
Received: 18October 2024 Revised: 2 January 2025 Accepted: 3 January 2025

DOI: 10.1002/trc2.70048

R E S E A RCH ART I C L E

The relationship between neurofilament light chain and
depressive symptoms according to cognitive status

Federico Bellelli1,2 Jeremy Raffin3,4 Davide Angioni3,4,5 Julie Romana1,6

Maria Soto3,4,5 Julien Delrieu3,4,5 Philipe De Souto Barreto1,3,4 for theMAPT/DSA

study group

1Institut du Vieillissement, Gérontopôle de Toulouse, Centre Hospitalo-Universitaire de Toulouse, Toulouse, France

2Fellowship in Geriatric and Gerontology, University ofMilan, Milan, Italy

3IHUHealthAge, La Cité de la Santé, Place Lange, Toulouse, France

4CERPOP, Inserm 1295, Toulouse University, INSERM, UPS, Toulouse, France

5Alzheimer’s Disease Research and Clinical Center, Toulouse University Hospital, Toulouse, France

6Centre Hospitalo-Universitaire de la Guadeloupe, Route de Chauvel, Guadeloupe, France

Correspondence

Federico Bellelli, Institut du Vieillissement,

Gérontopôle de Toulouse, Centre

Hospitalo-Universitaire de Toulouse, Toulouse,

France.

Email: federicobellelli8@gmail.com

Members of theMAPT/DSA Study Group are

listed at the end of the paper

Funding information

Agence Nationale de la Recherche,

Grant/Award Number: ANR-23-IAHU-0011;

Gérontopôle of Toulouse, the FrenchMinistry

of Health (PHRC 2008, 2009); Pierre Fabre

Research Institute; ExonHit Therapeutics SA;

Avid Radiopharmaceuticals Inc; University

Hospital Center of Toulouse; Association

Monegasque pour la Recherche sur la maladie

d’Alzheimer (AMPA); INSERM-University of

Toulouse III UMR 1095 (CERPOP) Research

Unit

Abstract

INTRODUCTION: Although recent studies have suggested a positive association

between plasma neurofilament light chain (NfL) and depressive symptoms, themoder-

ating effect of cognitive performance on this relationship remains unclear. The aim of

this studywas to investigate the association betweenNfL and depressive symptoms in

a population of community-dwelling older adults and to determine whether cognitive

status couldmodify this relationship.

METHODS: This is a secondary analysis of the Multidomain Alzheimer Preventive

Trial (MAPT), including 512 individuals (60.2% women) with a median age of 76

years (interquartile range [IQR]: 7) and with available data for plasmatic NfL levels.

Depressive symptoms and cognitive status were assessed using the 15-item Geriatric

Depression Scale (GDS-15) and the Clinical Dementia Rating (CDR) scale, respectively.

Multivariable linear regression analyseswere conducted to explore the cross-sectional

association between GDS-15 (dependent variable) and plasma NfL levels (pg/mL). The

interaction between CDR status (binary: 0 or 0.5) and NfL levels in relation to depres-

sive symptoms was also examined, followed by exploratory simple-slope analyses

according to CDR status.

RESULTS:Nosignificant associationwasobservedbetweenGDS-15 scores andplasma

NfL levels (B = 0.002, standard error [SE] = 0.001, p = 0.08) in the entire sam-

ple. Although the CDR–NfL interaction was not significant (B = 0.003, SE = 0.002,

p = 0.17), exploratory simple-slope analyses revealed that elevated NfL levels were
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associated with GDS-15 scores (N = 233, B = 0.004, SE = 0.002, p = 0.03)

among individuals with a CDR 0.5, but not among those with a CDR 0 (N = 186,

p= 0.81).

