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Objective: Subsyndromal symptomatic depression (SSD) is associated with an
increased risk of cognitive impairment in non-demented older adults. However,
the mechanism underlying this relationship remains unclear. This study aimed
to investigate whether plasma neurofilament light chain (NfL) mediates the
relationship between SSD and cognitive decline.

Materials and methods: Data of 707 non-demented older adults from the
Alzheimer’'s Disease Neuroimaging Initiative (ADNI) cohort were analyzed.
Geriatric Depression Scale (GDS) scores were collected at baseline, while
plasma NfL levels and cognitive assessments were obtained at baseline, 1-year,
and 2-year follow-up visits. SSD was defined as a GDS score of 1-5. Mediation
analyses were performed to examine whether the rate of change in plasma NfL
levels mediated the relationship between SSD and cognitive decline.

Results: Participants with SSD exhibited a greater increase in plasma NfL
levels and more pronounced declines in global cognition, memory, executive
function, language, and processing speed over 2 years compared to hon-SSD
participants. The rate of change in plasma NfL levels significantly mediated the
relationship between SSD and accelerated cognitive decline, particularly in
global cognition, memory, language, and processing speed.

Conclusion: Plasma NfL, which is related to neuroaxonal damage, may partially
mediate the association between SSD and accelerated cognitive decline in non-
demented older adults. These findings suggest that dynamic changes in plasma
NfL levels may reflect early neurobiological alterations associated with SSD and
could help identify individuals at increased risk of cognitive deterioration over a
2-year period.
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1 Introduction

Depression is a common psychiatric disorder that affects millions
of individuals worldwide (COVID-19 Mental Disorders Collaborators,
2021). In older adults, depression is associated with numerous adverse
outcomes, including reduced quality of life, physical comorbidities,
premature mortality, and cognitive impairment (Zis et al., 2017;
Avasthi and Grover, 2018). Evidence from a large population-based
cohort study, which included both Caucasian and non-Caucasian
participants, shows that late-life onset of depressive symptoms is
associated with a 70% higher risk of dementia and a two-fold increase
risk of Alzheimer’s disease (AD) (Barnes et al., 2012).

Depressive symptoms can manifest in a spectrum of clinical
syndromes, ranging from subsyndromal symptomatic depression
(SSD) to major depressive disorder (MDD). SSD represents
individuals who experience depressive symptoms but do not fully
meet the diagnostic criteria for either major or minor depression
outlined in the Diagnostic and Statistical Manual of Mental Disorders
(Lyness et al., 2009). On the other hand, MDD is characterized by
persistent low mood, diminished interest in activities, and significant
impairment in social and occupational functioning (Uher et al., 2014).
SSD is clinically important, as it is prevalent among older adults
(Horwath etal., 1992; Cuijpers and Smit, 2004), significantly increases
the risk of progression to MDD (Cuijpers et al., 2004) and impairs the
quality of life of older adults (Rapaport and Judd, 1998; da Silva Lima
and de Almeida Fleck, 2007). Furthermore, studies have shown that
SSD is a major contributor to cognitive decline among older adults
(Jing et al., 2024). Early identification and intervention for SSD may
prevent progression to MDD (Judd et al, 1998) and mitigate
associated cognitive decline (Zhang et al., 2020). Longitudinal studies
further reveal that baseline SSD is associated with accelerated
cognitive decline across multiple domains, including global cognition,
language, executive function, and processing speed, over a 2-year
period (Lee et al, 2012). Notably, individuals with persistent
depressive symptoms demonstrated a higher propensity to convert to
AD and exhibited significant cognitive deterioration, highlighting SSD
as a potential marker for AD progression (Lee et al., 2012). Therefore,
SSD represents an important window for early diagnosis and timely
intervention to prevent cognitive decline before MDD sets in.

Emerging evidence suggests that depressive symptoms, including
SSD, are linked to cytoarchitectural changes and neuronal injury, which
may play a role in cognitive impairment (Csabai et al., 2018; Holmes
etal, 2019; Williams et al., 2019; Banasr et al., 2021). However, the role
of neuronal injury in the relationship between SSD and cognitive
impairment in older adults remains poorly understood. Neurofilament
light chain (NfL), a neuron-specific component of the axonal
cytoskeleton, has been validated as a peripheral biomarker for
neuroaxonal damage (Disanto et al., 2017). Elevated blood NfL levels
have been reported in neurological conditions such as traumatic brain
injury and AD (Disanto et al., 2017; Gaetani et al., 2019). Experimental
animal models have also demonstrated associations between depression
and altered neurofilament levels (Reinés et al., 2004; Cereseto et al.,
2006). Hence, plasma NfL is increasingly utilized in human studies
exploring depressive symptoms and neuroaxonal damage. Case—control
studies show that patients with major depression exhibit significantly
higher NfL levels (Bavato et al., 2021). NfL levels are highly sensitive
indicators of subclinical neurodegeneration, with elevations often
detectable years before the onset of clinical symptoms in both early- and
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late-onset AD (Preische et al., 2019; de Wolf et al.,, 2020). Studies in
cognitively healthy older adults have found that increased NfL levels are
associated with cognitive impairment (Chatterjee et al., 2018). Given
the established role of NfL as a marker of neurodegeneration,
investigating its role in SSD-related cognitive decline is crucial.

Previous studies have demonstrated associations between SSD
and structural brain changes observed on magnetic resonance
imaging, particularly in regions vulnerable to neurodegeneration, as
well as cognitive decline (Jing et al., 2024). However, these findings are
largely based on cross-sectional analyses, which limit causal
interpretations (Jing et al., 2024). Moreover, although NfL levels have
been linked to cognitive impairment in MDD (Chen et al., 2022), the
mediating role of NfL in the longitudinal relationship between SSD
and cognitive decline in older adults has not yet been investigated.

To address this gap, this longitudinal study of non-demented older
adults, stratified into SSD and non-SSD groups, aims to investigate the
relationships between depressive symptoms, plasma NfL levels, and
cognitive decline over a 2-year period. We hypothesize that plasma
NfL levels will mediate the association between SSD and cognitive
decline among non-demented older adults.

2 Materials and methods

2.1 Alzheimer’s Disease Neuroimaging
Initiative

The data used in this study were obtained from the Alzheimer’s
Disease Neuroimaging Initiative (ADNI) database (http://adni.loni.
usc.edu) in January 2024. ADNI is a longitudinal, multicenter study
designed to characterize clinical, genetic, imaging, and biochemical
biomarkers for early detection and tracking of AD progression (Weiner
etal,, 2015). Additional information about ADNI is available at http://
www.adni-info.org. The study was conducted with institutional review
board approval at each participating site. Written informed consent
was obtained from all participants or their authorized representatives.

