental State Examination (MMSE) at study beginning was
28 (IQR 2) and participants had a high level of education of 11 (IQR 1)
years. Between the AD at 90 months and the control group we found
significant differences for the MMSE at 0- and 90-month intervals
as well as apolipoprotein E (APOE) ¢4 carrier status, but for no other

descriptive data such as age, years of education, or BMI.

3.2 | At 90 months, plasma NfL was significantly
increased in the entire study population, compared
to baseline

Median NfL at baseline (O months) was 17.9 pg/mL (IQR 7.4) in the
AD at 90 months and 14.7 pg/mL (IQR 7.8) in the control group. At 30
months mean NfL values were 23.6 (IQR 10.0) and 19.4 (IQR 10.7) and
at 60 months 21.0 (IQR 9.6) and 22.4 (11.0), respectively. In the AD at
90 months group plasma NfL was 27.7 (IQR 11.2) at 90 months and
24.3 (IQR 12.8) in the control group. In both groups there was a sig-
nificant increase of NfL over time (O vs. 90 months: AD: 17.9 pg/mL
[IQR 7.4] vs. 27.7 [IQR 11.2]; controls: 14.7 pg/mL [IQR 7.8] vs. 24.3
[IQR 12.8], AD: p = 1.2 x 1074, controls: p = 6.0 x 1018). Yet, NfL
levels between the AD at 90 months and the control group were not
significantly different at any time point (Figure 1). Neither was the
mean increase of NfL from baseline to 90 months significantly differ-
ent between the AD at 90 months and the control group (AD: 9.2 [IQR
9.6], controls: 9.3[IQR 10.2], p =0.91).
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TABLE 1 Demographic, descriptive, plasma, and calculated PRS and correlation data. Medians with IQR.
All AD at 90 months Controls Wilcoxon (p)
N 144 19 125 -
Females/males 55/89 7/12 48/77 0.90
Age at start 75.6(0.7) 75.5(0.7) 75.7(0.7) 0.21
Age atend 83.2(0.7) 83.0(0.6) 83.2(0.6) 0.13
Years of education 11(1) 11(1) 11(1) 0.92
MMSE at start 28(2) 27 (1.5) 28(2) "0.015
MMSE at end 28(2) 25(3.5) 28(2) " <0.001
BMI at baseline 26.9 (3.6) 26.49(2.1) 27.0(4.1) 0.24
APOE ¢4 carriers (s4/e4, e4/e3, €4/2) 38/144 10/19 28/125 " <0.001
Plasma NfL baseline (pg/mL) 14.8 (8.2) 17.9 (7.4) 14.7 (7.8) 0.19
Plasma NfL 30 months (pg/mL) 19.8(11.1) 23.6(10.0) 19.4(10.7) 0.21
Plasma NfL 60 months (pg/mL) 22.3(10.9) 21.0(9.9) 22.4(11.0) 0.49
Plasma NfL 90 months (pg/mL) 24.7 (12.6) 27.7(11.2) 24.3(12.8) 0.35
Delta NfL (pg/mL) O to 90 months 9.3(10.1) 9.2(9.6) 9.3(10.2) 0.91
PRS-CS AD —0.06(1.5) 0.35(1.8) —0.08(1.4) 0.33
Correlation (r) PRS-CS/baseline NfL 0.05 0.75 -0.06 7'<0.001°
(z-score)

Abbreviations: AD, Alzheimer’s disease; APOE, apolipoprotein E; BMI, body mass index; IQR, interquartile range; MMSE, Mini-Mental State Examination; NfL,
neurofilament light chain; PRS, polygenic risk score; PRS-CS, polygenic risk score continuous shrinkage.

aFisher’s r-to-z transformation.
*p <0.05.
***p < 0.001.

p values of differences between groups at each time point as well
as NfL increase from baseline to 90 months were comparable using
the NfL z-scores (Table S1 in supporting information). Likewise, the
increase of NfL within each group from baseline to 90 months was
also highly significant using NfL z-scores (AD: p = 4.8 x 10~3, controls:
p=3.6x10"11)

Baseline NfL did not significantly predict diagnostic group
(AD/controls) neither with raw values (pg/mL) nor z-scores in a
logistic regression model with BMI as a covariate.

