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Abstract

Background Plasma neurofilament light chain (NfL) is a blood biomarker of neurodegeneration, including Alzhei-
mer’s disease. However, its usefulness may be influenced by common conditions in older adults, including amyloid-{3
(AB) deposition and cardiometabolic risk factors like hypertension, diabetes mellitus (DM), impaired kidney function,
and obesity. This longitudinal observational study using the Alzheimer’s Disease Neuroimaging Initiative cohort inves-
tigated how these conditions influence the prognostic capacity of plasma NfL.

Methods Non-demented participants (cognitively unimpaired or mild cognitive impairment) underwent repeated
assessments including the Alzheimer’s Disease Assessment Scale-Cognitive subscale (ADAS-Cog) scores, hippocampal
volumes, and white matter hyperintensity (WMH) volumes at 6- or 12-month intervals. Linear mixed-effect models
were employed to examine the interaction between plasma NfL and various variables of interest, such as A{3 (evalu-
ated using Florbetapir positron emission tomography), hypertension, DM, impaired kidney function, or obesity.

Results Over a mean follow-up period of 62.5 months, participants with a mean age of 72.1 years (n=720, 48.8%
female) at baseline were observed. Higher plasma NfL levels at baseline were associated with steeper increases

in ADAS-Cog scores and WMH volumes, and steeper decreases in hippocampal volumes over time (all p-val-
ues<0.001). Notably, AB at baseline significantly enhanced the association between plasma NfL and longitudinal
changes in ADAS-Cog scores (p-value 0.005) and hippocampal volumes (p-value 0.004). Regarding ADAS-Cog
score and WMH volume, the impact of A was more prominent in cognitively unimpaired than in mild cognitive
impairment. Hypertension significantly heightened the association between plasma NfL and longitudinal changes
in ADAS-Cog scores, hippocampal volumes, and WMH volumes (all p-values <0.001). DM influenced the association
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between plasma NfL and changes in ADAS-Cog scores (p-value <0.001) without affecting hippocampal and WMH
volumes. Impaired kidney function did not significantly alter the association between plasma NfL and longitudinal
changes in any outcome variables. Obesity heightened the association between plasma NfL and changes in hip-

pocampal volumes only (p-value 0.026).

Conclusion This study suggests that the prognostic capacity of plasma NfL may be amplified in individuals with AB
or hypertension. This finding emphasizes the importance of considering these factors in the Nfl-based prognostic
model for neurodegeneration in non-demented older adults.

Keywords Neurofilament light chain, Alzheimer’s disease, Blood-based biomarker, Dementia, Prognosis,

Cardiovascular disease, Metabolic syndrome, Kidney disease

Background

Predicting central neurodegeneration at the preclinical
stage is crucial for the prevention and early interven-
tion of Alzheimer’s disease (AD), especially in the era of
emerging disease-modifying treatments [1]. Neurofila-
ment light chain (NfL), a subunit of neurofilaments abun-
dant in neuronal axons, is a non-invasive blood-based
biomarker for detecting or predicting neurodegeneration
and clinical progression in preclinical or prodromal stage
of dementia [2—10]. The Alzheimer’s Association Work-
group has recently updated the diagnostic and staging
criteria for AD, including plasma NfL as one of the key
blood-based biomarkers [11]. Classified as an “N (neu-
rodegeneration)” biomarker, plasma NfL is useful for
assessing the stage or prognosis of AD [11]. Furthermore,
plasma NfL is highlighted as a cost-effective and non-
invasive surrogate biomarker for clinical trials targeting
the preclinical stage of dementia [12].

However, caution is required when interpreting the
meaning of plasma NfL levels, as they can be influenced
by various conditions commonly observed in older
adults. Cerebral amyloid-p (Ap) deposition, found in over
one-third of cognitively unimpaired older adults [13],
can accelerate the release of NfL into the bloodstream
owing to its neurotoxicity [14]. Additionally, cardiometa-
bolic risk factors, such as hypertension, diabetes mellitus
(DM), impaired kidney function, and obesity, can influ-
ence NfL levels in the blood [2]. Hypertension-related
cardiovascular disease and DM are associated with
increased plasma NfL levels, which may be attributed to
microvascular brain injury [15-17]. Cerebral small ves-
sel disease, closely related to hypertension and DM, is
also associated with increased plasma NfL levels [2, 18].
Moreover, previous studies have indicated that impaired
kidney function was associated with elevated plasma NfL
levels due to reduced clearance or metabolism of plasma
NfL [15, 19]. Individuals with obesity or high body mass
index (BMI) exhibit low blood NfL levels, which is pos-
sibly explained by the dilution of plasma NfL due to
increased blood volume [15, 20].

Although these common old age-related conditions
(AP and cardiometabolic risk factors) could confound
the level of plasma NfL, their impact on the capacity of
plasma NfL for predicting neurodegeneration and clini-
cal progression remains unexplored. Previous longitudi-
nal studies evaluating the association between baseline
plasma NfL and neurodegenerative outcome did not
consider the influence of AP and cardiometabolic risk
factors [3-9]. It is important to find out which of these
factors should be considered when establishing a model
for predicting cognitive decline using plasma NfL. Using
data from non-demented individuals, we investigated
whether plasma NfL is differently associated with cog-
nitive decline over time, depending on the statuses of
AP and cardiometabolic conditions (hypertension, DM,
impaired kidney function, or obesity). We also assessed
changes in neuroimaging abnormalities by structural
brain magnetic resonance imaging (MRI) to elucidate the
underlying mechanism of cognitive decline.

Methods

Study participants

The data for this study were sourced from the Alzhei-
mer’s Disease Neuroimaging Initiative (ADNI) data-
base (http://adni.loni.usc.edu). ADNI is a longitudinal
study that defines AD’s progression using biomarkers
such as neuroimages (www.adni-info.org). Detailed
inclusion and exclusion criteria for the study par-
ticipants have been outlined elsewhere (https://adni.
loni.usc.edu/methods/documents/) [21]. Individuals
aged 55-90 years who met the following criteria were
recruited: (i) minimal depression (score under 6 on the
Short form of Geriatric Depression Scale [SGDS]); (ii)
low vascular dementia risk (Hachinski Ischemic Score
of 4 or below); (iii) stable permitted medications for
4 weeks, excluding psychoactive medications affecting
cognitive function; (iv) no significant visual or audi-
tory impairment that could interfere with neuropsy-
chological tests; (v) availability of a study partner with
at least 10 h/week of contact who could accompany to
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visit; (vi) at least 6 grades of education or work history;
and (vii) fluency in English or Spanish. Exclusion cri-
teria included: (i) significant neurologic diseases other
than suspected AD (Parkinson’s disease, multi-infarct
dementia, Huntington’s disease, normal pressure
hydrocephalus, brain tumor, seizure disorder, hemor-
rhage, or known structural brain abnormalities); (ii)
baseline MRI scan with evidence of infection, infarc-
tion, or other focal lesions; (iii) presence of pacemak-
ers, aneurysm clips, artificial heart valves, ear implant,
metal fragments, or other foreign objects in the body;
(iv) history of major depression or bipolar disorder
within a past year; (v) history of schizophrenia; (vi)
history of alcohol or substance abuse or dependence
within the past 2 years; and (vii) clinically significant
abnormalities in vitamin B12 or thyroid function test.