2.2 Participants

Non-demented participants for this study were recruited from
ADNI-1, ADNI-2, and ADNI-GO who were classified as cognitively
normal (CN) and mild cognitive impairment (MCI). We selected
participants who had available baseline Geriatric Depression Scale
(GDS) scores, longitudinal plasma NfL levels, and neuropsychological
assessments conducted over a 2-year period. Exclusion criteria
included: (1) missing sociodemographic data (age, gender, years of
education, APOE e4 status); (2) a diagnosis of psychiatric or
neurological conditions other than AD; and (3) the presence of major
depression or significant depressive symptoms (GDS score > 5).
Diagnostic criteria for CN and MCI in the ADNI cohort have been
previously described (Petersen et al., 2010).

2.3 Depression scale measurement

The 15-item GDS was used to assess depressive symptoms in the
ADNI study. The total GDS scores range from 0 to 15, with higher
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scores indicating more severe depressive symptoms. A score of 6 or
higher on the GDS is considered clinically significant for depression
(Yesavage et al., 1982; Marc et al,, 2008). In line with prior studies,
participants with SSD were classified as having a baseline GDS score
between 1 and 5, while non-SSD participants were defined as having
a score of 0 (Bertens et al., 2017).

2.4 Apolipoprotein E genotyping

Apolipoprotein E (APOE) genotyping was performed on DNA
extracted from 3 mL of blood treated with ethylenediaminetetraacetic
acid in accordance with protocols provided by Cogenics (https://
adni.loni.usc.edu/data-samples/adni-data/genetics-related-omics/).
Participants carrying one or more copies of the &4 allele (e4/e4, e4/
€3, or e4/€2) were classified as APOE €4 carriers, while those with
no &4 alleles were classified as APOE &4 non-carriers.

2.5 Plasma NfL data

Plasma NfL levels were measured using the Single Molecule Array
technique, which employs monoclonal antibodies and purified bovine
NfL as a calibrator. All samples were analyzed in duplicate, with an
analytical sensitivity of <1.0 pg./mL. Plasma NfL data from baseline,
1-year follow-up, and 2-year follow-up were included in this study.
Further methodological details are available at http://adniloni.
usc.edu.

2.6 Cognitive assessments

ADNI participants undergo a wide spectrum of clinical and
cognitive assessments (Aisen et al., 2010). In this study, global
cognition was evaluated using the Alzheimer’s Disease Assessment
Scale-Cognitive Subscale, which includes both the 11-item (ADAS-
Cog 11) and 13-item versions (ADAS-Cog 13) (Mohs et al., 1997).
Memory function was assessed using the ADNI Memory Composite
(ADNI-MEM) (Crane et al., 2012). Executive function was measured
using the ADNI Executive Function Composite (ADNI-EF) (Gibbons
et al., 2012). Psychomotor processing speed and attention was
evaluated with the Trail Making Test Part A (TMT-A) and Trail
Making Test Part B (TMT-B). Language ability was assessed using the
ADNI Language Composite (ADNI-LAN) (Choi et al., 2020).
Cognitive data from baseline, 1-year follow-up, and 2-year follow-up
were included in this study. Further detailed information is available
at https://adni.loni.usc.edu/methods/.

2.7 Statistical analysis

All statistical analyses were conducted using R software (version
4.3.1, The R Foundation for Statistical Computing). Statistical
significance was set at a two-tailed p-value of < 0.05.

Continuous variables were presented as means with standard
deviations, and categorical variables were presented as frequencies and
percentages. Independent t-tests were used to compare continuous
variables, and chi-square ()?) tests were used for categorical variables.
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When assumptions of normality or homogeneity of variance were not
met, the Wilcoxon rank-sum test was used. Analysis of covariance was
performed to evaluate baseline cognitive outcomes, adjusting for
potential confounders including age, gender, years of education,
diagnostic status (CN vs. MCI), and APOE &4 status.

The rate of change in cognitive measures and plasma NfL levels
was calculated using linear mixed-effects models, as previously
established (Preische et al., 2019; Rubinski et al., 2024). This model
estimated longitudinal changes by including time from baseline as the
independent variable, with random slopes and intercepts to account
for individual variability.

Before conducting the analysis, outliers in A plasma NfL levels
were identified using the inter-quartile range (IQR) method. Data
points below Q1-1.5 x IQR or above Q3 + 1.5 x IQR were classified
as outliers and excluded from further analysis. Outliers were excluded
to minimize the influence of extreme values and enhance the statistical
robustness of the analysis.

Multiple linear regression models were used to examine the
relationship between SSD, longitudinal plasma NfL levels, and
longitudinal cognitive measures. All models were adjusted for age,
gender, years of education, diagnostic status (CN vs. MCI), and APOE
€4 status. Baseline MMSE scores were included as a covariate in the
longitudinal cognitive measures analyses to control for differences in
baseline cognitive status between the CN and MCI groups. Region-
wise multiple comparisons were corrected using the Benjamini-
Hochberg false discovery rate (FDR) method (FDR-corrected p < 0.05
for 7 cognitive measures).

Mediation analyses were conducted to examine the relationships
among SSD, the rate of change in plasma NfL levels, and cognitive
decline, using the “BruceR” package (R version 4.3.1, https://
psychbruce.github.io/bruceR/). In this model, SSD was specified as the
independent variable (X), the rate of change in cognitive function as
the dependent variable (Y), and the rate of change in plasma NfL levels
as the mediator (M). The mediation effect was considered present if the
following conditions were met: (1) SSD was significantly associated
with the rate of change in plasma NfL levels; (2) SSD was significantly
associated with the rate of change in cognitive function; and (3) the rate
of change in plasma NfL levels was significantly associated with the rate
of change in cognitive function. The indirect (mediated) effect was
estimated using 1,000 bootstrapped iterations, with all paths adjusted
for the aforementioned covariates. The proportion of the mediation
effect was calculated by dividing the indirect effect by the total effect.

