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recruitment strategies.

Trial registration METHODS: Eight hundred twenty-one participants from SILCODE and DELCODE
Clinical Trials Register NCT04696315 (Early

Diagnosis of SCD Based on Radiogenomics)

and German Clinical Trials Register community or from memory clinics, underwent neuropsychological assessments over
DRKS00007966 (DZNE - Longitudinal

Cognitive Impairment and Dementia Study).

cohorts, including normal controls (NC) and individuals with SCD recruited from the

up to 6 years. Amyloid positivity was derived from positron emission tomography or
plasma biomarkers. Global cognitive change was analyzed using linear mixed-effects

models.
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1 | BACKGROUND

Subjective cognitive decline (SCD) refers to the perception of a decline
in cognitive ability compared to previous levels of cognitive perfor-
mance that persists over time, is not related to an acute event, and
may be associated with concerns or worries.2 SCD in older adults can
occur despite normal objective cognitive performance and is consid-
ered the first symptomatic manifestation of the Alzheimer’s disease
(AD) continuum in those with evidence of amyloid beta (AB) pathol-
ogy in the brain.3=> Considered separately, both amyloid pathology
and SCD symptoms predict future cognitive decline®’ and may occur
decades before objective cognitive impairment.”~11 However, both
are only weak predictors of short-term future cognitive decline in
older adults without cognitive impairment,'2-17 and not all SCD8-20
or amyloid-positive (AB+) patients!>2122 will develop mild cognitive
impairment (MCI) or dementia in the next 2 to 6 years. In contrast,
some previous studies have shown that individuals with SCD who are
also AB+ may be at greater risk of cognitive decline compared with Ag+
normal controls (NC) or SCD amyloid-negative (Ag—).>23-27 This find-
ing provides initial support for the use of SCD as an indicator of the
second stage of the AD continuum in individuals with AD pathology, as
outlined in the National Institute on Aging and Alzheimer’s Association
(NIA-AA) research framework.* However, some research gaps remain.
First, there is an important source of heterogeneity in the definition
of SCD, which can be categorical or dimensional across studies28-3°
and the modality used to define amyloid positivity differ.3%32 Cere-
brospinal fluid (CSF) and positron emission tomography (PET) are
reliable amyloid measures that are also predictive of cognitive decline,
but they are invasive or expensive.32-3> Plasma biomarkers are less

invasive and cost-effective but have not been extensively studied in
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RESULTS: In the combined and stratified cohorts, A+ participants with SCD showed
steeper cognitive decline or diminished practice effects compared with NC or A— par-
ticipants with SCD. These findings were confirmed using different operationalizations
of SCD and amyloid positivity, and across different SCD recruitment settings.
DISCUSSION: AB+ individuals with SCD in German and Chinese populations showed
greater global cognitive decline and could be targeted for interventional trials.

amyloid pathology, cognitive decline, cross-cultural study, longitudinal design, PET, plasma
AB42/40 ratio, Stage 2 Alzheimer’s disease, subjective cognitive decline

» SCD in amyloid-positive (AB+) participants predicts a steeper cognitive decline.
* This finding does not rely on specific SCD or amyloid operationalization.

* This finding is not specific to SCD patients recruited from memory clinics.
 This finding is valid in both German and Chinese populations.

» Ap+ older adults with SCD could be a target population for interventional trials.

SCD.36-38 Therefore, it is unclear whether SCD with amyloid positiv-
ity indicates Stage 2 of the AD continuum, irrespective of the method
used to assess SCD and amyloid positivity (eg, plasma-derived). Sec-
ond, it has been suggested that different SCD recruitment settings
(community vs memory clinics) should be considered when interpret-
ing SCD study results, especially when evaluating SCD as a risk factor
for MCl and dementia because memory clinic samples may be at higher
risk.1?3? To the best of our knowledge, no study has explored the
impact of recruitment settings on Stage 2 of the AD continuum con-
cept until now. Third, previous studies were mainly conducted in North
American or European cohorts, and none of them looked at this accord-
ing to different ethnic and cultural backgrounds, which can influence
the access to memory consultation and the expression of complaints
due to socioeconomic differences and the stigma of mental illness in
East Asia.*0

Thus, the main aim of this study was to investigate whether A+
participants with SCD showed poorer cognitive profiles in a cross-
cultural sample from China and Germany. We did this by first exam-
ining whether initial and longitudinal cognitive performance differed
according to a combination of amyloid positivity and the presence of
cognitive complaints with associated concerns/worries (ie, categorical
SCD symptoms). Then we tested whether these findings were recov-
ered using (1) acomplementary dimensional method for assessing SCD
levels (ie, the 12-item Everyday Cognition questionnaire [Ecog]), (2)
different modalities for assessing amyloid positivity (PET- or plasma-
derived), and through (3) different recruitment settings (community vs
memory clinics) of SCD participants. We also explored the differences
between countries using stratified analyses, except for the recruitment
setting, because only the SILCODE cohort included both community

and memory clinic participants with SCD.
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2 | METHODS
2.1 | Study design

The Cross-Cultural Longitudinal Study on Cognitive Decline
(CLoCODE) project is a collaborative study that aims to establish
cross-cultural prediction models of SCD (see previously published
study design*!). CLoCODE includes data from two multicenter
cohorts: the Sino Longitudinal Study on Cognitive Decline (SILCODE)
from China*? and the DZNE-Longitudinal Cognitive Impairment and
Dementia Study (DELCODE) from Germany.*3

2.2 | Participants

This study comprised 821 participants, including 341 SILCODE par-
ticipants and 480 DELCODE participants. All participants had normal
cognition at baseline, as measured by comprehensive clinical neu-
ropsychological test batteries consisting of standardized measures of
memory, language, and executive function. In SILCODE, normal cog-
nition was defined according to the Jak/Bondi criteria:** participants
were excluded if (1) they had demographically adjusted impairments
(> 1 standard deviation [SD]) on two measures within at least one cog-
nitive domain (ie, memory, language, and executive function), if (2) they
had one impaired score in each of these cognitive domains, or if (3) they
had functional impairment as defined by a score of at least 9 on the
Functional Activities Questionnaire (FAQ) (see Supplementary Mate-
rial). DELCODE participants were excluded when test scores in the
extended Consortium to Establish a Registry for Alzheimer’s Disease
(CERAD) neuropsychological test battery*® were less than —1.5 SD rel-
ative to age-, sex-, and education-adjusted normal performance on at
least one subtest.

To harmonize the categorical SCD definition across cohorts and
to match the inclusion criteria of the DELCODE study, all cognitively
unimpaired (CU) participants were then classified into two distinct
groups based on the presence or absence of concerns associated with
a self-reported cognitive decline at baseline. Briefly, 272 NC (N = 124
in SILCODE and N = 148 in DELCODE) were recruited through stan-
dardized public advertisements for the absence of concerns/worries
as determined by telephone screening®® and/or response to the SCD
interview.*® A total of 549 SCD participants (presence of cognitive
complaints and concerns/worries) were recruited in both cohorts
through referrals from general practitioners or memory clinics (both
memory clinic settings [SCDclin patients], N = 332 in DELCODE and
N = 78 in SILCODE), with a subset of 139 SILCODE SCD participants
recruited through standardized public advertisements (community
settings [SCDcom], using SCD interview worry items). The inclusion
and exclusion criteria for both cohorts were described in detail in previ-
ous publications,*243 and those for the collaborative study are detailed
in the CLoCODE protocol*! (Supplementary Material).

All 821 participants selected for the current study underwent an
extensive battery of clinical and neuropsychological tests administered

by trained physicians and neuropsychologists at least at baseline and

RESEARCH IN CONTEXT

1. Systematic review: We reviewed the literature and
cite publications exploring the association between sub-
jective cognitive decline (SCD), amyloid, and cognitive
decline throughout the manuscript. Cross-cultural stud-
ies are lacking, and the heterogeneity in SCD and amyloid
operationalizations needs to be explored.

2. Interpretation: Our findings show that SCD combined
with amyloid positivity is associated with steeper cog-
nitive decline or fewer practice effects. Findings are (1)
globally found across two different cohorts, (2) con-
firmed using dimensional SCD (Everyday Cognition [Ecog]
scores), (3) replicated using amyloid status derived from
plasma AB42/40 ratio or amyloid-PET, and (4) not spe-
cific to SCD recruited from memory clinics but also found
in SCD from the community. SCD in amyloid-positive
(AB+) individuals may help to identify individuals at risk
for cognitive decline in German and Chinese populations,
regardless of the method used to detect them.

3. Future directions: Interventional clinical trials could use
AB+ participants with SCD as a target population.

had baseline amyloid status available based on either amyloid-PET
scans or blood biomarkers (see Amyloid biomarkers section). Of these,
611 (74.42%) participants had multiple time points available and were
followed up every 15 months (SILCODE) or every year (DELCODE), for

up to 6 years.

2.3 | Cognitive and behavioral assessments
2.3.1 | Subjective cognition

Complementary to the categorical definition of the SCD population
(described earlier in the Participants section; ie, presence/absence of
cognitive complaints with associated concerns/worries), both cohorts
assessed SCD levels (ie, dimensional SCD) using the 12-item short form
of the Ecog. This questionnaire required participants to rate their abil-
ity to perform everyday tasks now compared to 10 years ago on a
4-point scale (from “no change” [1] to “consistently much worse” [4]).4”
Each question could also be answered with “I do not know,” which is
treated as a missing value in this questionnaire. The total Ecog score
was therefore calculated as the sum of all available items divided by
the number of completed items, ranging from 1 to 4, with higher scores
indicating higher self-reported SCD levels.

2.3.2 | Objective cognition
In both studies, cognitive composite scores assessing global cognitive

performance were calculated based on z-scores derived from the mean

and SD at baseline for all CU participants within each cohort.
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In SILCODE, the composite score was calculated as the mean perfor-
mance on the Auditory Verbal Learning Test-Huashan version 20-min
long delayed recall (AVLT-Retrieve, scale range: O to 1248) and recog-
nition (AVLT-Recognition, scale range: O to 24*8), the completion time
of the Shape Trails Test A and B (STT-A, scale range: O to 180s; STT-B,
scale range: 0 to 300s%?), Verbal Fluency Test (VFT>), 30-item Boston
Naming Test (BNT, scale range: O to 30°!), Memory and Executive
Screening (MES, scale range: 0 to 100°2), and the Montreal Cognitive
Assessment-Basic version (MoCA, scale range: 0 to 30°3).

In DELCODE, the composite score used is the Preclinical
Alzheimer’s Cognitive Composite (PACC5), which was developed
to sensitively track cognitive decline in the early phase of AD.%* It
was calculated as the mean performance of the total and free recall
of the Free Cued and Selective Reminding Test (FCSRT, scale range:
0 to 96°°), the Symbol Digit Modalities Test (SDMT, scale range: O to
90°%), the logical memory delayed recall (scale range: O to 25°7), a
test of semantic fluency (sum of the animals and groceries named in
1 min, scale range: 0 to 60°8), and the Mini-Mental State Examination
(MMSE, scale range: 0 to 30°?). The details were provided in a previous

study.”

