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Abstract
Aim:  The  longitudinal  relationships  among  domain-specific  subjective  cognitive  decline
(SCD), declines in objective cognitive domains (OCD), plasma Alzheimer’s disease (AD)
biomarkers, and incidence of cognitive impairment remain unclear.

Methods:  We  studied  2,326  cognitively  unimpaired  adults  (aged  ≥  60  years)  from  the
Hubei Memory and Aging Cohort. SCD and objective cognition were assessed at baseline
and  follow-up.  Changes  were  calculated  using  reliable  change  indices.  Mild  cognitive
impairment (MCI) and dementia  were clinically  diagnosed.  Baseline plasma biomarkers
[Aβ42,  Aβ40,  p-tau181,  p-tau217,  (neurofilament  light  chain)  NfL,  (glial  fibrillary  acidic
protein) GFAP] were measured using the Quanterix Simoa® platform.

Results: Longitudinal changes in domain-specific SCD (memory, language, execution, and
attention)  over  2.05  ±  1.26  years  were  associated  with  outcomes,  including  declines  in
global  and subdomain objective  cognition,  and incident  MCI and dementia.  Specifically,
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follow-up  SCD  memory  correlated  with  a  decline  in  objective  memory  (β  =  -0.06,  P  =  0.025).  SCD  language,
attention,  and  execution  predicted  increased  MCI/dementia  risk.  Higher  global  SCD  was  associated  with  lower
baseline Aβ42 (β = -0.10, P = 0.049) and Aβ40 (β = -0.13, P = 0.029).

Conclusion:  Persistent domain-specific  SCD progression is  associated with greater cognitive decline and clinical
impairment in cognitively unimpaired older adults, and correlates with plasma Aβ levels.

INTRODUCTION
Global population aging is driving an increase in the prevalence of Alzheimer’s disease (AD) and other

dementias
[1]

. AD accounts for approximately 60%-80% of dementia cases
[2]

 and poses a critical public health

threat. Current disease-modifying therapies demonstrate efficacy primarily in the mild cognitive impairment

(MCI) and early dementia stages
[3-5]

, underscoring the need to shift focus toward pre- or early clinical

detection using cost-effective biomarkers
[6]

. Subjective cognitive decline (SCD) was formally defined in

2014
[7]

 and operationalized as Stage 2 in the AD continuum according to the 2024 revised Alzheimer’s

Association criteria
[ 8 ]

. Amyloid-positive SCD specifically marks this preclinical AD stage
[ 9 ]

, and

epidemiological studies confirm that SCD is associated with an elevated risk of progression to AD,

approximately 10% every three years
[10-13]

. Neuroimaging studies further corroborate early pathology in SCD,

including medial temporal atrophy
[14,15]

 and hippocampal-parietal degeneration
[16]

. Moreover, the integrative

(amyloid, tau, and neurodegeneration) ATN biomarker framework, incorporating plasma markers [amyloid-

β (Aβ), p-tau181, (glial fibrillary acidic protein) GFAP, and (neurofilament light chain) NfL] and magnetic

resonance imaging (MRI) indicators, has shown particular utility in predicting near-term cognitive

decline
[17]

.

Despite these advances, significant challenges remain. Commonly used SCD assessments, such as the

Everyday Cognition (ECog) scale, disproportionately emphasize memory and executive functions while

underrepresenting language and attention domains
[18,19]

. Although self-reported SCD correlates with

objective memory and language deficits
[20]

, its longitudinal association with declines in specific cognitive

subdomains has not been firmly established. Furthermore, following the 2018 AD biomarker framework
[21]

,

the link between SCD and the AD continuum requires further strengthening. The DELCODE study linked

minor objective cognitive deficits in SCD to lower cerebrospinal fluid (CSF) Aβ42 levels
[22]

, and Aβ(1-38) has

been shown to predict conversion from SCD to MCI
[21]

; however, classical plasma biomarker studies face

inherent limitations. Small-sample studies suggest that GFAP and p-tau isoforms (p-tau181, p-tau217) can

differentiate MCI from SCD
[22-24]

; nevertheless, the multimodal relationships remain fragmented. Critically,

although evidence from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) links ECog-assessed

domains to amyloid-β positron emission tomography (Aβ-PET) and tau-PET
[25]

, and other studies connect

multidomain SCD to abnormal Aβ42/40 and p-tau
[26]

, ECog subdomains demonstrate limited predictive

utility for established biomarkers
[27]

. Consequently, a systematic investigation of persistent domain-specific

SCD in relation to key plasma biomarkers, - namely Aβ42/40, p-tau181, p-tau217, GFAP, and NfL - has

emerged as an essential research priority.

This community-based cohort study therefore addresses three pivotal questions: first, the associations

between domain-specific SCD and declines in objective cognitive domains (OCD); second, the relationships

between SCD and plasma AD biomarkers; and third, the associations of SCD with the incidence of MCI and

dementia. Figure 1 shows the analytical strategy. The findings are expected to advance early AD detection

paradigms.
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Figure 1. The study design flowchart. MCI: Mild cognitive impairment; SCD: subjective cognitive decline; OCD: objective cognitive
domains; HMACS: Hubei Memory and Aging Cohort Study; NfL: neurofilament light chain; GFAP: glial fibrillary acidic protein.

