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Abstract

Introduction: Blood-based neurofilament light chain (NfL), a neuronal cytoskel-
eton protein, has proven to be a dynamic and robust biomarker for neurodegen-
eration. The influence of age on NfL levels has been extensively documented in
cerebrospinal fluid studies, with blood quantification showing similar trends. To aid
the clinical interpretation of NfL values, it is crucial to establish normal reference
intervals through population-specific studies that account for NfL's dynamic range.

Methods: In this study, we determined reliable age-stratified reference values for
serum NfL (sNfL) using the single-molecule array (SiMoA) immunoassay in individuals
with no evidence of cognitive impairment according to age- and education-adjusted
normative data for the Mini-Mental State Examination (MMSE), recruited from the
central region of Portugal, across a broad age range.

Results: Our sample comprised 335 individuals (median age of 53 years, 57%
female) aged 20 to 99 years. We found a strong correlation between age and sNfL
levels (rho=0.72, p<0.001). Age-stratified reference limits (upper 95th percentile in
each decade) were established as follows: 20-30 years= 9.77 pg/mL; 31-40 years=
13.3 pg/mL; 41-50 years= 16.5 pg/mL; 51-60 years= 21.2 pg/mL; 61-70 years= 41.3
pg/mL; 71-80 years= 48.1 pg/mL; 80+ years= 62.5 pg/mL.

Conclusion: These findings provide a unique national normative baseline for the
Portuguese population.

Resumo

Introdugdo: Os neurofilamentos de cadeia leve (NfL), uma proteina do citoes-
queleto neuronal, tém-se revelado um biomarcador dindmico e robusto de neu-
rodegeneragdo no sangue periférico. A influéncia da idade nos niveis de NfL foi
ja amplamente documentada no liquido cefalorraquidiano, tendo a quantificagdo
sanguinea apresentado tendéncias semelhantes. Para auxiliar a interpretacg&o clinica
dos valores do NfL é crucial estabelecer intervalos de referéncia normais através de
estudos de populacdes que englobem toda a gama dindmica do NfL.
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Métodos: Neste estudo, determindmos pontos de corte estratificados para a ida-
de do NfL sérico (sNfL) utilizando a metodologia de Single Molecule Array (SiMoA)
em individuos sem evidéncia de défice cognitivo, de acordo com os dados norma-
tivos ajustados a idade e escolaridade do Mini-Mental State Examination (MMSE)
para a populagdo portuguesa, recrutados na regido centro do pais e abrangendo
uma vasta faixa etéria.

Resultados: A nossa amostra consistiu em 335 individuos (idade mediana de 53
anos, 57% do sexo feminino) com idades compreendidas entre os 20 e os 99 anos.
Encontrdmos uma forte correlacdo entre a idade e os niveis de sNfL (rho=0,72,
p<0,001). Os limites de referéncia estratificados por idade (percentil 95 em cada
grupo etério) foram estabelecidos da seguinte forma: 20-30 anos= 9,77 pg/mL; 31-
40 anos = 13,3 pg/mL; 41-50 anos= 16,5 pg/mL; 51-60 anos= 21,2 pg/mL; 61-70
anos= 41,3 pg/mL; 71-80 anos= 48,1 pg/mL; 80+ anos= 62,5 pg/mL.

Conclusido: Os nossos resultados fornecem uma base normativa Unica a nivel na-

cional para a populagdo portuguesa.

Introduction

Blood-based neurofilament light chain (NfL) has
emerged as a leading biomarker candidate for neuro-
degeneration across various diseases.' It is a neuroax-
onal biomarker with clinically proven value, enabled by
the development of ultrasensitive immunoassays.'? The
highest NfL concentrations are observed in HIV-asso-
ciated cognitive deficits, frontotemporal degeneration,
and vascular dementia.2 NfL quantification has proven
relevant in differentiating between types of dementia’
and in monitoring treatment response in multiple scle-
rosis, being considered the gold standard for analytical
sensitivity.*

Studies have consistently shown that NfL levels in-
crease with age in patients and healthy individuals,? high-
lighting the importance of reference values to distinguish
between pathological changes and normal aging. This
study aims to assess the relationship between serum
NfL (sNfL) and normal aging in a cognitively unimpaired
cohort from the central region of Portugal. We also pro-
vide age-stratified reference values for sNfL, reported

in percentiles.

