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ARTICLE INFO ABSTRACT

Keywords: Background: Older adults with subjective cognitive decline (SCD) and/or elevated neurofilament light (NfL), a
Blood-based biomarkers neurodegeneration biomarker, are at increased risk of dementia. Non-pharmacological interventions offer a
Flluiddbiomarkers promising strategy for reducing dementia risk, yet none have utilized NfL as a marker of response in dementia
gs;Zhological intervention prevention trials.

Behavior change Objective: To investigate the effects of two non-pharmacological interventions on NfL in older adults with SCD.
Design: SCD-Well was an 8-week observer-blinded, randomized, clinical trial with 6-month follow-up, and was a
part of the Horizon 2020 European Union-funded "Medit-Ageing" project. Data were analyzed from June 2022 to
August 2024.

Setting: Memory clinics at four sites in France, Germany, Spain, and UK.

Participants: Participants were enrolled from March 2017 to January 2018 after fulfilling SCD research criteria
and performing within the normal range on cognitive testing. Of the 147 participants enrolled, 140 were
included in this secondary analysis (7 did not consent to venipuncture).

Interventions: Participants were randomly allocated to the Caring Mindfulness-Based Approach for Seniors
(CMBAS) intervention or a structurally matched Health Self-Management Program (HSMP).

Measurements: Plasma NfL. was measured at baseline (V1), post-intervention (V2), and 6-month follow-up (V3),
using Single molecule array technology, and log-transformed for analyses.
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Results: 137 older adults with SCD provided NfL data (mean [SD] age: 72.7 [6.8] years; 62.0 % female; CMBAS, n
= 70; HSMP, n = 67). NfL data were available at V1 (n = 136), V2 (n = 119) and V3 (n = 115). The visit-by-arm
interaction was not statistically significant, and no significant changes in NfL were observed within the CMBAS or
HSMP arms from V1 to V2. However, within the HSMP arm, NfL levels reduced from V1 to V3 (-0.10, 95 %
confidence interval [-0.18 to -0.02]). Modified intention-to-treat analyses, which included 140 participants,
supported these findings, and additionally recorded significant reductions in the HSMP arm from V1 to V2 (n =

140, -0.07 [-0.14 to -0.00]).

Conclusions: In this study, NfL levels were reduced at 6-month follow-up after a health self-management program.
Future interventions with longer duration, extended follow-up and clinical endpoints will help clarify whether
NfL reductions are sustained over extended timeframes and translate to lower dementia incidence.

Trial registration: ClinicalTrials.gov Identifier: (NCT03005652).

1. Introduction

Dementia is a clinical syndrome defined by severe cognitive
impairment, and subjective cognitive decline (SCD) is associated with an
increased risk of incident dementia [1]. SCD is characterized by a
perception of worsening cognition despite unimpaired objective cogni-
tion [2]. Most neuropathological processes start years before dementia
onset, and evidence supporting the role of modifiable risk factors in
dementia risk is growing. Targeting modifiable risk factors in high-risk
groups such as those with SCD may help prevent dementia [3].

Neurofilament light chain (NfL) is a cytoskeletal protein that is
released following axonal damage or neuronal degeneration. NfL
measured in cerebrospinal fluid or, more recently, blood [4] is
increasingly harnessed as a biomarker of neurological disease. NfL levels
differentiate SCD from mild cognitive impairment (MCI) and neurode-
generative diseases [5,6], and predict objective cognitive decline in in-
dividuals with SCD [7]. Indeed, average NfL plasma levels increase 3.4
times faster in individuals who go on to develop Alzheimer’s disease
(AD, the leading cause of dementia) compared to those who remain
dementia-free over 14 years [8]. Reducing NfL levels could therefore
reduce dementia risk; however, no trial has yet employed NfL as a sur-
rogate endpoint in individuals with SCD.