METHODS
Study participants

Participants were from the Hubei Memory and Aging Cohort Study (HMACS; ChiCTR1800019164), an

ongoing prospective community-based cohort in central China
[20,28-30]

. The cohort design and assessment

protocols have been described in detail previously
[31]

. Initially, 4,503 individuals aged ≥ 60 years who

completed baseline and at least one follow-up cognitive assessment, were conscious, and provided written
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informed consent were enrolled. We excluded participants with baseline MCI or dementia (n = 1,278), those

lost to follow-up (n = 501), and those with missing key cognitive or SCD data (n = 398). The final analytical

sample comprised 2,326 participants. The study received approval from the Medical Ethics Committee of

Wuhan University of Science and Technology (Approval No.: 201845), and all participants provided written

informed consent [Figure 1].

SCD assessment

SCD was assessed at baseline and follow-up using the SCD‑Q9 scale
[20]

 and a domain-specific SCD scale.

Three exclusion questions were applied to determine whether SCD could be attributed to psychiatric

disorders (e.g., depression or anxiety), other medical conditions, or substance use. The SCD‑Q9 evaluates

nine cognitive features: (1) memory decline for recent events; (2) difficulty recalling conversations from

several days prior; (3) memory problems over the past two years; (4) memory worse than five years ago; (5)

increasing forgetfulness of item locations; (6) difficulty remembering scheduled tasks; (7) frequency of

forgetting important dates; (8) frequency of forgetting frequently used numbers; and (9) frequency of

forgetting shopping intentions. Items 1-6 were scored binarily (yes = 1, no = 0), while items 7-9 were rated as

often = 1, occasionally = 0.5, or never = 0. Total scores range from 0 to 9, with higher scores reflecting greater

SCD severity.

SCD was defined according to the Subjective Cognitive Decline Initiative (SCD‑I) framework, requiring: (1)

a total SCD‑Q9 score ≥ 5, indicating definite abnormality not attributable to other causes
[32]

; (2) objective

cognitive performance within 1.5 standard deviations (SD) of age- and education-adjusted norms; and (3)

concurrent fulfillment of both criteria. Individuals without clear cognitive impairment but lacking

corroborative information for criteria (1) and (2) were classified as non-SCD.

The domain-specific SCD scale assessed five cognitive domains: everyday memory, language, executive

function, attention, and visuospatial function. For each domain, participants rated changes across multiple

timeframes (past 6 months, 12 months, 2 years, and 5 years), help-seeking behavior, and self-comparison

with peers. Domain scores range from 0 to 6, with higher scores indicating greater severity; a separate worry

dimension was also included.

Objective cognition assessment

Objective cognitive function was assessed at baseline and follow-up using a standardized neuropsychological

battery
[30]

, including: (1) Global cognition: Mini-Mental State Examination for individuals with ≤ 6 years of

education, Montreal Cognitive Assessment Basic for > 6 years; (2) Cognitive subdomains: Auditory Verbal

Learning Test for episodic memory; Boston Naming Test and Verbal Fluency Test for language; Shape Trails

Test for executive function; Digit Span Test for attention. For domains with multiple tests, raw composite

scores were averaged and converted to age- and education-adjusted z-scores based on baseline means and

SD.

Changes in SCD and OCD were calculated using the regression-based reliable change index (RCI)
[33]

. Linear

regression predicted follow-up scores (T2pred) from baseline scores (T1) and interval time: T2pred = b × T1

+ c × Time + Constant. Standardized change (RB-RCI) was computed as (T2observed - T2pred)/RMSE (root

mean square error). The visuospatial domain was excluded due to > 20% missing data; accordingly, only the

memory, language, executive, and attention SCD domains were analyzed.

Non-cognitive assessments

Basic and Instrumental Activities of Daily Living (BADL/IADL) were assessed using a 20-item scale (Sidney

Katz). Disability was defined as ≥ 23 points for individuals aged <​ 75 years and ≥ 25 for those aged ≥ 75 years.

The 15-item Geriatric Depression Scale (GDS)
[34]

 assessed depressive symptoms (scores: 0-4, normal; 5-8,

mild; 9-11, moderate; 12-15, severe). The Pittsburgh Sleep Quality Index assessed sleep quality over the past

month (global score, 0-21; > 5 indicating poor sleep quality).
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Cognitive impairment diagnosis

A diagnostic team consisting of neurologists and neuropsychiatrists diagnosed MCI and dementia based on

Petersen’s criteria
[35]

 and the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition

criteria
[36]

, Detailed diagnostic criteria for MCI and dementia are provided in the supplementary materials.

Normal cognition was defined as meeting all of the following criteria: (1) Clinical Dementia Rating = 0; (2)

no functional impairment attributable to cognition; (3) neuropsychological performance within 1.5 SD of

norms; and (4) no subjective cognitive complaints
[37]

.

Blood AD biomarkers

A total of 657 samples had measures at baseline for plasma Aβ40 (n = 657), Aβ42 (n = 656), Aβ42/Aβ40 (n =

649), GFAP (n = 636), NfL (n = 656), p-tau181 (n = 638), and p-tau217 (n = 562). Fasting venous blood was

collected in EDTA tubes, centrifuged at 2,000 × g within 2 hours, and plasma stored at -80 °C. Biomarkers

were quantified using Simoa technology (Quanterix). Kits included: Simoa
®
 Human pTau-181 Advantage V2

Kit (#103714), Simoa® ALZpath pTau-217 v2 Assay Kit (#104371), and Simoa
TM

 Neurology 4-Plex E

Advantage Kit (#103670).