Methods

Our convenience sample consisted of 335 individuals
recruited from the Neurology Department of ULS Co-
imbra (individuals with non-neurological conditions and
relatives of patients who attended the Dementia Clinic),
volunteers from nursing homes, and healthy community
participants. Inclusion criteria encompassed individuals

aged 20 years and older, with no history of neurologi-
cal pathology, namely stroke or traumatic brain injury, a
collateral history of autonomous functional status, and a
normal neurological and cognitive examination. Cogni-
tive screening was based on the Portuguese version of
the Mini-Mental State Examination (MMSE), and partici-
pants were considered cognitively preserved when their
performance was within the normative range adjusted
for age and education.®

Blood samples were collected into serum separation
tubes, centrifuged at 1800 g, 10 min at 4°C, aliquoted
into polypropylene tubes, and stored at -80°C until
analysis. Serum levels of NfL were determined in dupli-
cate using the NF-Light Advantage kit by Single Molecule
Array (SiMoA) in the SR-X platform (Quanterix, USA),
following the manufacturer’s instructions.

Statistical analysis was performed using statistical
software R (version 4.1.3). A normal distribution was
assessed using the Shapiro-Wilk test. Spearman correla-
tion was applied. The subjects were stratified into seven
categories by decade: 20 to 30, 31 to 40, 41 to 50, 51
to 60, 61 to 70, 71 to 80, and over 80 years. Serum NfL
concentrations in each category were evaluated in per-
centiles at 25, median, 65, 80, 90, and 95%.¢ Visu-
alization consisted of a color scale obtained by spline in-
terpolating the NfL levels at each percentile range over
the age. The Brown-Forsythe (BF) test was applied to

assess the variances of sNfL in each age category.
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Results

Our cohort consists of 335 neurological controls, cog-
nitively unimpaired patients, or healthy volunteers, with
a median age of 53 years, ranging from 20 to 99 years,
and 57% were female. We observed a strong correla-
tion between age and sNfL (rho=0.72,p<0.001). To ex-
amine the relationship between age and sNfL levels, we
calculated sNfL concentrations across different decades
(Table 1). Age-stratified reference limits (95 percen-
tile) were established as follows: 20-30 years (n=44)=
9.77 pg/mL; 31-40 years (n=51)= 13.3 pg/mL; 41-50
years (n=49)= 16.5 pg/mL; 51-60 years (n=67)= 21.2
pg/mL; 61-70 years (n=41)= 41.3 pg/mL; 71-80 years
(n=42)= 48.1 pg/mL; 80+ years (n=41)= 62.5 pg/mL.
Notably, sNfL levels increased nonlinearly with age, par-
ticularly after the sixth decade, agreeing with previous
reports.® To visualize the progression of sNfL levels over
the lifespan (Fig. 1), we analyzed the percentiles strati-
fied by age, represented by colored areas. The analysis
showed significant dispersion and heterogeneity across
age groups (p<0.001, BF test), with older age groups
having a wider range of sNfL values. However, certain
age groups, such as those between 41-60 (p=0.84) and
71-99 (p=0.06), were relatively homogenous.

Table 1. Percentiles of serum NfL in each age group.

g?]‘;e n | 25" | 50" | 65% | 80" | 90% | 95%
20-30 44 | 414|573 | 642790917 | 977
31-40 51 503 661786879106 133
41-50 49 |7.38]891 | 105133 145|165
51-60 67 | 629|819 972|133 163 | 21.2
61-70 41 | 962|113 124|144 285 413
71-80 42 | 147|218 262|342 423 481
>80 41 178|267 320403 59.6 | 625
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Figure 1. Percentile ranges of serum NfL. Percentile range
areas of serum NfL during normal aging. The spline-inter-
polated percentile range curves are based on the measures
in each age category.