Recent research suggests that psycho-affective factors may be asso-
ciated with dementia risk, including perceived stress [9], anxiety [10],
neuroticism [11], repetitive negative thinking [12], and sleep health
[13]. Meditation practices (encompassing both mindfulness- and
compassion-focused approaches) positively impact psycho-affective
health [14]. Mindfulness-based interventions (MBIs) have been evalu-
ated particularly intensively, with evidence syntheses reporting salutary
effects on inflammatory [15], psychiatric [16], sleep [17], and cognitive
[18] outcomes, as well as structural brain changes [19]. These findings
motivated the hypothesis that MBIs could reduce dementia risk [20].

Health self-management programs (HSMPs) have often been used as
comparator conditions in MBI trials [21], and have shown efficacy on
health-related outcomes in their own right [22,23]. Topics include
management of sleep, stress, physical activity, healthy eating and future
planning [24]. Given some of these factors have been linked to dementia
risk [3] and/or NfL [25,26], a HSMP could benefit dementia-related
outcomes.

This study reports NfL outcome data from the SCD-Well trial, which
examined the effects of an 8-week mindfulness- and compassion-based
intervention (Caring Mindfulness-Based Approach for Seniors; CMBAS)
versus a matched HSMP in older adults with SCD [24]. We previously
reported that participants in both trial arms had reduced anxiety
symptoms (primary outcome) [27] and improved cognition [28] at
6-month follow-up; the HSMP group also showed an increase in
self-reported physical activity at follow-up [29]. Based on these earlier
findings, we hypothesized that participants in both trial arms would
show significant reductions in NfL levels from baseline to 6-month
follow-up.

2. Methods
2.1. Study design

SCD-Well was a multicenter, observer-blinded, randomized,
controlled trial [24] with two parallel 8-week arms (CMBAS or HSMP)
and a 6-month follow-up (ClinicalTrials.gov Identifier: NCT03005652).
The trial took place in memory clinics at four European sites (Cologne,
Germany; London, UK; Barcelona, Spain; and Lyon, France). SCD-Well
was sponsored by the French National Institute of Health and Medical
Research (INSERM) and ethical approval was obtained at each site.

2.2. Participants

Participants were aged > 60y, fulfilling SCD research criteria [2],
performed within the normal range on cognitive testing (to exclude
MCI), visited a memory clinic due to cognitive concerns, and had ca-
pacity to provide informed consent. They had no major neuro-
logical/psychiatric disorder, history of cerebral disease, visual/auditory
impairment, current medication that might interfere with cognition, or
regular engagement with meditation. Full eligibility criteria are detailed
in the study protocol [24].

2.3. Procedures

Participants were recruited in two waves at each site. After providing
written consent, including optional consent for a) blood sampling and b)
genetic analysis, participants were invited to the baseline visit (V1) for
venipuncture and behavioral assessments. These procedures were
repeated at a post-intervention visit (V2) and at a follow-up visit (V3) six
months after randomization.

2.4. Randomization and masking

After 14-25 participants in each site had completed V1, these par-
ticipants were randomized - 1:1 allocation, permuted blocks of size 4
and 6, stratified by site — on the same day via a centralized procedure
implemented by the EUCLID clinical trials platform. The research team
(except trial managers) were blind to participants’ allocations.

2.5. Interventions

2.5.1. Caring mindfulness-based approach for seniors (CMBAS)

The CMBAS followed the format of a mindfulness-based stress
reduction program, consisting of a pre-class interview, eight weekly 2 h
group-based sessions, and a half-day meditation workshop. CMBAS
participants were also taught compassion meditation practices focusing
on cultivating wholesome attitudes toward oneself and others. It was
specifically tailored to older adults’ needs, building on an earlier study
which developed an MBI for seniors [30]. Participants were asked to
engage in home practice for approximately 1h/day for 6d/week, con-
sisting of guided meditations and informal practices designed to embed
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mindfulness skills in daily life.