3 Results
3.1 Participant characteristics

Among 707 non-demented older adults, 467 participants were
classified as SSD (mean age: 71.17 years, SD: 6.98), while 240 were
classified as non-SSD (mean age: 72.98 years, SD: 6.48). The
distribution of CN and MCI participants (p <0.001) and age
(p < 0.001) were significantly different between the SSD and non-SSD
groups, with a higher proportion of MCI participants and younger age
in the SSD group compared to the non-SSD group. However, there
were no statistically significant differences in the gender distribution,
years of education, APOE €4 carrier status, and baseline plasma NfL
levels between the SSD and non-SSD groups (p > 0.05; Table 1).
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3.2 SSD and plasma NfL

Linear regression model was applied to examine the associations
between SSD and rate of change in plasma NfL levels, adjusting for
age, gender, years of education, diagnostic status, and APOE ¢4 status.
We found that SSD participants experienced a more rapid increase in
plasma NfL levels compared to non-SSD participants (see Figure 1).

3.3 SSD and cognitive performance

Baseline cognitive performance and the rate of change in cognitive
function (A cognition) for SSD and non-SSD participants are
summarized in Table 2.

At baseline, participants in the SSD group exhibited significantly
higher ADAS-Cog 13 scores (FDR-corrected p =0.05), lower
ADNI-EF (FDR-corrected p =0.01) and lower ADNI-LAN
(FDR-corrected p = 0.04) scores compared to non-SSD participants.
These findings suggest that individuals with SSD had greater
impairments in global cognition, executive function, and language
abilities at baseline. A trend toward lower memory performance
(measured by ADNI-MEM, FDR-corrected p =0.06) was also
observed in the SSD group. No significant between-group differences
were observed for ADAS-Cog 11, TMT-A, or TMT-B (FDR-corrected
p>0.05).

During the 2-year follow-up, the SSD group exhibited significantly
greater declines in global cognition (assessed by ADAS-Cog 11 and
ADAS-Cog 13), memory (ADNI-MEM), processing speed (TMT-A),
and language function (ADNI-LAN), compared to the non-SSD
group (all FDR-corrected p < 0.05). Although the SSD group showed
a trend toward greater decline in executive function (ADNI-EF), the
association was not statistically significant after FDR correction
(FDR-corrected p = 0.08). No significant differences were observed in
the change rate of TMT-B (FDR-corrected p > 0.05).

All analyses were adjusted for age, gender, years of education,
diagnostic status (CN vs. MCI), and APOE &4 status. Baseline MMSE
scores were included as a covariate in the longitudinal cognitive
measures analyses.

3.4 Associations between plasma NfL and
cognitive performance

Over the 2-year follow-up, greater increases in plasma NfL levels
were significantly associated with steeper declines across multiple

TABLE 1 The demographic characteristics of participants.

10.3389/fnagi.2025.1547394

cognitive domains (Figure 2). Specifically, higher NfL changes were
related to worsening global cognition (Figure 2A: ADAS-Cog 11:
B =0.15, p < 0.001; Figure 2B: ADAS-Cog 13: f = 0.16, p < 0.001),
memory (Figure 2C: ADNI-MEM: f = —0.16, p < 0.001), executive
function (Figure 2D: ADNI-EF: f=-0.19, p <0.001), language
abilities (Figure 2G: ADNI-LAN: = —0.18, p <0.001), as well as
processing speed and attention (Figure 2E: TMT-A: f=0.11,
p =0.003; Figure 2F: TMT-B: p = 0.14, p < 0.001). All models were
adjusted for age, gender, education, diagnostic status, baseline MMSE,
and APOE ¢4 status.

3.5 Mediation effect of the rate of change
in plasma NfL levels in the association
between SSD and cognitive decline

As shown in Figure 3, mediation analyses revealed that the 2-year
rate of change in plasma NfL significantly mediated the association
between SSD and cognitive decline across several cognitive domains.
Specifically, plasma NfL partially mediated the relationship between
SSD and global cognition, as assessed by ADAS-Cog 11 (Figure 3A:
ab=0.042, p =0.010; mediation proportion =23.08%) and
ADAS-Cog 13 (Figure 3B: ab = 0.053, p = 0.010; 20.46%). Similar
effects were observed for memory (Figure 3C: ADNI-MEM:
ab = —0.006, p = 0.011; 17.65%), language (Figure 3G: ADNI-LAN:
ab = —0.006, p = 0.013; 22.22%), and processing speed (Figure 3E:
TMT-A: ab = 0.060, p = 0.039; 16.13%). In contrast, no mediation
effect was found for executive function (Figure 3D: ADNI-EF), as
neither the total nor direct effects reached statistical significance. All
models were adjusted for age, sex, years of education, diagnostic status
(CN vs. MCI), APOE &4 status, and baseline MMSE score.

4 Discussion

Our study demonstrates that SSD in non-demented older adults
is significantly associated with a greater increase in plasma NfL levels
and more pronounced declines in both global and domain-specific
cognitive performance over the 2-year follow-up period. Furthermore,
the relationship between SSD and cognitive decline was partially
mediated by the change rate in plasma NfL, with significant mediation
effects observed in global cognition, memory, language, and
processing speed. These findings offer important insights into
mechanisms linking SSD, neuroaxonal damage, and cognitive
deterioration. Our results suggest that SSD may accelerate neuroaxonal

Non-SSD (N = 240) SSD (N = 467) P
CN/MCI 143/97 (60%/40%) 134/333 (29%/71%) <0.001
Age, years 72.98 (6.48) 71.17 (6.98) <0.001
Female, n (%) 114 (48%) 229 (49%) 0.76
Year of education 16.41 (2.64) 16.36 (2.60) 0.9
APOE ¢4 carrier, 1 (%) 96 (40%) 197 (42%) 0.63
Plasma NfL, pg./mL 34.52 (14.43) 34.45 (14.85) 0.87

Data are presented as mean (SD). SSD, subsyndromal symptomatic depression; CN, cognitively normal; MCI, mild cognitive impairment; APOE, apolipoprotein E; NfL, neurofilament light.

Statistical significance was defined as P < 0.05.
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FIGURE 1

SsD

Associations between SSD and plasma NfL. p-values were adjusted for age, gender, years of education, diagnostic status (CN vs. MCI), and APOE &4
status. A represents the rate of change in measurements. Statistical significance was set at p < 0.05. CN, cognitively normal; MCI, mild cognitive
impairment; SSD, subsyndromal symptomatic depression; APOE, apolipoprotein E; NfL, neurofilament light.

damage, as reflected by elevated plasma NfL levels, contributing to
faster cognitive deterioration.