Discussion

The blood NFL levels of our cohort align more closely
with those reported by Khalil et al (2020) than with other
studies,”® where NfL levels were significantly lower. This
discrepancy may be due to differences in cohort selec-
tion, as our cohort’s characteristics are more representa-
tive of community-based studies. Additionally, it has been
noted that sNfL tends to be higher than plasma levels,’
which could further explain the observed increase in our
data. Consistent with the literature, we found a strong
correlation between age and sNfL levels,>¢ reinforcing
the age-related effect on this biomarker.

As shown in Table 1, our findings demonstrate the
expected age-related increase in NfL levels, with slightly
lower values in older groups than Khalil et al (2020). In con-
trast, Harp et al (2020) reported lower and less dispersed
values, while Vermunt et al (2022) also found lower lev-
els, particularly in younger individuals. Simrén et al (2022)
showed slightly higher mean values in participants over 70,
though their study lacked our percentile-based detail.

Consistent with our findings, the annual increase in
sNfL levels is most pronounced in individuals over 60
years of age.® Moreover, older individuals exhibit greater
variability in sNfL levels compared to younger groups,®
reflecting significant inter-individual differences that must
be considered when interpreting these concentrations.
This variability is particularly crucial when comparing
sNfL levels in elderly patients with age-matched healthy
controls.2 While normal aging is associated with neuronal
loss and/or decreased cerebrospinal fluid turnover,’ the
higher prevalence of comorbidities in the elderly may also
contribute to the observed rise in sNfL, suggesting that
aging and comorbidities play a role in its increase.'®

Strengths of this study include the report of age-strat-
ified reference values of sNfL in Portuguese individuals
across a broad age range, which is particularly valuable for
diagnosing the presence of neuropathological processes
and monitoring treatment efficacy. Our results highlight
the importance of age-stratified interpretation in the clini-
cal context, given the large dynamic range of the assay.

This study has limitations. The study was conducted
in a single center, comprising individuals from the central
region of Portugal only, which may limit its generalizability
to other populations. Although the convenience sampling
strategy could introduce selection bias, the recruitment
was carried out in a regional reference center serving

both urban and rural areas, which helped capture partici-
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pants from diverse socioeconomic and educational back-
grounds. Cognitive screening was based on the MMSE,
which, although less sensitive to subtle impairments,
is widely validated and particularly suitable for popula-
tions with low literacy levels in the elderly, as observed
in Central Portugal.’ In addition, neuroimaging data were
not available to explore correlations between sNfL levels
and structural brain measures; however, when accessible
in the clinical setting, no evidence of significant structural
abnormalities was reported. Moreover, clinical and physi-
ological data such as body mass index (BMI), renal func-
tion, and other comorbidities (e.g., diabetes, smoking
history) were not systematically recorded, as the study
was designed to establish normative reference ranges
in cognitively healthy adults rather than to model clini-
cal predictors of sNfL. Although BMI and renal function
have been associated with sNfL concentrations,”'' their
influence appears to be modest compared to the effect of
age. Polymeris et al (2022) reported an inverse associa-
tion between BMI and sNfL, possibly reflecting a dilution
effect due to larger blood volume. In contrast, Fitzger-
ald et al (2022) observed that the association was most
pronounced in underweight individuals (< 1% of the vari-
ability). Renal function, typically estimated by estimated
glomerular filtration rate (eGFR), also influences sNfL
levels, but mainly in individuals with chronic kidney dis-
ease.'? As our cohort consisted of cognitively unimpaired
and healthy adults, these factors are unlikely to have sub-

stantially affected our findings.

Conclusion

In conclusion, we established age-stratified reference
values for sNfL across a broad age range, providing a
unique national normative baseline for the Portuguese

population. ®
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