A linear mixed effects model confirmed a significant increase of NfL
levels as a function of time in all participants (p = 0.012), which was
independent of AD diagnosis at 90 months in the observation period
(p = 0.51, Figure 2). Adding sex as a covariate to the model had no
relevant influence onthe p values (p =0.013 and p = 0.52, respectively).

Results remained significant after correction for multiple testing

using the Benjamini-Hochberg procedure.

3.3 | Polygenic risk did not differ significantly
between participants with and without AD diagnosis
at 90 months

In the control group PRS-CS z-scores ranged from —2.53 to 2.21 with a
median of —0.08 (IQR 1.3). In the AD at 90 months group PRS z-scores
ranged from —1.21 to 2.43 with a median of 0.35 (IQR 1.8). A Wilcoxon

40 r %
35
E 30 |
o
2
o )
s 25 |
=e=Controls (n=125)
20 +
=o=AD at 90 months (n=19)
15 1 1 1 J
baseline 30 months 60 months 90 months
Timepoint
FIGURE 2 Plasma NfL evolution over time in the AD group at 90

months and the control group. Linear plot of NfL (pg/mL; means and
SEM) per time point in the AD group at 90 months and the control
group. NfL levels increased significantly as a function of time

(p =0.012), independent of AD diagnosis at 90 months (p =0.51)
according to linear effects modeling. AD, Alzheimer’s disease; NfL,
neurofilament light chain; SEM, standard error of the mean. * p < 0.05.

rank sum test showed no significant difference of PRS between the two
groups. Also, PRS-CS could not significantly predict diagnostic group
(AD/controls). The variance (i.e., Nagelkerke R2) explained was 2.2%,
but not significant.

Clumping and thresholding (C+T) PRS results are presented in the

supporting information.
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FIGURE 3 Correlation of NfL at baseline with PRS-CS in the AD at 90 months and the control group. The association of NfL at baseline
(z-scores) and PRS-CS (z-scores) is depicted for all participants (A), participants with AD diagnosis at 90 months (B), and the control group (C).
There is a significant difference in Spearman’s correlation coefficient (r) between the AD at 90 months and the control group (AD r = 0.75, controls
r=-0.06, p < 0.001). Correlations are visualized by least-squares regression line. AD, Alzheimer’s disease; NfL, neurofilament light chain; PRS-CS,

polygenic risk score continuous shrinkage.

3.4 | Baseline plasma-NfL correlated with
polygenic risk in participants with AD at 90 months

Spearman’s correlation coefficient showed a distinct correlation of
NfL at study inclusion with PRS-CS between participants that devel-
oped AD (Figure 3B) and the control group (Figure 3C; AD: r = 0.71,
p=28.5x 1074, control: r = —0.06, p = 0.48; all participants: Figure 3A).
Comparison of the correlation coefficient’s slopes with Fisher’s r-to-
z transformation revealed a significant difference between the slopes
(z=38.61,p=3.1x% 10~4). Effects were more pronounced when using
the NfL z-scores values (AD: r = 0.75,p = 2.2 x 104, control: r = —0.06,
p=0.49,7=389p=9.8x1075).

In alogistic regression model PRS and baseline NfL together showed
a significant effect (p = 0.006) in predicting AD diagnosis (AD/control
group) with baseline BMI as an additional covariate. The significance of
the combined predictive effect of PRS-CS and baseline NfL was again
slightly more pronounced when using NfL z-scores (p = 0.0035). BMI
and sex as covariates had no significant effect in this model (p = 0.23
and p = 0.69). Results using C+T PRS are presented in the supporting
information.

All results remained significant after correction for multiple test-
ing by controlling false discovery rate with the Benjamini-Hochberg
procedure.