2.4 | Amyloid biomarkers

Amyloid beta (AB) deposition was assessed for all participants in our
study using either amyloid-PET or the plasma AB42/40 ratio at base-
line, depending on data availability (described in what follows). In
the presence of amyloid-PET scans, these data were preferred over
plasma levels to determine amyloid positivity in the case of conflicting
results. This was done to reliably assess amyloid pathology in the most
comprehensive set of participants available.

All participants were divided into the following four groups: NC
amyloid-negative or positive (NC_AB— and NC_AB+) and SCD amyloid-
negative or positive (SCD_AB— and SCD_AB+). Briefly, there were 179
(21.8%) NC_AB—, 334 (40.68%) SCD_AB—, 93 (11.32%) NC_AB+, and
215 (26.18%) SCD_AB+ in the two combined cohorts (Table 1, with
cohort details in Table S1).

24.1 | Amyloid-PET

In our study, 82 (24.05%, NC and SCD) SILCODE participants under-
went an 8F-florbetapir PET (FBP-PET) scan on a 3.0 T time-of-flight
(TOF) scanner (Signa, GE Healthcare, Milwaukee, Wisconsin, USA) at
XuanWu Hospital,*? and 84 (24.63%, NC and SCD) participants under-
went an 18F-D3FSP-PET scan (a deuterated 18F-florbetapir PET) on
a 3.0 T TOF scanner (GE Discovery 710, Milwaukee, Wisconsin, USA)
at Hainan General Hospital. For the amyloid-PET imaging, participants
were injected intravenously with either FBP*2 or D3-FSP%° at 370
MBq (10 mCi + 10%), rested for 45 min, and prepared for the scanning.
PET imaging was performed 50 min after injection, and the PET acquisi-
tion time was 20 min. The FSP and FBP standardized uptake value ratio

(SUVR) of the AD summary cortical regions (posterior cingulate cortex,
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precuneus, frontal lobe, parietal lobe, and lateral temporal lobe) was
obtained by dividing the radiotracer uptake value of typical AD brain
regions by that of the entire cerebellum. The cutoff of FBP SUVR in the
AD summary cortical region was defined as >1.11.%1 For FSP, we used
Gaussian mixed-model analysis to estimate two Gaussian distributions
of low Ag and high Ag for FSP SUVR to define an unsupervised thresh-
old >1.03, which corresponds to a 90% probability of belonging to the
high-Ag distribution (not yet published).

In DELCODE, only SCD patients received amyloid-PET scans.
Sixty (12.50%) participants with SCD underwent an 18F-florbetaben
(FBB; Neuraceq) PET scan at the nuclear medicine departments of
the participating sites during baseline. A 20-min scan was acquired
approximately 90 min after an intravenous injection of 260 to 300
MBq.*® The detailed acquisition procedure is available in previous
publications.*3¢2 Briefly, amyloid positivity was determined by visually
reading the FBB-PET scans.?

2.4.2 | Plasma AB measurements

Procedures for plasma acquisition, processing, and analysis in
SILCODE*? and DELCODE“® were described previously and followed
standardized assessment protocols. Briefly, Meso Scale Diagnostics
(MSD) kits (V-PLEX AB Peptide Panel 1[4G8] Kit, K15199E, Mesoscale
Diagnostics, Rockville, Maryland, USA) and Single-Molecule Array
(SIMOA, Neurology 4-PLEX E, Quanterix, USA) technology were used
in SILCODE to quantify plasma AB concentrations and stratify the
population according to the AB42/40 ratio threshold for amyloid
positivity (<0.0145 for MSD%3 and <0.0663 for SIMOA). Only MSD
(V-Plex AB Panel 1 [6E10] multiplex assay kit) was used in DELCODE
with a cutoff of <0.106.%% Thresholds for each assay were defined
with receiver operating characteristic curve (ROC) analysis using
amyloid-PET (SILCODE) or CSF ApB42/40 (DELCODE) pathology as
the reference standard. In both studies, the area under the ROC curve
(AUC) for all plasma assays was >0.8 (SILCODE unpublished data) and,
thus, similar to the accuracy of plasma Ag reported in other studies.3?
In our study, 163 SILCODE participants (73 NC, 90 SCD) and 474
DELCODE participants (148 NC, 326 SCD) used the MSD method,
whereas 174 SILCODE participants used the SIMOA method (50 NC,
124 SCD).

2.5 | Statistical analysis

The main statistical analyses were executed in the combined CLoCODE
sample regrouping SILCODE and DELCODE participants according to
the combination of categorical SCD with amyloid positivity (ie, four
groups: NC_AB—, SCD_AB—, NC_AB+, SCD_AB+). Statistical analyses
were performed with statistical significance set at p < 0.05, using R
software (version 4.3.0, https://www.r-project.org/).

The mean and SD, or sample size with percentage, were used to
describe the baseline demographic and cognitive features of the sam-

ple according to the four groups. Group differences were determined
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TABLE 1 Demographic information at baseline in combined CLoCODE sample (N =821).

NC_AS— SCD_AS— NC_AB+

N 179 334 93
SILCODE, n (%) 67 (37.4%) 127 (38.0%) 57 (61.3%)
Age, mean (SD) 68.51(5.61) 68.18 (6.04) 68.58(5.81)
Sex, female, n (%) 108 (60.3%) 192 (57.5%) 52 (55.9%)
Education, mean (SD) 14.01(2.94) 14.59 (3.07) 13.40(3.31)
MMSE, mean (SD) 29.15(1.16) 29.02(1.36) 29.09 (1.40)
Ecog, mean (SD) 1.18(0.20) 1.51(0.43) 1.22(0.32)
APOE ¢4 carriers, n (%) 20(11.5%) 72(21.8%) 22 (24.4%)
AB_method, PET, n (%) 43 (24.0%) 133(39.8%) 6(6.5%)
FU years, mean (SD)“ 3.88(1.44) 3.23(1.40) 4.00(1.34)

SCD_Ag+
215
90(41.9%) <0.001° NC_AB+<NC_AS—, SCD_AB—, SCD_AB+
7041(6.88)  <0.001° NC_AB—,SCD_AS—, NC_AG+ < SCD_AB+
105 (48.8%)  0.11°
14.00 (3.11) 0.005° NC_AB+ < SCD_AB—
28.85(1.28) 0.007° SCD_AB+ < NC_AB—, SCD_AB—, NC_AB+
151(046)  <0.001° NC_AB—, NC_AB+ < SCD_AB—, SCD_AG+
90(42.7%) <0.001° NC_AB-<SCD_AB—, NC_AB+ < SCD_AB+
44(20.5%) <0.001° NC_AB+ < SCD_AB+ NC_AS- < SCD_AG—
327(146)  <0.001° SCD_AB—,SCD_AB+ < NC_AB—, NC_AB+

p-value  Post hoc analysis

Note: Percentages in table represent proportions within each group. Across the whole sample, there was 21.80% of NC_AB—, 40.68% of SCD_AB—, 11.32% of

NC_AB+, 26.18% of SCD_Ag-+.

Abbreviations: APOE, apolipoprotein E; A3, amyloid beta; CLoCODE, cross-cultural longitudinal study on cognitive decline; Ecog, Everyday Cognition ques-
tionnaire; FU, follow-up time for those who had at least two visits. MMSE, Mini-Mental State Examination; NC, normal control; PET, positron emission
tomography; SCD, subjective cognitive decline; SD, standard deviation; SILCODE, Sino Longitudinal Study on Cognitive Decline.

aKruskal-Wallis test between groups, post hoc Dunn’s tests.
b2 between groups.

“Follow-up time corresponded to 74.42% of participants who had at least two time points available.

using chi-squared tests for categorical variables and Kruskal-Wallis
test with post hoc Dunn'’s test for continuous variables (assumptions
for parametric testing not met; ie, normality and/or homogeneity of
variance).

To address our first aim, we performed linear mixed-effects models
(using Imer models in R) with longitudinal data to determine whether
baseline cognitive performance and cognitive decline over time
differed among the four groups in the combined sample (Model 1).
To determine whether the findings differed between cohorts, and
thus between different ethnic and cultural backgrounds, a three-way
interaction term between time, groups, and cohorts was included in the
models (Model 2). To confirm that differences in outcome measures
did not affect the statistical results, Model 1 was repeated separately
in the stratified analyses for each cohort, and a complementary
fixed-effects meta-analysis based on the extracted summary statistics
(metafor package via the “rma” function) was conducted to deter-
mine whether the findings highlighted in the combined sample were
recovered.

Our second objective was to test whether these findings were
recovered when dimensional SCD (Ecog score) was used instead of cat-
egorical SCD. We examined the three-way interaction between time,
baseline Ecog score, and amyloid positivity in Imer models (Model 3), as
well as the four-way interaction by adding an interaction with cohorts
(Model 4). As described previously, Model 3 was repeated in the anal-
yses stratified by cohort. In these four models (Models 1 to 4), amyloid
positivity was first defined based on PET data and, if not available,
based on the plasma A342/40 ratio.

Second, to test the impact of different modalities used to assess
amyloid status, we first performed the same previous four models
using amyloid positivity determined by either plasma AB42/40 ratio or

amyloid-PET only (instead of combined) in smaller samples. The last
analyses restricted to amyloid-PET data were specific to SILCODE, the
only cohort where the reference group (NC_AB-) has data available.

Third, to determine the impact of the recruitment setting (com-
munity vs memory clinic) on participants with SCD, we categorized
SILCODE participants into six groups according to their recruitment
settings combined with their baseline amyloid status determined by
PET and plasma (ie, NC_AB—, NC_AB+, SCDcom_AB—, SCDcom_AB+,
SCDclin_AB—, SCDclin_AB+). We then explored the two-way interac-
tion between time and groups in a Imer model (Model 5) conducted
in this restricted SILCODE sample (not replicated in DELCODE, where
there were only SCDclin participants).

All mixed models included random intercepts and random slopes for
time in years after baseline and were adjusted for age, sex, and years
of education and for their interaction with time in the Imer models.
In addition, combined sample analyses were adjusted for cohorts
(summarized in Supplementary Material). When the interaction was
significant, post hoc comparisons (for baseline performances and
slopes) between groups and/or cohorts were conducted with a false

discovery rate (FDR) correction for multiple comparison,®°:¢¢

using
the “hypothesis_test” function from the ggeffects package.’ Please
note that the main aim of the current study was to determine how
amyloid pathology per se interacted with a clinical feature (here
SCD) on present and future objective cognitive performance in CU
older adults from two countries with different ethnic and cultural
backgrounds. To achieve this objective, it is not necessary to include
all potential drivers in the modeling. Therefore, we decided not to
include apolipoprotein E allele ¢4 (APOE ¢4), which is known to be
a driver of amyloid pathology,®®¢? as an additional covariate in our
models.
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FIGURE 1 Longitudinal cognitive performance according to baseline categorical SCD definition combined with baseline amyloid status. Plots
are derived from linear mixed-effects models looking at (A) the two-way interaction between time and group (Model 1) and (B) the three-way
interaction between time, group, and cohort (Model 2), with cognitive measures (z-composite score in SILCODE or PACC5 score in DELCODE) as
outcome. AB, amyloid beta; CLoCODE, Cross-Cultural Longitudinal Study on Cognitive Decline; DELCODE, DZNE-Longitudinal Cognitive
Impairment and Dementia Study; Est, estimate; PACC5, Preclinical Alzheimer’s Cognitive Composite; SE, standard error; SILCODE, Sino

Longitudinal Study on Cognitive Decline.

