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Abstract

Objectives Amyloid deposition is considered the initial pathology in Alzheimer’s disease (AD). Personalized man-
agement requires investigation of amyloid pathology and the risk factors for both amyloid pathology and cognitive
decline in the Chinese population. We aimed to investigate amyloid positivity and deposition in AD patients, as well
as factors related to amyloid pathology in Chinese cities.

Methods This cross-sectional multicenter study was conducted in Shanghai and Zhengzhou, China. All partici-
pants were recruited from urban communities and memory clinics. Amyloid positivity and deposition were analyzed
based on amyloid positron emission tomography (PET). We used partial least squares (PLS) models to investigate
how related factors contributed to amyloid deposition and cognitive decline.

Results In total, 1026 participants were included: 768 participants from the community-based cohort (COMC)

and 258 participants from the clinic-based cohort (CLIC). The overall amyloid-positive rates in individuals with clini-
cally diagnosed AD, mild cognitive impairment (MCl), and normal cognition (NC) were 85.8%, 44.5%, and 26.9%,
respectively. The global amyloid deposition standardized uptake value ratios (SUVr) (reference: cerebellar crus) were
14440.24,1.3040.22,and 1.24+0.14, respectively. CLIC status, apolipoprotein E (ApoE) €4, and older age were
strongly associated with amyloid pathology by PLS modeling.

Conclusion The overall amyloid-positive rates accompanying AD, MCl, and NC in the Chinese population were simi-
lar to those in published cohorts of other populations. ApoE €4 and CLIC status were risk factors for amyloid pathology
across the AD continuum. Education was a risk factor for amyloid pathology in MCl. Female sex and age were risk
factors for amyloid pathology in NC.

Clinical relevance statement This study provides new details about amyloid pathology in the Chinese population.
Factors related to amyloid deposition and cognitive decline can help to assess patients’ AD risk.
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Key Points
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- We studied amyloid pathology and related risk factors in the Chinese population.
« The overall amyloid-positive rates in individuals with clinically diagnosed AD, MCl, and NC were 85.8%, 44.5%, and 26.9%,

respectively.

- These overall amyloid-positive rates were in close agreement with the corresponding prevalence for other populations.

Keywords Alzheimer's disease, Amyloid deposits, Apof, Community

Introduction

Alzheimer’s disease (AD) is the most common type of
dementia. The prevalence of dementia and AD in the pop-
ulation aged 60 years or older was estimated to be 6.0%
and 3.9%, respectively, in a cross-sectional study in China
with a large sample size [1, 2]. Moreover, the prevalence
of mild cognitive impairment (MCI), a stage between AD
and normal cognition (NC), was estimated to be 15.5%
in China, consistent with the estimated prevalence of 10
to 30% from several other studies [1, 3, 4]. AD and MCI
share similar risk factors, such as older age, parental his-
tory of dementia, fewer years of education, smoking,
hyperlipidemia, diabetes, and heart disease [1, 5, 6].

The amyloid hypothesis, supported by several studies, sug-
gests that the accumulation of B-amyloid (Ap) is the initial
event in AD, followed by downstream tau pathology, neuro-
degeneration, and cognitive decline [7, 8]. Regardless of its
place in the sequence, amyloid accumulation is an important
biomarker of AD; the rate of amyloid positivity is high, albeit
variable among studies, for individuals with AD (77 to 91%)
or MCI (40 to 75%) [9-11]. For the population of China, a
multicenter study indicated that the rates of amyloid positiv-
ity in individuals with AD and MCI were 86.8% (833/960)
and 9.7% (14/144), respectively [9]. In addition, the pattern
of amyloid pathology and the factors related to this pathol-
ogy are unclear in China. Therefore, a cross-sectional study
of amyloid positivity and deposition with a large sample size
is necessary to elucidate the pathology of AD.