2.5.2. Health self-management program (HSMP)

The HSMP followed the same format and structure as CMBAS, and
was matched in administration, dosage, intensity, and duration. The
HSMP controlled for nonspecific interventional factors (e.g., social
interaction, professional facilitator, physical activity) and treatment
expectancies. The HSMP was based on a published manual aimed at
helping people live well with long-term health conditions based on a
self-efficacy model [31]. The program was previously adapted and
validated for SCD participants [21]. The HSMP included the following
topics: management of sleep, stress, exercise, medicines and memory;
communication; healthy eating; and future planning. Participants were
asked to create and implement weekly ‘action plans’ to promote
engagement in activities based on their preferences.

2.6. Measures

2.6.1. Plasma biomarkers

Peripheral EDTA blood samples were taken via venipuncture,
centrifuged (ideally within 2 h of collection), and frozen in 0.5 ml fluidx
aliquots at —80 °C. Plasma NfL, AP4o, AB42, and phosphorylated-tau-181
(p-tau-181) concentrations were measured by Single molecule array
(Simoa) on an HD-X analyzer (Quanterix), using commercially-available
kits according to the manufacturer’s instructions. Concentrations of NfL
and p-tau-181 were measured at all visits; AB4o and Afsp were only
measured at baseline. Briefly, samples were thawed at 21 °C, vortexed,
and centrifuged at 13,000 RCF for five minutes at 21 °C. On-board the
instrument, samples were diluted 1:4 with sample diluent and bound to
paramagnetic beads coated with capture antibodies specific for each
analyte. Analyte-bound beads were then incubated with biotinylated
detection antibodies in turn conjugated to streptavidin-p-galactosidase
complex acting as a fluorescent tag. Subsequent hydrolysis reaction with
a resorufin p-D-galactopyranoside substrate produces a fluorescent
signal proportional to the concentration of the analyte. Sample con-
centrations were extrapolated from a standard curve, fitted using a 4-
parameter logistic algorithm. Plasma biomarker concentrations are re-
ported in picograms per milliliter (pg/ml).

2.6.2. Additional measures

Physical activity was measured using The Physical Activity Scale for
the Elderly (PASE; global score). Global cognition was measured using
The Mattis Dementia Rating Scale-2 (DRS-2; global score). Trait anxiety
symptoms were assessed using the State-Trait Anxiety Inventory trait
subscale (trait-STAI). Participants’ medical history was ascertained via a
self-report questionnaire, including presence/absence of history of kid-
ney disease. Body mass index (BMI; kg/m?) was calculated from par-
ticipants’ height and weight.

2.7. Statistical analyses

Sample size calculations were based on the expected between-arm
effect size for the pre- to post-intervention change in trait-STAI (pri-
mary outcome) with 80 % power and two-sided type 1 error of 5 % [24].
This resulted in a minimum sample of 128 participants (64 per group),
which the trial exceeded. Descriptive statistics were used to summarize
demographic and baseline variables for each arm (see Table 1).
Exploratory analyses were conducted to characterize the relationships
between (untransformed) plasma NfL values and other key variables (i.
e., age, sex, education, PASE, DRS-2, trait-STAI, kidney disease, BMI,
p-tau-181 and AP42/AP49) at baseline. Baseline NfL. data were
right-skewed therefore non-parametric correlations and t-tests were
used for these analyses.

Linear mixed models were fit via restricted maximum likelihood to
estimate the between- and within-arm effect of interventions on plasma
NfL. Residuals of initial models were non-normally distributed, thus
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Table 1
SCD-Well sample baseline characteristics (participants with > 1 NfL value
available).