Plasma NfL levels at baseline visits were measured
between June 2010 and March 2022. Among the 877
participants who had their baseline plasma NfL level
measured, 739 were free from dementia (cognitively
unimpaired [CU] or mild cognitive impairment [MCI]).
Criteria for dementia were previously described [21],
based on the National Institute of Neurological and
Communicative Disorders and Stroke—Alzheimer’s Dis-
ease and Related Disorders Association criteria for prob-
able AD [22]. MCI participants met all the following
criteria [21]: (i) subjective memory concern reported by
subject, study partner, or clinician; (ii) Mini-Mental State
Examination score between 24 and 30; (iii) the Clinical
Dementia Rating score of 0.5 with a memory box score
of 0.5 or higher; and (iv) objective memory impairment
observed by education-adjusted scores on delayed recall
of one paragraph from the Wechsler Memory Scale-
Revised Logical Memory II subscale. Participants classi-
fied as CU had a Mini-Mental State Examination score
between 24 to 30, a Clinical Dementia Rating score of 0,
and objective normal memory function assessed by the
delayed recall of one paragraph from the Wechsler Mem-
ory Scale-Revised Logical Memory II subscale. Among
these non-demented participants (MCI or CU), we
excluded those with missing data from Florbetapir posi-
tron emission tomography (PET), brain MRI, or cognitive
tests (n=16). After excluding three participants without
data on baseline body mass index (BMI), final data from
720 participants were investigated (Fig. 1). The study was
approved by the Institutional Review Board of each par-
ticipating institution, and written informed consent was
obtained from all participants.

Cognitive function assessment
We used the Alzheimer’s Disease Assessment Scale-
Cognitive (ADAS-Cog) to assess the cognitive function
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Participants with plasma NfL
(n=877)
| » | Excluded:
' P71 <All-cause dementia (n = 138)
Participants without dementia
(n="739)
Excluded:
1 »| *Notavailable for
* ”7| baseline MRI, PET, or ADAS-Cog (n = 16)
*Not available for baseline BMI (n = 3)
Non-demented participants eligible for
baseline assessment
(n="720)

Fig. 1 Selection of the study population. Abbreviations: ADAS-Cog,
Alzheimer's Disease Assessment Scale-Cognitive subscale; MRI,
magnetic resonance imaging; NfL, neurofilament light chain; PET,
positron emission tomography

of each participant [23]. The ADAS-Cog comprises 13
tasks: word recall task, commands, constructional praxis,
delayed word recall, naming task, ideational praxis,
orientation, word recognition task, remembering test
instructions, comprehension, word-finding difficulty,
spoken language ability, and number cancellation. The
ADAS-Cog provided a score of 0-85, where a higher
score indicated a more prominent cognitive impairment.
Each participant underwent the ADAS-Cog assessment
every 6 or 12 months.

Structural MRI procedure and analysis

All participants underwent 3.0 T brain MRI scans
at each site using the ADNI GO/2 protocol (https://
adni.loni.usc.edu/methods/mri-tool/mri-analysis/).
The ADNI MRI Quality Control team at Mayo Clinic
reviewed each scan. We tracked the changes in hip-
pocampal and white matter hyperintensity (WMH)
volumes, both of which are reported to be predicted
by plasma NfL [7, 18]. Hippocampus is a commonly
used region of interest for assessing AD-related neu-
rodegeneration [3, 7, 14]. WMH is an indicator of cer-
ebral small vessel disease, which is the most common
coexisting pathology with AD and exacerbates cogni-
tive decline [24, 25]. It also causes secondary grey and
white matter loss in both directly and indirectly con-
nected brain regions via compromised blood—brain
barrier, impaired cerebral blood flow, and perivascular
injury, resulting in neurodegeneration [24]. Hippocam-
pus and WMH volumetric data were calculated by the
University of California team at Davis using 3D T1 and
T2 fluid-attenuated inversion recovery sequence images
and the FSL toolbox. Similar to the ADAS-Cog, the MRI
scans were repeated at 6 or 12 months.
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Baseline status of Ap and cardiometabolic risk factors
Cortical AP analysis was based on the data from Florbeta-
pir (18F-AV-45) PET conducted by the team at the Uni-
versity of California Berkeley processed with FreeSurfer
v7.1.1 (https://surfer.nmr.mgh.harvard.edu/) [26]. The
volume-weighted standard uptake value ratio (SUVR) of
each cortical region was calculated after skull-stripping,
segmentation, and delineating cortical and subcortical
regions. The mean SUVR value of the frontal, lateral pari-
etal, lateral temporal, and anterior/posterior cingulate
regions relative to the whole cerebellum was regarded
as the composite SUVR of each participant. According
to the previous study [26], a composite SUVR>1.11 was
considered as a cerebral Ap (+) status.

Participants were considered to have hypertension if they
had a history of hypertension, a systolic blood pressure
of 140 mmHg or higher and/or a diastolic blood pressure
of 90 mmHg or higher, or if they were taking anti-hyper-
tensive medication. This selection method was aligned
with a widely used definition of hypertension in epidemi-
ology [27]. Participants using anti-diabetic medications
or having a fasting glucose level exceeding 126 mg/dL
were categorized as having DM. Participants with a BMI
of 30 kg/m? or higher were classified as being obese. The
presence of impaired kidney function was determined as
one of the following: (i) a history of kidney disease (e.g.,
nephrectomy, nephritis, renal failure, or horseshoe kidney),
or (ii) an estimated glomerular filtration rate (eGFR) under
60 mL/min/1.73 m? calculated using the Chronic Kidney
Disease Epidemiology Collaboration equation [28].