DISCUSSION:NfL levelswere not significantly associatedwithGDS-15 in a population

of community-dwelling older adults without dementia. Although no significant CDR–

NfL interaction was detected, exploratory analyses suggest that plasma NfL might be

associated with GDS-15 scores only among people with a CDR 0.5 (indicative of mild

cognitive impairment). Further studieswith larger sample sizes are needed to elucidate

the potential biological differences in depressive symptoms across different cognitive

statuses.

KEYWORDS

depressive symptoms, Geriatric Depression Scale, cognition, mild behavioral impairment, mild
cognitive impairment, neurofilament light chain, NfL

Highlights

∙ Plasma neurofilament light (NfL) levels might be associated with 15-Geriatric

Depression Scale (GDS-15) scores only among people with Clinical Dementia Rat-

ing (CDR) 0.5 (indicative of mild cognitive impairment [MCI]), but not among those

with CDR 0 (normal cognition).

∙ Depressive symptoms arising in the context of cognitive impairment may repre-

sent a distinct clinical entity compared to those observed in individuals with normal

cognitive functioning.

∙ Further research with larger sample sizes is needed to elucidate potential biological

differences in depressive symptoms across varying cognitive statuses (unimpaired

cognition, MCI, and dementia).

1 BACKGROUND

Depressive symptoms and cognitive impairment are highly prevalent

clinical conditions frequently coexisting in older individuals.1 These

conditions not only sharemultiple risk factors typically associatedwith

aging, such as hypertension,2,3 diabetes,2,4 and social isolation,5,6 but

emerging evidence also suggests a bi-directional relationship between

them, with each representing a significant risk factor for the other. For

instance, older adults with depressive symptoms or depression are at

higher risk of developing cognitive impairment.2,7 At the same time,

individuals with cognitive impairment are likely to experience depres-

sive symptoms throughout the course of their illness.8 Moreover,

several studies indicate that depressive symptoms often exhibit neu-

ropathological changes typically associated with cognitive diseases,

including amyloid plaques,9 leukoaraiosis,10 neuroinflammation,11 and

neurodegeneration.12

Neurofilament light chain (NfL) is an exoskeletal protein highly

expressed in the cytoplasm of large-caliber myelinated axons, with its

levels increasing in both plasma and cerebrospinal fluid in response

to neurodegeneration.13 Previous studies investigating the associa-

tion betweenNfL and depression have been focused predominantly on

middle-aged individuals14,15 or those with specific neurological condi-

tions, such as Parkinson’s disease,16 stroke,17 or multiple sclerosis.18

In 2024, a large-scale study (n = 3895) involving community-dwelling

older adults without specific neurologic diseases, observed that

plasmatic NfL levels were cross-sectionally associated with late-life

depressive symptoms, as assessed by the Center for Epidemiologi-

cal Studies Depression Scale (CES-D) and longitudinally linked with a

higher risk of developing depressive events over a 7-year follow-up

period.19 However, due to the lack of cognitive assessment in the study,

it was not possible to determine whether underlying cognitive status

played a role in this association. Given the evidence for commonunder-

lying pathological features and the frequent clinical overlap of these

conditions, it is plausible that cognitive status influences the poten-

tial of neurodegeneration to either trigger or exacerbate depressive

symptoms in older adults.

The objective of the study was to investigate the cross-sectional

association between neurodegeneration, as indicated by plasma NfL

levels and depressive symptoms, assessed using the 15-item Geriatric

Depression Scale (GDS-15), in a population of community-dwelling
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RESEARCH INCONTEXT

1. Systematic review: The authors conducted a literature

review using traditional sources (e.g., PubMed). Although

recent studies have suggested a positive association

between plasma neurofilament light chain (NfL) levels

and depressive symptoms, the moderating effect of cog-

nitive performance on this relationship remains unclear.

2. Interpretation: Exploratory analyses suggest that plasma

NfL might be associated with Geriatric Depression Scale

(GDS)-15 scores only among people with Clinical Demen-

tia Rating (CDR) 0.5 (indicative of mild cognitive impair-

ment [MCI]), but not among those with CDR 0. These

findings might suggest that depressive symptoms may

arise from different etiological pathways depending on

an individual’s cognitive performance (e.g.,MCI vs normal

cognition).