The elevated NfL levels observed in the SSD group align with
previous neuroimaging studies that have shown reduced gray matter
volume in the hippocampus and decreased white matter integrity in
the fornix, posterior cingulum, and corpus callosum (Zhang et al.,
2020; Touron et al., 2022). These neuroanatomical changes may help
explain the association between SSD and cognitive function. However,
the mediating role of NfL in this association remains underexplored,
with only one cross-sectional study having examined the mediation
of the association between depressive symptoms and cognitive
function by NfL levels (Xu et al., 2024). Our study addresses this gap
by demonstrating that plasma NfL levels mediate the relationship
between SSD and cognitive decline over time, with significant effects
observed across multiple cognitive domains, including global
cognition, memory, language and processing speed.

The precise biological mechanisms linking SSD to cognitive
decline through NfL remain not fully understood, though several
plausible pathways have been suggested. Depression is known to
induce neurobiological changes, such as neuroinflammation, oxidative
stress, and dysregulation of the hypothalamic-pituitary-adrenal axis,
all of which have been associated with neuroaxonal damage (Kita
et al, 2000; Maes et al.,, 2009; Kaster et al., 2012; Howes and
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McCutcheon, 2017; Rodrigues-Amorim et al, 2020). These
pathological processes may accelerate cognitive decline by impairing
key brain regions involved in memory, executive function, and other
cognitive functions. While most prior research has primarily focused
on these mechanisms in MDD, our study expands this understanding
by demonstrating that elevated plasma NfL levels, which have been
linked to cognitive decline in neurodegenerative and psychiatric
populations (Bavato et al., 2024), are also observed in individuals with
SSD. We propose that neuroaxonal injury, as indicated by increased
plasma NfL levels, begins early in SSD and contributes to cognitive
decline. This perspective expands the current understanding, which
has focused largely on MDD, and highlights neuroaxonal damage as
a potential early biomarker for cognitive impairment in SSD.

Our findings suggest that elevated plasma NfL levels in individuals
with SSD may reflect underlying neuroaxonal injury that contributes
to cognitive decline. Given the established association between NfL
and neuroaxonal damage, this pattern may represent one possible
biological pathway linking subthreshold depressive symptoms and
early neurodegenerative processes. Our findings highlight the
relevance of plasma NfL dynamics in characterizing early
neurobiological alterations in non-demented older adults with SSD.

To our knowledge, this is the first study to demonstrate that
plasma NfL levels mediate the association between SSD and cognitive
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TABLE 2 Cognitive function test results at baseline and after follow-up.

Outcome

Non-SSD

(N = 240)

SSD
(N = 467)

P

FDR-
corrected P

Baseline cognitive measures

ADAS-Cog 11 6.90 (3.65) 8.16 (4.32) 0.06 0.08
ADAS-Cog 13 10.92 (5.87) 13.08 (6.65) | 0.02 0.05
ADNI-MEM 0.92 (0.83) 0.65 (0.82) 0.03 0.06
ADNI-EF 0.77 (0.91) 0.53 (0.82) 0.00 0.01
TMT-A 35.38(14.30) | 36.83(14.73) | 0.32 0.32
TMT-B 90.50 (51.70)  98.66 (53.10) | 0.13 0.15
ADNI-LAN 0.76 (0.77) 0.54 (0.75) 0.01 0.04
Change rate of cognitive measures

A ADAS-Cog 11 0.02 (0.92) 0.42 (1.18) 0.02 0.03
A ADAS-Cog 13 0.00 (1.16) 0.53 (1.48) 0.01 0.02
A ADNI-MEM 0.02 (0.14) -0.03(0.16) | 0.00 0.02
A ADNI-EF —0.01(0.12) -0.03(0.13) | 0.07 0.08
ATMT-A 0.35 (1.82) 0.83 (2.43) 0.03 0.05
A TMT-B 3.04 (7.04) 4.09 (8.01) 0.49 0.49
A ADNI-LAN —0.01 (0.13) —0.05(0.15) | 0.02 0.03

Data are presented as mean (SD). P-values were calculated adjusting for age, gender, years of
education, diagnostic status (CN vs. MCI), and APOE &4 status. Baseline MMSE scores were
included as a covariate in the longitudinal cognitive measures analyses. Region-wise multiple

comparisons were corrected using the Benjamini-Hochberg false discovery rate (FDR)
method (FDR-corrected P < 0.05 for 7 cognitive measures). A represents the rate of change
in measurements. SSD, Subsyndromal Symptomatic Depression; ADAS-Cogl11/13,
Alzheimer’s Disease Assessment Scale-11/13 item subscale; ADNI-MEM, ADNI Memory
Composite; ADNI-EE, ADNI Executive Function Composite; ADNI-LAN, ADNI Language
Composite; TMT-A/B, Trail Making Test Part A/B.

10.3389/fnagi.2025.1547394

decline, building on prior research that has predominantly focused on
MDD (Chen et al., 2022). Unlike previous studies, which typically
relied on a single cognitive measure (Chen et al., 2022), our research
provides a comprehensive evaluation across multiple cognitive
domains, including attention, processing speed, memory, language,
and executive function. Moreover, by focusing on participants with
minimal to mild depressive symptoms, which are common in older
adults, this study offers valuable insights into the impact of these
symptoms on cognitive decline, a critical area for early intervention.
Several limitations of this study should be acknowledged. First, the
data were retrospectively obtained from the ADNI cohort, which may
have introduced selection bias. The ADNI sample primarily consisted
of non-Hispanic White participants with relatively high levels of
education and socioeconomic status. Second, the study focused on
baseline depressive symptoms and their association with cognitive
decline over a 2-year period, without accounting for potential
fluctuations in depressive symptom severity during follow-up.
Participants whose depressive symptoms may have changed throughout
the study period were not excluded, as the primary objective was to
examine the influence of baseline symptoms on cognitive outcomes
and the mediating role of plasma NfL. Third, critical factors such as
cardiovascular risk, renal function, and physical activity, which are
known to influence NfL levels, were not systematically assessed in our
sample (Barro et al., 2020). Fourth, the inclusion of both CN and MCI
participants may have introduced residual heterogeneity. To account
for group differences and baseline cognitive function, diagnostic status
(CN vs. MCI) and baseline MMSE were included as covariates in all
statistical models. Moreover, unmeasured AD-related pathologies, such
as amyloid-# or phosphorylated tau burden, may have influenced
cognitive trajectories and biomarker dynamics, particularly in the MCI

A B
8 3 N
B=0.15,p <0.001 $=0.16,p < 0.001
c ° e 6
g g
g 4 S
2 g
a 2 a
< <
< 0 < 0
-2.5 0.0 25 5.0 -25 0.0 25 5.0
A Plasma NfL A Plasma NfL
E F
60
20 #=0.11,p=0.003 B=0.14,p <0.001
15
A o
= =
g 10 =
= =
< 5 <
0
. -20 .
-2.5 0.0 25 5.0 =25 0.0 25 5.0
A Plasma NfL A Plasma NfL
FIGURE 2
language composite; TMT-A/B, Trail Making Test Part A/B.