Assessment of other covariates

Factors potentially affecting cognitive function or dementia
progression were selected as covariates. The education level
of each participant, which is closely associated with cogni-
tive decline [29], was assessed by total years of education.
The number of apolipoprotein E (APOE) €4 alleles of each
participant was used as a covariate, due to its relation to the
increased risk of dementia [30]. Details on APOE genotyp-
ing are described at https://adni.loni.usc.edu/data-samples/
data-types/genetic-data/. History of smoking and alcohol
abuse, factors related to cognitive decline [31], was evalu-
ated by self-reported records. Since depression is also a risk
factor for dementia [30, 31], its severity was assessed using
SGDS. Clinical cognitive status at baseline, such as CU or
MCI, was included as a covariate, given its influence on the
rate of cognitive decline or dementia progression [32].

Blood sampling procedure and plasma NfL level
measurement

Details of the blood sampling procedure and plasma NfL
assay are described at www.adni-info.org. Blood sam-
ples were collected in EDTA tubes after overnight fasting
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for>6 h. After gently mixed by inversion 10-12 times,
tubes were centrifuged at 3000 rpm for 15 min. Plasma
was then transferred to a separate tube, immediately fro-
zen by dry ice in each site, and housed in a -80 °C freezer
until analysis. Plasma NfL levels were quantified at the
Clinical Neurochemistry Laboratory at the University of
Gothenburg, Sweden, using the Single Molecule array
(Simoa) technique (Quanterix, Lexington, Massachusetts,
United States) [14, 33]. The combination of monoclo-
nal antibodies with bovine NfL as a calibrator was used,
with an analytic sensitivity of <1.0 pg/mL, and no sample
exhibited plasma NfL levels below the limit of detection.

Statistical analysis
The cross-sectional association of plasma NfL level and
AP and cardiometabolic risk factors (hypertension, DM,
impaired kidney function, and obesity) at baseline was
assessed using a multiple linear regression model. The
outcome variable was plasma NfL level, and the main
explanatory variables were Florbetapir PET SUVR, systolic
blood pressure, fasting glucose level, eGFR, and BML The
model was adjusted for age, sex, years of education, APOE
€4 allele count, smoking history, alcohol abuse, SGDS,
ADAS-Cog score, hippocampal volume, WMH volume,
and clinical diagnosis of baseline cognitive status (CU or
MCI). Missing data were handled by listwise deletion.
Subsequently, we evaluated the predictive value of plasma
NfL for changes in cognition and brain structure (hip-
pocampal and WMH volume) using linear mixed-effect
models. Outcome variables included ADAS-Cog score,
hippocampal volume, and WMH volume, with the main
explanatory variable being the interaction term ‘plasma NfL
level X time since baseline (months). We considered covari-
ates such as age, sex, years of education, APOE &4 allele
count, smoking history, alcohol abuse, SGDS, AP status,
hypertension, DM, impaired kidney function, obesity, and
clinical diagnosis of baseline cognitive status (CU or MCI).
Additional linear mixed-effect models were applied to
examine the impact of AB and cardiometabolic risk fac-
tors on the prognostic capacity of plasma NfL for changes
in cognition and brain structure. Outcome variables were
ADAS-Cog score, hippocampal volume, and WMH vol-
ume. Fixed effects included plasma NfL level, time since
baseline, and the variable of interest (AP, hypertension,
DM, impaired kidney function, and obesity), along with
relevant interaction terms such as ‘plasma NfL X time X AP/
hypertension/DM/impaired  kidney  function/obesity’
Covariates encompassed age, sex, years of education,
APOE €4 allele count, smoking history, alcohol abuse,
SGDS, and clinical diagnosis of baseline cognitive status
(CU or MCI). For AP, the same analyses were performed
separately within MCI and CU participants to minimize
the confounding effect of baseline clinical cognitive status.
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To examine the impact of each risk factor’s severity, addi-
tional sensitivity analyses were performed using the follow-
ing continuous variables: systolic blood pressure, fasting
glucose level, eGFR, and BML. Since hypotension, hypogly-
cemia, glomerular hyperfiltration, and BMI loss can also
potentially exacerbate cognitive decline [34—38], the impact
of each continuous variable was analyzed within partici-
pants with the presence of a corresponding risk factor.
Among the three outcome variables, ADAS-Cog scores
and WMH volumes underwent square root transforma-
tion due to their non-normal distribution. All continuous
variables, except for time since baseline, were standard-
ized to z-scores prior to analyses using the baseline mean
and standard deviation of each variable. Statistical analy-
ses were performed using R, version 4.3.1 (R Foundation
for Statistical Computing), with a significance threshold
set at a two-sided p-value of 0.05. The Ime4 package, ver-
sion 1.1-33, was used to fit linear mixed-effect models.

Results

Baseline characteristics of ADNI participants

Table 1 displays the baseline characteristics of the 720 study
participants. The mean age was 72.1 years, with 351 (48.8%)
being female. Among the non-demented participants, 441
(61.3%) were diagnosed with MCIL. AP (+) was observed
in 341 (47.4%) participants, while 478 (66.4%) had hyper-
tension, 114 (15.8%) had DM, 39 (5.4%) had impaired kid-
ney function, and 186 (25.8%) had obesity. Supplementary
Table 1 provides the number of participants who under-
went ADAS-Cog and MRI at specific time points.

Cross-sectional associations of plasma NfL with Ap

and cardiometabolic risk factors at baseline
Supplementary Table 2 presents the result of a mul-
tiple regression model, where the outcome vari-
able was the plasma NfL level. After adjusting for
covariates, decreased eGFR (beta -0.236, p-value <0.001)
and decreased BMI (beta -0.152, p-value<0.001) were
significantly associated with increased plasma NfL lev-
els, respectively. SUVR, systolic blood pressure, and fast-
ing glucose level were not significantly associated with
plasma NfL levels (p-values > 0.05).