Covariates

The study included 23 covariates that have been established to be associated with either the independent

variables or the outcome variables. They included socio-demographics (age, sex, education, residence,

marital status, living alone, stable income, income satisfaction, personality), lifestyle factors (smoking,

drinking, physical/cognitive activities), social engagement (siblings, close friends, neighbor interaction),

medical history (hypertension, diabetes, coronary heart disease, hyperlipidemia, cerebrovascular disease),

insomnia, and depressive symptoms. These variable assessments have been described previously
[31]

.

Statistical analysis

Baseline characteristics of the study participants were summarized and compared according to SCD status.

Continuous variables are expressed as mean ± SD, while categorical variables are presented as numbers

(percentages). Between-group differences were assessed using t-tests, analysis of variance (ANOVA), or

Wilcoxon rank sum tests for continuous variables, as appropriate, and chi-squared tests for categorical

variables. All cognitive scores were standardized to z-scores for analysis.

Generalized linear models were used to assess associations between each of the following SCD metrics

(baseline SCD domains, follow-up SCD domains, and their changes over time) and changes in objective

cognitive performance. In a subcohort, associations between these SCD metrics and plasma AD biomarkers

were analyzed; the biomarkers were log-transformed to correct skewed distributions. Cox proportional

hazards models were used to evaluate the associations between the SCD metrics and the risk of incident MCI

or dementia. All analyses were adjusted for covariates in three steps: (1) unadjusted; (2) demographic-

adjusted; (3) fully adjusted. Sensitivity analyses included repeating the above association analyses between

SCD and OCD using linear mixed models and stratified by sex and age.

Missing data (0.1%-4.4%) were handled by multiple imputation using chained equations (five imputed

datasets). Analyses were performed using R version 4.4.3. Two-sided P <​ 0.05 was considered statistically

significant, with Bonferroni correction applied for multiple testing.
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RESULTS
Participant characteristics

This study included 2,326 cognitively unimpaired community-dwelling adults from the HMACS (mean age

70.87 ± 5.06 years; 52.1% female, 44.4% rural residents, and 7.83 ± 5.11 years of education). At baseline, 1,398

individuals (60.1%) reported SCD. Compared with those without SCD, individuals with SCD included a

higher proportion of females and urban residents, had lower education, a higher prevalence of insomnia, and

higher scores on the GDS and levels of p-tau217. All between-group differences were statistically significant

(P <​ 0.05) [Table 1]. Significant differences were also observed between the SCD and non-SCD groups in all

z-scores for global and domain-specific subjective cognitive measures at baseline and follow-up end, as well

as for global and domain-specific objective cognitive scores at both time points [Supplementary Table 1].

The mean follow-up duration was 2.05 ± 1.26 years. During the follow-up period, 530 participants developed

MCI, and 57 developed dementia.

Association of SCD (baseline, endpoint, and changes during follow-up) with changes in OCD

We first examined the association between baseline domain-specific SCD and changes in OCD. No

significant associations were observed between any baseline SCD domains and changes in their

corresponding OCD (all P > 0.05) [Supplementary Table 2]. Next, we analyzed the association between SCD

domains at the end of follow-up and changes in OCD. After adjustment for all covariates, a higher global

SCD score was associated with a decline in global OCD (β = -0.10, P <​ 0.001). Specifically, a higher SCD

memory score was associated with a decline in OCD memory (β = -0.06, P = 0.025), and a higher global SCD

score was associated with declines in OCD memory (β = -0.08, P = 0.008) and attention (β = -0.08, P = 0.002).

In addition, a higher SCD execution score was associated with a decline in global OCD (β = -0.09, P <​ 0.001;

Figure 2 and Supplementary Table 3). Finally, we investigated the association between changes in SCD

domains and OCD. An increase in global SCD score was significantly associated with a decline in global

OCD (β = -0.08, P = 0.001). Increases in SCD language (β = -0.08, P = 0.001) and execution scores (β = -0.07,

P = 0.001) were each associated with a decline in global OCD. Moreover, an increase in global SCD score was

associated with a decline in OCD attention (β = -0.07, P = 0.010) [Figure 2 and Supplementary Table 4].

Association between SCD domains and incident MCI/dementia

After full covariate adjustment, a higher global SCD score at the end of follow-up was associated with an

increased risk of both MCI (HR = 1.17, P = 0.043) and dementia (HR = 1.75, P = 0.009). Similarly, SCD

language was associated with dementia risk (HR = 1.44, P = 0.005), while SCD execution was associated with

both MCI (HR = 1.10, P = 0.038) and dementia (HR = 1.33, P = 0.017). SCD attention was also associated

with MCI (HR = 1.11, P = 0.020) and dementia (HR = 1.49, P = 0.001). In addition, an increase in global SCD

over time was associated with incident MCI (HR = 1.16, P = 0.017). Increases in SCD global (HR = 2.00, P =

0.002), language (HR = 1.40, P = 0.006), execution (HR = 1.29, P = 0.018), and attention (HR = 1.43, P =

0.003) were all significantly associated with the risk of incident dementia [Figure 3 and Supplementary

Tables 5-7].