3 | RESULTS
3.1 | Demographics

The data from 821 participants were analyzed, and the baseline par-
ticipants’ characteristics are detailed in Table 1. They were followed
over a mean period of time of 3.45 + 1.45 years (for participants having
at least two time points available). At baseline, there were no differ-
ences in sex distribution (p = 0.11) between the four groups. SCD_AB+
was older than the three other groups (SCD_AB—, p < 0.001; NC_Ap—,
p = 0.01; NC_AB+, p = 0.04), and NC_AB+ had a lower level of edu-
cation than SCD_AB— (p = 0.003). SCD_AB+ had lower MMSE score
than the three other groups (SCD_AB—, p = 0.03; NC_AB—, p = 0.01;
NC_AB+, p=0.02). Regarding the proportion of APOE 4 carriers, it was
higher in the SCD_AB+ group compared to the SCD_AS— and NC_AB+
groups, all three compared to the NC_AB— group (all p < 0.007, except
for NC_AB— < NC_AB+, p = 0.01). Detailed information stratified by
cohort is presented in Figure S1 and Table S1.

3.2 | Baseline and longitudinal cognition across
groups

Detailed information on the linear mixed-effects model results is pro-
vided in Tables S2 and S3, and the derived plots are presented in
Figure 1. The raw data of the cognitive trajectories by groups are
visualized in Figure S2 through spaghetti plots.

Significant differences in baseline cognition were found between

four groups in the CLoCODE combined sample (Model 1), where post

hoc comparison showed that the SCD_AB+ group performed worse
than the three other groups, and SCD_AS— performed worse than the
NC_AB- group after FDR correction (all p < 0.001, Figure 1A and Table
S2A). Stratified analyses replicated this main effect of the groups in
DELCODE (p < 0.001), where post hoc comparisons showed that cog-
nitive performances were significantly lower in SCD_AB+ compared to
SCD_ApB— compared to both NC groups (all p < 0.002, except SCD_AS+
vs SCD_AB—, p=0.01; Table S2C). This did not replicate the main effect
of the SILCODE groups (p =0.38, Table S2B). This difference led to a sig-
nificant interaction between groups and cohorts in Model 2 (p = 0.006;
Figure 1B and Table S3).

Regarding longitudinal cognitive change, Model 1 revealed an over-
all significant increase in cognitive performance over time (estimate
[Est] = 0.38, SE = 0.08, p < 0.001) for the CLoCODE combined sam-
ple, with significant differences between the four groups (p < 0.001).
Overall, all groups showed increasing cognitive performance over time
except the SCD_AB+ group, which showed a slight decline (Est = —0.03,
SE = 0.02, p = 0.03). The post hoc comparison showed that the
SCD_AB+ group had a significantly steeper cognitive decline than the
three other groups (all p < 0.001; Figure 1A and Table S2A). Stratified
analyses showed the same main effect of the groups in both cohorts
(DELCODE, p < 0.001; SILCODE, p = 0.002). Post hoc comparisons
showed significant differences between the SCD_AB+ group and the
three others in both cohorts after FDR correction (all p < 0.009, except
with NC_AB+, p = 0.03 in DELCODE, and p = 0.06 in SILCODE; Table
S2B-C), although the slopes within each subgroup were not always sig-
nificantly different from zero. Model 2 confirmed the absence of signif-
icant differences across cohorts by revealing no significant interactions

between time, groups, and cohorts (p = 0.27; Figure 1B and Table S3).

85US0| 7 SUOWILIOD aATEe.D) 3|qeal|dde ayy Aq peussnob ae Sajo1e YO 8sn Jo'Sa|n. 10} ARid1T 8uluO /8] UO (SUONIPUOD-PUR-SWB)W0Y A3 1M ARRIq ]BU1[UO//SONY) SUOIIPUOD pUe SWe | 8y 89S *[SZ0z/T0/82] U0 Akeiqiauljuo A|IMm ‘BIueD Yosesssy HAWD Ud!ine wniuezsbunyasiod Aq 6TTYT Z[/200T 0T/I0p/woo A8 |1 Arigjeut|uo'seunol-ze//sdny wouy pepeojumod ‘6 ‘¥20Z ‘6.252SST



s022 | Alzheimer’s &Dementia’

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

SHAOET AL.

(A) CLoCODE (combined sample) (B) SILCODE DELCODE
1:0= 1.0-
%5 0.5+
o o
Q Q
8 g
o] 2
2 g
o Q.
£ o0o0- £ o0o0-
8 8
2 2
() (]
05- 05-
1.0 -1.0
6 i B 6 s i & e 3 i §

Time from baseline (years) Time from baseline (years)

Ecog x AB status
— 1.08AB- — 125AB- — 158AB- — 108AB+ — 1.25AB+ — 158.AB+
FIGURE 2 Longitudinal cognitive performance according to baseline Ecog levels and amyloid status. Plots are derived from linear
mixed-effects models looking at (A) the three-way interaction among time, Ecog, and amyloid status (Model 3) and (B) the four-way interaction
among time, Ecog, amyloid status, and cohort (Model 4), with cognitive measure (z-composite score in SILCODE or PACC5 score in DELCODE) as
outcome. For visualization purposes, Ecog levels are divided here into quartiles with lower, median, and upper modelized as separate lines (the
lower quartile is 1.08, the median is 1.25, the upper quartile is 1.58). AB, amyloid beta; CLoCODE, Cross-Cultural Longitudinal Study on Cognitive

Decline; DELCODE, DZNE-Longitudinal Cognitive Impairment and Dementia Study; Ecog, self-reported 12-item short form of Everyday Cognition

guestionnaire; Est, estimate; PACCS5, Preclinical Alzheimer’s Cognitive Composite; SE, standard error; SILCODE, Sino Longitudinal Study on

Cognitive Decline.

It should be noted that similar results were found when summary
statistics from both cohorts were used to determine pooled esti-
mates and confidence intervals for slopes and group comparisons in

fixed-effects meta-analyses (Table S4A).

3.3 | Replication with a dimensional SCD measure
(Ecog)

Detailed information on the linear mixed-effects model results is pro-
vided in Tables S5 and Sé, and the derived plots are presented in
Figure 2.

Significant differences in baseline cognition were found according
to baseline Ecog scores in the CLoCODE combined sample, where
higher Ecog scores were negatively associated with objective cognitive
performance (Est = —0.31, SE = 0.06, p < 0.001), and no significant dif-
ferences were found according to baseline amyloid status (Est = —0.23,
SE =0.14, p = 0.09) or their interaction (Est = 0.10, SE = 0.09,p = 0.27;
Model 3; Figure 2A and Table S5A). Stratified analyses replicated this
main Ecog effect in DELCODE (Est = —0.36, SE = 0.07, p < 0.001, Table
S5C), but not in SILCODE (Est = —0.12, SE = 0.15, p = 0.43, Table S5B),
although no significant interaction with cohorts was found in Model 4
(Ecog x AB status x cohort, p = 0.45; Figure 2B and Table Sé).

Regarding longitudinal cognitive decline, Model 3 revealed no sig-
nificant interaction between time and Ecog (Est = —0.02, SE = 0.02,
p = 0.36), or time and amyloid status (Est = 0.06, SE = 0.04, p = 0.18)

separately, but a significant three-way interaction between them (Time

x Ecog x Af status, Est = —0.08, SE = 0.03, p = 0.01), where AB+ par-
ticipants with higher Ecog scores showed a steeper cognitive decline
over time (Figure 2A and Table S5A, recovered by fixed-effect meta-
analysesin Table S7A). Stratified analyses revealed the same significant
associations in DELCODE (Est = —0.07, SE = 0.03, p = 0.03; Table S5C)
and a trend in SILCODE (Est = —0.13, SE = 0.07, p = 0.06; Table S5B),
without any significant interaction with cohorts in Model 4 (Time x
Ecog x AB status x Cohort, p = 0.36; Figure 2B and Table S6).

3.4 | Analyses using different amyloid modalities

Linear mixed-effects models were replicated in additional analyses
based on a smallest sample using amyloid status based either on the
plasma AB42/40 ratio (Models 1 to 4) or on the amyloid-PET (Models 1
and 3, restricted to SILCODE participants), instead of both combined.
Detailed information on the models’ results is provided in Tables S8 to
S11.

3.4.1 | Plasma amyloid

Regarding categorical SCD, findings were recovered in the combined
CLoCODE sample with significant differences at baseline (p < 0.001)
and over time (p < 0.001) between groups, where the SCD_AB+ group
had lower baseline cognitive performances and a steeper cognitive
decline than the three other groups (all p < 0.003), and the SCD_AS-
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NC_AB— SCDcom_ApB— SCDclin_AB— NC_AB+ SCDcom_AB+ SCDclin_AB+ p-value
N 25 23 39 18 19 22
Age, mean (SD) 66.04 (4.49) 64.57 (4.93) 66.36 (4.70) 65.56 (5.98) 63.26 (6.09) 67.55 (5.50) 0.31°
Sex, female, n (%) 17 (68.0%) 13(56.5%) 21(53.8%) 12 (66.7%) 14 (73.7%) 17 (77.3%) 0.42°
Education, mean (SD) 12.84(2.98) 13.24(3.77) 13.51(2.85) 13.00 (3.22) 12.90(2.83) 13.00 (3.06) 0.07°
MMSE, mean (SD) 28.92(1.08) 29.14(1.04) 28.74(1.53) 29.33(0.77) 28.26 (2.00) 28.68(1.62) 0.20°
APOE &4 carriers, n (%) 3(12.0%) 5(21.7%) 13(33.3%) 1(5.6%) 4(21.1%) 9 (40.9%) 0.06¢
AB_method, PET, n (%) 15 (60.0%) 12(52.2%) 30(76.9%) 1(5.6%) 4(21.1%) 7 (31.8%) <0.001°
FU years, mean (SD) 2.86(1.33) 2.91(1.55) 3.35(1.39) 3.50(1.72) 2.87(1.93) 3.81(1.40) 0.18°

Note: Percentages in table represent proportions within each group. Across the whole sample, there was 17.12% of NC_Af—, 15.75% of SCDcom_AB—, 26.71%
of SCDclin_AB—, 12.32% of NC_AB+, 13.01% of SCDcom_AB+, 15.06% of SCDclin_Ap+.