Associations between plasma NfL and longitudinal
changes in ADAS-Cog scores, hippocampal volumes,

and WMH volumes

After adjusting for covariates, plasma NfL levels were sig-
nificantly associated with longitudinal changes in ADAS-
Cog scores, hippocampal volumes, and WMH volumes
(all p-values<0.001, Supplementary Table 3). In detail,
higher plasma NfL levels were significantly associated
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Table 1 Demographic and clinical characteristics of non-
demented participants at baseline

Overall participants (n=720)

Age (years) 72.1 (7.00)
Sex, female 357 (48.8%)
Education (years) 16.4 (2.60)
Race/ethnicity, non-Hispanic White 663 (92.1%)
Cogpnitive status

cu 279 (38.8%)

MCI 441 (61.3%)
APOE €4 allele count

0 425 (59.0%)

1 243 (33.8%)

2 52 (7.2%)
History of ever smoking 136 (18.9%)
History of alcohol abuse 17 (2.4%)
SGDS 140 (1.42)
Follow-up period (months) 62.5(35.9)
Florbetapir PET SUVR 1.18(0.216)
Cerebral A status (+) 341 (47.4%)
Hypertension 478 (66.4%)

Well-controlled hypertensionb 104 (21.8% of hypertension)
DM 114 (15.8%)
Impaired kidney function 39 (5.4%)
Obesity© 186 (25.8%)
ADAS-Cog score 12.5 (6.60)
Hippocampal volume (mm?) 6490 (854)
WMH volume (mm?) 6520 (9430)
Plasma NfL (pg/mL) 36.8 (20.3)

Data are presented as mean (standard deviation) for continuous variables and n
(%) for categorical variables

Abbreviations: AB amyloid-B, ADAS-Cog Alzheimer’s Disease Assessment
Scale-Cognitive subscale, APOE apolipoprotein E, BMI body mass index, CU
cognitively unimpaired, DM diabetes mellitus, MCI mild cognitive impairment,
NfL neurofilament light chain, PET positron emission tomography, SGDS Short
form of Geriatric Depression Scale, SUVR standard uptake value ratio, WMH white
matter hyperintensity

2 Florbetapir PET SUVR 1.11 or over was regarded as cerebral Ap status (+)

b Systolic blood pressure under 120 mmHg, in combination with history of
hypertension or concurrent anti-hypertensive medication, was defined as well-
controlled hypertension

€ BMI 30 kg/m? or over was defined as obesity

with faster increases in ADAS-Cog scores (left panel) and
WMH volumes (right panel), and faster decreases in hip-
pocampal volumes (middle panel, Fig. 2).

Impact of AP and cardiometabolic risk factors

on associations between plasma NfL and longitudinal
changes in ADAS-Cog scores, hippocampal volumes,

and WMH volumes

AB

The interaction term ‘plasma NfLXtimeX A’ revealed
significant associations with ADAS-Cog scores and
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Fig. 2 Associations between baseline NfL levels and longitudinal changes in ADAS-Cog scores, hippocampal volumes, and WMH volumes. Data
show the associations between baseline plasma NfL and longitudinal changes in ADAS-Cog scores (left panel), hippocampal volumes (middle
panel), and WMH volumes (right panel). Higher baseline plasma NfL levels were associated with steeper increases in ADAS-cog scores and WMH
volumes, and steeper decreases in hippocampal volumes over time (all p-values < 0.001). Of outcome variables, ADAS-Cog score and WMH
volume were square root transformed due to non-normal distribution. Continuous variables, including plasma NfL level and outcome variables,
were standardized to z-scores. The plotted lines represent estimated z-scores of ADAS-Cog scores, hippocampal volumes, or WMH volumes

over time under the condition of baseline plasma NfL at mean -1SD, mean, and mean + 1SD. P-values were calculated to identify the significance
of the two-way interaction term including baseline NfL level and time. Models were adjusted for the following covariates: baseline age, sex, years
of education, APOE &4 allele count, ever smoking, alcohol abuse, SGDS, AR status, hypertension, DM, impaired kidney function, obesity, and baseline
cognitive status (MCl or CU). Abbreviations: ADAS-Cog, Alzheimer’s Disease Assessment Scale-Cognitive subscale; APOE, apolipoprotein E; CU,
cognitively unimpaired; DM, diabetes mellitus; MCl, mild cognitive impairment; NfL, neurofilament light chain; SD, standard deviation; SGDS, Short
form of Geriatric Depression Scale; SUVR, standard uptake value ratio; WMH, white matter hyperintensity

hippocampal volumes, but not with WMH volumes
(Table 2, see Supplementary Table 4 for detailed param-
eter estimates). These results imply that the associations
between baseline plasma NfL and the changes in ADAS-
Cog scores, hippocampal volume, and WMH volumes
were influenced by AP status. Specifically, compared to
AP (-) participants, AR (+) participants demonstrated
more pronounced changes in the slopes of ADAS-Cog
score and hippocampal volume as the plasma NfL level
increased (Fig. 3A, left and middle panel). For example,
the slope in ADAS-Cog z-score changed from 0.0087/
month in participants with low plasma NfL (mean —
1SD) to 0.0213/month in those with high plasma NfL
(mean+1 SD) among participants with AP (+). This
change was greater than that in AP (-) participants
(changing from 0.0002/month to 0.0036/month, Supple-
mentary Table 5). Supplementary Table 5 also presents
the estimated rates of change in hippocampal and WMH
volume, stratified by baseline plasma NfL level and AP
status.

Subgroup analysis: impact of AS in CU or in
MCI Table 3 depicts the results of subgroup analyses
stratified by baseline cognitive status (CU or MCI). In

MCI participants (n=441), AB did not affect the asso-
ciation between baseline plasma NfL and longitudinal
changes in any outcome variables (all p-values>0.05).
However, in CU participants (n=279), Ap significantly
moderated the association between plasma NfL and lon-
gitudinal ADAS-Cog scores (beta 0.005, p-value 0.007)
and WMH volumes (beta 0.003, p-value 0.036).

Cardiometabolic risk factors (Hypertension, DM, impaired
kidney function, and obesity)

Similar to AP, hypertension status altered the longi-
tudinal association between baseline plasma NfL and
ADAS-Cog score, hippocampal volume, and WMH vol-
ume (Table 2, see Supplementary Table 6 for detailed
parameter estimates). Figure 3B illustrates this trend; the
magnitudes of changes in slopes of ADAS-Cog scores,
hippocampal volumes, and WMH volumes alongside
increasing plasma NfL levels were more marked in hyper-
tension group compared to non-hypertension group.
Supplementary Table 7 depicts the estimated slopes and
standard errors in ADAS-Cog score, hippocampal vol-
ume, and WMH volume at different baseline plasma NfL
levels (mean — 1SD, mean, and mean + 1SD) stratified by
hypertension status.
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Table 2 Impact of AR and cardiometabolic risk factors on associations between baseline plasma NfL and longitudinal changes in
ADAS-Cog scores, hippocampal volumes, or WMH volumes