Association between SCD and plasma AD biomarkers

In the AD biomarker sub-cohort (n = 657), no significant associations were observed at baseline between

domain-specific SCD scores and plasma biomarkers after full covariate adjustment [Table 2]. However,

longitudinal analyses showed that a higher global SCD score at the end of follow-up was significantly

associated with lower Aβ42 (β = -0.10, P = 0.049) and Aβ40 (β = -0.13, P = 0.029) [Table 3]. Furthermore, an

increase in global SCD score was correlated with lower p-tau181 (β = -0.05, P = 0.047) [Table 4].

Sensitivity analyses

In sensitivity analyses stratified by age, no significant associations were observed between baseline SCD and

changes in OCD in either age group. However, both higher global SCD at follow-up and increases in its score
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Table 1. Participant characteristics by subjective cognitive decline complaints at baseline (n = 2,326)

Variables Total sample, (n = 2,326) SCD (n = 1,398) Non-SCD (n = 928) χ2 /z/t P value

Sex (female) 1,213 (52.1) 772 (55.2) 441 (47.5) 12.95 < ​ 0.001

Age group (years)

60-69 1,067 (45.9) 648 (46.4) 419 (45.2) 0.28 0.598

≥ 70 1,259 (54.1) 750 (53.6) 509 (54.8)

Education (years)

≤ 6 913 (39.3) 624 (44.6) 289 (31.1) 43.46 < ​ 0.001

6-12 1,095 (47.1) 607 (43.4) 488 (52.6)

≥ 12 318 (13.7) 167 (11.9) 151 (16.3)

Residence location (rural) 1,033 (44.4) 684 (48.9) 349 (37.6) 28.49 < ​ 0.001

Married (yes) 1,763 (75.8) 1,040 (74.4) 723 (77.9) 3.57 0.059

Personality

Neutral 853 (36.7) 531 (38.0) 322 (34.7) 2.6 0.272

Extroversion 1,057 (45.4) 623 (44.6) 434 (46.8)

Introversion 416 (17.9) 244 (17.5) 172 (18.5)

No living siblings (yes) 704 (30.3) 524 (37.5) 180 (19.4) 85.58 < ​ 0.001

Number of close friends

None 689 (27.0) 481 (30.0) 208 (21.9) 29.919 < ​ 0.001

1-2 474 (18.6) 313 (19.5) 161 (16.9)

3-5 736 (28.8) 436 (27.2) 300 (31.6)

≥ 6 654 (25.6) 373 (23.3) 281 (29.6)

Living alone (yes) 376 (16.2) 255 (18.2) 121 (13.0) 10.75 0.001

Stable income (yes) 1,990 (85.6) 1,171 (83.8) 819 (88.3) 8.75 0.003

Satisfied with income (yes) 1,462 (62.9) 820 (58.7) 642 (69.2) 26.19 < ​ 0.001

Interactions with neighbors

Rarely 498 (21.4) 304 (21.7) 194 (20.9) 0.74 0.864

A couple of times per year 583 (25.1) 342 (24.5) 241 (26.0)

A couple of times per week 559 (24.0) 337 (24.1) 222 (23.9)

Almost every day 686 (29.5) 415 (29.7) 271 (29.2)

Smoking (yes) 706 (30.4) 417 (29.8) 289 (31.1) 0.4 0.529

Drinking (yes) 706 (30.4) 417 (29.8) 289 (31.1) 0.4 0.529

Physical activities (yes) 1,721 (74.0) 1,001 (71.6) 720 (77.6) 10.07 0.002

Intellectual activities (yes) 1,325 (57.0) 770 (55.1) 555 (59.8) 4.89 0.027

Hypertension (yes) 1,287 (55.3) 776 (55.5) 511 (55.1) 0.03 0.867

Diabetes (yes) 440 (18.9) 268 (19.2) 172 (18.5) 0.11 0.742

Hyperlipidemia (yes) 627 (27.0) 398 (28.5) 229 (24.7) 3.88 0.049

Coronary disease (yes) 417 (17.9) 265 (19.0) 152 (16.4) 2.34 0.126

Cerebrovascular disease (yes) 472 (20.3) 326 (23.3) 146 (15.7) 19.38 < ​ 0.001

Insomnia (yes) 1,210 (52.0) 798 (57.1) 412 (44.4) 35.45 < ​ 0.001

Age (years) 70.87 (5.06) 70.86 (5.05) 70.88 (5.07) 0.980 0.922

Education (years) 7.83 (5.11) 7.23 (5.18) 8.73 (4.86) 7.07 < ​ 0.001

GDS 1.24 (1.56) 1.46 (1.71) 0.92 (1.22) -8.88 < ​ 0.001

Plasma biomarker

Aβ40 58.71 (40.86) 58.57 (39.78) 58.86 (42.06) 0.09 0.927

Aβ42 3.76 (2.66) 3.76 (2.71) 3.76 (2.60) -0.02 0.982
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Aβ42/40 0.10 (0.28) 0.09 (0.19) 0.10 (0.36) 0.46 0.635

NfL 128.05 (76.49) 125.76 (80.68) 130.56 (71.63) 0.16 0.420

GFAP 24.71 (15.43) 24.62 (13.80) 24.81 (17.06) 0.81 0.873

p-tau217 0.19 (0.16) 0.21 (0.18) 0.17 (0.14) -2.29 0.023

p-tau181 2.11 (1.21) 2.19 (1.24) 2.02 (1.17) -1.79 0.075

Statistical methods: Continuous variables are presented as mean ± SD and were compared between groups using independent samples t-tests (for
normally distributed variables) or Wilcoxon rank-sum tests (for non-normally distributed variables). Categorical variables are presented as n (%)
and were compared using Chi-square tests or Fisher’s exact tests where appropriate. Statistical significance was set at P < ​ 0.05 (two-tailed). SCD:
Subjective cognitive decline; GDS: geriatric depression scale; NfL: neurofilament light chain; GFAP: glial fibrillary acidic protein; SD: standard
deviation.

were associated with declines in global OCD, with domain-specific patterns differing by age: among

participants aged 60-69, associations were observed in language and execution domains, while in those aged

70 or older, associations were found in memory and language domains. [Supplementary Tables 8-10].