4 | DISCUSSION

The search for indicators for the appraisal of individual AD risk suscep-
tibility is a focus topic in the field as a more precise stratification of
non-demented participants for early therapeutic intervention trials is
crucial with regard to the outcome.

In this prospective longitudinal study in a non-demented old-aged
study population 19 out of 144 participants developed AD over the
study duration of 7.5 years. This is in accordance with the literature on

incidence and prevalence of sporadic AD in old-aged individuals.343>

Here, we found an association of baseline plasma NfL as a sign of
neuroaxonal damage with genetic risk for AD as indicated by PRS on
the development of AD. In this cohort, this association was observ-
able 60 months prior to median clinical disease onset. In the present
study, neither PRS nor NfL alone at study inclusion as single biomark-
ers distinguished significantly between participants that did or did not
develop AD during the 90 month study course. The observed correla-
tion of baseline NfL with PRS in the group that developed AD over 90
months indicates that this group might already have been at a preclin-
ical stage at baseline. This is supported by the significant difference in
MMSE levels at baseline on a group level, while all participants were
cognitively healthy at study entry. Our data indicate that the combi-
nation of PRS, particularly PRS-CS, with plasma NfL could improve
the assessment of individual AD risk susceptibility in non-demented
old-aged persons several years prior to clinical disease manifestation.
Although power of our study with an n of 19 is limited, our find-
ings are supported by a cross-sectional study by Skoog et al., who
showed an association of a non-APOE AD-PRS with NfL in CSF in a
sample of 246 cognitively unimpaired 70-year-old individuals.3¢ Two
more recent studies also support an association of an APOE AD-PRS
with NfL in plasma in a mixed sample of old-aged persons with cog-
nitively normal status or AD%7 or with NfL in CSF in a mixed sample
of cognitively unimpaired, MCI, and AD.3® Also, a newly described
deep-learning-based PRS was associated with plasma NfL in old aged
healthy control persons in a cross-sectional analysis of the Chinese
WGS 2 cohort. According to the authors these participants had “not
yet developed AD” implying that these participants might be believed
to be at a preclinical stage although no further information about this
group is available.3? Moreover, validity of our data is supported by the
fact that the VITA sample itself is a very representative sample of 75-
year-old “community-dwelling” persons in central Europe.'* The group
of individuals that developed AD during the 90 month study course had

a higher rate of APOE &4 carriers. This is consistent with the literature
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and further supports validity of our data.*® In our sample, the rate of
APOE ¢4 carriers in the control and the AD group was higher than in
the literature, which might be attributable to a potential preselection
bias due to possible motivators for study participation such as positive
family history or subjective cognitive impairment.

Several studies have supported validity of peripheral NfL measures
for inferring neuronal damage in the nervous system.24142 Associa-
tions between elevated peripheral NfL and pathology of many neuro-
cognitive diseases have been reported.*® A recent study reported a
negative correlation of plasma NfL measured several years prior to
death with post mortem NfL staining in brain tissue of AD patients,
indicating a predictive value of peripheral NfL for neuronal loss.*
However, as NfL and neuronal loss are not specific for a certain etiol-
ogy, peripheral NfL values might not have sufficient predictive value
for the development of AD in non-demented elderly persons as a sin-
gle biomarker. Also, considering the well-established general increase
of plasma NfL levels with age, a distinct attribution to a specific disease-
pathology—particularly those diseases that are linked to increased
age—appears challenging, unless reliable reference data adjusting for
age are available.32 Therefore, validity of the results in the present
study was confirmed with age- and BMI-adjusted NfL z-scores.

Consistent with earlier reports, in our study on “community-
dwelling” persons of the age of 75 years, we were able to reproduce
a significant increase of plasma NfL levels over the 90 month study
duration, supporting validity of our data. Interestingly, this increase in
plasma NfL levels was observable both in persons that developed AD,
and those that did not develop AD. While to our knowledge this is the
first study to find this uniform increase of plasma NfL in a prospec-
tive longitudinal cohort of old-aged persons, some participants might
have developed AD after termination of this study, and as such may
have escaped diagnosis due to the limitation of the present study on
aduration of 90 months.