Trial arm

Variable HSMP (n = 67) CMBAS (n = 70)
Site

Barcelona 20 (30 %) 20 (28 %)

Cologne 19 (28 %) 18 (26 %)

London 14 (21 %) 14 (20 %)

Lyon 14 (21 %) 18 (26 %)
Sex (female) 41 (61 %) 44 (63 %)
Ethnicity

Asian 1(2 %) 11 %)

White 66 (98 %) 66 (95 %)

Mixed 0 (0 %) 2(3%)

Other 0 (0 %) 11 %)
Age (years) 73.3 (5.9) 72.1 (7.6)
Education (years) 13.3(3.5) 13.9 (3.8)
NfL (pg/ml)

Untransformed 26.7 (15.3) 24.1 (12.7)
Log-transformed 3.1(0.7) 3.1 (0.5)
APaz/AP4o (pg/ml) 0.06 (0.04) 0.06 (0.01)

P-tau-181 (pg/ml) 1.8 (1.1) 1.7 (0.9)
PASE (global score; range 0-400) 117.5 (65.2) 132.0 (75.5)
DRS-2 (global score; range 0-144) 139.3 (3.5) 140.2 (3.8)
Trait-STAI (range 20-80) 38.6 (9.4) 41.0 (10.2)
BMI (kg/m?) 26.0 (4.3) 26.1 (3.7)
Renal insufficiency (yes) 11 %) 6 (9 %)
APOE (&4 carrier) 19 (31 %) 21 (30 %)

Data shown as n ( %) or mean (SD). BMI = body mass index. CMBAS = caring
mindfulness-based approach for seniors. DRS-2 = Mattis dementia rating scale-
2. HSMP = health self-management program. NfL. = neurofilament light. PASE =
physical activity scale for the elderly. Trait-STAI = state-trait anxiety inventory
(trait subscale). APOE = apolipoprotein E gene. Ap = amyloid-beta peptide. P-
tau-181 = tau phosphorylated at threonine 181. In the HSMP arm, there were
missing data in baseline NfL (n = 1), P-tau-181 (n = 1), PASE (n = 3) and APOE
(n=5). In the CMBAS arm, there were missing data in P-tau-181 (n = 1), PASE (n
= 2), DRS-2 (n = 1), trait-STAI (n = 1) and APOE (n = 1).

plasma NfL data were natural logarithm (log)-transformed for all linear
mixed model analyses reported here, resulting in residuals better
approximating a normal distribution. The difference between two log-
ged numbers (i.e., change in log plasma NfL) can be interpreted as a
percentage difference on the original (i.e., untransformed) scale. We
therefore report both change in log NfL, as well as percentage change for
untransformed NfL. For each analysis (see below), an unadjusted model,
as well as three adjusted models were fit. The unadjusted model (Model
1) included random participant intercepts, as well as the fixed effects of
visit (coded as ‘baseline’, ‘post-intervention’ and ‘follow-up’), site, trial
arm, and the visit-by-trial arm interaction. Model 2 further adjusted
Model 1 for the fixed effects of baseline age, sex, and education level.
Following previous work, a third model (Model 3) additionally adjusted
for kidney disease [32] as well as baseline BMI [25] and PASE [26,33]. A
final model (Model 4) further adjusted for APOE genotype (coded as €4
carrier/non-carrier) and baseline plasma biomarker (i.e., p-tau-181 and
AB42/AB4p) concentrations. Continuous covariates were mean-centered.
Both observed data and modified intention-to-treat (mITT) analyses
were performed.

2.7.1. Observed data analysis

For observed data analyses, each linear mixed model included all
available NfL data from participants with complete covariates; missing
data were not replaced. In sensitivity analyses, motivated by previous
research adjudging four MBI sessions to be an adequate minimal dose
[34], models were re-estimated using only the subset of participants
who attended > 4 intervention sessions.

2.7.2. Modified intention-to-treat (mITT) analysis
There were missing data for NfL and some covariates. To perform
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mlITT analyses, missing data were replaced using multiple imputation by
joint modeling. The mITT analyses only included randomized in-
dividuals who consented to venipuncture. Data were imputed separately
for each trial arm to preserve any potential visit-by-arm interaction. A
total of 20 datasets were ‘completed’ via multiple imputation, following
which models were re-estimated for each dataset separately, and the
results pooled according to Rubin’s rules.