3. Future directions: Further longitudinal studies with

larger sample sizes are needed to elucidate the poten-

tial biological differences in depressive symptoms across

varying cognitive statuses (unimpaired cognition, MCI,

and dementia). This could have important clinical implica-

tions. Specifically, blood biomarkers could assist in guid-

ing diagnostic hypotheses toward behavioral and psycho-

logical symptoms in dementia (BPSD) or mild behavioral

impairment (MBI) rather than a primary psychiatric dis-

order. This would facilitate appropriate referrals and

support the decision-making process regarding the pre-

scription of antidepressant medications.

older adults without dementia. In addition, the study aimed to exam-

ine whether cognitive status (cognitive impairment vs unimpaired

cognition) could influence this relationship.

2 METHODS

2.1 Study design and participants

This study is a secondary analysis of the Multidomain Alzheimer

Prevention Trial (MAPT) (registration: NCT00672685). Briefly, MAPT

was a randomized, placebo-controlled trial designed to evaluate the

effectiveness of multidomain lifestyle intervention, omega-3 fatty acid

supplementation, or their combination, versus placebo in preventing

cognitive decline over a 3-year follow-up period. Full details regard-

ing the MAPT have been published previously elsewhere.20 The study

cohort consisted of community-dwelling older adults without a base-

line diagnosis of dementia meeting at least one of the following

criteria: self-reported memory complaints, slow gait speed (≤0.8 m/s),

or limitation in one instrumental activity of daily living.

Considering that secondary analysis on the MAPT indicated no

effect of the interventions on improving depressive symptoms,20 par-

ticipants from all the four groups were included in our study. The

variables of interest were created by matching the GDS-15 and

CDR with the timing of plasma NfL measurement (all measurements

obtained at the same time-point). Plasmatic NfL levels were evaluated

only once, either at the 1-year or 2-year assessment.Of the initial 1679

subjects enrolled in the MAPT, 512 individuals had available data for

plasma NfL concentrations. Among them, five subjects were excluded

due to missing data on the GDS. Due to the limited presence of indi-

viduals with a CDR score indicative of dementia (≥1) in our sample, we

decided to focus only on individuals with normal cognition and mild

cognitive impairment (MCI). Consequently, three additional subjects

with a CDR score of 1 were excluded from the current analysis, result-

ing in a final count of 505 participants. Ethical approval for the trial

protocol was obtained from the Toulouse Ethics Committee and the

French Health Authority.

2.2 Plasma NfL measurement

Plasma NfL levels were assessed either 1 (n = 465) or 2 years (n = 40)

after the start of the trial and stored in ethylenediaminetetraacetic acid

(EDTA)–coated tubes. The R-PLEX human Neurofilament L antibody

set (F217X-3) with Meso Scale Discovery (MSD) Gold 96-well Small

Spot SA SECTOR plates (L45A-1) was utilized to quantify plasma NfL

levels (pg/mL). Samples were diluted twofold in Diluent 12 (R50JA-3),

assayed in duplicate, and analyzed using an MSD instrument. Blood

sampling was performed on the same day as cognitive testing.

2.3 Assessment of depressive symptoms and
cognitive status

Depressive symptoms were assessed using the GDS-15, a validated

tool for depression screening.21 Cognitive status was evaluated using

the Clinical Dementia Rating scale Global Score (CDR-GS), which,

according to a recent meta-analysis, is effective in distinguish nor-

mal cognition and MCI by a criterion of 0.5.22 Scores of 0 indicated

unimpaired cognition, whereas scores of 0.5 were classified asMCI.22

2.4 Statistical analysis

Descriptive statistics were presented in terms of median and

interquartile range (IQR) for quantitative variables, whereas

frequencies and percentages were utilized for categorical variables.