Abbreviations: APOE, apolipoprotein E; AB, amyloid beta; FU, follow-up; MMSE, Mini-Mental State Examination; NC, normal control; PET, positron emission
tomography; SCD, subjective cognitive decline; SCDclin, SCD from memory clinic; SCDcom, SCD from community; SILCODE, Sino Longitudinal Study on

Cognitive Decline.
2Kruskal-Wallis test between groups, post hoc Dunn’s tests.
b2 between groups.

¢Post hoc comparison: NC_AB+ < SCDclin_AB+, and trend for NC_AS— < SCDclin_AB—, SCDclin_AB+, and NC_AB+ < SCDclin_AB-.
dPost hoc comparison: NC_AB+ < SCDcom_AB+ < SCDclin_AB+ < SCDcom_AB— < NC_AB—, SCDclin_AB—.

showed lower baseline cognitive performances (p < 0.001) and tended
to also show a steeper cognitive decline than the NC_AB— group
(p=0.09; Model 1, Table S8A).

Regarding dimensional SCD, findings were also confirmed with a sig-
nificant baseline difference according to the Ecog score (Est = —0.28,
SE =0.06,p <0.001; higher baseline scores were associated with lower
cognitive performances) but not according to baseline amyloid status
(Est = —0.06, SE = 0.13, p = 0.63) or their interaction (Est = 0.006,
SE = 0.09, p = 0.94). Moreover, a significant three-way interaction
between time, Ecog, and amyloid status (Est = —0.09, SE = 0.03,
p = 0.003) was found in the CLoCODE combined sample (Model 3,
Table S9A).

As previously highlighted using amyloid status based on a combi-
nation of PET and plasma data, stratified analyses revealed a similar
pattern of differences in the DELCODE cohort, except at baseline,
where differences between the SCD_AB+ and SCD_AS- groups
were only a trend (p = 0.07; Tables S8C and S9C). However, in the
SILCODE cohort there were no significant differences in baseline
cognition (both models with p > 0.84), but there were significant
interactions between time, Ecog, and amyloid status (Est = —0.13,
SE =0.07, p=0.05; Table S9B) and between time and groups (p = 0.04,
SCD_AB+ > NC_AB— (p = 0.08), SCD_AB— (p = 0.08); Table S8B).
These slight differences led to a significant interaction between
groups and cohorts (p = 0.009) in Model 2 only (Table S10A), whereas
no interaction was found with cohorts in Model 4 (all p > 0.15;
Table S10B).

3.4.2 | Amyloid-PET in SILCODE

Analyses conducted in the PET subsample from SILCODE showed the
same pattern of differences as the two other sets of analyses, with

a significant interaction between time and groups (p < 0.001, the
NC_AB+ group was excluded from this analysis due to few available
data; Model 1, Table S11A) and between time, Ecog score, and amyloid
status (p = 0.03; Model 3), where the SCD_AB+ group and AB+ par-
ticipants with higher baseline Ecog scores showed a steeper cognitive
decline than the others (Table S11B).

3.5 | Exploration of different SCD recruitment
settings in SILCODE

Data from 146 SILCODE participants that had at least two visits
and were stratified into six groups according to the recruitment
setting combined with the baseline amyloid status (derived from a
combination of PET and plasma AB42/40 ratio) were analyzed. Details
of the demographic and clinical data are shown in Table 2. The mean
follow-up time was 3.23 + 1.55 years. There were no baseline differ-
ences regarding age, sex, years of education, MMSE, and follow-up
time; there was only a trend for APOE ¢4 carriers (p = 0.06, where
both SCDclin groups tend to have more APOE &4 carriers than NC
groups).

No significant differences in baseline cognition were found between
the groups (p = 0.28; Model 5); however, a significant interaction
between time and groups was observed (p = 0.01; Figure 3). The
SCDclin_AB+ group showed a steeper cognitive decline than the other
groups (NC_AB—, p=0.003; NC_AB+, p=0.03; SCDcom_AB—, p=0.02;
SCDclin_AB—, p = 0.003), except the SCDcom_AB+ group (p = 0.68).
The SCDcom_Ag+ group only showed, or tended to show, a steeper
cognitive decline than the three AB— groups (NC_AB—, p = 0.03;
SCDcom_AB—, p = 0.08; SCDclin_AB—, p = 0.05), but not than the
NC_AB+ group (p =0.14; Table S12).
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FIGURE 3 Longitudinal cognitive performances according to recruitment setting combined with amyloid status in SILCODE. Plots are derived
from linear mixed-effects models (Model 5) looking at two-way interaction between time and six groups based on the combination of recruitment
setting (ie, NC, SCDcom, SCDclin) and baseline amyloid status (derived from PET and plasma data combined). AB, amyloid beta; Est, estimate; NC,

normal control; SCD, subjective cognitive decline; SCDcom, SCD recruited from community; SCDclin, SCD recruited from memory clinic; SE,

standard error; SILCODE, Sino Longitudinal Study on Cognitive Decline.

4 | DISCUSSION

This study aimed to confirm the predictive value of SCD combined
with baseline amyloid status for longitudinal global cognitive decline
in a cross-cultural sample and determine whether this was affected by
the methodology used to assess SCD and amyloid status and whether
it differed across cultures and recruitment settings. Through combined
CLoCODE analyses, and in each of the two cohorts separately, we
found that the SCD_AB+ group was the only one to consistently
show a steeper objective cognitive decline or fewer practice effects
over a follow-up period of up to 6 years, compared to the other
three groups (including the NC_AB+ group, which remained stable or
improved slightly). Findings were globally confirmed in analyses (1)
using the baseline Ecog score to assess dimensional SCD, (2) using
the baseline plasma AB42/40 ratio or amyloid-PET separately to
determine amyloid status, and (3) using different SCD recruitment
settings.

Our study first showed that the SCD_AB+ group, using amyloid-
PET or plasma AB42/40 ratio combined, presented minor cognitive
deficits at baseline compared to the other three groups (ie, SCD_AB—,
NC_AB+,NC_AB-). This replicated results from a past DELCODE study
(restricted sample with CSF and shorter follow-up time)® and suggests
that SCD_AB+ shows slow cognitive decline and may be associated
with minor baseline differences, particularly if participants had been in
Stage 2 of the AD continuum for years before participating in the study

(not recovered in SILCODE where participants were younger).

Furthermore, we found a significant increase in global cognitive
performance over time in the entire sample, with a significant inter-
action between time and the four groups of interest. This indicates
that there was a global test-repetition effect in the CLoCODE com-
bined sample. However, this effect differed according to the presence
or absence of categorical SCD symptoms (ie, cognitive complaints with
concerns/worries) combined with the amyloid status at baseline. Our
analyses showed that the SCD_AB+ group was the only group showing
a steeper global cognitive decline over time (or fewer practice effects
in stratified analyses) compared to the other three groups. Conversely,
the NC_AB+ and SCD_AB— groups were not significantly different from
the NC_AB— reference group, with all three showing slight cognitive
improvements. It is noteworthy that diminished practice effects were

described previously in Ag+ participants’?-72

and may be another cog-
nitive feature of Stage 2 of the AD continuum, together with subtle
impairments measurable at a single time point.”3 Thus, these practice
effects are increasingly viewed as an interesting measure of learning
in longitudinal studies. Our study suggests that amyloid does not sig-
nificantly reduce the practice effects in Stage 1 (as NC_AB+ did not
differ from NC_AB— in any analysis) but only in Stage 2, as indicated
by the SCD_AB+ group. This implies that learning and practice effects
could also be informative regarding the feature of Stage 2 of the AD
continuum.

Our additional analyses showed that the interaction of SCD and
amyloid pathology with regard to cognitive decline was robust and did

not depend on how SCD or amyloid positivity is measured.
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In the first subanalysis, we replicated the main findings using dimen-
sional SCD (Ecog score) for all CU older adults, rather than stratifying
them according to the presence or absence of concerns/worries (ie,
categorical SCD). We showed that AB+ participants with higher base-
line Ecog scores experienced a steeper cognitive decline (or fewer
practice effects) over time. Therefore, our results suggest that using
a dimensional SCD measurement combined with amyloid positivity
could be sufficient to define Stage 2 of the AD continuum and does not
necessarily require the expression of an explicit concern or worry. This
is in line with two previous studies conducted in American cohorts.2325

In the second subanalysis, we tested the same model using amyloid
positivity defined either by amyloid-PET or the plasma A342/40 ratio
separately (instead of combined). Findings were recovered for both
categorical and dimensional SCD symptoms, despite the small sam-
ple size in PET analyses (restricted to SILCODE) and the downgrading
regarding the accuracy of information about amyloid pathology using
plasma. These results extend the findings of a previous DELCODE anal-
ysis based on a much smaller sample of participants, in which amyloid
pathology was determined only in the CSF.> Interestingly, the con-
sistency across different measures of SCD and amyloid biomarkers
demonstrates that SCD combined with amyloid positivity is a robust
and tangible indicator of Stage 2 of the AD continuum, as proposed in
the 2018 research framework.* It also suggests that a Stage 2 AD risk
group could be defined in studies relying solely on plasma biomarkers
if combined with an established SCD measure (knowing that AUC > 0.8
using PET in SILCODE [unpublished] and CSF in DELCODE®*). This may
facilitate future studies in regions and for individuals without access
to invasive or expensive amyloid measurements, thereby fostering
scientific progress.

It should be noted that none of the combined CLoCODE results
reported above differed across cohorts and were mostly replicated
in stratified analyses by cohorts (except baseline differences not seen
in the SILCODE sample). This suggests that the Stage 2 concept may
be robust across countries with different cultural backgrounds, so it
applies to Chinese populations as well. Our results contrast with the
reduced prevalence of amyloid positivity observed in the SILCODE
SCD population (8.37%) compared to the DELCODE SCD population
(37.3%) in a previous study carried out on a sample half the size of
ours.”* Here, whether based on PET- or plasma-derived amyloid pos-
itivity, the highlighted prevalence (ie, PET-derived: 26.5% SILCODE
AB+vs 21.7% DELCODE AB+; plasma-derived: 41.1% SILCODE A+ vs
38.0% DELCODE ApB+) suggests that this difference is not as strong in
SCD (eg, probably due to a reduced sample size), but with a prevalence
similar to that highlighted in another Chinese study.””

In this study, we also explored the effects of different SCD recruit-
ment settings on cognitive decline. In the DELCODE study, all SCD
participants were recruited from memory clinics because of con-
cerns/worries expressed to the memory center physician (ie, SCDclin).
Only some SCD participants (36%) were recruited in the same way in
SILCODE, while others were recruited from the community (ie, SCD-
com). This cohort-specific design enabled us to evaluate the impact
of the recruitment setting on previous findings using a smaller sam-

ple of SILCODE participants. We found no significant differences in

THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION

baseline cognition between the six groups but showed that A+ partic-
ipants with SCD (both SCDclin_AB+ and SCDcom_Aj+) had a steeper
cognitive decline than all other groups, without any significant differ-
ences according to the recruitment setting. The only exception was that
the SCDclin_AB+ group showed a steeper cognitive decline than the
NC_ApB+ group, whereas this was not significant for the SCDcom_AS+
group. Although the distinction between the Stage 1 and 2 concept is
more marked in SCDclin patients (the only significant one when com-
paring them to the NC_AB+ group), our results suggest that even in
a community sample, the combination of SCD and amyloid positivity
might be a red flag for potential future global cognitive decline. This is
particularly important in a context where the possibility of assessing
memory consultation depends on many factors such as socioeco-
nomic status, availability, cultural context, stigma, and/or individual
conditions.