Associations between plasma NfL levels and cognitive performance. Scatterplots show the linear regression line (solid black) and 95% confidence
interval (shaded area) depicting the associations between the 2-year rate of change in plasma NfL levels (A Plasma NfL) and the corresponding rate of
change in cognitive performance, including: (A) ADAS-Cog 11, (B) ADAS-Cog 13, (C) ADNI-MEM, (D) ADNI-EF, (E) TMT-A, (F) TMT-B, and (G) ADNI-LAN.
Standardized p-values and p-values are shown in each panel. All models were adjusted for age, gender, years of education, diagnostic status (CN vs.
MCI), APOE &4 status, and baseline MMSE scores. A represents the rate of change in measurements. Statistical significance was defined as p < 0.05. CN,
cognitively normal; MCI, mild cognitive impairment; APOE, apolipoprotein E; NfL, neurofilament light; ADAS-Cog 11/13, Alzheimer's Disease
Assessment Scale 11-/13-item version; ADNI-MEM, ADNI memory composite; ADNI-EF, ADNI executive function composite; ADNI-LAN, ADNI
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specific cognitive measures: (A) ADAS-Cog 11, (B) ADAS-Cog 13, (C) ADNI-MEM, (D) ADNI-EF, (E) TMT-A, (F) TMT-B, and (G) ADNI-LAN. A represents
the rate of change in measurements. The indirect effect (ab), direct effect (c
gender, years of education, diagnostic status (CN vs. MCI), APOE &4 status, and baseline MMSE scores. SSD, subsyndromal symptomatic depression;
CN, cognitively normal; MCI, mild cognitive impairment; APOE, apolipoprotein E; NfL, neurofilament light; ADAS-Cog11/13, Alzheimer's Disease
Assessment Scale-11/13 item subscale; ADNI-MEM, ADNI Memory Composite; ADNI-EF, ADNI Executive Function Composite; ADNI-LAN, ADNI
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subgroup. Future studies incorporating AD biomarkers and more
diagnostically balanced samples are needed to clarify diagnosis-specific
associations and underlying pathophysiological mechanisms.

Our findings indicate that the change in plasma NfL may partially
mediate the relationship between SSD and accelerated decline in
global cognition, memory, language, and processing speed. These
results suggest that plasma NfL dynamics may serve as an informative
biological indicator for identifying non-demented older adults with
SSD who are at increased risk of cognitive decline over a 2-year period.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding authors.

Ethics statement

The studies involving humans were approved by the study was
approved by the Alzheimer’s Disease Neuroimaging Initiative and
conducted in accordance with relevant local regulations and institutional
guidelines. All participants provided their written informed consent to
participate in this study. The studies were conducted in accordance with
the local legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.

Author contributions

CZ: Data curation, Investigation, Writing — original draft. BL:
Data curation, Writing - review & editing. KN: Data curation,
Writing - review & editing. GH: Formal Analysis, Writing - review &
editing. XW: Conceptualization, Writing — review & editing. MK:

Frontiers in Aging Neuroscience

07

Writing - review & editing. MB: Conceptualization, Funding
acquisition, Methodology, Writing - review & editing.

Group member of Alzheimer’s Disease
Neuroimaging Initiative

Data used in the preparation of this article were obtained from the
Alzheimer's Disease Neuroimaging Initiative (ADNI) database (http://
adniloni.usc.edu). As such, the investigators within the ADNI
contributed to the design and implementation of ADNI and/or
provided data but did not participate in the analysis or writing of this
report. A complete listing of ADNI investigators can be found at:
https://adni.loni.usc.edu/wp-content/uploads/how_to_apply/ ADNI_
Acknowledgement_List.pdf.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was funded by
Chinese National Natural Science Foundation (no. 81571234) and the
Shandong Provincial Key Research and Development Project (no.
2018GSF118235). Data collection and sharing for this project were
funded by the Alzheimer’s Disease Neuroimaging Initiative (ADNI)
(National Institutes of Health Grant U01 AG024904) and DOD ADNI
(Department of Defense award number W81XWH-12-2-0012).

Acknowledgments

ADNI is funded by the National Institute on Aging, the National
Institute of Biomedical Imaging and Bioengineering, and through
generous contributions from the following: AbbVie, Alzheimer’s
Association; Alzheimer’s Drug Discovery Foundation; Araclon Biotech;

frontiersin.org


https://doi.org/10.3389/fnagi.2025.1547394
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
http://adni.loni.usc.edu
http://adni.loni.usc.edu
https://adni.loni.usc.edu/wp-content/uploads/how_to_apply/ADNI_Acknowledgement_List.pdf
https://adni.loni.usc.edu/wp-content/uploads/how_to_apply/ADNI_Acknowledgement_List.pdf

Zhang et al.

BioClinica, Inc.; Biogen; Bristol-Myers Squibb Company; CereSpir, Inc.;
Cogstate; Eisai Inc.; Elan Pharmaceuticals, Inc.; Eli Lilly and Company;
EuroImmun; E Hoffmann-La Roche Ltd. and its affiliated company
Genentech, Inc; Fujirebio; GE Healthcare; IXICO Ltd.; Janssen
Alzheimer Immunotherapy Research & Development, LLC.; Johnson &
Johnson Pharmaceutical Research & Development LLC.; Lumosity;
Lundbeck; Merck & Co., Inc.; Meso Scale Diagnostics, LLC.; NeuroRx
Research; Neurotrack Technologies; Novartis Pharmaceuticals
Pfizer Inc; Takeda
Pharmaceutical Company; and Transition Therapeutics. The Canadian

Corporation; Piramal Imaging; Servier;

Institutes of Health Research is providing funds to support ADNI
clinical sites in Canada. Private sector contributions are facilitated by the
Foundation for the National Institutes of Health (www.fnih.org). The
grantee organization is the Northern California Institute for Research
and Education, and the study is coordinated by the Alzheimer’s
Therapeutic Research Institute at the University of Southern California.
ADNI data are disseminated by the Laboratory for Neuro Imaging at the
University of Southern California. As such, the investigators within the
ADNI contributed to the design and implementation of ADNI and/or
provided data but did not participate in analysis or writing of this report.