Analyses were conducted in R 4.3.1 under RStudio 2024.04.2 + 764.
Linear mixed models were fit using the Ime4 1.1-35.5 package; p-values
were obtained via ImerTest 3.1-3. The anova.lmerModLmerTest function
was used to perform an analysis of variance (ANOVA) for the 3-level
visit-by-arm interaction (deriving an omnibus p-value). The emmeans
1.10.3 package was used to compute within-arm change in log NfL for
each arm separately (comprising two contrasts: baseline to post-
intervention, and baseline to follow-up). Multiple imputation by joint
modeling was performed using the mitml 0.4-5 package; imputations
took the multilevel (i.e., nesting of NfL observations within individuals)
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structure of the data into account. For all analyses, p-values were
deemed statistically significant at < 0.05.

3. Results

Enrollment was from March 23rd, 2017 to January 25th, 2018. A
total of 147 participants with SCD (mean age 72.7 + 6.9 years; 64 %
female) were randomized. Of these, 140 (95 %) individuals consented to
venipuncture (for non-genetic analyses), and 136 also consented to ge-
netic (APOE) analysis. The mITT analyses thus included a maximum of
140 individuals; observed data analyses included fewer individuals.
Table 1 shows the sample baseline characteristics and Fig. 1 provides the
CONSORT diagram.

3.1. Associations between untransformed baseline nfl and key variables

At baseline, median [interquartile range; IQR] NfL levels (pg/ml) did

Enroliment

l A d for eligibility (n = 168) I

Excluded

( =
> Pre-included but not included (n=11) 4.—_l
> Other (n=4)

| Included (n = 153) |

Not randomized (n=6)
> Additional cognitive criteria not met (n = 2)

——

> Refused to be randomized (n=4)
| Randomized (n = 147) |
HSMP " CMBAS
> Consented to venipuncture (n=69) Allocation > Consented to venipuncture (n=71)
> Did not consent to venipuncture  (n=5) > Did not consent to venipuncture  (n=2)
NfL observation available (n=166) NfL observation available (n=70)
NfL observation unavailable (n=3) NfL observation unavailable (n=1)
> Early termination (n=1) > Blood sample not collected (n=1)
> Laboratory issue (n=1)
> Blood sample not collected (n=1)
NfL observation available (n=57) NfL observation available (n=62)
NfL observation unavailable (n=12) NfL observation unavailable (n=9)
> Early termination (cumulative) (n=6) > Early termination (n=3)
> Blood sample not collected (n=2) > Blood sample not collected (n=3)
> Laboratory issue (n=2) > Laboratory issue (n=1)
> Did not attend V2 (n=1) > Did not attend V2 (n=1)
> Administrative error (n=1) > Withdrew consent for venipuncture (n=1)
NfL observation available (n =56) NfL observation available (n=59)
NfL observation unavailable (n=13) NfL observation unavailable (n=12)
> Early termination (cumulative) (n=8) > Early termination (cumulative) (n=4)
> Blood sample not collected (n=3) > Blood sample not collected (n=4)
> Laboratory issue (n=1) > Administrative error (n=2)
> Administrative error (n=1) > Lost to follow-up/unable to contact (n=1)
> Withdrew consent for venipuncture
(cumulative) (n=1)
Timepoint ODA" miTT Analysis Timepoint ODA" miTT

V1 (n=66) (n=69) V1 (n=70) (n=71)

V2 (n=57) (n=69) V2 (n=62) (n=71)

V3 (n=56) (n=69) V3 (n=59) (n=71)

Fig. 1. CONSORT flow of enrollment and randomization to HSMP and CMBAS

Superscript: *These ns refer to the total number of NfL values available for observed data analysis; the actual ns used to estimate each model depended on the

included covariates (see main text for details).