The main strengths of our study are as follows: (1) the large sam-
ple size from two different cultures, but with comparable methods of
assessment and with long follow-up periods; (2) the inclusion of par-
ticipants with and without SCD, which allowed us to test the effect
of amyloid pathology on cognitive trajectories in both groups; (3) the
possibility of testing the impact of different SCD measures (categor-
ical vs dimensional) and amyloid modality (plasma and PET data) on
the main findings; and (4) the possibility of exploring the impact of the
recruitment setting in a smaller sample.

Despite these strengths, the study also had some limitations. First,
different methods were used to define cognitive status across cohorts
(CERAD vs Jak&Bondi criteria), and the composite score assessing
global cognition in SILCODE, although aggregated across tests from
the same cognitive domains, did not perfectly match the PACC5 score
used in DELCODE. However, despite this difference, we observed con-
sistent results for the cognitive composites. Second, the proportion
of participants with amyloid status derived from PET and plasma dif-
fered within cohorts (ie, in DELCODE, only SCD patients had PET data
available), and the small sample with PET available in SILCODE did
not allow us to test for differences between Stage 1 (ie, NC_AB+) and
Stage 2 (ie, SCD_AB+) of the AD continuum. However, the plasma-only
results suggest that the imbalance in amyloid measurement methods
across groups and cohorts in the main analysis did not induce bias.
Third, the impact of recruitment settings could only be tested in a sub-
sample of the SILCODE study, as DELCODE only included patients
with SCD recruited from memory clinics. Therefore, the similarities
and differences in SCD recruited in different settings require further
investigation and validation in larger sample sizes.

In conclusion, amyloid positivity in individuals with SCD likely
reflects Stage 2 of the AD continuum, and this appears to be true
across the two countries examined (German and Chinese populations)
regardless of the SCD and amyloid measurement used, including in the
absence of a memory clinic consultation. Our results suggest that, on
average, individuals with combined SCD and amyloid positivity at base-
line experience some, yet modest, global cognitive decline over time.
The feasible and broadly applicable research definition of Stage 2 of
the AD continuum, while not ready for individual diagnosis, now allows

for the study of possible interventions to slow disease progression and
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for a more targeted study of risk and protective factors specific to this
clinical stage.

AFFILIATIONS
1Department of Neurology, XuanWu Hospital of Capital Medical University,
Beijing, China

2German Center for Neurodegenerative Diseases (DZNE), Bonn, Germany

3Department of Psychiatry, Medical Faculty, University of Cologne, Cologne,
Germany

4Department of Old Age Psychiatry and Cognitive Disorders, University of Bonn
Medical Center, Bonn, Germany

5German Center for Neurodegenerative Diseases (DZNE), Berlin, Germany
éDepartment of Psychiatry and Psychotherapy, Charité, Berlin, Germany

7Department of Nuclear Medicine, Charité - Universititsmedizin Berlin, corpo-
rate member of Freie Universitdt Berlin, and Humboldt-Universitat zu Berlin,
Berlin, Germany

8Clinical Functional Imaging Group, Department of Diagnostic and Interven-
tional Radiology, University Hospital Bonn, Bonn, Germany

?Department of Nuclear Medicine, Charité - Universitatsmedizin Berlin, corpo-
rate member of Freie Universitéat Berlin, and Humboldt-Universitat zu Berlin and
Berlin Institute of Health, Berlin, Germany

10Department of Diagnostic and Interventional Radiology and Nuclear Medicine,
University Medical Center Hamburg-Eppendorf, Hamburg, Germany

11German Center for Neurodegenerative Diseases (DZNE, Munich), Munich,
Germany

12nstitute for Stroke and Dementia Research (ISD), University Hospital, LMU
Munich, Munich, Germany

13German Center for Neurodegenerative Diseases (DZNE), Magdeburg, Ger-
many

14|nstitute of Cognitive Neurology and Dementia Research (IKND), Otto-von-
Guericke University, Magdeburg, Germany

15Department of clinical biobank, XuanWu Hospital of Capital Medical Univer-
sity, Beijing, China

1é|nstitute of Biomedical Engineering, Shenzhen Bay Laboratory, Shenzhen,
China

17Department of Psychiatry and Psychotherapy, Charité - Universitatsmedizin
Berlin, corporate member of Freie Universitat Berlin and Humboldt-Universitat
zu Berlin, Berlin, Germany

18Department of Neurology, Beijing ChaoYang Hospital of Capital Medical
University, Beijing, China

19Department of Radiology and Nuclear Medicine, XuanWu Hospital of Capital
Medical University, Beijing, China

20Department of Nuclear Medicine, Faculty of Medicine and University Hospital
Cologne, University of Cologne, Cologne, Germany

21nstitute of Neuroscience and Medicine (INM-2), Molecular Organization of
the Brain, Forschungszentrum Jilich, Jilich, Germany

22Department of Nuclear Medicine, University Hospital Bonn, Bonn, Germany

23Department of Psychiatry and Psychotherapy, University Medical Center
Goettingen, University of Goettingen, Goettingen, Germany

24School of Information and Communication Engineering, Hainan University,
Haikou, China

25German Center for Neurodegenerative Diseases (DZNE), Rostock, Germany

26Department of Psychosomatic Medicine, Rostock University Medical Center,
Rostock, Germany

27Department of Nuclear Medicine, Rostock University Medical Centre, Rostock,
Germany

28Tsinghua Shenzhen International Graduate School (SIGS), Tsinghua University,
Shenzhen, China

29German Center for Neurodegenerative Diseases (DZNE), Tiibingen, Germany

30Section for Dementia Research, Hertie Institute for Clinical Brain Research and
Department of Psychiatry and Psychotherapy, University of Ttbingen, Ttibingen,
Germany

31Department of Neurology, Tangshan Central Hospital, Tanshan, China
32Medical Imaging Department of Hainan Cancer Hospital, Haikou, China

33Department of Psychiatry and Psychotherapy, University of Tiibingen, Tiibin-
gen, Germany

34Department of Psychiatry and Psychotherapy, University Hospital, LMU
Munich, Munich, Germany

35Munich Cluster for Systems Neurology (SyNergy) Munich, Munich, Germany

36 Ageing Epidemiology Research Unit (AGE), School of Public Health, Imperial
College London, London, UK

37University of Edinburgh and UK DRI, Edinburgh, UK

38School of Medicine, Department of Psychiatry and Psychotherapy, Technical
University of Munich, Munich, Germany

3?Excellence Cluster on Cellular Stress Responses in Aging-Associated Diseases
(CECAD), University of Cologne, Kéln, Germany

40Djvision of Neurogenetics and Molecular Psychiatry, Department of Psychi-
atry and Psychotherapy, Faculty of Medicine and University Hospital Cologne,
University of Cologne, KéIn, Germany

“1Department of Psychiatry & Glenn Biggs Institute for Alzheimer’s and Neu-
rodegenerative Diseases, San Antonio, Texas, USA

42Sheffield Institute for Translational Neuroscience (SITraN), University of
Sheffield, Sheffield, UK

43Department of Neuroradiology, University Hospital LMU, Munich, Germany

44Department of Nuclear Medicine and Clinical Molecular Imaging, Eberhard-
Karls-University, Tuebingen, Germany

45Department of Nuclear Medicine, Ludwig-Maximilian-University Munich,
Munich, Germany

4Department of Nuclear Medicine, Inselspital, Bern University Hospital, Univer-
sity of Bern, Bern, Switzerland

47Department of Neurology, University of Bonn, Bonn, Germany

48German Center for Neurodegenerative Diseases (DZNE), Goettingen, Ger-
many

4?Neurosciences and Signaling Group, Institute of Biomedicine (iBiMED),
Department of Medical Sciences, University of Aveiro, Aveiro, Portugal

50School of Biomedical Engineering, Hainan University, Haikou, China

51Center of Alzheimer’s Disease, Beijing Institute for Brain Disorders, Beijing,
China

52National Clinical Research Center for Geriatric Disorders, Beijing, China

53The Central Hospital of Karamay, Xinjiang, China

ACKNOWLEDGMENTS

The authors would also like to thank the following institutions:
Klinik und Poliklinik fir Nuklearmedizin, Universitatsklinikum Bonn;
Uniklinik KéIn-Klinik und Poliklinik fir Nuklearmedizin; Universitat-
sklinik Magdeburg-Zentrum fiir Radiologie Klinik fiir Radiologie und
Nuklearmedizin; Klinik und Poliklinik far Nuklearmedizin Klinikum
der Universitdat Minchen; Universitatsklinikum Rostock Klinik und
Poliklinik fir Nuklearmedizin; Nuklearmedizin und Klinische Moleku-
lare Bildgebung-Univeristatsklinikum Tibingen. Most importantly, the

85US0| 7 SUOWILIOD aATEe.D) 3|qeal|dde ayy Aq peussnob ae Sajo1e YO 8sn Jo'Sa|n. 10} ARid1T 8uluO /8] UO (SUONIPUOD-PUR-SWB)W0Y A3 1M ARRIq ]BU1[UO//SONY) SUOIIPUOD pUe SWe | 8y 89S *[SZ0z/T0/82] U0 Akeiqiauljuo A|IMm ‘BIueD Yosesssy HAWD Ud!ine wniuezsbunyasiod Aq 6TTYT Z[/200T 0T/I0p/woo A8 |1 Arigjeut|uo'seunol-ze//sdny wouy pepeojumod ‘6 ‘¥20Z ‘6.252SST



SHAOET AL.

Alzheimer’s &Dementia® | sor

authors would like to express their most sincere gratitude to the
SILCODE and DELCODE participants and their families who were
included in this study. The study was funded by the National Natu-
ral Science Foundation of China (NSFC, 82020108013, 82001773),
STI12030-Major Projects (2022ZD0211800), a Sino-German Coopera-
tion Grant (M-0759), and the German Center for Neurodegenerative
Diseases (Deutsches Zentrum flir Neurodegenerative Erkrankungen,
DZNE: Reference No.BNO12). The reported visual analyses of the Flor-
betaben PET exams were the subject of a research agreement with Life
Molecular Imaging. K. Shao was funded by the China Scholarship Coun-
cil (202208110122). E. Kuhn was funded by the Fondation Philippe
Chatrier and Helmhotz Artificial Intelligence Cooperation Unit. X. Hu
was supported by the Koeln Fortune Program / Faculty of Medicine,
University of Cologne, and she was a recipient of a research grant
on the early detection of Alzheimer’s disease (Hirnliga eV., Germany).
Y. Han was funded by Shenzhen Bay Scholars Program and Tianchi

Scholars Program.