Explanatory variable Outcome beta tvalue p-value
Plasma NfLxTime x AR ADAS-Cog score 0.004 2.797 0.005
Hippocampal volume -0.002 -2.922 0.004
WMH volume 0.001 1.408 0.160
Plasma NfLx Time x Hypertension ADAS-Cog score 0.005 3.606 <0.001
Hippocampal volume -0.002 -3.814 <0.001
WMH volume 0.002 3.389 <0.001
Plasma NfLxTime x DM ADAS-Cog score 0.008 3436 <0.001
Hippocampal volume -0.001 -1.296 0.195
WMH volume 0.001 0.861 0.390
Plasma NfLxTime x Impaired kidney function ADAS-Cog score -0.002 -0.597 0.551
Hippocampal volume -0.001 -0.480 0.632
WMH volume 0.002 1.502 0.133
Plasma NfL x Time x Obesity ADAS-Cog score 0.003 1.594 0.112
Hippocampal volume -0.002 -2.238 0.026
WMH volume 0.002 1.898 0.058

Shown are results of linear mixed-effect models where each main explanatory variable was the three-way interaction term including baseline NfL, time, and the
variable of interest (AB, hypertension, DM, impaired kidney function, or obesity). If the interaction term is statistically significant (p-value <0.05), the association
between plasma NfL and longitudinal changes in outcome is dependent on the status of the variable of interest (AB, hypertension, DM, impaired kidney function, or
obesity)

Of outcome variables, ADAS-Cog score and WMH volume were square root transformed due to non-normal distribution

Continuous variables except for time were standardized to z-scores

All models were adjusted for the following covariates: baseline age, sex, years of education, APOE €4 allele count, ever smoking, alcohol abuse, SGDS, A status,
hypertension, DM, obesity, impaired kidney function, and baseline cognitive status (MCl or CU)

Florbetapir PET SUVR 1.11 or over was regarded as AB (+) status

Abbreviations: A amyloid-B, ADAS-Cog Alzheimer's Disease Assessment Scale-Cognitive subscale, APOE apolipoprotein E, CU cognitively unimpaired, DM diabetes

mellitus, MCI mild cognitive impairment, NfL neurofilament light chain, PET positron emission tomography, SGDS Short form of Geriatric Depression Scale, SUVR
standard uptake value ratio, WMH white matter hyperintensity

Unlike AP and hypertension, DM exclusively influ- parameter estimates). Compared to non-DM group,
enced the association between baseline plasma NfL and DM group had more noticeable changes in the slopes of
longitudinal changes in ADAS-Cog scores without sig- ADAS-Cog scores as plasma NfL level increased (Fig. 3C,
nificant impact on longitudinal hippocampal and WMH  left panel). Supplementary Table 9 displays the detailed
volumes (Table 2, see Supplementary Table 8 for detailed  parameters for slopes in Fig. 3C.

(See figure on next page.)

Fig. 3 Associations between baseline plasma NfL and longitudinal changes in ADAS-Cog scores, hippocampal volumes, or WMH volumes: stratified
by the status of AR and cardiometabolic risk factors. Data show how the associations between plasma NfL and longitudinal changes in ADAS-Cog
scores (left panel), hippocampal volumes (middle panel), and WMH volumes (right panel) were affected by the A or cardiometabolic risk factors.
A AR significantly moderated the association between plasma NfL and longitudinal ADAS-Cog scores (p-value 0.005) and hippocampal volumes
(p-value 0.004), not WMH volumes (p-value 0.160). Specifically, while higher baseline plasma NfL levels were associated with faster increases

in ADAS-Cog scores and decreases in hippocampal volumes, the magnitude of these changes in slopes was more pronounced in AB (+) status
compared to AB (—) status. B Similarly, hypertension significantly moderated the association between plasma NfL and longitudinal changes

in all outcome variables (all p-values <0.001). C DM significantly affected the association between plasma NfL and longitudinal ADAS-Cog scores
(p-value <0.001) without affecting hippocampal and WMH volumes. D Impaired kidney function did not affect the association between plasma
NfL and any outcome variables (all p-values >0.05). E Obesity significantly moderated the association between plasma NfL and longitudinal
hippocampal volumes (p-value 0.026) without affecting ADAS-Cog scores (p-value 0.112) and WMH volumes (p-value 0.058). Of outcome variables,
ADAS-Cog score and WMH volume were square root transformed due to non-normal distribution. Continuous variables, including plasma NfL
level and outcome variables, were standardized to z-scores. The plotted lines represent estimated z-scores of ADAS-Cog scores, hippocampal
volumes, or WMH volumes over time under the condition of baseline plasma NfL at mean -1SD, mean, and mean + 15D. Interaction p-values were
calculated to identify the significance of the three-way interaction term including baseline NfL, time, and the variable of interest (AR, hypertension,
DM, impaired kidney function, or obesity). Abbreviations: AB, amyloid-f; ADAS-Cog, Alzheimer’s Disease Assessment Scale-Cognitive subscale; DM,
diabetes mellitus; NfL, neurofilament light chain; SD, standard deviation; WMH, white matter hyperintensity
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Table 3 Impact of AR on association between baseline plasma NfL and longitudinal cognition/brain structure, stratified by baseline

cognitive status (MCl vs CU)

Explanatory variable Outcome beta tvalue p-value
Plasma NfLxTime X Af3
In MCl participants (n=441) ADAS-Cog score 0.0004 0.173 0.863
Hippocampal volume -0.001 -0.954 0.341
WMH volume -0.001 -1.009 0.314
In CU participants (n=279) ADAS-Cog score 0.005 2724 0.007
Hippocampal volume -0.002 -1.519 0.130
WMH volume 0.003 2117 0.036

Shown are results of linear mixed-effect models where the main explanatory variable was the three-way interaction term, including baseline plasma NfL, time, and
AB, analyzed using the entire dataset and stratified by baseline cognitive status (MCl or CU). If the interaction term is statistically significant (p-value <0.05), the
association between plasma NfL and longitudinal changes in outcome is dependent on the status of AR

Of outcome variables, ADAS-Cog score and WMH volume were square root transformed due to non-normal distribution

All continuous variables were standardized to z-scores for comparison between models

The model using entire participants was adjusted for the following covariates: baseline age, sex, years of education, APOE &4 allele count, ever smoking, alcohol abuse,
SGDS, AB status, hypertension, DM, obesity, impaired kidney function, and baseline cognitive status (MCl or CU). Models stratified by MCl or CU were adjusted for

same covariates except for baseline cognitive status

Abbreviations: A amyloid-B, ADAS-Cog Alzheimer’s Disease Assessment Scale-Cognitive subscale, APOE apolipoprotein E, CU cognitively unimpaired, DM diabetes
mellitus, MCI mild cognitive impairment, NfL neurofilament light chain, PET positron emission tomography, SGDS Short form of Geriatric Depression Scale, SUVR

standard uptake value ratio, WMH white matter hyperintensity

The association between baseline plasma NfL levels and
longitudinal changes in ADAS-Cog scores, hippocam-
pal volumes, and WMH volumes remained unaffected
by impaired kidney function status (Table 2, see Supple-
mentary Table 10 for detailed parameter estimates). The
slopes of ADAS-Cog scores, hippocampal volumes, and
WMH volumes increased with higher plasma NfL levels;
however, these change rates did not differ significantly
between participants with and without impaired kidney
function (Fig. 3D and Supplementary Table 11).