Our findings might thus be consistent with a notion of increased
NfL levels being linked to increased age, which might result from
general alterations of the central nervous system during aging that
remain below a threshold at which resulting clinical symptoms could
be expected.*>~*’ Earlier work of ours supports the idea that genetic
risk for sporadic AD, as conferred by APOE &4, might be reflected
by cerebrovascular dysfunction*® and possibly also changed iron
metabolism,*? which might be related to neuroaxonal damage.

The cumulative weight of genetic variations distributed over the
entire human genome, as integrated in individual PRS, may be one of
the most conclusive results of GWAS.?%51 Recent studies have demon-
strated the validity of PRS to assess an individual’s genetic risk for
age-related sporadic AD.1%19:5253 Yet, PRS in their current application
are not recommended to be applied as single markers to assess AD risk.
In our study, the lack of significant difference between PRS in the AD
developing and control group and the lack of association of AD diag-
nosis with NfL levels in the linear mixed regression model might also
have been impacted by the limited power (n = 19 AD cases). While a
C+T PRS with a single p-value of 1 only showed a trend (p = 0.054) in
predicting AD diagnosis combined with baseline NfL, we found a highly
significant predictive effect for AD diagnosis for PRS-CS combined
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with baseline NfL. The more recently described PRS-CS has previously
been shown to outperform other PRS formulations.>*>> The use of
continuous shrinkage priors and the blockwise adjustment of LD into
the posterior inference might contribute to its better predictive prop-
erty compared to the other methods.?® Also, the sample size might
have impacted the predictive value of the C+T PRS in the present study.

A particular advantage might result from the combination of PRS
with NfL measures, as future advancements in genetic profiling might
lead the way to potential molecular subclassification of study partic-
ipants based on genetic information.'? Considering that NfL might
serve as a marker of therapeutic response,’° the combination with PRS
might allow for precision medicine interventions in neuro-cognitive
diseases such as AD.

As outlined above, a clear limitation of the current study is the lim-
ited number of individuals that developed AD during the 90 month
observation period (n = 19), while a majority of the study sample did
not develop AD during the study course. Although in line with find-
ings by Skoog et al.,%¢ our findings therefore need to be interpreted
with caution, and relevance for developing AD needs to be confirmed
in future and larger longitudinal cohorts. Another limitation is the fact
that the sample was only stratified by development of AD and not by
other neurodegenerative diseases. Thus, it cannot be ruled out that
the observed increase of NfL in all participants (both with and without
AD at 90 months), might also have been impacted by undetected brain
pathology due to diseases other than AD. Yet, excluding participants
with concurrent vascular pathology and high baseline NfL z-scores did
not change significance levels of our results, which might support the
notion that plasma NfL is rather associated with neurodegenerative
disorders than vascular pathology. Moreover, we might have missed
individuals that developed AD after the 90 month study duration.

In this study, for the calculation of NfL z-scores only BMI and age as
important influences were considered, as creatinine levels, which also
might impact NfL levels, were unavailable. Yet, both BMI and creati-
nine have been reported to influence NfL serum levels but not to have
clinically relevant confounding effects in predicting CSF NfL levels or
clinical conversion to dementia.>®

Also, the median clinical manifestation of 60 months is only an
approximation as the presence of the clinical disease was only assessed
at the follow-up visits at 30, 60, and 90 months. The clinical onset in real
life might have between these visits.

Taken together, our study supports a combined assessment of
plasma NfL and PRS for increased precision to identify cognitively
healthy elderly persons at risk for sporadic AD. Additional studies
are needed to assess benefit for future disease-modifying therapeu-
tic interventions at very early stages of AD. Such early therapeutic
interventions could particularly benefit affected individuals without
significant cognitive impairment, as studied in the cohort described

here.
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