Sex-stratified analyses revealed that in males, higher global SCD and execution scores at the end of follow-up

were associated with declines in global OCD. In females, higher scores of SCD global, language, and

attention were associated with declines in global OCD. An increase in global SCD score was also associated

with declines in OCD global and attention [Supplementary Tables 11-13].

Linear mixed-effects models further confirmed the robustness of these findings. Significant interaction

effects between global SCD score and time were observed for OCD global, memory, execution, and attention

(P <​ 0.05) [Supplementary Table 14].

Correlations among the four subdomains were moderate (ranging from 0.26 to 0.62). VIF values were all

below 2 (baseline: 1.44-1.57; endline: 1.64-1.93), well below the conventional threshold of 5, confirming that

multicollinearity did not adversely affect our regression models [Supplementary Tables 15 and 16]. Among

the 2,326 participants, 865 (37.2%) showed reliable worsening in at least one SCD domain. Notably, 132

participants (5.7%) exhibited worsening in only one domain, with executive function being the most frequent

(n = 57, 2.5%), followed by language (n = 39, 1.7%), attention (n = 30, 1.3%), and memory (n = 6, 0.3%).

Worsening in two or more domains was observed in 120 participants (5.1%) [Supplementary Table 17].

DISCUSSION
This community-based cohort study provides the first evidence that domain-specific SCD (in memory,

language, execution, and attention) among cognitively unimpaired older adults, measured at follow-up or as

change over 2.05 ± 1.26 years, was associated with decline in objective cognitive domains and with the

incidence of MCI and dementia. These findings indicate that domain-specific SCD not only coincides with

objective decline but also predicts near-term clinical onset. Furthermore, higher global SCD at follow-up was

correlated with lower baseline plasma levels of Aβ42 and Aβ40, suggesting that plasma biomarkers may

reflect both the presence and progression of SCD. Nevertheless, the stage and domain-specific characteristics

of these biomarkers require further validation in larger longitudinal studies. Collectively, our results establish

the value of SCD for screening AD-related cognitive impairment risk in community settings by linking

domain-specific SCD to objective cognitive decline, clinical progression, and relevant plasma AD

biomarkers.

A key advance of this study lies in its systematic assessment of four SCD subdomains (memory, language,

executive function, and attention), along with behavioral characteristics such as time of onset, help-seeking

behavior, and self-comparison with peers. This approach distinguishes it from prior studies that relied

                                                                                           

https://file.oaecenter.com/published/pdf/f7ed44ff3fe6db2ad851ee4390059830/1782783811/and5032-SupplementaryMaterials.pdf
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https://file.oaecenter.com/published/pdf/f7ed44ff3fe6db2ad851ee4390059830/1782783811/and5032-SupplementaryMaterials.pdf
https://file.oaecenter.com/published/pdf/f7ed44ff3fe6db2ad851ee4390059830/1782783811/and5032-SupplementaryMaterials.pdf
https://file.oaecenter.com/published/pdf/f7ed44ff3fe6db2ad851ee4390059830/1782783811/and5032-SupplementaryMaterials.pdf
https://file.oaecenter.com/published/pdf/f7ed44ff3fe6db2ad851ee4390059830/1782783811/and5032-SupplementaryMaterials.pdf
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Figure 2. Association of endline SCD domains and their two-year change with changes in objective cognitive domains. Average marginal
mean estimates for objective cognitive domains change (and their 95%CIs) as a function of SCD domains. Demographic adjustment
includes age, sex, education, and residence location. Full covariate adjustment additionally accounts for social network, lifestyle, and
comorbidities, that is, all 23 variables which are listed in Table 1. SCD: Subjective cognitive decline; OCD: objective cognitive domains; CI:
confidence interval.
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Figure 3. Association of baseline, endline, and change over two years of SCD domains with incident MCI and dementia. Fully adjusted for
covariates (adjusted variables: sex, age, education, residence, marriage, stable income, satisfaction with income, living alone, number of
living siblings, number of close friends, frequency of interacting with neighbors, personality, smoking, drinking, physical activities,
intellectual activities, hypertension, diabetes, coronary heart disease, hyperlipidemia, cerebrovascular disease, insomnia, and GDS). SCD:
Subjective cognitive decline; CI: confidence interval; MCI: mild cognitive impairment; GDS: geriatric depression scale.
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Table 2. The association between baseline SCD domains and plasma AD biomarkers

Plasma
biomarker

SCD-Global
β (95%CI)

P value
SCD-Memory
β (95%CI)

P value
SCD-Language
β (95%CI)

P value
SCD-Execution
β (95%CI)

P value
SCD-Attention
β (95%CI)