In order to identify outliers for the plasma NfL variable, we ini-

tially normalized its skewed distribution by employing the logarithm

of NfL. Subsequently, we excluded five participants with extreme lev-

els, defined as exceeding 3.29 standard deviations (SD) below or above

the logarithmic mean.23 The NfL variable was then back-transformed

to its original scale for the regression analyses. Prior to running the
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TABLE 1 Characteristics of the population after removing outliers for plasmaNfL values.

Characteristics of the population

No. of subjects 500 MAPT group allocation

Age, years,median (IQR) 76 (7) Placebo, n (%) 131 (26.6%)

Female, n (%) 301 (60.2%) Multidomain intervention, n (%) 116 (23.2%)

PlasmaNfL level,median (IQR) 72.87 (34.50) Omega-3 supplementation, n (%) 124 (24.8%)

GDS-15 score, median (IQR) 3.07 (2.66) Combined group, n (%) 129 (25.8%)

GDS-15 score≥5, n (%) 122 (24.4%) Cardiovascular risk factors

MCI, CDR= 0.5, n (%) 277 (55.4%) Dyslipidemia, n (%) 164 (32.8%)

Positive plasma Aβ level, n (%) 150 (32.1%) History of CVDs, n (%) 131 (26.6%)

Educational level Diabetes, n (%) 168 (34.1%)

Low education, n (%) 124 (25.1%) Hypertension, n (%) 201 (40.8%)

Medium education, n (%) 168 (34.1%) BMI (Kg/m2),median (IQR) 25.97 (4.98)

High education, n (%) 201 (40.8%) Creatinine (mg/dL),median (IQR) 0.76 (0.24)

Abbreviations:Aβ, amyloidbeta;BMI, bodymass index;CDR,ClinicalDementiaRating;CVDs, cardiovascular diseases;GDS-15, 15-itemGeriatricDepression

Scale; IQR, interquartile range; MAPT, Multidomain Alzheimer Preventive Trial; MCI, mild cognitive impairment; N, number of persons; NfL, neurofilament

light chain.

regression analyses, a square root transformation was applied on the

GDS-15 variable to reduce its skewness and obtain a better distribu-

tion of the regression residuals. Then, a multivariable linear regression

analysis was conducted to explore the association between the square

root of theGDS-15 score (dependent variable) and plasmaNfL concen-

trations (independent continuous variable). A second linear regression

model including the interaction between NfL and CDR was employed

to evaluate the moderating effect of CDR status on the relationship

between NfL levels and the square root of the GDS-15 score (depen-

dent variable). All analyses were adjusted for age, sex, cardiovascular

risk factors (hypercholesterolemia, hypertension, diabetes, and cardio-

vascular disease—defined as having a previous history of stroke, coro-

nary disease, or heart failure),MAPT group allocation, bodymass index

(BMI),24 plasmatic creatinine levels,25 CDR status, plasmatic amy-

loid status, and educational levels (low, medium, high). Subsequently,

exploratory simple-slope analyses were performed to further inves-

tigate potential associations between NfL and GDS-15 within each

CDRstatus group (normal cognition vsMCI).26 Theexploratory simple-

slope analysis was adjusted for the above-mentioned confounders,

except for the CDR status. Statistical analyses were performed with

R statistical package Version 2023.12.1+402, with a significance level
defined at p< 0.05.

3 RESULTS

The characteristics of the population are presented in Table 1. The par-

ticipants were equally distributed across the four MAPT groups and

themean age of the sample was 76 (IQR: 7) years.

The results for the associations between NfL and GDS-15 are pre-

sented in Table 2. In the overall sample, the GDS-15 score exhibited no

significant association with plasmatic NfL levels (B = 0.002, standard

error [SE] = 0.001, and p = 0.08). However, although the interaction

between the NfL and CDR status did not reach statistical significance

(B = 0.003, SE = 0.002, p = 0.17), subgroup analysis revealed that

among individuals with MCI, elevated NfL levels were associated with

higher GDS-15 scores (N = 233, B = 0.004, SE = 0.002, p = 0.03). This

association was not evident among individuals with normal cognition

(N= 186, B= 0.001, SE= 0.002, p= 0.81) (Figure 1).