CMBAS = caring mindfulness-based approach for seniors. HSMP = health self-management program. NfL. = neurofilament light. V1 = baseline visit. V2 = post-
intervention visit. V3 = follow-up visit. ODA = observed data analysis. mITT = modified intention-to-treat analysis.
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not differ by sex (female = 21.7 [16.9-30.6], male = 22.6 [16.5-29.8]; p
= 0.88) or kidney disease (present = 22.5 [15.5-26.9], absent = 22.2
[16.9-30.5]; p = 0.70). NfL levels were positively correlated with age (p
= 0.48; p < 0.0001) and p-tau-181 (p = 0.51; p < 0.0001), and nega-
tively correlated with AB42/APso (p = —0.38; p < 0.0001), BMI (p =
—0.22; p = 0.010) and PASE (p = —0.21; p = 0.018). NfL was not
associated with education (p = —0.02; p = 0.77), DRS-2 (p = —0.15; p =
0.088), or trait-STAI (p = —0.06; p = 0.50).

3.2. Intervention engagement

There was no significant difference between arms for the mean
number of intervention sessions attended (CMBAS = 6.7 4 2.9; HSMP =
7.1 £ 2.2; p = 0.62), the proportion of participants who attended > 4
intervention sessions: CMBAS (n = 56; 80 %); HSMP (n = 59; 89 %; p =
0.20) or who reported continued engagement with intervention-related
activities between V2 and V3: CMBAS (n = 37; 57 %); HSMP (n = 33; 54
%; p = 0.89).

3.3. Change in log plasma NfL between and within trial arms

3.3.1. Observed data analysis

Appendix Table S1 provides the observed NfL values (untransformed
and log-transformed) for each group at each visit. Participants with
complete NfL data had significantly higher education than those with
incomplete data but did not differ on any other baseline characteristics
(see Appendix Table S2). The results for estimated change in log NfL
between and within arms did not substantively differ across the four
linear mixed models (i.e., Models 1-4; Table 2); here we report the re-
sults for Model 4 only. The ANOVA for the visit-by-arm interaction was
not significant, indicating that change in log NfL did not differ between
interventions (F(2, 211) = 0.87; p = 0.42).

Within the CMBAS arm, there was no significant change in log NfL
from V1 to V2 (estimated change [95 % confidence interval]: —0.05
[-0.12t0 0.02]), or V1 to V3 (—0.03 [—0.10 to 0.04]). Within the HSMP
arm, there was no significant change in log NfL from V1 to V2 (—0.06
[-0.14 to 0.01]). However, from V1 to V3 there was a significant
reduction in log NfL (—0.10 [—0.18 to —0.02]). Expressed as percentage
change on the non-logged NfL scale, from V1 to V2, there was a 4.8 %
reduction in the CMBAS arm and a 6.4 % reduction in NfL in the HSMP
arm. From V1 to V3, there was a 3.0 % reduction in the CMBAS arm and
a 9.8 % reduction in NfL in the HSMP arm (Fig. 2). These results were
substantively unchanged in sensitivity analyses (see Appendix Table S3).

3.3.2. Modified intention-to-treat analysis

In all four mITT models, for which missing data in the outcome and
covariates were replaced via multiple imputation, the reduction in log
NfL from V1 to V2 in the HSMP arm became significant (—0.07 [—0.14 to
—0.00]) (see Appendix Table S4). All other mITT results were substan-
tively unchanged from observed data analyses.

4. Discussion

In this RCT of two 8-week interventions with longitudinal follow-up
in older adults with SCD, we found no difference between interventions
in change in NfL, a marker of neurodegeneration. We did, however find a
significant reduction in NfL in the HSMP intervention from baseline to 6-
month follow-up, which was not observed in the CMBAS intervention.
Additional analyses confirmed these findings.