P value

Aβ42 -0.07 (-0.18, 0.03) 0.188 -0.04 (-0.13, 0.04) 0.346 -0.03 (-0.12, 0.06) 0.496 -0.05 (-0.15, 0.04) 0.280 -0.05 (-0.13, 0.04) 0.817

Aβ40 -0.07 (-0.20, 0.06) 0.306 -0.03 (-0.14, 0.08) 0.586 -0.03 (-0.14, 0.09) 0.648 -0.04 (-0.16, 0.08) 0.508 -0.07 (-0.17, 0.04) 0.682

Aβ42/40 0.03 (-0.01, 0.08) 0.176 0.02 (-0.03, 0.06) 0.473 0.02 (-0.06, 0.03) 0.449 0.02 (-0.02, 0.07) 0.309 0.01 (-0.03, 0.05) 0.052

NfL -0.01 (-0.05, 0.03) 0.612 -0.02 (-0.05, 0.02) 0.390 -0.01 (-0.05, 0.02) 0.456 -0.00 (-0.04, 0.03) 0.805 -0.00 (-0.04, 0.03) 0.360

GFAP -0.02 (-0.07, 0.03) 0.420 -0.00 (-0.05, 0.04) 0.879 0.01 (-0.03, 0.06) 0.575 0.00 (-0.05, 0.05) 0.949 -0.01 (-0.05, 0.03) 0.390

p-tau217 -0.02 (-0.11, 0.07) 0.648 -0.04 (-0.12, 0.04) 0.309 0.01 (-0.07, 0.09) 0.833 -0.01 (-0.10, 0.07) 0.749 -0.03 (-0.10, 0.05) 0.489

p-tau181 0.02 (-0.03, 0.08) 0.409 -0.01 (-0.06, 0.03) 0.542 0.03 (-0.02, 0.07) 0.271 0.03 (-0.02, 0.08) 0.284 -0.00 (-0.05, 0.04) 0.998

Statistical methods: Generalized linear models were used to examine associations between baseline domain-specific SCD scores and log-transformed plasma biomarkers. Results are presented as standardized beta coefficients
(β) with 95%CIs. Three adjustment models were applied: Model 1 (unadjusted); Model 2 (adjusted for age, sex, education, and residence); Model 3 (fully adjusted for all 23 covariates listed in Table 1). Statistical significance was
set at P <​ 0.05 (two-tailed). SCD: Subjective cognitive decline; AD: Alzheimer’s disease; CI: confidence interval; NfL: neurofilament light chain; GFAP: glial fibrillary acidic protein.

Table 3. The association between endline SCD domains and plasma AD biomarkers

Plasma
biomarker

SCD-Global
β (95% CI)

P value
SCD-Memory
β (95%CI)

P value
SCD-Language
β (95%CI)

P value
SCD-Execution
β (95%CI)

P value
SCD-Attention
β (95%CI)

P value

Aβ42 -0.10 (-0.19, -0.00) 0.049 -0.02 (-0.11, 0.06) 0.614 -0.00 (-0.09, 0.09) 0.967 -0.01 (-0.11, 0.08) 0.789 -0.01 (-0.10, 0.08) 0.470

Aβ40 -0.13 (-0.25, -0.01) 0.029 0.00 (-0.11, 0.11) 0.959 0.02 (-0.10, 0.13) 0.775 -0.03 (-0.15, 0.09) 0.604 -0.05 (-0.16, 0.06) 0.632

Aβ42/40 0.01 (-0.03, 0.06) 0.557 0.00 (-0.04, 0.05) 0.862 -0.00 (-0.05, 0.04) 0.837 -0.00 (0.05, 0.04) 0.925 0.02 (-0.02, 0.06) 0.796

NfL 0.01 (-0.03, 0.05) 0.503 -0.00 (-0.04, 0.03) 0.801 0.01 (-0.03, 0.04) 0.721 0.03 (-0.01, 0.07) 0.156 0.02 (-0.02, 0.05) 0.421

GFAP 0.01 (-0.04, 0.06) 0.715 -0.03 (-0.08, 0.01) 0.177 0.02 (-0.02, 0.07) 0.315 0.01 (-0.04, 0.06) 0.610 0.01 (-0.04, 0.05) 0.574

p-tau217 -0.01 (-0.10, 0.07) 0.742 0.00 (-0.08, 0.08) 0.923 -0.01 (-0.09, 0.07) 0.729 0.01 (-0.08, 0.10) 0.805 -0.04 (-0.12, 0.04) 0.552

p-tau181 -0.03 (-0.08 0.02) 0.322 -0.04 (-0.09, 0.01) 0.089 0.02 (-0.03, 0.06) 0.491 0.01 (-0.04, 0.07) 0.575 0.00 (-0.05, 0.05) 0.061

Statistical methods: Generalized linear models were used to examine associations between endline (follow-up) domain-specific SCD scores and log-transformed plasma biomarkers. Results are presented as standardized beta
coefficients (β) with 95%CIs. Adjustment models are identical to those described in Table 2. Statistical significance was set at P < ​ 0.05 (two-tailed). SCD: Subjective cognitive decline; AD: Alzheimer’s disease; CI: confidence
interval; NfL: neurofilament light chain; GFAP: glial fibrillary acidic protein.

primarily on memory complaints alone
[38,39]