4 DISCUSSION

The main finding of this study is that higher NfL levels were not cross-

sectionally associated with higher depressive symptoms in a popula-

tion of community-dwelling older adults without dementia. However,

although the CDR–NfL interaction showed only a trend toward signifi-

cance, exploratory simple-slopeanalysis suggests thathigherNfL levels

may be associated with higher depressive symptoms only in individu-

als withMCI, whereas no significant associations were found in people

with intact cognition.Nevertheless, given the exploratory nature of our

analyses, this hypothesis requires confirmation by future research. To

our knowledge, this is the first study aimed at evaluating the moder-

ation role of cognitive status on the relationship between plasma NfL

and depressive symptoms.

Our findings differ from those of previous studies that reported

a significant association between NfL and major depression among

young cognitively unimpaired individuals.14,15 However, our analysis

targeted a much older population, where the average NfL concen-

trations were about 3 times higher compared to those reported in

these studies. It is plausible that because neurodegeneration is an age-

associated process, the proportion of neurodegeneration attributable

to depressive symptoms among older people may not be sufficient

to justify significant differences compared to age-matched controls.

Moreover, our sample was characterized by only a mild burden of

depressive symptoms,which does not rule out the possibility thatmore
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TABLE 2 Association between GDS-15 (square root of the score) and plasmaNfL levels (pg/mL).

Independent variables
Moderator

Variable n B SE p value Interaction p

Model 1. Plasma NfL levels (pg/mL) 419 0.002 0.001 0.08

Model 2. Plasma NfL levels (pg/mL) CDR= 0 186 0.001 0.002 0.81 0.17

Plasma NfL levels (pg/mL) CDR= 0.5 233 0.004 0.002 0.03

Note: Model 1 assesses the association between GDS-15 score and plasma NfL levels alone, whereas Model 2 includes an interaction term to evaluate the

combined effect of NfL levels and CDR status on the GDS-15 score.

Abbreviations: B, Beta-coefficient; CDR, Clinical Dementia Rating; GDS-15, 15-item Geriatric Depression Scale; n, number of persons; NfL, neurofilament

light chain; SE, standard error.

F IGURE 1 Association between GDS-15 score and plasmaNfL levels by CDR status. GDS-15, 15-itemGeriatric Depression Scale; NfL,
neurofilament light chain; CDR, Clinical Dementia Rating.

severe symptoms might be associated with neurodegeneration, even

among older people with normal cognition.

Our exploratory analysis suggests that the relationship between

neurodegeneration and depressive symptoms may emerge only in

the presence of underlying cognitive decline. If confirmed, this find-

ing might indicate that depressive symptoms could originate from

distinct etiological pathways depending on an individual’s cognitive

status. Further larger and longitudinal studies are needed to exam-

ine if NfL and other markers of neurodegeneration interact (or not)

with cognitive function to determine over time the changes in depres-

sive symptoms as well as incident depression. According to the fifth

edition of the Diagnostic and Statistical Manual of Mental Disorders

(DSM-5), depressive disorders can sometimes be attributed to other

medical conditions such as stroke, Parkinson’s disease, and traumatic

brain injury, which are known to have a clear association and neu-

roanatomic correlates with depressive symptoms.27 In addition, the

onset of psychiatric symptoms in late life should raise suspicion of an

underlying neurodegenerative disease.28 Therefore, although higher

GDS-15 scores may evoke in the first instance a primary mood dis-

order in individuals with normal cognition, among individuals with

MCI (or eventually dementia) these scores may reflect an under-

lying neurodegenerative disorder rather than a primary psychiatric

condition.

