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Abstract

Introduction: Subtle cognitive impairment (SCI) may appear before pathological

changes surpass thresholds for abnormality. We aimed to investigate whether SCI

could predict Alzheimer’s pathologies and advancement.

Methods: A total of 816 cognitively normal individuals were enrolled to assess the

longitudinal neuropathological and clinical correlates of baseline SCI, via linear mixed-

effects and Cox proportional-hazard models. Cross-lagged panel models were used in

specific timewaves.

Results: SCI individuals had a faster increase in brain amyloid burden and a higher risk

of conversion. They also showed greater rates of cerebrospinal fluid (CSF) phospho-

rylated tau (p-tau)181 increase and glucose metabolism decrease. In addition, baseline

SCI predicted worse clinical progression, whereas multi-domain SCI advanced faster

compared to the single domain group.

Discussion: Baseline SCI could be an imperative prediction indicator of clinical and

pathological progression. It enables cognitive measures to be informative at a very

early stage and provided objective criteria for high-risk population screening.
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1 INTRODUCTION

A prolonged asymptomatic phase exists in the course of the

Alzheimer’s continuum with the appearance of pathological biomark-

ers, including the accumulation of amyloid β (Aβ) plaques and the

deposition of neurofibrillary tangles (NFTs).1 Given that these hall-

marks often indicate that irreversible progress of the disease has

already taken place, a refined and economical screening method is

urgently needed to capture the preclinical changes before the occur-

rence of biomarker abnormality or a full-blown clinical symptom.2

On top of traditional biomarkers, the Alzheimer’s continuum offers

more sensitivity by involving longitudinal changes on cognitive

performance.3 The National Institute on Aging and the Alzheimer’s

Association (NIA-AA) has proposed a staging framework for cog-

nitively normal (CN) individuals involving longitudinal changes on

cognitive performance to characterize “preclinical” Alzheimer’s dis-

ease (AD), in which it has incorporated subtle cognitive impairment

(SCI) and biomarkers abnormality for the stage 3.4 SCI, specifically,

is defined by a cognitive transitional status involving pathological

changes but not sufficiently severe to manifest conspicuous functional

loss.3 The assessment of SCI or cognitive decline can be reflected by

reliable neuropsychological tests or composite scores, and it could

be more advanced than or at least as sensitive as neuroimaging and

cerebrospinal fluid (CSF) biomarkers in predicting clinical progression

of AD.5–8 Thus SCI is expected to be the optimal means of screening

and monitoring the pathological and clinical progression of groups at

high risk of AD.

Previous studies have mainly converged on the predictive relation-

ships of cognitive impairment with clinical conversion,5,9 or the influ-

ence of AD pathologies on subsequent cognition changes.10,11 Gus-

tavson et al. have reported that episodic memory assessed by exten-

sive neuropsychological tests could sensitively predict the risk of pro-

gressing to mild cognitive impairment (MCI), compared favorably to

the biomarker-based prediction12. Yet, limitations existed because the

population was based on the late middle age group and lacked suffi-

cient data on the progression of pathological biomarkers. In addition,

fewer studies have investigated the associations of cognitive impair-

ment with later AD pathological changes. Only a single or small pro-

portion of relevant biomarkers were covered, and the outcomes were

inconsistent.8,12–14 For example, Elman et al. have found that cogni-

tion at baseline could predict conversion to Aβ abnormality in a non-

demented cohort,8 but the resultswere contra-indicatedwith previous

literature when the sample size was expanded.13 The involvement of

MCI might have also led to bias because other factors could influence

the process of disease.8 In addition, the exclusion of other patholo-

gies, such as tau deposition and neurodegeneration, could also narrow

the scope of evidence. Therefore, it remains unclear whether SCI could

predict Alzheimer’s pathologies and advancement.

The present study aimed to elucidate the neuropathological and

clinical correlates of baseline SCI in elderly subjects with normal

cognition. Subjects with baseline SCI were hypothesized to have a

greater burden of AD pathologies and worse clinical progression. Con-

sidering that global and domain-specific composite scores typically

RESEARCH INCONTEXT

1. Systematic review: Authors reviewed the literature on

correlations of cognitive impairment with Alzheimer’s

disease (AD) pathologies and clinical status. Most stud-

ies focused on the advancement of subjective cognitive

decline (SCI), or the influence of pathologies on subse-

quent cognition changes, but rare studies evaluated the

impact of SCI on pathological progression in the normal

elderly. Relevant publications are appropriately cited.