CONFLICT OF INTEREST STATEMENT
The authors declare no relevant competing interests. Author disclo-

sures are available in the supporting information.

CONSENT STATEMENT

The SILCODE and DELCODE studies are conducted in accordance
with the ethical standards of the Declaration of Helsinki. Both study
protocols were approved by their respective ethics committees: the
Medical Research Ethics Committee and the Institutional Review
Board of XuanWu Hospital, Capital Medical University (registration
number for leading center, Beijing: 82020108013) for SILCODE, the
ethics committees of the 10 university-based DZNE partner memory
centers (registration number for leading center, Bonn: 117/13; local
registration number of PET study protocol: 221/13), and the Federal
Radiation Protection Authority (Bundesamt fiir Strahlenschutz) for
DELCODE. The CLoCODE study is registered at http://clinicaltrials.
gov (ID: NCT04696315). All participants provided written informed

consent prior to enrollment.

ORCID

Elizabeth Kuhn " https://orcid.org/0000-0002-3744-1155

REFERENCES

1. Jessen F, Amariglio RE, van Boxtel M, et al. A conceptual framework
for research on subjective cognitive decline in preclinical Alzheimer’s
disease. Alzheimers Dement. 2014;10(6):844-852. doi:10.1016/j.jalz.
2014.01.001

2. Jessen F, Amariglio RE, Buckley RF, et al. The characterisation of sub-
jective cognitive decline. The Lancet Neurology. 2020;19(3):271-278.
doi:10.1016/s1474-4422(19)30368-0

3. Scheltens P, De Strooper B, Kivipelto M, et al. Alzheimer’s dis-
ease. Lancet North Am Ed. 2021;397(10284):1577-1590. doi:10.1016/
s0140-6736(20)32205-4

4. Jack CR Jr, Bennett DA, Blennow K, et al. NIA-AA Research Frame-
work: toward a biological definition of Alzheimer’s disease. Alzheimers
Dement. 2018;14(4):535-562.d0i:10.1016/j.jalz.2018.02.018

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION

. Jessen F, Wolfsgruber S, Kleineindam L, et al. Subjective cognitive

decline and stage 2 of Alzheimer disease in patients from mem-
ory centers. Alzheimers Dement. 2023;19(2):487-497. doi:10.1002/alz.
12674

. Mitchell AJ, Beaumont H, Ferguson D, et al. Risk of dementia and

mild cognitive impairment in older people with subjective memory
complaints: meta-analysis. Acta Psychiatr Scand. 2014;130(6):439-451.
doi:10.1111/acps.12336

. Koppara A, Wagner M, Lange C, et al. Cognitive performance before

and after the onset of subjective cognitive decline in old age. Alzheimers
Dement (Amst). 2015;1(2):194-205. doi:10.1016/j.dadm.2015.02.005

. Dubois B, Hampel H, Feldman HH, et al. Preclinical Alzheimer’s dis-

ease: definition, natural history, and diagnostic criteria. Alzheimers
Dement. 2016;12(3):292-323. doi:10.1016/j.jalz.2016.02.002

. Jansen WJ, Ossenkoppele R, Knol DL, et al. Prevalence of cere-

bral amyloid pathology in persons without dementia: a meta-analysis.
JAMA. 2015;313(19):1924-1938. doi:10.1001/jama.2015.4668
Bateman RJ, Xiong C, Benzinger TL, et al. Clinical and biomarker
changes in dominantly inherited Alzheimer’s disease. N Engl J Med.
2012;367(9):795-804.doi:10.1056/NEJM0a1202753

Villemagne VL, Burnham S, Bourgeat P, et al. Amyloid beta deposition,
neurodegeneration, and cognitive decline in sporadic Alzheimer’s dis-
ease: a prospective cohort study. Lancet Neurol. 2013;12(4):357-367.
doi:10.1016/51474-4422(13)70044-9

Sabatini S, Woods RT, Ukoumunne OC, et al. Associations of subjective
cognitive and memory decline with depression, anxiety, and two-year
change in objectively-assessed global cognition and memory. Neu-
ropsychol Dev Cogn B Aging Neuropsychol Cogn. 2022;29(5):840-866.
doi:10.1080/13825585.2021.1923634

Kamberis N, Cavuoto MG, Pike KE. The influence of subjective cog-
nitive decline on prospective memory over 5 years. Neuropsychology.
2021;35(1):78-89.doi:10.1037/neu0000709

Gruters AAA, Ramakers |, Verhey FRJ, et al. Association between
proxy- or self-reported cognitive decline and cognitive performance in
memory clinic visitors. J Alzheimers Dis. 2019;70(4):1225-1239. doi: 10.
3233/JAD-180857

Burnham SC, Bourgeat P, Dore V, et al. Clinical and cognitive tra-
jectories in cognitively healthy elderly individuals with suspected
non-Alzheimer’s disease pathophysiology (SNAP) or Alzheimer’s dis-
ease pathology: a longitudinal study. Lancet Neurol. 2016;15(10):1044-
1053.d0i:10.1016/51474-4422(16)30125-9

Wang J, Gao L, Liu J, et al. The Association of Plasma Amyloid-beta
and cognitive decline in cognitively unimpaired population. Clin Interv
Aging. 2022;17:555-565.d0i:10.2147/CIA.S357994

Dubois B, Epelbaum S, Nyasse F, et al. Cognitive and neuroimaging fea-
tures and brain beta-amyloidosis in individuals at risk of Alzheimer’s
disease (INSIGHT-preAD): a longitudinal observational study. Lancet
Neurol. 2018;17(4):335-346. doi:10.1016/51474-4422(18)30029-2
Wang L, van Belle G, Crane PK, et al. Subjective memory deteriora-
tion and future dementia in people aged 65 and older. J Am Geriatr Soc.
2004;52(12):2045-2051.doi:10.1111/j.1532-5415.2004.52568.x
Slot RER, Sikkes SAM, Berkhof J, et al. Subjective cognitive decline
and rates of incident Alzheimer’s disease and non-Alzheimer’s disease
dementia. Alzheimers Dement. 2019;15(3):465-476. doi:10.1016/j.jalz.
2018.10.003

Fernandez-Blazquez MA, Avila-Villanueva M, Maestu F, et al. Spe-
cific features of subjective cognitive decline predict faster conversion
to mild cognitive impairment. J Alzheimers Dis. 2016;52(1):271-281.
doi:10.3233/JAD-150956

Brookmeyer R, Abdalla N. Estimation of lifetime risks of Alzheimer’s
disease dementia using biomarkers for preclinical disease. Alzheimers
Dement. 2018;14(8):981-988. doi:10.1016/j.jalz.2018.03.005
Ossenkoppele R, Pichet Binette A, Groot C, et al. Amyloid and tau
PET-positive cognitively unimpaired individuals are at high risk for

85US0| 7 SUOWILIOD aATEe.D) 3|qeal|dde ayy Aq peussnob ae Sajo1e YO 8sn Jo'Sa|n. 10} ARid1T 8uluO /8] UO (SUONIPUOD-PUR-SWB)W0Y A3 1M ARRIq ]BU1[UO//SONY) SUOIIPUOD pUe SWe | 8y 89S *[SZ0z/T0/82] U0 Akeiqiauljuo A|IMm ‘BIueD Yosesssy HAWD Ud!ine wniuezsbunyasiod Aq 6TTYT Z[/200T 0T/I0p/woo A8 |1 Arigjeut|uo'seunol-ze//sdny wouy pepeojumod ‘6 ‘¥20Z ‘6.252SST


http://clinicaltrials.gov
http://clinicaltrials.gov
https://orcid.org/0000-0002-3744-1155
https://orcid.org/0000-0002-3744-1155
https://doi.org/10.1016/j.jalz.2014.01.001
https://doi.org/10.1016/j.jalz.2014.01.001
https://doi.org/10.1016/s1474-4422(19)30368-0
https://doi.org/10.1016/s0140-6736(20)32205-4
https://doi.org/10.1016/s0140-6736(20)32205-4
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1002/alz.12674
https://doi.org/10.1002/alz.12674
https://doi.org/10.1111/acps.12336
https://doi.org/10.1016/j.dadm.2015.02.005
https://doi.org/10.1016/j.jalz.2016.02.002
https://doi.org/10.1001/jama.2015.4668
https://doi.org/10.1056/NEJMoa1202753
https://doi.org/10.1016/S1474-4422(13)70044-9
https://doi.org/10.1080/13825585.2021.1923634
https://doi.org/10.1037/neu0000709
https://doi.org/10.3233/JAD-180857
https://doi.org/10.3233/JAD-180857
https://doi.org/10.1016/S1474-4422(16)30125-9
https://doi.org/10.2147/CIA.S357994
https://doi.org/10.1016/S1474-4422(18)30029-2
https://doi.org/10.1111/j.1532-5415.2004.52568.x
https://doi.org/10.1016/j.jalz.2018.10.003
https://doi.org/10.1016/j.jalz.2018.10.003
https://doi.org/10.3233/JAD-150956
https://doi.org/10.1016/j.jalz.2018.03.005

s | Alzheimer’s &Dementia®

23.
24.
25.
26.
27.
28.
29.
30.

31
32.

33.

34.
35.

36.

37.

38.

SHAOET AL.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

future cognitive decline. Nat Med. 2022;28(11):2381-2387. doi:10.
1038/s41591-022-02049-x

Amariglio RE, Buckley RF, Mormino EC, et al. Amyloid-associated
increases in longitudinal report of subjective cognitive complaints.
Alzheimers Dement (N Y). 2018;4:444-449. doi:10.1016/j.trci.2018.08.
005

Verberk IMW, Hendriksen HMA, van Harten AC, et al. Plasma amyloid
is associated with the rate of cognitive decline in cognitively normal
elderly: the SCIENCe project. Neurobiol Aging. 2020;89:99-107.doi: 10.
1016/j.neurobiolaging.2020.01.007

Vogel JW, Varga Dolezalova M, La Joie R, et al. Subjective cog-
nitive decline and beta-amyloid burden predict cognitive change
in healthy elderly. Neurology. 2017;89(19):2002-2009. doi:10.1212/
WNL.0000000000004627

Timmers T, Ossenkoppele R, Verfaillie SCJ, et al. Amyloid PET and cog-
nitive decline in cognitively normal individuals: the SCIENCe project.
Neurobiol Aging. 2019;79:50-58. doi:10.1016/j.neurobiolaging.2019.
02.020

van Harten AC, Smits LL, Teunissen CE, et al. Preclinical AD
predicts decline in memory and executive functions in subjective
complaints. Neurology. 2013;81(16):1409-1416. doi:10.1212/WNL.
0b013e3182a8418b

Rabin LA, Smart CM, Crane PK, et al. Subjective cognitive decline in
older adults: an overview of self-report measures used across 19 inter-
national research studies. J Alzheimers Dis. 2015;48(1):563-86. doi: 10.
3233/JAD-150154. Suppl.