The impact of obesity was significant only on the asso-
ciation between plasma NfL and longitudinal changes
in hippocampal volumes; it did not significantly affect
the associations with changes in ADAS-Cog scores or
WMH volumes (Table 2, see Supplementary Table 12
for detailed parameter estimates). Obese participants
presented more prominent changes in the slopes of hip-
pocampal volumes compared to non-obese participants
(middle panel of Fig. 3E, see Supplementary Table 13 for
estimated monthly changes for outcome variables).

Sensitivity analysis: cardiometabolic risk factors as con-
tinuous variables Supplementary Table 14 shows the
results of linear mixed-effect models regarding the sever-
ity of cardiometabolic risk factors as continuous variables
under the presence of each risk factor. Within the hyper-
tension group, systolic blood pressure significantly mod-
erated the association between plasma NfL and longitu-
dinal WMH volume (beta -0.0014, p-value 0.004). Given
that higher plasma NfL was associated with a faster
increase in WMH volume (beta 0.002 in Supplementary

Table 3), the negative beta value of -0.0014 indicates that
as systolic blood pressure increased, the rate of increase
in WMH volumes associated with higher plasma NfL lev-
els was reduced. By contrast, systolic blood pressure did
not significantly affect the association between plasma
NfL and longitudinal ADAS-Cog score or hippocam-
pal volume. Meanwhile, fasting glucose level in the DM
group, eGFR in the impaired kidney function group, and
BMI in the obesity group did not affect the association
between plasma NfL and longitudinal changes in any
outcomes.

Discussion

In the ADNI cohort of 720 older adults without demen-
tia, we observed a significant influence of AP on the
association between baseline plasma NfL levels and
changes in ADAS-Cog scores and hippocampal volumes.
Among cardiometabolic risk factors (hypertension, DM,
impaired kidney function, and obesity), the presence of
hypertension had a significant impact on the capacity
of plasma NfL for predicting longitudinal ADAS-Cog
scores, hippocampal volumes, and WMH volumes. These
findings suggest that the plasma NfL could be a valuable
blood biomarker for predicting neurodegeneration and
clinical progression in CU or MCI, particularly among
older adults with A or hypertension.

In the cross-sectional analysis, both lower eGFR and
lower BMI were significantly associated with higher
plasma NfL levels (Supplementary Table 2). However,
cerebral AP, quantified as SUVR, systolic blood pressure,
and fasting glucose level were not significantly associated
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with plasma NfL levels (Supplementary Table 2). These
inverse cross-sectional associations between plasma
NfL and eGFR or BMI are consistent with the previous
studies [15, 19, 20, 39]. Although underlying mechanism
remains unclear, it has been suggested that increased
plasma NfL in individuals with lower eGFR may be due
to reduced protein clearance [15, 19]. The inverse asso-
ciation between plasma NfL and BMI might be explained
by either dilution from increased blood volume in indi-
viduals with higher BMI or by the neurodegenerative
process, which can simultaneously provoke weight loss
and NfL release [15, 39].

Longitudinally, higher plasma NfL levels predicted
faster cognitive decline and changes in hippocampal and
WMH volumes in non-demented participants (Fig. 2 and
Supplementary Table 3). These findings, consistent with
prior longitudinal studies [3—9], underscore the utility of
plasma NfL as a blood biomarker for predicting clinical
progression in older adults without dementia. Increased
plasma NfL levels were associated with an accelerated
rate of hippocampal volume loss, indicating that they can
be an early sign of AD-specific neurodegeneration [3, 5—
7]. Plasma NfL levels were also associated with longitu-
dinal WMH volumes, aligning with the role of NfL as an
early biomarker of cerebrovascular disease [18, 40]. Cir-
culating NfL could be elevated due to subtle brain injury
from subclinical cerebrovascular pathology [40]. More-
over, NfLl reflects the damage to the axonal cytoskel-
eton, which comprises white matter integrity, leading to
WMH [18, 40].

Of note, these prior longitudinal studies [3-9] did
not consider the common old age-related conditions on
the predictive performance of plasma NfL. Although
some studies adjusted for renal function or history of
major vascular events as covariates [4, 5], they did not
evaluate whether these conditions altered the longitu-
dinal association between plasma NfL and prospective
neurodegeneration.

One of the novel aspects of our finding is the prognos-
tic potential of plasma NfL for cognitive decline and hip-
pocampal atrophy, particularly in the context of AP (+)
(Table 2, Supplementary Table 4, and Fig. 3A). A previ-
ous longitudinal study observed a more rapid increase in
plasma NfL levels in the AP (+) group compared to the
A (-) group [14]. Our findings also align with a previ-
ous cross-sectional study that higher plasma NfL lev-
els were associated with reduced grey matter density
of AD-vulnerable regions only in individuals with AP
(+) [41]. Alongside prior findings, we suggest a possible
interaction between AB and NfL; AB-induced early neu-
ronal vulnerability may amplify the detrimental effects
of axonal injury measured by NfL. A significant result in
the hippocampus with a non-significant result in WMH
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suggests that this interaction between AP and NfL may
be exerted in AD-related neurodegeneration rather than
cerebral small vessel disease. Given that other patholo-
gies can elevate NfL without cerebral AB deposition [2],
participants with elevated NfL levels in company with A
may face a higher risk of neurodegeneration compared to
those with elevated NfL alone. Baseline elevated plasma
NfL in the absence of AB was possibly due to acute or
temporary neuronal injury rather than progressive neu-
rodegeneration, which might not have an association
with longitudinal cognitive outcomes. However, a prior
study observed that a temporary spiking with a subse-
quent decrease of blood NfL after acute brain injury still
predicted longitudinal neurodegeneration [42]. There-
fore, our results and this prior finding underscore the
importance of considering AP status in the prognostic
model based on plasma NfL, which is a useful blood-
based biomarker for preventive clinical trials [12].