2. Interpretation: Our findings provided insights into the

predictive relationships of baseline SCI with AD patholo-

gies and clinical conversion, and enabled cognitive mea-

sures at a very early stage to be informative for screening

high-risk populations.

3. Future directions: The article proposes that SCI could be

a valid marker for the neuropathological and clinical pro-

gression of AD. Studies in larger cohorts with different

races are required to ascertain thresholds of SCI in cog-

nitively normal individuals. More comprehensive longitu-

dinal data could help to investigate the effect of SCI on

monitoring the therapeutic efficacy in the early phase.

have less variability than raw scores from single neuropsychological

tests,15,16 we defined the baseline SCI category using modified pre-

clinical Alzheimer’s cognitive composite (mPACC) and theoretically

derived domain-specific (memory, executive, language, and visuospa-

tial functioning) scores. Cross-sectional and longitudinal relationships

of baseline SCI with amyloid, tau, and neurodegeneration biomarkers

were evaluated separately in CSF and positron emission tomography

(PET).

2 METHODS

2.1 Participants

In this study, we selected cognitively normal (CN) participants from

the Alzheimer’s Disease Neuroimaging Initiative (ADNI) cohort (http:

//adni.loni.usc.edu). Beginning in 2004, the multicenter ADNI project

was designed to help predict the early onset of MCI and AD. For each

individual, the cognitive trajectories were collected, and the biomark-

ers were repeatedly assessed during the follow-up period to track the

pathology as the disease progressed. Written informed consent was

obtained on human experimentation at each institution. (For detailed

information, see http://adni.loni.usc.edu/study-design.)

A total of 816 individuals with baseline normal cognition (or CN)

were included (298 of them reported subjective memory complaints).

They underwent a series of neuropsychological assessments: Mini-

Mental State Examination (MMSE), Clinical Dementia Rating - Sum of

http://adni.loni.usc.edu
http://adni.loni.usc.edu
http://adni.loni.usc.edu/study-design
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Boxes (CDR-SB), the Alzheimer’s Disease Assessment Scale (ADAS),

Category Fluency, WAIS-R Digit Symbol, Boston Naming Test, Trail

Making Test, ReyAuditoryVerbal Learning Test, and so on. Participants

with either eligible CSF or PET data were separately included in the

exploration of relationships between SCI and AD biomarkers.

2.2 Cognitive assessment and definition of
cognitive cutoffs

Cognition states were presented bymPACC scores and ADNI compos-

ite measures for memory (ADNI MEM), executive functioning (ADNI

EF), language (ADNI LAN), and visuospatial (ADNI VS) domains. The

mPACC is generated from the delayed recall from the ADAS - Cogni-

tion and Logical Memory, MMSE, and Trail Making Test Part B time.

It was designed for the detection of amyloid-related cognition decline.

The ADNI composite scores were evaluated from the ADNI neuropsy-

chological battery using item response theory (IRT) methods. Themet-

rics for these composite scores are defined to have a mean of 0 and

standard deviation of 1, and the resulting data are provided and used

in the analyses. Lower composite scores indicatedworse cognition sta-

tus. To define cognitive cutoffs for individuals with SCI, we further

identified a cohort of participants with a follow-up period of at least

7 years (n = 216). Among them, those who remained stable CN during

the follow-up period (n= 166) were used to calculate cognitive cutoffs

indicating SCI. Here, we used the 10th percentile of composite scores,

which were broadly acknowledged and utilized in research.5,17,18 Cut-

offs at the bottom 10th percentile were −2.547 for the mPACC score,

0.528 for the ADNIMEMscore, 0.126 for the ADNI EF score, 0.199 for

the ADNI LAN score, and −0.564 for the ADNI VS score. Individuals

with baseline composite scores below the corresponding cutoffs were

determined as SCI subjects (PACC SCI, MEM SCI, EF SCI, LAN SCI,

and VS SCI, respectively). A group of participants was finally defined as

multi-domain SCI by the presence of at least two domain impairments

in the four ADNI composite scores (MEM, EF, LAN, and VS scores).