References

Aisen, P. S., Petersen, R. C., Donohue, M. C., Gamst, A., Raman, R., Thomas, R. G.,
etal. (2010). Clinical Core of the Alzheimer’s Disease Neuroimaging Initiative: progress
and plans. Alzheimers Dementia 6, 239-246. doi: 10.1016/j.jalz.2010.03.006

Avasthi, A., and Grover, S. (2018). Clinical practice guidelines for Management of
Depression in elderly. Indian J. Psychiatry 60, S341-S362. doi: 10.4103/0019-5545.224474

Banasr, M., Sanacora, G., and Esterlis, I. (2021). Macro- and microscale stress-
associated alterations in brain structure: translational link with depression. Biol.
Psychiatry 90, 118-127. doi: 10.1016/j.biopsych.2021.04.004

Barnes, D. E., Yaffe, K., Byers, A. L., McCormick, M., Schaefer, C., and Whitmer, R. A.
(2012). Midlife vs late-life depressive symptoms and risk of dementia: differential effects
for Alzheimer disease and vascular dementia. Arch. Gen. Psychiatry 69, 493-498. doi:
10.1001/archgenpsychiatry.2011.1481

Barro, C., Chitnis, T., and Weiner, H. L. (2020). Blood neurofilament light: a critical
review of its application to neurologic disease. Ann. Clin. Transl. Neurol. 7, 2508-2523.
doi: 10.1002/acn3.51234

Bavato, E, Barro, C., Schnider, L. K., Simrén, J., Zetterberg, H., Seifritz, E., et al. (2024).
Introducing neurofilament light chain measure in psychiatry: current evidence,
opportunities, and pitfalls. Mol. Psychiatry 29,2543-2559. doi: 10.1038/s41380-024-02524-6

Bavato, F, Cathomas, E, Klaus, F,, Giitter, K., Barro, C., Maceski, A., et al. (2021).
Altered neuroaxonal integrity in schizophrenia and major depressive disorder assessed
with neurofilament light chain in serum. J. Psychiatr. Res. 140, 141-148. doi:
10.1016/jpsychires.2021.05.072

Bertens, D., Tijms, B. M., Vermunt, L., Prins, N. D., Scheltens, P., and Visser, P. J.
(2017). The effect of diagnostic criteria on outcome measures in preclinical and
prodromal Alzheimer’s disease: implications for trial design. Alzheimers Dementia 3,
513-523. doi: 10.1016/j.trci.2017.08.005

Cereseto, M., Reinés, A., Ferrero, A., Sifonios, L., Rubio, M., and Wikinski, S. (2006).
Chronic treatment with high doses of corticosterone decreases cytoskeletal proteins in the
rat hippocampus. Eur. J. Neurosci. 24, 3354-3364. doi: 10.1111/§.1460-9568.2006.05232.x

Chatterjee, P.,, Goozee, K., Sohrabi, H. R, Shen, K., Shah, T., Asih, P. R,, et al. (2018).
Association of Plasma Neurofilament Light Chain with neocortical amyloid-f load and
cognitive performance in cognitively Normal elderly participants. J. Alzheimers Dis. JAD
63, 479-487. doi: 10.3233/JAD-180025

Chen, M.-H,, Liu, Y.-L., Kuo, H.-W., Tsai, S.-J., Hsu, J.-W,, Huang, K.-L., et al. (2022).
Neurofilament light chain is a novel biomarker for major depression and related executive
dysfunction. Int. J. Neuropsychopharmacol. 25, 99-105. doi: 10.1093/ijnp/pyab068

Choi, S.-E., Mukherjee, S., Gibbons, L. E., Sanders, R. E., Jones, R. N., Tommet, D.,
etal. (2020). Development and validation of language and visuospatial composite scores
in ADNI. Alzheimers Dementia 6:e12072. doi: 10.1002/trc2.12072

COVID-19 Mental Disorders Collaborators (2021). Global prevalence and burden
of depressive and anxiety disorders in 204 countries and territories in 2020 due to
the COVID-19 pandemic. Lancet Lond. Engl. 398, 1700-1712. doi:
10.1016/S0140-6736(21)02143-7

Crane, P. K,, Carle, A., Gibbons, L. E., Insel, P, Mackin, R. S., Gross, A, et al. (2012).
Development and assessment of a composite score for memory in the Alzheimer’s

Frontiers in Aging Neuroscience

10.3389/fnagi.2025.1547394

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation of
this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Disease Neuroimaging Initiative (ADNI). Brain Imaging Behav. 6, 502-516. doi:
10.1007/s11682-012-9186-z

Csabai, D., Wiborg, O., and Czéh, B. (2018). Reduced synapse and axon numbers in
the prefrontal cortex of rats subjected to a chronic stress model for depression. Front.
Cell. Neurosci. 12:24. doi: 10.3389/fncel.2018.00024

Cuijpers, P, de Graaf, R, and van Dorsselaer, S. (2004). Minor depression: risk
profiles, functional disability, health care use and risk of developing major depression.
J. Affect. Disord. 79, 71-79. doi: 10.1016/S0165-0327(02)00348-8

Cuijpers, P, and Smit, E (2004). Subthreshold depression as a risk indicator for major
depressive disorder: a systematic review of prospective studies. Acta Psychiatr. Scand.
109, 325-331. doi: 10.1111/j.1600-0447.2004.00301.x

da Silva Lima, A. F. B, and de Almeida Fleck, M. P. (2007). Subsyndromal
symptomatic depression: an impact on quality of life? J. Affect. Disord. 100, 163-169.
doi: 10.1016/j.jad.2006.10.010

de Wolf, E,, Ghanbari, M., Licher, S., McRae-McKee, K., Gras, L., Weverling, G. J., et al.
(2020). Plasma tau, neurofilament light chain and amyloid-p levels and risk of dementia;
a population-based cohort study. Brain J. Neurol. 143, 1220-1232. doi:
10.1093/brain/awaa054

Disanto, G., Barro, C., Benkert, P,, Naegelin, Y., Schidelin, S., Giardiello, A., et al.
(2017). Serum Neurofilament light: a biomarker of neuronal damage in multiple
sclerosis. Ann. Neurol. 81, 857-870. doi: 10.1002/ana.24954