Abdulrab K, Heun R. Subjective memory impairment. A review of its
definitions indicates the need for a comprehensive set of standard-
ised and validated criteria. Eur Psychiatry. 2008;23(5):321-330. doi: 10.
1016/j.eurpsy.2008.02.004

Rodriguez-Gomez O, Abdelnour C, Jessen F, et al. Influence of sam-
pling and recruitment methods in studies of subjective cognitive
decline. J Alzheimers Dis. 2015;48(1):599-S107. doi:10.3233/JAD-
150189. Suppl.

Palmqvist S, Stomrud E, Cullen N, et al. An accurate fully auto-
mated panel of plasma biomarkers for Alzheimer’s disease. Alzheimers
Dement. 2022.doi:10.1002/alz.12751. Aug 11.

Blennow K, Mattsson N, Scholl M, et al. Amyloid biomarkers in
Alzheimer’s disease. Trends Pharmacol Sci. 2015;36(5):297-309. doi: 10.
1016/j.tips.2015.03.002

Howell JC, Parker MW, Watts KD, et al. Research Lumbar Punc-
tures among African Americans and Caucasians: perception predicts
experience. Front Aging Neurosci. 2016;8:296. doi:10.3389/fnagi.2016.
00296

Clark CM, Pontecorvo MJ, Beach TG, et al. Cerebral PET with flor-
betapir compared with neuropathology at autopsy for detection of
neuritic amyloid-beta plaques: a prospective cohort study. Lancet
Neurol. 2012;11(8):669-678. doi:10.1016/51474-4422(12)70142-
4

Thal DR, Beach TG, Zanette M, et al. [(18)F]flutemetamol amy-
loid positron emission tomography in preclinical and symptomatic
Alzheimer’s disease: specific detection of advanced phases of amyloid-
beta pathology. Alzheimers Dement. 2015;11(8):975-985. doi: 10.1016/
j.jalz.2015.05.018

Vergallo A, Megret L, Lista S, et al. Plasma amyloid beta 40/42 ratio
predicts cerebral amyloidosis in cognitively normal individuals at
risk for Alzheimer’s disease. Alzheimers Dement. 2019;15(6):764-775.
doi:10.1016/j.jalz.2019.03.009

Nakamura A, Kaneko N, Villemagne VL, et al. High performance
plasma amyloid-beta biomarkers for Alzheimer’s disease. Nature.
2018;554(7691):249-254. doi:10.1038/nature25456

Brand AL, Lawler PE, Bollinger JG, et al. The performance of
plasma amyloid beta measurements in identifying amyloid plaques
in Alzheimer’s disease: a literature review. Alzheimers Res Ther.
2022;14(1):195.d0i:10.1186/s13195-022-01117-1

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

54.

55.

56.

Snitz BE, Wang T, Cloonan YK, et al. Risk of progression from sub-
jective cognitive decline to mild cognitive impairment: the role of
study setting. Alzheimers Dement. 2018;14(6):734-742. doi:10.1016/j.
jalz.2017.12.003

Herrmann LK, Welter E, Leverenz J, et al. A systematic review of
dementia-related stigma research: can we move the stigma dial? Am
J Geriatr Psychiatry. 2018;26(3):316-331. doi:10.1016/j.jagp.2017.09.
006

Sheng C, Yang K, He B, et al. Cross-cultural longitudinal study
on cognitive decline (CLoCODE) for subjective cognitive decline in
china and germany: a protocol for study design. J Alzheimers Dis.
2022;87(3):1319-1333.d0i:10.3233/JAD-215452

Li X, Wang X, Su L, et al. Sino Longitudinal Study on Cognitive Decline
(SILCODE): protocol for a Chinese longitudinal observational study
to develop risk prediction models of conversion to mild cognitive
impairment in individuals with subjective cognitive decline. BMJ Open.
2019;9(7):e028188. doi:10.1136/bmjopen-2018-028188

Jessen F, Spottke A, Boecker H, et al. Design and first baseline
data of the DZNE multicenter observational study on predementia
Alzheimer’s disease (DELCODE). Alzheimers Res Ther. 2018;10(1):15.
doi:10.1186/s13195-017-0314-2

Bondi MW, Edmonds EC, Jak AJ, et al. Neuropsychological criteria for
mild cognitive impairment improves diagnostic precision, biomarker
associations, and progression rates. J Alzheimers Dis. 2014;42(1):275-
289.doi:10.3233/JAD- 140276

Morris JC, Mohs RC, Rogers H, et al. Consortium to establish
a registry for Alzheimer’s disease (CERAD) clinical and neuropsy-
chological assessment of Alzheimer’s disease. Psychopharmacol Bull.
1988;24(4):641-652.

Miebach L, Wolfsgruber S, Polcher A, et al. Which features of subjec-
tive cognitive decline are related to amyloid pathology? Findings from
the DELCODE study. Alzheimers Res Ther. 2019;11(1):66. doi:10.1186/
$13195-019-0515-y

Tomaszewski Farias S, Mungas D, Harvey DJ, et al. The measurement
of everyday cognition: development and validation of a short form of
the Everyday Cognition scales. Alzheimers Dement. 2011;7(6):593-601.
doi:10.1016/j.jalz.2011.02.007

Zhao Q,LvY, Zhou, et al. Short-term delayed recall of auditory verbal
learning test is equivalent to long-term delayed recall for identify-
ing amnestic mild cognitive impairment. PLoS One. 2012;7(12):e51157.
doi:10.1371/journal.pone.0051157

Zhao Q, Guo Q, Li F, et al. The Shape Trail Test: application of a new
variant of the Trail making test. PLoS One. 2013;8(2):e57333. doi:10.
1371/journal.pone.0057333

Guo Q, Jin L, Hong Z. A specific phenomenon of animal fluency test in
Chinese elderly. Chinese Mental Health Journal. 2007;21:622-625.

. Guo QH, Hong Z, Shi WX, et al. Boston naming test in Chinese elderly,

patient with mild cognitive impairment and Alzheimer’s dementia.
Chinese Mental Health Journal. 2006;20:81-84.

Guo QH, Zhou B, Zhao QH, et al. Memory and executive screening
(MES): a brief cognitive test for detecting mild cognitive impairment.
BMC Neurol. 2012;12:119. d0i:10.1186/1471-2377-12-119

. Chen KL, Xu Y, Chu AQ, et al. Validation of the Chinese version

of Montreal cognitive assessment basic for screening mild cognitive
impairment. J Am Geriatr Soc. 2016;64(12):€285-e290. doi:10.1111/
jgs.14530

Papp KV, Rentz DM, Orlovsky I, et al. Optimizing the preclini-
cal Alzheimer’s cognitive composite with semantic processing: the
PACCS5. Alzheimers Dement (N Y). 2017;3(4):668-677. doi:10.1016/j.
trci.2017.10.004

Grober E, Ocepek-Welikson K, Teresi JA. The Free and Cued Selec-
tive Reminding Test: evidence of psychometric adequacy. Psychol Sci Q.
2009;51:266-282.

Smith A. Symbol Digit Modalities Test (SDMT) Manual (Revised). Western
Psychological Services; 1982.

85US0| 7 SUOWILIOD aATEe.D) 3|qeal|dde ayy Aq peussnob ae Sajo1e YO 8sn Jo'Sa|n. 10} ARid1T 8uluO /8] UO (SUONIPUOD-PUR-SWB)W0Y A3 1M ARRIq ]BU1[UO//SONY) SUOIIPUOD pUe SWe | 8y 89S *[SZ0z/T0/82] U0 Akeiqiauljuo A|IMm ‘BIueD Yosesssy HAWD Ud!ine wniuezsbunyasiod Aq 6TTYT Z[/200T 0T/I0p/woo A8 |1 Arigjeut|uo'seunol-ze//sdny wouy pepeojumod ‘6 ‘¥20Z ‘6.252SST


https://doi.org/10.1038/s41591-022-02049-x
https://doi.org/10.1038/s41591-022-02049-x
https://doi.org/10.1016/j.trci.2018.08.005
https://doi.org/10.1016/j.trci.2018.08.005
https://doi.org/10.1016/j.neurobiolaging.2020.01.007
https://doi.org/10.1016/j.neurobiolaging.2020.01.007
https://doi.org/10.1212/WNL.0000000000004627
https://doi.org/10.1212/WNL.0000000000004627
https://doi.org/10.1016/j.neurobiolaging.2019.02.020
https://doi.org/10.1016/j.neurobiolaging.2019.02.020
https://doi.org/10.1212/WNL.0b013e3182a8418b
https://doi.org/10.1212/WNL.0b013e3182a8418b
https://doi.org/10.3233/JAD-150154
https://doi.org/10.3233/JAD-150154
https://doi.org/10.1016/j.eurpsy.2008.02.004
https://doi.org/10.1016/j.eurpsy.2008.02.004
https://doi.org/10.3233/JAD-150189
https://doi.org/10.3233/JAD-150189
https://doi.org/10.1002/alz.12751
https://doi.org/10.1016/j.tips.2015.03.002
https://doi.org/10.1016/j.tips.2015.03.002
https://doi.org/10.3389/fnagi.2016.00296
https://doi.org/10.3389/fnagi.2016.00296
https://doi.org/10.1016/S1474-4422(12)70142-4
https://doi.org/10.1016/S1474-4422(12)70142-4
https://doi.org/10.1016/j.jalz.2015.05.018
https://doi.org/10.1016/j.jalz.2015.05.018
https://doi.org/10.1016/j.jalz.2019.03.009
https://doi.org/10.1038/nature25456
https://doi.org/10.1186/s13195-022-01117-1
https://doi.org/10.1016/j.jalz.2017.12.003
https://doi.org/10.1016/j.jalz.2017.12.003
https://doi.org/10.1016/j.jagp.2017.09.006
https://doi.org/10.1016/j.jagp.2017.09.006
https://doi.org/10.3233/JAD-215452
https://doi.org/10.1136/bmjopen-2018-028188
https://doi.org/10.1186/s13195-017-0314-2
https://doi.org/10.3233/JAD-140276
https://doi.org/10.1186/s13195-019-0515-y
https://doi.org/10.1186/s13195-019-0515-y
https://doi.org/10.1016/j.jalz.2011.02.007
https://doi.org/10.1371/journal.pone.0051157
https://doi.org/10.1371/journal.pone.0057333
https://doi.org/10.1371/journal.pone.0057333
https://doi.org/10.1186/1471-2377-12-119
https://doi.org/10.1111/jgs.14530
https://doi.org/10.1111/jgs.14530
https://doi.org/10.1016/j.trci.2017.10.004
https://doi.org/10.1016/j.trci.2017.10.004

SHAOET AL.

Alzheimer’s &Dementia® | s

57. Bouman Z,Hendriks MP, Aldenkamp AP, et al. Temporal stability of the
Dutch Version of the Wechsler Memory Scale-Fourth Edition (WMS-
IV-NL). Clin Neuropsychol. 2015;29(1):30-46. doi:10.1080/13854046.
2015.1137354. Suppl.