2.3 CSF and PET imaging measures and
biomarker cutoffs

Data sets of CSF and PET assessmentswere downloaded fromADNI in

March2020.CSFAβ1-42, phosphorylated tau (p-tau)181 and total tau (t-
tau)weremeasured using the fully automatedRocheElecsys and cobas

e 601 immuno-assay analyzer system. The process of sample testing

and quality control followed the acceptance criteria according to the

Roche Protocol in the UPenn/ADNI Biomarker Laboratory, which was

described in previous studies.19,20 Baseline Aβ status (Aβ+/−) of par-
ticipantswas determinedby the cutoff of 1098pg/mL forCSFAβ1-42,21

whereas p-tau181 and t-tau used 27 pg/mL and 300 pg/mL,22 respec-

tively.

All PET data used were from the UC Berkeley and Lawrence Berke-

ley National Laboratory. Brain amyloid burden used florbetapir (AV45)

standardised uptake value ratios (SUVRs) were calculated by averag-

ing across four cortical regions (frontal, anterior/posterior cingulate,

lateral parietal, lateral temporal) and then divided by the whole cere-

bellum as reference region. Brain tau deposit was measured via the

flortaucipir (AV-1451) processing method. A composite set of pre-

defined regions of interest (metaROI) of bilateral entorhinal, amygdala,

fusiform, inferior, andmiddle temporal regionswere considered for tau

PET assessment.21,23 Brain neurodegeneration used hypometabolism

assessed by fluorodeoxyglucose (FDG) PET, which was from the aver-

age of five metaROIs (left angular gyrus, right angular gyrus, bilateral

posterior cingular, left inferior temporal gyrus, right inferior temporal

gyrus).24 The cutoffs for categories of brain amyloid, tau, and FDGPET

were listed as below: 1.11 for florbetapir SUVR, 1.37 for flortaucipir

metaROI SUVR,21 and 1.21 for FDG PET.25 (For concrete processing

methods see http://adni.loni.usc.edu/methods.)

2.4 Statistical analyses

Data were presented mean (standard deviation [SD]) or number (%)

when appropriate. Individual extreme values that exceeded the range

ofmean± 3*SDwere eliminated in analyses.We tested the differences

in demographic and clinical characteristics between SCI and normal

groups using the Wilcoxon test or Kruskal-Wallis test (for continuous

variables) and the chi-square test or Cochran-Mantel-Haenszel test

(for categorical variables). Spearman correlation and regression anal-

yses were performed to explore the associations between CSF/PET

biomarker levels and cognitive composite scores. Age, gender, years

of education, and apolipoprotein E (APOE) genotype were included as

covariates in all regression analyses.

To evaluate the risk of clinical progression in CN individuals with

SCI at baseline, we plotted Kaplan-Meier survival curves and com-

puted hazard ratios in the Cox proportional-hazards models. Clini-

cal progression was defined as progressing to MCI/AD dementia and

CDR-SB > or = 0.5,26 separately. Then, we assessed whether base-

line SCI was associated with AD pathological progression in CN indi-

viduals. Considering that most of the tau PET and part of CSF data

were obtained during the follow-up, we redefined the time point when

each participant first obtained the biomarker test as the new base-

line in analyses of biomarkers. At the new baseline, those who have

already converted toMCI or AD dementia were excluded from further

analyses. Among CN individuals with normal categories of CSF or PET

biomarkers at the redefined baseline, we used survival curves and Cox

proportional-hazards model analyses to test the risk of progression to

abnormality in SCI subjects, based on the normal groups. Age, gender,

years of education, andAPOE genotypewere empirically considered as

confounding factors and adjusted in the multivariate models. The lon-

gitudinal relationships between SCI and annual changes of CSF/PET

pathologic biomarkers were computed by linear mixed-effects model

analyses, and then compared between SCI and normal groups.