Compared to MCI participants, CU participants
showed a more significant moderating effect of AP on the
association between baseline plasma NfL and longitudi-
nal ADAS-Cog score and WMH volume (Table 3). This
finding suggests that the prognostic capacity of plasma
NfL can be influenced by the status of Af, particularly in
the earlier stage of AD. Previous cross-sectional studies
showed that plasma NfL levels were comparable across
amyloid status [3, 43], consistent with our result from
the multiple regression model (Supplementary Table 2);
however, plasma NfL levels were increased in MCI or
dementia individuals compared to CU individuals [3, 43].
Therefore, the more obvious impact of AP in CU status
suggests that amyloid pathology during the preclinical
stage may enhance the prognostic capacity of plasma
NfL by accelerating neurodegeneration, resulting in an
increased circulating NfL. during the prodromal stage.
This speculation aligns with the pathophysiological pro-
cess of AD, where amyloid deposition in CU status is fol-
lowed by neurodegeneration, leading to cognitive decline
in MCI status [44]. This is further supported by the
observation that plasma NfL levels were higher in Ap (+)
individuals than in AP (—) individuals only in MCI status,
not in CU status [3].

Among cardiovascular risk factors, hypertension
appears to longitudinally amplify the potency of plasma
NfL as a blood biomarker for neurodegeneration and
clinical progression in older adults without dementia
(Table 2, Supplementary Table 6, and Fig. 3B). Despite
the strong association between hypertension and demen-
tia-related neuroimaging biomarkers such as WMH [45,
46] or AP deposition [47], how hypertension would be
related to plasma NfL is seldom investigated. A previous
cross-sectional study observed no association between
hypertension and plasma NfL level, consistent with our
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result (Supplementary Table 2) [15]. In our study, hyper-
tension continued to influence the prognostic capacity of
plasma NfL longitudinally. Hypertension exacerbates the
cognitive decline and development of dementia in older
adults [31]. Our result implies that hypertension-related
cognitive decline can be explained by neurodegen-
eration or axonal injury expressed as plasma NfL. This
interpretation is supported by a previous mouse study
that hypertension accelerated cognitive decline, accom-
panied by AD pathologies, such as AB deposition and
cerebral amyloid angiopathy, which led to hippocampal
neurodegeneration [48]. A recent report from the Rot-
terdam study demonstrated that individuals with hyper-
tension were associated with increased AP deposition
after 7 years [49]. In addition to AD pathology, hyper-
tension-related cardiovascular diseases induce micro-
vascular injury in cerebral white matter [45, 46], which
can increase NfL release via neuroaxonal damage [18,
40]. Our finding, together with these previous studies,
implies the probable interaction between plasma NfL and
hypertension.

Within the hypertension group, higher systolic blood
pressure lessened the prognostic capacity of plasma NfL
on WMH volume (Supplementary Table 14). This coun-
terintuitive finding is in line with a previous intervention
study that lowering blood pressure elevated plasma NfL
in patients with hypertension, possibly due to reduced
renal clearance [50]. In this study participants with
hypertension, increased blood pressure might have intro-
duced a decrease in plasma NfL, resulting in reduced
NfL-related WMH change. Otherwise, in the state of
higher systolic blood pressure, vascular or inflammatory
pathologies, not reflected by NfL, may substantially con-
tribute to increasing WMH volume. Meanwhile, systolic
blood pressure did not influence the association between
plasma NfL and longitudinal ADAS-Cog score and hip-
pocampal volume (Supplementary Table 14). These non-
significant findings suggest that the prognostic capacity
of plasma NfL can be affected by hypertension-related
cardiovascular conditions, such as myocardial infarction
or atrial fibrillation [15], and not merely by systolic blood
pressure alone. Moreover, as blood pressure was meas-
ured only once in this study, white-coat hypertension or
transient hypotension due to blood pressure variability
could not be excluded. Further longitudinal studies with
comprehensive data on cardiovascular conditions, such
as creatine kinase myocardial band, troponin-I, or elec-
trocardiogram, will be helpful.

In contrast to AB and hypertension, DM affected the
prognostic capacity of plasma NfL only in relation to
changes in ADAS-Cog scores; however, it did not signifi-
cantly impact hippocampal and WMH volumes (Table 2,
Supplementary Table 8, and Fig. 3C). DM is associated
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with an accelerated cognitive decline and an increased
risk of dementia [31, 51]. Our result of ADAS-Cog indi-
cates that neurodegeneration or axonal injury, measured
by NfL, can underpin DM-related cognitive decline.
However, within the DM group, fasting glucose level was
not associated with the prognostic capacity of plasma
NfL (Supplementary Table 14). Given that hypoglycemia
in DM also increases the risk of dementia [35], further
investigations using other parameters reflecting DM con-
ditions, such as hemoglobin Alc or glycemic variability,
will be helpful. Meanwhile, our non-significant finding
on hippocampal volume is consistent with a previous
observation indicating no association between DM and
AD pathology [52]. By contrast, it diverged from a recent
finding from the Rotterdam Study, which indicated
that DM predicted increased brain AP pathology after
7 years [49]. Our study tracked a 5-year trajectory of the
hippocampus, not AP, potentially requiring a longer time
to reveal the effect of diabetic status. Given the substan-
tial inconstancy of the relationship between DM and AD
pathology, further longitudinal studies with longer obser-
vation periods can be helpful. Albeit vascular pathol-
ogy significantly contributes to dementia progression in
DM [51], our finding implies that the prognostic model of
plasma NfL for WMH does not need to consider diabetic
status. This study did not measure other manifestations
of small vessel diseases, such as lacunes, perivascular
spaces, and cerebral microbleeds. Brain microinjury not
captured by NfL, such as neuroinflammation, could ame-
liorate the effect of DM on predicting WMH volumes by
baseline NfL. Moreover, our study focused on volumetric
changes in the hippocampus and WMH, common fea-
tures of AD-related dementia progression [3, 25], rather
than examining changes in other brain regions. The
impact of DM on plasma NfL. may manifest in other brain
regions. Furthermore, DM could provoke chronic injury
in peripheral neurons and the central nervous system,
which could affect plasma NfL levels [53]. Certain anti-
diabetic medications, such as pioglitazone or metformin,
can also delay cognitive decline or prevent dementia [54,
55]. These various conditions for DM participants, which
were not considered in our study, might have introduced
confounding factors.