58. Lezak MD, Howieson DB, Loring DW, et al. Neuropsychological Assess-
ment. Oxford University Press; 2004.

59. Folstein MF, Folstein SE, McHugh PR. “Mini-Mental State”: a practical
method for grading the cognitive state of patients for the clinician. J
Psychiatr Res. 1975;12:961-970.

60. Zha Z, Ploessl K, Choi SR, et al. Preclinical evaluation of [(18)F]D3FSP,
deuterated AV-45, for imaging of beta-amyloid in the brain.
Nucl Med Biol. 2021;92:97-106. doi:10.1016/j.nucmedbio.2020.
03.003

61. Guo T, Shaw LM, Trojanowski JQ, et al. Association of CSF Abeta,
amyloid PET, and cognition in cognitively unimpaired elderly
adults. Neurology. 2020;95(15):e2075-€2085. doi:10.1212/WNL.
0000000000010596

62. Daamen M, ScheefL, LiS, etal. Cortical amyloid burden relates to basal
forebrain volume in subjective cognitive decline. J Alzheimers Dis. 2023.
doi:10.3233/JAD-230141. Aug 23.

63. Wang X, Zhao M, Lin L, et al. Plasma B-amyloid levels associated
with structural integrity based on diffusion tensor imaging in sub-
jective cognitive decline: the SILCODE Study. Front Aging Neurosci.
2020;12:592024. doi:10.3389/fnagi.2020.592024

64. Vogelgsang J, Hansen N, Stark M, et al. Plasma amyloid-beta X-
42/X-40 ratio and cognitive decline in suspected early and preclinical
Alzheimer’s disease. Alzheimer’s & Dementia. Published online June 20,
2024.doi:10.1002/alz.13909

65. Glickman ME, Rao SR, Schultz MR. False discovery rate control is a
recommended alternative to Bonferroni-type adjustments in health
studies. J Clin Epidemiol. 2014;67(8):850-857. doi:10.1016/j.jclinepi.
2014.03.012

66. BenjaminiY,HochbergY. Controlling the false discovery rate: a practi-
cal and powerful approach to multiple testing. J R Stat Soc Series B Stat
Methodol. 1995;57(1):289-300.

67. Ludecke D. ggeffects: tidy data frames of marginal effects from regres-
sion models. J Open Source Software. 2018;3(26):772. doi:10.21105/
joss.00772

68. Morris JC, Roe CM, Xiong C, et al. APOE predicts amyloid-beta but
not tau Alzheimer pathology in cognitively normal aging. Ann Neurol.
2010;67(1):122-131.doi:10.1002/ana.21843

69. Vemuri P, Wiste HJ, Weigand SD, et al. Effect of apolipoprotein E
on biomarkers of amyloid load and neuronal pathology in Alzheimer
disease. Ann Neurol. 2010;67(3):308-316. doi:10.1002/ana.21953

70. Aschenbrenner AJ, Hassenstab J, Wang G, et al. Avoid or Embrace?
Practice effects in Alzheimer’s Disease prevention trials. Front Aging
Neurosci. 2022;14:883131. doi:10.3389/fnagi.2022.883131

71. Zheng B, Udeh-Momoh C, Watermeyer T, et al. Practice effect of
repeated cognitive tests among older adults: associations with brain
amyloid pathology and other influencing factors. Front Aging Neurosci.
2022;14:909614. doi:10.3389/fnagi.2022.909614

72. Teipel SJ, Dyrba M, Levin F, et al. Cognitive trajectories in preclinical
and prodromal Alzheimer’s disease related to amyloid status and brain
atrophy: a bayesian approach. J Alzheimers Dis Rep. 2023;7(1):1055-
1076. doi:10.3233/ADR-230027

73. Stark M, Wolfsgruber S, Kleineidam L, et al. Relevance of minor
neuropsychological deficits in patients with subjective cognitive
decline. Neurology. 2023;101(21):€2185-e2196. doi:10.1212/WNL.
0000000000207844

74. Jiang X, Hu X, Daamen M, et al. Altered limbic functional connectivity
inindividuals with subjective cognitive decline: converging and diverg-
ing findings across Chinese and German cohorts. Alzheimers Dement.
2023.doi:10.1002/alz.13068. Apr 18.

THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION

75. Cui L, Huang L, Pan FF, et al. Chinese preclinical Alzheimer’s dis-
ease study (C-PAS): design and challenge from PET acceptance. J Prev
Alzheimers Dis. 2023;10(3):571-580. doi: 10.14283/jpad.2023.49

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Shao K, Hu X, Kleineidam L, et al.
Amyloid and SCD jointly predict cognitive decline across
Chinese and German cohorts. Alzheimer’s Dement.
2024;20:5926-5939. https://doi.org/10.1002/alz.14119

DELCODE study group collaborators

Arda Can Cetindag, Dominik Diesing, Marie Ehrlich, Frederike Fen-
ski, Silka Dawn Freiesleben, Manuel Fuentes, Dietmar Hauser, Nicole
Hujer, Enise Irem Incesoy, Christian Kainz, Katja Lindner, Her-
lind Megges, Lukas Preis, Andrea Lohse, Christiana Franke, Miriam
Barkhoff, Frederic Brosseron, Tanja Engels, Jennifer Faber, Klaus
FlieBbach, Ingo Frommann, Marcus Grobe-Einsler, Guido Hennes,
Gabi Herrmann, Lorraine Jost, Pascal Kalbhen, Okka Kimmich, Xenia
Kobeleva, Barbara Kofler, Cornelia McCormick, Lisa Miebach, Carolin
Miklitz, Demet Oender, Sandra Réske, Christine Schneider, Ina Vogt,
Steffen wolfsgruber, Claudia Bartels, Peter Dechent, Lina Hassoun,
Sina Hirschel, Sabine Nuhn, llona Pfahlert, Lena Rausch, Bjérn Schott,
Heike Zech, Abdelmajid Bader, Juan Carlos Baldermann, Nasim Roshan
Ghiasi, Katja Hardenacke, Hannah Lltzerath, Franziska Maier, Anja
Martikke, Dix Meiberth, Lena Sannemann, Ann-Katrin Schild, Susanne
Sorgalla, Simone Stockter, Manuela Thelen, Maike Tscheuschler,
Franziska Uhle, Philip Zeyen, Laura Dobisch, Doreen Grieger-Klose,
Deike Hartmann, Coraline Metzger, Christin Ruf3, Franziska Schulze,
Oliver Speck, Renat Yakupov, Gabriel Ziegler, Katharina Burger, Lisa
Coloma Andrews, Martin Dichgans, Birgit Ertl-Wagner, Daniela Frim-
mer, Brigitte Huber, Max Kreuzer, Claudia Miiller, Jennifer Schmid
(formerly Spreider), Anna Seegerer, Julia Stephan, Adelgunde Zollver,
Lena Burow, Sylvia de Jonge, Peter Falkai, Natalie Garcia Angarita,
Thomas Gorlitz, Selim Usttin Gursel, lldiko Horvath, Carolin Kurz,
Eva Meisenzahl-Lechner, Julia Utecht, Martin Dyrba, Heike Janecek-
Meyer, Chris Lappe, Esther Lau, Henrike Pfaff, Petr Sabik, Monika
Schmidt, Heike Schulz, Sarah Schwarzenboeck, Marc-Andre Weber,
Martina Buchmann, Tanja Heger, Petra Hinderer, Elke Kuder-Buletta,
Christian Mychajliw, Surjo Soekadar, Patricia sulzer, Theresia Trunk.

SILCODE study group collaborators

Feng Chen, Ying Chen, Wenying Du, Lixiao Hao, Xuan Jia, Jiehui Jiang,
Xueyan Jiang, Hongyan Li, Taoran Li, Li Lin, Yi Liu, Bin Mu, Lianghui Ni,
Can Sheng, Yu Sun, Xiaoying Tang, Dequan Tian, Jun Wang, Ting Wang,
Xiaoni Wang, Xiaogi Wang, Xuangian Wang, Zigi Wang, Tianyi Yan, Qin
Yang, Lijuan Yu, Yanfang Zeng, Weina Zhao, Xing Zhao.

85US0| 7 SUOWILIOD aATEe.D) 3|qeal|dde ayy Aq peussnob ae Sajo1e YO 8sn Jo'Sa|n. 10} ARid1T 8uluO /8] UO (SUONIPUOD-PUR-SWB)W0Y A3 1M ARRIq ]BU1[UO//SONY) SUOIIPUOD pUe SWe | 8y 89S *[SZ0z/T0/82] U0 Akeiqiauljuo A|IMm ‘BIueD Yosesssy HAWD Ud!ine wniuezsbunyasiod Aq 6TTYT Z[/200T 0T/I0p/woo A8 |1 Arigjeut|uo'seunol-ze//sdny wouy pepeojumod ‘6 ‘¥20Z ‘6.252SST


https://doi.org/10.1080/13854046.2015.1137354
https://doi.org/10.1080/13854046.2015.1137354
https://doi.org/10.1016/j.nucmedbio.2020.03.003
https://doi.org/10.1016/j.nucmedbio.2020.03.003
https://doi.org/10.1212/WNL.0000000000010596
https://doi.org/10.1212/WNL.0000000000010596
https://doi.org/10.3233/JAD-230141
https://doi.org/10.3389/fnagi.2020.592024
https://doi.org/10.1002/alz.13909
https://doi.org/10.1016/j.jclinepi.2014.03.012
https://doi.org/10.1016/j.jclinepi.2014.03.012
https://doi.org/10.21105/joss.00772
https://doi.org/10.21105/joss.00772
https://doi.org/10.1002/ana.21843
https://doi.org/10.1002/ana.21953
https://doi.org/10.3389/fnagi.2022.883131
https://doi.org/10.3389/fnagi.2022.909614
https://doi.org/10.3233/ADR-230027
https://doi.org/10.1212/WNL.0000000000207844
https://doi.org/10.1212/WNL.0000000000207844
https://doi.org/10.1002/alz.13068
https://doi.org/10.14283/jpad.2023.49
https://doi.org/10.1002/alz.14119

	Amyloid and SCD jointly predict cognitive decline across Chinese and German cohorts
	Abstract
	1 | BACKGROUND
	2 | METHODS
	2.1 | Study design
	2.2 | Participants
	2.3 | Cognitive and behavioral assessments
	2.3.1 | Subjective cognition
	2.3.2 | Objective cognition

	2.4 | Amyloid biomarkers
	2.4.1 | Amyloid-PET
	2.4.2 | Plasma Ab measurements

	2.5 | Statistical analysis

	3 | RESULTS
	3.1 | Demographics
	3.2 | Baseline and longitudinal cognition across groups
	3.3 | Replication with a dimensional SCD measure (Ecog)
	3.4 | Analyses using different amyloid modalities
	3.4.1 | Plasma amyloid
	3.4.2 | Amyloid-PET in SILCODE

	3.5 | Exploration of different SCD recruitment settings in SILCODE

	4 | DISCUSSION
	AFFILIATIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	CONSENT STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION
	DELCODE study group collaborators
	SILCODE study group collaborators