Potential predictive relationships between CSF and PET pathol-

ogy over time were further explored via the cross-lagged panel model

(CLPM) analyses,27,28 using three time points of longitudinal data

(baseline, 24 months, and 48 months). The CLPM also investigated at

http://adni.loni.usc.edu/methods
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the same time points whether baseline SCI predicted CSF biomark-

ers differently from it predicted PET biomarkers. Subjects included in

CLPM analyses were demanded to possess baseline as well as follow-

updata fromat least oneof24and48months. Themaximum-likelihood

estimator was adopted to implement CLPM analyses, bearing ran-

domlymissing data. Standardized β estimate and itsP valuewere calcu-

lated for each association measured. All models were tested for good-

ness of fit via the root mean square error of approximation (RMSEA),

normed fit index (NFI), incremental fit index (IFI), comparative fit index

(CFI), Tucker–Lewis index (TLI) and chi-square divided by its degrees

of freedom (CMIN/DF). Good fit was indicated with model values of

RMSEA < 0.06, NFI > 0.95, IFI > 0.95, CFI > 0.95, TLI > 0.90, and

CMIN/DF< 529,30.

All statistical analyses were conducted using R (version 3.6.3) soft-

ware, except for the CLPM analyses that were performed with Amos

(version 23.0) software. Statistical significance was considered as a

two-sided P value< .05.

3 RESULTS

3.1 Descriptive characteristics of the cohort

Of 816 CN individuals included in this study, 360 (44.1%) were male,

and 230 (30.3% in those who provided genotype information) were

APOE ɛ4 carriers (ɛ4+/− or ɛ4+/+) (see flowchart in the Supplemen-

tary material). The average (SD) age and education of this cohort were

72.9 (6.2) and 16.6 (2.6) years, respectively. Characteristics of partic-

ipants grouped by cognition status at baseline were summarized in

Table 1. SCI individuals were obviously older than those in the nor-

mal group (P < .05). Gender proportion did not differentiate between

normal and SCI groups by language, executive, and visuospatial func-

tioning. However, male patients were over-represented in the PACC

SCI (SCI defined by ADNI mPACC score) (P = .002) and ADNI memory

SCI (SCI defined by ADNI MEM score) (P < .001) groups. In addition,

SCI individuals were less educated than individuals in normal groups,

which have reached or were close to a significant level. As for catego-

rization for multiple cognitive domains, multi-domain SCI participants

were older, less educated, and had a larger proportion of male partic-

ipants than the normal group (P < .001). There were no differences in

the proportion of APOE genotype among all groups.

3.2 Associations of cognition with baseline
amyloid, tau, and neurodegeneration biomarkers

Univariate relationships between cognitive composite scores and AD

biomarkers were summarized and plotted in the Supplementary mate-

rial. Lower scores of mPACC, ADNI memory, and executive function

were correlated with increased brain burden of amyloidosis and tau

pathology, andhigherCSFp-tau181 and t-tau levels.Worse scoreswere

linked to lower levels of CSF Aβ1-42 and FDGPET. In addition, the com-

posite score of language was inversely associated with tau PET and

positively correlatedwith FDGPET, whereas no statistical relationship

was observed of ADNI visuospatial function score with CSF or PET

biomarkers.

Adjusted for age, gender, years of education and APOE genotype,

we found that increased amyloid, tau PET uptake, and decreased FDG

PET were correlated with worse mPACC score (standardized β esti-

mate = -0.106, P = .024, β = -0.195, P < .001, and β = 0.150, P < .001,

respectively). Lower ADNI memory score was merely related with

higher tauPETuptake (β= -0.207,P< .001), whereas decreased execu-

tive scorewas correlatedwith increased amyloid (β= -0.111, P= .018),

tauPET (β= -0.132,P= .022), and lower levels ofCSFAβ1-42 (β=0.126,

P = .004) and FDG PET (β = 0.164, P = .001). The remaining results

were settled in the Supplementarymaterial.

At the redefined baseline, SCI groups except for visuospatial SCI

had lower levels of CSF Aβ1-42 than the normal groups, up to or close

to statistical significance (Table 1). But no statistical difference was

observed in group comparisons of CSF p-tau181 and t-tau. Amyloid PET

showeda trendof increased cortical uptakeonly in thePACCSCI group

(P = .062). Several types of SCI illustrated worse brain tau deposition

and hypometabolism (Table 1).