Gaetani, L., Blennow, K., Calabresi, P, Di Filippo, M., Parnetti, L., and Zetterberg, H.
(2019). Neurofilament light chain as a biomarker in neurological disorders. J. Neurol.
Neurosurg. Psychiatry 90, 870-881. doi: 10.1136/jnnp-2018-320106

Gibbons, L. E., Carle, A. C., Mackin, R. S., Harvey, D., Mukherjee, S., Insel, P,, et al.
(2012). A composite score for executive functioning, validated in Alzheimer’s Disease
Neuroimaging Initiative (ADNI) participants with baseline mild cognitive impairment.
Brain Imaging Behav. 6, 517-527. doi: 10.1007/s11682-012-9176-1

Holmes, S. E., Scheinost, D., Finnema, S. J., Naganawa, M., Davis, M. T, DellaGioia, N.,
etal. (2019). Lower synaptic density is associated with depression severity and network
alterations. Nat. Commun. 10:1529. doi: 10.1038/s41467-019-09562-7

Horwath, E., Johnson, J., Klerman, G. L., and Weissman, M. M. (1992). Depressive
symptoms as relative and attributable risk factors for first-onset major depression. Arch.
Gen. Psychiatry 49, 817-823. doi: 10.1001/archpsyc.1992.01820100061011

Howes, O. D., and McCutcheon, R. (2017). Inflammation and the neural diathesis-
stress hypothesis of schizophrenia: a reconceptualization. Transl. Psychiatry 7:¢1024. doi:
10.1038/tp.2016.278

Jing, C., Kong, M., Ng, K. P, Xu, L., Ma, G., Ba, M, et al. (2024). Hippocampal volume
maximally modulates the relationship between subsyndromal symptomatic depression
and cognitive impairment in non-demented older adults. J. Affect. Disord. 367, 640-646.
doi: 10.1016/j.jad.2024.09.018

Judd, L. L., Akiskal, H. S., Maser, J. D., Zeller, P. ], Endicott, J., Coryell, W,, et al.
(1998). Major depressive disorder: a prospective study of residual subthreshold
depressive symptoms as predictor of rapid relapse. J. Affect. Disord. 50, 97-108. doi:
10.1016/s0165-0327(98)00138-4

frontiersin.org


https://doi.org/10.3389/fnagi.2025.1547394
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
http://www.fnih.org
https://doi.org/10.1016/j.jalz.2010.03.006
https://doi.org/10.4103/0019-5545.224474
https://doi.org/10.1016/j.biopsych.2021.04.004
https://doi.org/10.1001/archgenpsychiatry.2011.1481
https://doi.org/10.1002/acn3.51234
https://doi.org/10.1038/s41380-024-02524-6
https://doi.org/10.1016/j.jpsychires.2021.05.072
https://doi.org/10.1016/j.trci.2017.08.005
https://doi.org/10.1111/j.1460-9568.2006.05232.x
https://doi.org/10.3233/JAD-180025
https://doi.org/10.1093/ijnp/pyab068
https://doi.org/10.1002/trc2.12072
https://doi.org/10.1016/S0140-6736(21)02143-7
https://doi.org/10.1007/s11682-012-9186-z
https://doi.org/10.3389/fncel.2018.00024
https://doi.org/10.1016/S0165-0327(02)00348-8
https://doi.org/10.1111/j.1600-0447.2004.00301.x
https://doi.org/10.1016/j.jad.2006.10.010
https://doi.org/10.1093/brain/awaa054
https://doi.org/10.1002/ana.24954
https://doi.org/10.1136/jnnp-2018-320106
https://doi.org/10.1007/s11682-012-9176-1
https://doi.org/10.1038/s41467-019-09562-7
https://doi.org/10.1001/archpsyc.1992.01820100061011
https://doi.org/10.1038/tp.2016.278
https://doi.org/10.1016/j.jad.2024.09.018
https://doi.org/10.1016/s0165-0327(98)00138-4

Zhang et al.

Kaster, M. P, Gadotti, V. M., Calixto, J. B., Santos, A. R. S., and Rodrigues, A. L. S.
(2012). Depressive-like behavior induced by tumor necrosis factor-o in mice.
Neuropharmacology 62, 419-426. doi: 10.1016/j.neuropharm.2011.08.018

Kita, T., Tanaka, T., Tanaka, N., and Kinoshita, Y. (2000). The role of tumor necrosis
factor-alpha in diffuse axonal injury following fluid-percussive brain injury in rats. Int.
J. Legal Med. 113, 221-228. doi: 10.1007/s004149900095

Lee, G. ], Lu, P. H,, Hua, X, Lee, S., Wu, S., Nguyen, K,, et al. (2012). Depressive
symptoms in mild cognitive impairment predict greater atrophy in Alzheimer’s disease-
related regions. Biol. Psychiatry 71, 814-821. doi: 10.1016/j.biopsych.2011.12.024

Lyness, J. M., Chapman, B. P, McGriff, J., Drayer, R., and Duberstein, P. R. (2009).
One-year outcomes of minor and subsyndromal symptomatic depression in older
primary care patients. Int. Psychogeriatr. 21, 60-68. doi: 10.1017/S1041610208007746

Maes, M., Yirmyia, R., Noraberg, J., Brene, S., Hibbeln, J., Perini, G., et al. (2009). The
inflammatory & neurodegenerative (I&ND) hypothesis of depression: leads for future
research and new drug developments in depression. Metab. Brain Dis. 24, 27-53. doi:
10.1007/s11011-008-9118-1

Marc, L. G., Raue, P. ], and Bruce, M. L. (2008). Screening performance of the 15-item
geriatric depression scale in a diverse elderly home care population. Am. J. Geriatr.
Psychiatry Off. 16, 914-921. doi: 10.1097/JGP.0b013e318186bd67

Mohs, R. C., Knopman, D,, Petersen, R. C,, Ferris, S. H., Ernesto, C., Grundman, M.,
et al. (1997). Development of cognitive instruments for use in clinical trials of
antidementia drugs: additions to the Alzheimer’s disease assessment scale that broaden
its scope. The Alzheimer’s disease cooperative study. Alzheimer Dis. Assoc. Disord. 11,
§13-S21. doi: 10.1097/00002093-199700112-00003

Petersen, R. C., Aisen, P. S., Beckett, L. A., Donohue, M. C., Gamst, A. C., Harvey, D. ].,

et al. (2010). Alzheimers Disease Neuroimaging Initiative (ADNI): clinical
characterization. Neurology 74, 201-209. doi: 10.1212/WNL.0b013e3181cb3e25