In 2016, the Alzheimer’s Association International Society to

Advance Alzheimer’s Research and Treatment (ISTAART) established

criteria for a condition known as mild behavioral impairment (MBI),

characterized by behavioral disturbances preceding cognitive decline

or concomitant with MCI.29 Reduced motivation and affective dys-

regulation, which are among the most commonly affected domains in

MBI,30 include symptoms like apathy, anxiety, dysphoria, or irritability,

which may overlap with those typically observed in depressive syn-

dromes in the context of a psychiatric condition. For instance, these

symptomsmay be addressed by certain questions included in theGDS-

15, such as “Have you dropped many of your activities and interests?”

or “Do you prefer staying at home rather than going out and doing

things?” Therefore, it is plausible that theGDS-15 score among individ-

uals with MCI could reflect the presence of an underlying MBI rather

than a primary depressive disorder.
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In the future it will be important to further investigate, with longi-

tudinal studies and larger sample sizes, the potential differences in the

biology of depressive symptoms according to different cognitive sta-

tus (unimpaired cognition,MCI, and dementia). Indeed, gaining a better

understanding of the relationship between depressive symptoms, neu-

rodegeneration, and cognitive status could open new avenues from

a clinical perspective. First, if our hyphothesis is confirmed by future

research, elevated NfL levels in older individuals with depressive

symptoms and no previous psychiatric history might help in orient-

ing diagnostic hypothesis toward a neurodegenerative disorder rather

than a primary psychiatric condition. In this scenario, the evaluation

of plasmatic NfL levels might facilitate the early diagnosis of a neu-

rodegenerative disorder in older adults presenting with depressive

symptoms and their referral to Memory Clinics, which may be bet-

ter suited to address their needs. Moreover, being able to distinguish

depression from behavioral and psychological symptoms associated

with cognitivedeclinemayhelp inpondering thedecisionof prescribing

antidepressant drugs that might be ineffective in the context of cogni-

tive disorders.31 Indeed, according to a recent Cochrane review,31 the

beneficial effect of antidepressants over placebo in people with cog-

nitive decline is limited and associated with an increased likelihood of

experiencing at least one adverse event within 6–12weeks.

The studyhas several strengths. Indeed, it represents oneof the first

investigations into the association between biomarkers of neurode-

generation and depressive symptoms in a population of community-

dwelling older adults without dementia. Furthermore, to our knowl-

edge, it is the first study to evaluate the impact of cognitive function

on the relationship betweenplasmaNfL concentrations anddepressive

symptoms.

However, our study also exhibits some limitations. First, it is a sec-

ondary post hoc analysis, and although depressive symptoms (GDS-15

score) were a secondary outcome of the MAPT, the trial was not orig-

inally designed to evaluate the combined effect of neurodegeneration

and cognitive status in defining depressive symptoms. Moreover, the

relatively small sample size may have limited the ability to obtain

statistical significance in examining the interaction between plasma

NfL levels and CDR status. In addition, the cross-sectional design of

the study does not allow for clarification of the temporal relationship

between neurodegeneration, cognitive impairment, and depressive

symptoms. Further longitudinal studies with larger sample sizes and

repeated assessment of the plasmatic NfL levels, GDS-15 score, and

CDR scale score are needed to further elucidate this relationship.

Finally, because plasma NfL levels were measured ≈1 or 2 years after

the start of the MAPT, it remains uncertain whether the intervention

may have altered these levels.

In conclusion, in our sample, plasma levels of NfL were not asso-

ciated with depressive symptoms in the whole population. However,

exploratory analysis suggests that higher NfL levels might be asso-

ciated with higher depressive symptoms only in individuals with

MCI, without an association in those with normal cognition. These

exploratory data may suggest that depressive symptoms could origi-

nate from distinct etiological pathways depending on an individual’s

cognitive performance. Further studies with larger sample sizes are

needed to elucidate the potential biological differences in depressive

symptoms across different cognitive statuses.
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