3.3 Associations of SCI with longitudinal amyloid,
tau and neurodegeneration changes

As shown inFigure1, significant decreases ofAβ1-42 level and increases
of p-tau181 and t-tau were observed in the CSF of both normal and

PACC SCI groups (SCI defined by ADNI mPACC score) (P < .05,

Figure 1A-C; other results see in the Supplementary material). CSF

Aβ1-42 and p-tau181 showed trends of greater annual change rates in

PACC SCI individuals compared to the normal (group-wise difference:

−1.49%, P = .134 and .95%, P = .074, respectively), which were close

to statistical significance. Although analyses of CSF biomarker nor-

mal/abnormal (−/+) subgroups showed that PACC SCI individuals had

faster rates in elevation of p-tau181 level among T− subjects (group-

wise difference: 1.16%, P = .042) and a very slight trend toward the

significance of a faster reduction of Aβ1-42 level among A− subjects

(group-wise difference: −2.07%, P = .169), compared to normal indi-

viduals.

In assessing longitudinal changes of PET-imaging biomarkers, incre-

mental uptakesof amyloidAV45PET tracer and tauAV1451PET tracer

were observed over time in the whole cohort, as well as decreased glu-

cose metabolism assessed by FDG PET (P < .05, Figure 1D-F; detailed

results see in the Supplementarymaterial). Furthermore, the PACCSCI

group showed a significantly higher annual rate of brain amyloid bur-

den than the normal group (group-wise difference: 0.54%, P = .029).

In addition, ADNI memory SCI individuals presented a faster decrease

in glucose metabolism (group-wise difference: −0.75%, P = .019). In

subgroup analyses of PET biomarker normal/abnormal (−/+) groups,

SCI of A− individuals had a faster growth rate over normal subjects

(group-wise difference: 0.49%, P = .077), which approached but failed

to achieve a customary level of statistical significance. We did not per-

form subgroup analyses of tauPETandFDGPETbiomarkers due to the
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F IGURE 1 Longitudinal changes of amyloid, tau, and neurodegeneration between subtle cognitive impairment (SCI) and normal individuals.
(A–E) Longitudinal changes of amyloid, tau, and neurodegeneration between PACC SCI (SCI defined by ADNImPACC score) and normal
individuals. (F) Longitudinal changes of amyloid, tau, and neurodegeneration between ADNImemory SCI (SCI defined by ADNIMEM score) and
normal individuals.

small sample size of biomarker abnormal groups (n = 59 and n = 15,

respectively) and possible underpowered detection.

3.4 Associations of SCI with pathological and
clinical progression

PACC SCI individuals (SCI defined by ADNI mPACC score) showed

higher conversion risk from CSF/PET A− to A+, based on normal sub-

jects (Figure 2A,D and Table 2). These analyses were conducted in

the subgroups with normal levels of baseline CSF/PET biomarkers.

Biomarkers did not show any statistical difference between normal

and SCI individuals in these subgroups (Supplementary material). Mul-

tivariate models met the criteria for proportional hazard assumption

(Schoenfeld global test P= .101 and.195, respectively). In addition, SCI

subjects seemed to have higher conversion rates from PET T− to T+,

but did not reach statistical significance (Figure 2E). In addition, SCI

individuals grouped by ADNImemory composite score (SCI defined by

ADNI MEM score) also illustrated a potentially increased conversion

risk from PET N− to N+ (Figure 2F). Survival results of other compar-

isons did not illustrate positive outcomes (P> .20).