. We found that both SCD scores at the end of follow-up and their changes over approximately two years were significantly

associated with objective cognitive decline. This finding extends previous work, including the Latino Neurocognitive Aging Study, which assessed only global SCD and

memory/executive domains
[6]

, and the DELCODE study, which linked global SCD to subtle cognitive deficits in a small sample
[40]

. Longitudinal changes in SCD may
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Table 4. The association between SCD domains change and plasma AD biomarkers

Plasma
biomarker

△ SCD-Global
β (95%CI)

P value
△ SCD-Memory
β (95%CI)

P value
△ SCD-Language
β (95%CI)

P value
△ SCD-Execution
β (95%CI)

P value
△ SCD-Attention
β (95%CI)

P value

Aβ42 -0.05 (-0.15, 0.05) 0.308 -0.04 (-0.13, 0.05) 0.365 0.00 (-0.08, 0.09) 0.950 -0.01 (-0.10, 0.07) 0.756 0.01 (-0.07, 0.09) 0.470

Aβ40 -0.12 (-0.24, 0.00) 0.059 -0.02 (-0.13, 0.09) 0.757 0.02 (-0.09, 0.12) 0.776 -0.02 (-0.13, 0.09) 0.677 -0.02 (-0.13, 0.08) 0.632

Aβ42/40 0.01 (-0.03, 0.06) 0.598 0.00 (-0.04, 0.04) 0.887 0.00 (-0.04, 0.04) 0.957 -0.01 (-0.05, 0.03) 0.576 0.01 (-0.03, 0.05) 0.796

NfL 0.02 (-0.02, 0.06) 0.241 -0.00 (-0.04, 0.03) 0.873 0.01 (-0.03, 0.04) 0.676 -0.03 (-0.01, 0.07) 0.098 0.01 (-0.02, 0.05) 0.421

GFAP 0.04 (-0.01, 0.09) 0.133 -0.02 (-0.07, 0.02) 0.275 0.02 (-0.02, 0.06) 0.311 0.02 (-0.03, 0.06) 0.454 0.00 (-0.04, 0.05) 0.574

p-tau217 -0.04 (-0.13, 0.05) 0.357 0.00 (-0.08, 0.08) 0.931 -0.01 (-0.08, 0.06) 0.734 -0.00 (-0.08, 0.07) 0.916 -0.03 (-0.10, 0.05) 0.552

p-tau181 -0.05 (-0.11, -0.00) 0.047 -0.04 (-0.08, 0.01) 0.127 0.01 (-0.03, 0.06) 0.631 0.01(-0.04, 0.06) 0.713 0.01 (-0.03, 0.06) 0.061

Statistical methods: Generalized linear models were used to examine associations between changes in domain-specific SCD scores (calculated using regression-based reliable change indices) and log-transformed plasma
biomarkers. Results are presented as standardized beta coefficients (β) with 95%CIs. Adjustment models are identical to those described in Table 2. Statistical significance was set at P < ​ 0.05 (two-tailed). SCD: Subjective
cognitive decline; AD: Alzheimer’s disease; CI: confidence interval; Δ: change; NfL: neurofilament light chain; GFAP: glial fibrillary acidic protein.

better capture the true trajectory of cognitive decline than single-time assessments, offering a more sensitive marker for early risk detection. Our results complement

neuroimaging evidence showing that hippocampal and amygdala volumes predict five-year dementia risk in individuals with SCD or MCI
[41]

. The clinical relevance of

our results is underscored by our cohort’s mean age (70.87 ± 5.06 years), which is closer to the high-risk period than that of the SOLINCA study (56.4 ± 8.1 years).

Together with evidence linking SCD to atherosclerosis, AD neuropathological change (ADNC), Lewy body disease (LBD)
[42]

, and neuroimaging biomarkers, our study

reinforces SCD as a predictive target for dementia across the aging spectrum.

This study provides the first evidence that domain-specific SCD, particularly in non-memory domains such as language, executive function, and attention, is associated

with the risk of MCI/dementia, whether measured at follow-up or as a change over time. This finding reinforces the view of SCD as the earliest symptomatic stage of

AD
[10,11,16]

. Given that both the DSM-5 and the MCI classifications recognize single-domain impairment
[43]

, tracking domain-specific changes in SCD has direct clinical

relevance. Furthermore, the global burden of dementia largely stems from the combined effects of multiple co-occurring neuropathologies
[44]

. The inherent

heterogeneity of AD dementia is evidenced by distinct pathology-cognition relationships, such as the association of medial temporal tau with memory deficits versus

neocortical tau with executive dysfunction
[45]

. Co-occurrence of ADNC with limbic-predominant age-related TDP-43 encephalopathy neuropathologic change (LATE-

NC), LBD, or cerebrovascular disease exacerbates global and domain-specific cognitive decline
[44]

, and interactions among these pathologies shape distinct cognitive

trajectories
[46]

. Against this complex and heterogeneous background, our study systematically links subjective and objective domain-specific decline, addressing a key

gap in the current understanding of preclinical cognitive impairment.
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We found that in this cognitively unimpaired cohort, a higher global SCD score at follow-up was associated

with lower levels of Aβ42 and Aβ40, which is consistent with the results of another Sino-German study
[9]

. In

contrast, greater longitudinal increases in SCD were associated with lower p-tau181 in our study, whereas a

previous report from the same SILCODE group found that higher plasma p-tau181 levels were associated

with greater brain Aβ deposition and faster cognitive decline in the preclinical stage
[47]