Impaired kidney function did not affect the prognos-
tic capacity of plasma NfL for any of ADAS-Cog scores,
hippocampal volumes, or WMH volumes (Table 2, Sup-
plementary Table 10, and Fig. 3D). Furthermore, eGFR
as a continuous variable also did not affect the prog-
nostic capacity of plasma NfL within the impaired kid-
ney function group (Supplementary Table 14). Despite
observing that compromised kidney function can elevate
plasma NfL levels (Supplementary Table 2) [15, 19, 56],
our findings indicate that kidney function may not be a
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crucial consideration for the prognostic value of plasma
NfL. A recent meta-analysis revealed that impaired kid-
ney function is modestly associated with an increased
risk of dementia [57]. However, our finding implies that
this relationship may stem from underlying patholo-
gies not significantly detectable by plasma NfL. Our
result supports a previous study in which kidney func-
tion did not affect the correlation between plasma NfL
levels and brain structure [58]. Otherwise, these non-
significant results may be due to the characteristics of
our study sample. For instance, we observed participants
for approximately 5 years, which may not be sufficient to
capture the impact of impaired kidney function. Moreo-
ver, individuals with medical conditions that could sub-
stantially affect cognition were excluded, potentially
introducing selection bias. Additional longitudinal stud-
ies are required to overcome these shortcomings.

Obesity solely influenced the prognostic capacity of
plasma NfL on hippocampal volumes without a signifi-
cant impact on ADAS-Cog scores and WMH volumes
(Table 2, Supplementary Table 12, and Fig. 3E). The result
of hippocampus is consistent with a previous study that
obesity is associated with pronounced hippocampal
atrophy [59]. Furthermore, another study reported that
increased BMI in midlife was associated with a faster
increase in plasma NfL levels [60]. However, while midlife
obesity is associated with an increased risk of demen-
tia [31], late-life obesity does not have the same implica-
tions [37]. Rather, weight loss in older adults is associated
with an increased risk of dementia [37]. This complexity
might account for the non-significant results of ADAS-
Cog scores and WMH volumes in our study participants,
who had a mean age of 72.1. Besides, the significance of
the result in hippocampal volume was lost when assess-
ing the impact of BMI within obese participants (Supple-
mentary Table 14). This can be explained by our previous
finding that, although BMI loss was associated with the
increased risk of dementia, obesity appeared to counter-
act this risk [38]. Otherwise, as participants needed to
attend the clinic repetitively, those with severe obesity
or cachexia may have been excluded or lost in follow-
up, potentially contributing to non-significant findings.
Additional large cohort studies are needed to elucidate
the relationship between obesity, plasma NfL, neurode-
generation, and clinical progression.

Blood-based biomarkers for AD are valued for their
non-invasiveness and cost-effectiveness compared to
conventional AD biomarkers [1]. However, their applica-
tion in real-world clinical practice is challenging owing to
the influence of common conditions in older adults [1].
The results of this study indicate that a plasma NfL-
based prognostic model for neurodegeneration and clini-
cal progression needs to consider the status of AP and
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hypertension. For instance, an older adult with normal
cognition but elevated plasma NfL level is at an increased
risk of cognitive decline within a few years, particularly if
AP or hypertension coexists. While DM and obesity may
have an uncertain impact on the prognostic capacity of
plasma NfL, impaired kidney function does not seem to
affect this capacity.

To our knowledge, this is the first study to explore the
impact of the potential moderating factors of AD demen-
tia (AP and cardiometabolic risk factors) on the prognos-
tic capacity of plasma NfL concerning neurodegeneration
and clinical progression evaluated by cognitive function
and neuroimagings. We investigated a relatively large
prospective cohort observed over 5 years. Moreover, we
evaluated the prognostic capacity of plasma NfL only
among older adults without dementia, who are practical
candidates for the application of blood-based biomark-
ers. Given that the study sample excluded individuals
with severe medical conditions that could disrupt cog-
nitive assessment, the impact of Af and hypertension
on the prognostic capacity of plasma NfL may be more
significant in real-world clinical practice.This study has
limitations to consider when interpreting the results.
First, excluding participants who did not have ADAS-
Cog scores, MRI scans, or PET scans may have intro-
duced selection bias. Second, this study used the data
from a single ADNI cohort, which might limit the gen-
eralizability of our results despite the relatively large
sample size. Our study sample predominantly consisted
of White (n=663, 92.1%) with a high level of education
(mean 16.4 years). Considering the racial disparity in the
prevalence of cardiometabolic conditions [61], replica-
tive studies from diverse cohorts need to be performed.
Moreover, ADNI excluded individuals with substantial
cerebrovascular burden, which can affect plasma NfL
levels [15]. This exclusion enhances the homogeneity of
our study sample but also limits the application of the
study results to individuals with a history of major cere-
brovascular disease in real-world clinical practice. Third,
the presence of hypertension, DM, and impaired kidney
function was partially based on self-report, potentially
limiting the accuracy of the diagnosis. The ADNI proce-
dure manual instructed the investigators to review medi-
cal records submitted by participants. Both prescription
and over-the-counter medications were also checked,
and medical conditions necessitating these medications
were recorded. Fourth, the precise assessment of hyper-
tension and DM statuses was challenging. Blood pressure
measurement, which was not taken repeatedly and only
obtained while participants were sitting, could have led
to inaccuracies. The severity of DM could not be deter-
mined due to the unavailability of hemoglobin Alc. A
single measurement of fasting glucose may be insufficient
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to reflect diabetic status. Further studies with more thor-
ough assessments are required. Lastly, given that the
ADNI cohort could mainly consist of individuals with
cognitive concerns, the study sample may not represent
the real-world population.

Conclusions

In conclusion, our study indicates that the prognos-
tic capacity of plasma NfL for cognitive decline and
dementia-related neuroimaging abnormalities is height-
ened when AP and hypertension coexist in our sample
of non-demented older adults. Especially, the impact of
AP was more prominent in CU participants than in MCI
participants. The influence of DM and obesity on the pre-
dictive efficacy of plasma NfL appears less pronounced,
whereas impaired kidney function may have a minimal
effect. Consequently, when interpreting plasma NfL as a
novel blood biomarker for the prognosis of progression
of AD or other neurodegenerative diseases, it may be
more informative to consider the coexistence of Ap and
hypertension.
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