Overall, CN individuals presented a progression rate to MCI/AD

dementia of 18.2% and that to CDR-SB> or= 0.5 of 33.1% followed by
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F IGURE 2 Kaplan-Meier curves showing survival probability of pathological progression. (A–C) Progression fromCSF biomarker normal to
abnormal. (D–F) Progression from PET imaging biomarker normal to abnormal. CSF Aβ status (Aβ+/−) of participants was determined by the
cutoff of 1098 pg/mL for CSF Aβ1-42,21 whereas p-tau181 and t-tau used 27 pg/mL and 300 pg/mL22, respectively. The cutoffs for categories of
brain amyloid, tau, and FDGPETwere listed as below: 1.11 for florbetapir SUVR, 1.37 for flortaucipir metaROI SUVR,21 and 1.21 for FDGPET.25 In
Figure 2A-E, SCI individuals were defined by abnormal ADNImPACC score, whereas in Figure 2F, SCI individuals were defined by abnormal ADNI
MEM score.

10 years. Compared with normal, PACC SCI individuals showed higher

rates of clinical progression by 10 years and 5 years (Table 2). Sur-

vival curves with results of log-rank tests were exhibited in Figure 3

and the Supplementary material. Age at baseline, gender, years of edu-

cation, and APOE genotype were adjusted as covariates in the multi-

variate model analyses, which met the proportional hazard assump-

tion via Schoenfeld residuals technique (Schoenfeld global testP= .098

and.202, respectively). SCI groups showed a higher risk of clinical pro-

gression based on the normal group (results of PACCSCI are presented

in Table 2). Considering the influence of baseline mild neurodegenera-

tive pathologies possibly existing in some of the participants, we fur-

ther conducted the multivariable Cox regression analyses adding the

adjustment of baseline FDG PET. SCI individuals remained higher risk

conversion toMCI/dementia (PACC: hazard ratio [HR] 1.88, 95% confi-

dence interval [CI] 1.12-3.17, P = .017; ADNI memory: HR 2.92, 95%

CI 1.79-4.75, P < .001) and to CDR-SB > or = 0.5 (PACC: HR 2.14,

95%CI 1.46-3.12, P< .001; ADNImemory: HR 2.16, 95%CI 1.48-3.16,

P < .001) compared with the normal individuals, in the adjusted model

of baseline age, gender, APOE ε4 status, years of education, and level of
FDGPET.

3.5 Predictive relationships between CSF and
PET biomarkers

Time-specific correlations among composite cognitive scores, CSF

Aβ1-42, and amyloid AV45 PET were tested by CLPM analyses in a

subset of 151 CN individuals, who provided baseline and at least

one follow-up (24-month and/or 48-month) biomarker measurements.

Datawerewell fittedwith themodel for the relationships betweenCSF

Aβ1-42 and amyloid PET (CMIN/DF = 1.490, NFI = 0.994, IFI = 0.998,

CFI= 0.998, TLI= 0.990, and RMSEA= 0.057). Lower CSF Aβ1-42 level
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TABLE 2 Progression risk of SCI and normal individuals

Unadjusted Adjusted

Short-term

progression rate

Long-term

progression rate HR (95%CI) P HR (95%CI) P

Progress toMCI/AD dementiaa

Normal 8.9% 15.1% ref. – ref. –

SCI 25.0% 32.4% 3.06 (2.04–4.59) <.001 2.59 (1.68–4.00) <.001

Progress to CDR-SB> or= 0.5 a

Normal 17.8% 28.4% ref. – ref. –

SCI 45.0% 54.1% 2.86 (2.11–3.89) <.001 2.43 (1.75–3.37) <.001

Progress fromCSF A− to A+ b

Normal 8.3% 9.1% ref. – ref. –

SCI 12.5% 29.2% 4.06 (1.57–10.51) .004 3.84 (1.36–10.80) .011

Progress from PET A− to A+ b

Normal 5.6% 12.8% ref. – ref. –

SCI 7.4% 25.9% 2.79 (1.18–6.59) .020 2.62 (1.08–6.38) .034

Abbreviation: SCI= subtle cognitive impairment,MCI=mild cognitive impairment, AD=Alzheimer’s disease, A−= amyloid biomarker normal, A+= amyloid

biomarker abnormal, HR= hazard ratio.

Note: Hazard ratios (95%CI) calculated using Cox regression analyses, in unadjusted and adjustedmodels corrected for baseline age, gender,APOE ε4 status,
and years of education.
aShort-term= 5 years, long-term= 10 years;
bShort-term= 3 years, long-term= 6 years.

at baseline predicted higher amyloid AV45 PET uptake at 24 months,

and lower CSF Aβ1-42 at 24months predicted higher AV45 PET uptake

at 48 months (standardized β estimate: −0.07, P = .024 and −.08,

P= .032, respectively; Figure 4).