Preische, O., Schultz, S. A., Apel, A., Kuhle, J., Kaeser, S. A., Barro, C,, et al. (2019). Serum
neurofilament dynamics predicts neurodegeneration and clinical progression in
presymptomatic Alzheimer’s disease. Nat. Med. 25, 277-283. doi: 10.1038/s41591-018-0304-3

Rapaport, M. H., and Judd, L. L. (1998). Minor depressive disorder and subsyndromal
depressive symptoms: functional impairment and response to treatment. J. Affect.
Disord. 48, 227-232. doi: 10.1016/s0165-0327(97)00196-1

Reinés, A., Cereseto, M., Ferrero, A., Bonavita, C., and Wikinski, S. (2004). Neuronal
cytoskeletal alterations in an experimental model of depression. Neuroscience 129,
529-538. doi: 10.1016/j.neuroscience.2004.08.026

Frontiers in Aging Neuroscience

09

10.3389/fnagi.2025.1547394

Rodrigues-Amorim, D., Rivera-Baltands, T., Del Carmen Vallejo-Curto, M.,
Rodriguez-Jamardo, C., de Las Heras, E., Barreiro-Villar, C., et al. (2020). Plasma B-III
tubulin, neurofilament light chain and glial fibrillary acidic protein are associated with
neurodegeneration and progression in schizophrenia. Sci. Rep. 10:14271. doi:
10.1038/s41598-020-71060-4

Rubinski, A., Dewenter, A., Zheng, L., Franzmeier, N., Stephenson, H., Deming, Y.,
et al. (2024). Florbetapir PET-assessed demyelination is associated with faster tau
accumulation in an APOE e4-dependent manner. Eur. J. Nucl. Med. Mol. Imaging 51,
1035-1049. doi: 10.1007/s00259-023-06530-8

Touron, E., Moulinet, I, Kuhn, E., Sherif, S., Ourry, V,, Landeau, B., et al. (2022).
Depressive symptoms in cognitively unimpaired older adults are associated with lower
structural and functional integrity in a frontolimbic network. Mol. Psychiatry 27,
5086-5095. doi: 10.1038/s41380-022-01772-8

Uher, R., Payne, J. L., Pavlova, B., and Perlis, R. H. (2014). Major depressive disorder
in DSM-5: implications for clinical practice and research of changes from DSM-IV.
Depress. Anxiety 31, 459-471. doi: 10.1002/da.22217

Weiner, M. W,, Veitch, D. P, Aisen, P. S., Beckett, L. A., Cairns, N. J., Cedarbaum, J.,
etal. (2015). 2014 update of the Alzheimer’s Disease Neuroimaging Initiative: a review
of papers published since its inception. Alzheimers Dementia 11, el-el20. doi:
10.1016/j.jalz.2014.11.001

Williams, M. R., Sharma, P, Macdonald, C., Pearce, R. K. B, Hirsch, S. R., and
Maier, M. (2019). Axonal myelin decrease in the splenium in major depressive disorder.
Eur. Arch. Psychiatry Clin. Neurosci. 269, 387-395. doi: 10.1007/500406-018-0904-4

Xu, Y., Chen, A,, Chen, R., and Zheng, W. (2024). Association between depressive
symptoms and cognitive function in the older population, and the mediating role of
neurofilament light chain: evidence from NHANES 2013-2014. J. Affect. Disord. 360,
221-228. doi: 10.1016/j.jad.2024.05.165

Yesavage, J. A., Brink, T. L., Rose, T. L., Lum, O., Huang, V., Adey, M, et al. (1982).
Development and validation of a geriatric depression screening scale: a preliminary
report. J. Psychiatr. Res. 17, 37-49. doi: 10.1016/0022-3956(82)90033-4

Zhang, Z., Wei, E, Shen, X.-N., Ma, Y.-H., Chen, K.-L., Dong, Q., et al. (2020).
Associations of Subsyndromal symptomatic depression with cognitive decline and brain
atrophy in elderly individuals without dementia: a longitudinal study. J. Affect. Disord.
274, 262-268. doi: 10.1016/j.jad.2020.05.097

Zis, P., Daskalaki, A., Bountouni, I, Sykioti, P, Varrassi, G., and Paladini, A. (2017).
Depression and chronic pain in the elderly: links and management challenges. Clin.
Interv. Aging 12, 709-720. doi: 10.2147/CIA.S113576

frontiersin.org


https://doi.org/10.3389/fnagi.2025.1547394
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://doi.org/10.1016/j.neuropharm.2011.08.018
https://doi.org/10.1007/s004149900095
https://doi.org/10.1016/j.biopsych.2011.12.024
https://doi.org/10.1017/S1041610208007746
https://doi.org/10.1007/s11011-008-9118-1
https://doi.org/10.1097/JGP.0b013e318186bd67
https://doi.org/10.1097/00002093-199700112-00003
https://doi.org/10.1212/WNL.0b013e3181cb3e25
https://doi.org/10.1038/s41591-018-0304-3
https://doi.org/10.1016/s0165-0327(97)00196-1
https://doi.org/10.1016/j.neuroscience.2004.08.026
https://doi.org/10.1038/s41598-020-71060-4
https://doi.org/10.1007/s00259-023-06530-8
https://doi.org/10.1038/s41380-022-01772-8
https://doi.org/10.1002/da.22217
https://doi.org/10.1016/j.jalz.2014.11.001
https://doi.org/10.1007/s00406-018-0904-4
https://doi.org/10.1016/j.jad.2024.05.165
https://doi.org/10.1016/0022-3956(82)90033-4
https://doi.org/10.1016/j.jad.2020.05.097
https://doi.org/10.2147/CIA.S113576

	Plasma neurofilament light chain mediates the effect of subsyndromal symptomatic depression on cognitive decline in older adults
	1 Introduction
	2 Materials and methods
	2.1 Alzheimer’s Disease Neuroimaging Initiative
	2.2 Participants
	2.3 Depression scale measurement
	2.4 Apolipoprotein E genotyping
	2.5 Plasma NfL data
	2.6 Cognitive assessments
	2.7 Statistical analysis

	3 Results
	3.1 Participant characteristics
	3.2 SSD and plasma NfL
	3.3 SSD and cognitive performance
	3.4 Associations between plasma NfL and cognitive performance
	3.5 Mediation effect of the rate of change in plasma NfL levels in the association between SSD and cognitive decline

	4 Discussion

	References