. This apparent

discrepancy may be due to differences in outcome measures (cross-sectional plasma p-tau181 vs.

longitudinal change) and the specific SCD assessment tools used. No other AD-related biomarkers (i.e., p-

tau217, NfL, or GFAP) showed significant associations. These results indicate that aberrant changes in

plasma AD biomarkers are already detectable at the SCD stage, distinguishing these individuals from those

without SCD. However, the associations between SCD and plasma AD biomarkers are not consistent. Several

factors may explain this inconsistency. First, biomarkers were measured only at baseline, whereas SCD was

assessed longitudinally. This temporal misalignment means that baseline biomarkers reflect pathological

status at study entry, whereas changes in SCD capture dynamic cognitive perceptions over the follow-up

period. This design differs from studies that measure biomarkers concurrently with SCD assessment
[48]

,

which may account for discordant results. Second, our exclusive focus on cognitively unimpaired individuals

places participants at the earliest preclinical stage (SCD Stage 2, according to AA criteria
[8]

). At this stage, Aβ
pathology may be accumulating but has not yet triggered the secondary tau phosphorylation and

neuroinflammatory cascades that become more prominent in MCI and dementia
[49]

. A recent Korean study

demonstrated that plasma p-tau181, p-tau217, and GFAP levels were significantly higher in participants with

MCI than in those with SCD (P <​ 0.05)
[22]

, supporting the notion that these markers may not yet be elevated

in pure SCD without objective impairment. Another study from the Sino-German CLoCODE cohort

similarly reported that plasma p-tau181 levels added predictive value for cognitive decline among SCD

participants
[50]

. The association with lower Aβ42/40 may reflect early amyloid deposition, while the absence

of positive p-tau/GFAP associations aligns with findings that plasma GFAP and p-tau isoforms effectively

differentiate MCI from SCD but show weaker signals at the SCD stage alone
[50]

. Third, the inverse association

with p-tau181 (β = -0.05, P = 0.047) is counterintuitive but may reflect competing pathologies. In very early

stages, individuals with greater SCD awareness might have better health literacy and engagement, potentially

slowing p-tau accumulation. Alternatively, this could represent a statistical artifact due to the relatively small

biomarker subcohort (n = 657) and multiple comparisons. Recent work using ultrasensitive assays has shown

that plasma p-tau217/Aβ42 exhibits the highest performance in detecting Aβ pathology among cognitively

unimpaired individuals area under the curve (AUC = 0.94)
[51]

, suggesting that combinations of biomarkers

may provide more robust signals than individual markers alone. These divergent findings underscore that

SCD-biomarker relationships vary across populations and disease stages, emphasizing the need for

longitudinal biomarker studies, harmonized protocols, and consideration of population-specific factors.

Stratified analyses revealed notable sex- and age-related patterns that inform the clinical utility of SCD. The

observed sex differences - specifically, women showed associations across global SCD, language, and

attention domains, whereas men primarily exhibited associations in the executive domain - may reflect

women’s greater health awareness and sensitivity to subtle cognitive fluctuations
[52,53]

, whereas men’s

executive complaints could align with vascular risk factors more prevalent in men that impact frontal-

executive functions
[45]

. Age stratification further illuminated the evolving nature of SCD: in the younger

subgroup (60-69 years), associations were strongest for language and executive domains, higher-order

functions vulnerable to early AD pathology in prefrontal and parietal networks
[10,16,45]

, whereas in participants

aged ≥ 70 years, memory complaints emerged as the dominant predictor of objective memory decline,

consistent with the classic progression of AD pathology to hippocampal structures
[7]

. This age-dependent

shift from non-memory to memory complaints suggests that the predictive value of specific SCD domains

evolves along the disease continuum, with implications for the timing and targeting of screening efforts.
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The identification of 5.7% of participants exhibiting single-domain worsening provides direct evidence that

SCD progression is not merely a reflection of scale properties but rather reflects genuine domain-specific

neurobiological processes. The relatively low proportion of single-domain worsening may explain the

modest effect sizes observed in group-level analyses, as most participants either remained stable or showed

decline across multiple domains.

The key strengths of this study include the application of a multidimensional SCD-I- recommended

framework, the novel examination of correspondences between domain-specific SCD and both plasma

biomarkers and objective cognitive change, and a large sample size that enhances the reliability of the

findings. Its limitations include a relatively short follow-up period, which hinders causal inference; the

potential subjectivity inherent in self-reported questionnaires; the need for nationwide multi-center

validation to ensure generalizability, the absence of an MCI or dementia comparator group to contextualize

the magnitude of biomarker associations; and the lack of neuroimaging validation for the blood-based

biomarkers.

In conclusion, this study demonstrates that domain-specific SCD scores are associated with objective

cognitive decline over a mean follow-up of two years and that they indicate an increased risk of incident

cognitive impairment. Women appear more sensitive to SCD. Plasma Aβ42 and Aβ40, but not p-tau181, p-

tau217, GFAP, or NfL, were associated with the presence and progression of SCD. However, the inherent

variability of SCD itself and the differences across its cognitive domains are reflected in their distinct

associations with the AD biomarker profile. Therefore, the utility of plasma AD markers for screening at the

SCD stage may require further exploration. We recommend incorporating domain-specific SCD assessment

into community-based AD screening programs and monitoring domain-specific changes using

comprehensive test batteries.
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