We also tested the influence of baseline SCI on separate CSF and

PET biomarkers progression at the same follow-up points. Based on

the normal group, PACC SCI individuals tended to have greater AV45

PET uptake at 48 months, which was very close to statistical sig-

nificance (standardized β estimate: 0.06, P = .067; Figure 4). Sim-

ilar prediction relationships were not found in CSF data (P > .20;

Figure 4).

Other models were fitted modestly (RMSEA < 0.10, NFI > 0.95,

IFI> 0.95, CFI> 0.95, TLI> 0.90, and CMIN/DF< 5.5). Decreased CSF

Aβ1-42 level at baseline was associated with higher CSF p-tau181 and

t-tau level at 24 months (−0.06, P < .001 and −.05, P = .003, respec-

tively), whereas increased AV45 PET uptake at baseline showed cor-

relations with higher CSF p-tau181 and t-tau level at 24 months (0.03,

P= .065 and 0.03, P= .098, respectively).

4 DISCUSSION

In the present study, we provided amplified evidence for the asso-

ciations of SCI with Alzheimer’s pathologies and clinical progression

among CN individuals. CNwith SCI possessed a faster accumulation of

brain amyloidosis and a higher risk of conversion to Aβ positivity, sug-
gesting a predictive link of SCI with amyloidosis progression. In addi-

tion, SCI showed a potential for predicting the longitudinal increase of

p-tau signature and the decrease of brain glucosemetabolism. Further-

more, baseline SCI individuals were at a greater risk of clinical conver-

sion. All these findings support that SCI can provide imperative infor-

mation for early detection and intervention.

Our study is the first to report the predictive relationship of base-

line SCI in cognitively normal individuals with the progress of amy-

loid pathology. It crucially replenishes the gap in current research and

further elaborates the impact of cognition on subsequent pathologi-

cal and clinical progression.5,8 We found greater conversion propor-

tions toAβ positivity in SCI individuals comparedwith normal, whether

in CSF or PET imaging. This result is in concordance with the recent

findings from a non-demented cohort.8 However, it should be noted

that we defined SCI using more acceptable and strict cutoffs based on

the 10th percentile of baseline CN participants in our sample of pure

CN subjects,5,31 because it enables cognition status, evaluated via non-

invasive cognitive measures, to be informative in a very early phase,

and also provides more objective criteria for population selection of

disease-modifying therapy and clinical trials compared with subjective

memory decline.9,10

Faster increments of brain amyloid burden were correlated with

PACC SCI as well as SCI on the language domain, suggesting that

the relationships between cognitive decline and AD pathologies were

not restricted to memory alone.32 Compared to normal groups, we

found that SCI individuals had a lower CSF Aβ1-42 level at the baseline,
whereasCSFAβ1-42 change rates did not showdistinct differences. The

findings indicated that the amyloid pathology would or may already

have been developed in SCI individuals. It also suggested a dominant

role of subthreshold amyloid changes that surpasses the impact of
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F IGURE 3 Kaplan-Meier curves showing survival probability of clinical progression. (A) Progression from cognitively normal participants to
mild cognitive impairment or AD dementia. (B) Progression from cognitively normal participants to incident prodromal stage of AD indicated by a
CDR-global score of 0.5

cognition in the pathological process.8 In any case, our data demon-

strated a predictive relationship ofCSFAβ1-42 on amyloid PET and sup-

ported the temporal evolutionof the first appearanceofCSFabnormal-

ity followed by PET abnormality.33 Although CSF and PETAβ biomark-

ers track the same protein, they deliver unique information about the

underlying AD pathogenesis process.34,35 The different performance

of baseline SCI in predicting subsequent CSF and PET pathologies was

consistent with the temporal evolution, in which abnormality initially

appeared in CSF, followed by PET.33 It is reasonable to speculate that

SCI performed a more accurate prediction of amyloid PET than CSF.

Studies with longer follow-up and larger sample sizes are needed to

verify this conjecture.