While both arms showed a downwards trajectory of NfL levels, the
HSMP intervention marginally reduced NfL post-intervention and
significantly reduced NfL at follow-up. We interpret this NfL decrease as
a sign that the intervention may have slowed neurodegeneration. While
we are unable to discern the underlying mechanism driving this change,
we discuss potential mechanisms on the basis of the intervention’s
characteristics. The HSMP targets some of the potentially modifiable risk

Table 2

Linear mixed model estimates of within- and between-arm changes in loge
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plasma NfL (observed data analysis).

Estimate [95 % CI]

Model 1 Model 2 Model 3 Model 4
Within-arm estimated change
HSMP v2-  -0.07 —-0.07 —-0.07 —0.06
\'2! [-0.14 to [-0.14 to [-0.14 to [-0.14 to
0.00] 0.00] 0.00] 0.01]
V3 - -0.11 -0.11 -0.10 -0.10
\'2! [-0.18 to [-0.18 to [-0.18 to [-0.18 to
—0.04] —0.04] —0.03] —0.02]
CMBAS V2 - —0.04 —0.04 —0.05 —0.05
\'2! [-0.11 to [-0.11 to [-0.11 to [-0.12 to
0.02] 0.02] 0.02] 0.02]
V3 - —0.02 —0.02 —0.03 —0.03
A2 [-0.09 to [-0.09 to [-0.10 to [-0.10 to
0.04] 0.04] 0.04] 0.04]
Between-arm estimated change
HSMP — v2-  -0.02 —-0.02 —-0.02 —0.02
CMBAS V1 [-0.12 to [-0.12 to [-0.12 to [-0.12 to
0.07] 0.07] 0.08] 0.09]
p =0.64 p=0.63 p=0.65 p=0.77
v3- -0.08 —-0.08 —-0.08 —-0.07
\'2! [-0.18 to [-0.18 to [-0.18 to [-0.17 to
0.02] 0.02] 0.02] 0.04]
p=0.11 p=0.10 p=0.13 p=0.21
Data included in models
Participants 137 137 132~ 124
Observations 370 370 360 336

The unadjusted model (Model 1) included random participant intercepts (all
other covariates were fixed effects), as well as trial site, visit, trial arm, and the
visit x arm interaction. Model 2 adjusted Model 1 for age at baseline, sex, and
education level. Model 3 adjusted Model 2 for renal insufficiency, as well as
baseline BMI and PASE. Model 4 adjusted Model 3 for APOE. Continuous
covariates were mean-centered. CI = confidence interval. CMBAS = caring
mindfulness-based approach for seniors. HSMP = health self-management pro-
gram. NfL = neurofilament light. PASE = physical activity scale for the elderly.
V1 = baseline visit. V2 = post-intervention visit. V3 = follow-up visit. APOE =
apolipoprotein E gene. P-tau-181 = tau phosphorylated at threonine 181.

" Model 3 included 5 fewer participants versus Models 1-2 due to missingness
in the PASE covariate.

 Model 4 included 8 fewer participants versus Model 3 due to missingness in
the APOE (n = 6) and P-tau-181 (n = 2) covariates.

factors for dementia identified in the Lancet Commission [3], including
physical inactivity, depression, and various cardiometabolic factors (i.e.,
high LDL cholesterol, diabetes, hypertension and obesity). The salutary
NfL trajectories observed in the HSMP arm may have resulted from the
amelioration of any one or several of these risk factors due to the
multi-component nature of the intervention, potentially reducing de-
mentia risk. However, it is important to acknowledge that the amount of
time dedicated to each of these (and the degree to which they are
addressed directly versus indirectly) within the HSMP varies. That is, an
entire session focused on increasing physical activity levels, whereas
managing depressive symptoms was addressed as a subtopic within the
sleep session. The cardiometabolic factors were addressed within the
healthy eating session (delivered as a half-day workshop). In an earlier
publication, we reported that participants in HSMP had increased
(versus CMBAS) self-reported physical activity levels at follow-up [29].
The reduction in NfL may, therefore, have reflected the observed in-
crease in physical activity in the HSMP arm [29]. The putative effect of
the HSMP on NfL could be mediated via neuroinflammatory mecha-
nisms, given lifestyle factors can modulate innate immune responses and
microglia-driven inflammation in aging brains [35]. Activated microglia
can support neuronal recovery through release of growth factors and
removal of damaged neurons/myelin debris. Microglia also act as a
cellular mediator of synaptic loss [36]. The behaviors targeted by the
HSMP may thus have stimulated microglial activity and activated a
protective response, though further research is required to evaluate this
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Fig. 2. Percent change in NfL from baseline (V1) to post-intervention (V2) and follow-up (V3) for each intervention condition
Caring mindfulness-based approach for seniors (CMBAS) is drawn in purple, Health self-management program (HSMP) is drawn in green. Standard error bars