Baseline SCI was also proved to have the potential for predicting

the advancement of tau pathology. In the whole cohort, we found that

the CSF p-tau of the PACC SCI subjects had a higher growth trend

compared to that of the normal group. This longitudinal trend was sig-

nificant in subjects with CSF p-tau level under the threshold despite

that compared with the normal group, SCI individuals did not present

higher conversion rates to suprathreshold. This result supports a pre-

vious finding that some states of soluble p-tau (p-tau181 and p-tau217)

change synchronizing with the initial accumulation of Aβ aggregates in
the early phase.36 We, therefore, can argue that SCI could be utilized

as an early predictor of longitudinal changes of tau pathology. On the

other hand, even though PACC SCI individuals showed a slightly higher
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F IGURE 4 Cross-lagged panel model testing predictive relationships between CSF and PET amyloid biomarkers. Brain amyloid burden
measured by PET and CSF Aβ1-42 level weremodeled across three waves (baseline, 24months, and 48months) with baseline SCI/normal category
as the control variable. Rectangles, observed variables; small circles, residual variances; thin gray arrows, nonsignificant longitudinal predictions or
correlations between residuals; black arrows, significant covariate associations or correlations between residuals; green arrows, significant
longitudinal predictions from brain amyloid PET uptake to a variable at a subsequent time point; blue arrows, significant longitudinal predictions
fromCSF Aβ1-42 levels to a variable at a subsequent time point; orange arrows, significant or close to statistically significant longitudinal
predictions from baseline SCI/normal category to a variable at a subsequent time point. Standardized coefficients (β) are displayed for all
predictions

risk of progressing to tau abnormality presented by PET, this result

must be interpretedwithmore caution due to the greater uptake of SCI

groups compared to normal groups at baseline. In addition, CSF tau in

our data showedmodest but not tight associationswith tau PET tracer,

which is in contrast toprevious studies reporting goodaccordance.37,38

However, it provides evidence to the hypothesis, in which tau status

in CSF and PET may represent a different facet of progressive tau

pathology.39,40

Individuals with baseline memory SCI compared with the normal

had lower brain glucose metabolism over time, indicating a possible

link between SCI and neurodegeneration. Only a slight trend of dif-

ference was found between memory SCI/normal groups in conversion

rates from normal to abnormal. One possible explanation for this find-

ing is that the short follow-up period (6 years) cannot lead to adequate

cases of abnormality conversion, for it restricted us to track the neu-

rodegenerative process sufficiently.

Overall, baseline SCI was the harbinger of greater rates of clinical

progression, whether in diagnostic implication or the global assess-

ment of cognitive and functional impairment.41 All types of SCI groups,

except for the visuospatial functioning domain, showed a higher

risk of clinical progression, which was in conformity with previous

findings.5,42 Moreover, multi-domain SCI was more prone to advance

than single domain SCI. In addition, SCI individuals remained at higher

risk of clinical conversion adjusted for age and FDG PET, indicat-

ing that SCI still has the potential for predicting clinical progres-

sion, after excluding the possible influence of mild neurodegenerative

pathologies related to age. Although these composite scores on cog-

nition all showed some predictive power in clinical progression, the

PACC andADNImemory scores seemed to show different sensitivities

to Aβ-related pathology and neurodegeneration, respectively. Future

research should compare these cognition composite scores in detect-

ing early SCI of various domains.

There were several limitations to be acknowledged. The employ-

ment of tau-PET tracer 18F-AV1451 restricted the enrollment of CN

subjects in recent years. Most ADNI participants have progressed

to MCI or AD dementia at first scan. The remaining shared a short

average follow-up time, leading to less powerful observations. In

addition, the thresholds selected for tau PET and CSF biomark-

ers in the present study were not the only ones recognized. There

are other calculated cutoffs and equally valid methods for defining

metaROIs.

5 CONCLUSIONS

Together, our findings provide valuable insights into the correlations of

subtle cognitive impairment with AD-related pathologies. In the pre-

clinical stage, baseline SCI will likely be a powerful marker of clinical

and pathological progression. It may also provide benefits for screen-

ing the population at high risk for AD.
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