are shown.

hypothesis.

We hypothesized that there would be no difference in changes in NfL
between the two interventions due to evidence that behaviors targeted
in each arm could potentially reduce dementia risk and/or NfL [25,27,
2.8,33]. The present findings partially support this hypothesis, showing
no significant difference between HSMP and CMBAS. The lack of a
passive comparator precludes direct examination of whether reductions
in NfL were specifically due to intervention. To partially address this
limitation we identified longitudinal observational studies which re-
ported plasma NfL data for cognitively unimpaired older adults or in-
dividuals with SCD, and extrapolated these data to match SCD-Well’s
follow-up period (6 months; Appendix Table S5). Of five studies iden-
tified, all observed an increase in NfL (average = 3.9 %). This increase
contrasts with the currently-observed reduction of 6.4 % (post--
intervention) and 9.5 % (follow-up) in the HSMP, and 4.6 % and 2.7 % in
the CMBAS. While only indicative and not confirmatory, this supports
the idea that the HSMP reduced or attenuated NfL aggregation.

This study has several strengths. Chiefly, it is the first trial to use NfL
as a secondary outcome in older adults with SCD, and included a larger
sample versus previous trials that measured NfL in other populations
[33]. SCD-Well included manualized interventions matched across key
factors and adapted for older adults with SCD, and included a 6-month
follow-up [24]. It also used strict inclusion criteria to both homogenize
the sample with SCD and select individuals at elevated dementia risk
[2], while excluding MCI [24].

The study also has limitations. SCD-Well was designed around the
primary outcome (anxiety) [27], which may have resulted in low sta-
tistical power to detect changes in NfL. This study did not include a
passive comparator, so we could not rule out that NfL levels could have
reduced without intervention; neither did it include additional neuro-
degeneration biomarkers (e.g., brain volumetric changes), which would
enable a more comprehensive assessment of effects on neuro-
degeneration. Further, whilst we collected blood-based biomarkers, we
were unable to ascertain the presence/absence of AD pathology, as

relevant cut-offs are not yet available for the research assays used in this
study. Given the non-trivial amounts of unavailable NfL. data at
post-intervention (15 %) and follow-up (18 %), data were multiply
imputed for mITT analyses. Whilst the use of multiple imputation to
handle missingness in RCT analyses has increased [37], it is important to
acknowledge that inferences based on imputed datasets need to be
interpreted with caution, as the technique relies on the untestable
assumption that data are missing at random [38].

In conclusion, this is the first trial targeting older adults with SCD to
use NfL as a surrogate endpoint. Participants who underwent the health
self-management intervention showed a significant reduction in NfL.
While the mechanism(s) driving this reduction are not yet known, these
findings highlight the promise of personalized lifestyle interventions
targeting a combination of factors linked to dementia risk. Future trials
including longer interventions, passive comparators and extended
follow-up periods are needed to understand whether reductions in NfL
can be sustained and translate to clinically meaningful outcomes.
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formed (both consent ‘clauses’ were optional). The authors assert that all
the procedures contributing to this work comply with the ethical stan-
dards of the relevant national and institutional committees on human
experimentation and with the Helsinki Declaration of 1975, as revised in
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