This large-sample study enrolled individuals from urban
communities and memory clinics in China who were
clinically diagnosed with NC, MCI, or AD and underwent
amyloid positron emission tomography (PET) scans using
[!F]florbetapir. We evaluated the rates of amyloid positiv-
ity and amyloid deposition. Furthermore, factors related to
amyloid pathology and cognitive impairment, such as age,
sex, education duration, and apolipoprotein E (ApoE) geno-
types, were investigated by multivariate analyses [12—20].

Materials and methods

Participants

The community-based cohort (COMC) participants
were from The Chinese Preclinical Alzheimer’s Disease

Study (C-PAS). C-PAS is an observational longitudi-
nal study conducted in Shanghai, China, starting in
April 2019, as described in detail in our previous stud-
ies [21]. The clinic-based cohort (CLIC) participants
were recruited by clinicians in a memory clinic. All par-
ticipants were between 50 and 80 years old and were
recruited from October 2018 to February 2022. The
exclusion criteria included the presence of neurological
or psychiatric antecedents; significant alcohol or drug
abuse; MR images that exhibited structural/vascular
alterations beyond what is usual for a patient’s age; dis-
eases involving the central nervous system; and severe
diseases, such as cancers. Participants with any contrain-
dications to magnetic resonance imaging (MRI) or PET
were also excluded. Neuropsychological assessments,
ApoE genotyping, MRI, and PET were performed. Writ-
ten informed consent was obtained from the partici-
pants or their guardians. The study was approved by the
Institutional Ethics Review Board of Huashan Hospital
(ethical code number: HS-KY-2017-406). The flowchart
of study inclusion is shown in Fig. 1.

Identical clinical diagnostic criteria were applied to
the COMC and CLIC. The diagnosis was made by expe-
rienced neurologists on clinical grounds according to
corresponding international criteria. The 2011 National
Institute on Aging and Alzheimer’s Association (NIA-
AA) diagnostic criteria for probable AD were used to
define clinically diagnosed AD [22, 23]. Individuals
without dementia were further assessed for the pres-
ence of MCI based on the method proposed by Jak and
Bondi [24]. Specifically, a diagnosis of MCI was given if
the participant met either of the following criteria: (1)
at least one impaired cognitive domain, which means
impaired scores (>1 standard deviation (SD) below the
age-corrected normative mean) on all neuropsychologi-
cal tests in the same domain; (2) impaired scores (>1
SD) in each of the three cognitive domains [25]. The
participants in the NC group were all recruited from
communities in Shanghai as in the study by Guo et al
[26, 27]. Participants with NC were identified accord-
ing to our previous study; specifically, those who did not
meet the criteria for AD or MCI were identified as indi-
viduals with NC [28].
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Fig. 1 Flowchart of this study

Neuropsychological assessments

All participants underwent comprehensive neuropsy-
chological assessments in revised forms adapted for
the Chinese population [29, 30]. Two global cognitive
tests and six neuropsychological tests in three cognitive
domains were administered. Specifically, the Mini-Men-
tal State Examination (MMSE) and Montreal Cognitive
Assessment-Basic (MoCA-B) were used to assess global
cognition. The long-delayed recall of the Auditory Ver-
bal Learning Test (AVLT-LDR) and the recognition com-
ponent of the AVLT were used to assess memory, the
Animal Fluency Test (AFT, total score) and the 30-item
Boston Naming Test (BNT, total score) were used to
assess language, and the Shape Trail Test (STT) parts A
and B (time to completion) were used to assess executive
function [31, 32].

PET and MRI scans

The COMC underwent ['®F]florbetapir PET scans at
Huashan Hospital and MRI scans at Shanghai Jiao Tong
University Affiliated Sixth People’s Hospital. The auto-
mated radiosynthesis of ['®F]florbetapir was performed
as described in our previous report with the assistance
of a local vendor [33]. The CLIC underwent ['8F]flor-
betapir PET and MRI scans at the hospitals they vis-
ited. The methods of PET/CT and PET/MRI acquisition
were similar to those used in our previous studies [34,
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35]. The details are provided in Supplementary Table S1.
For amyloid scans, 10 mCi (+10%) ['®F]florbetapir was
injected, and a 20-min scan was performed 50 min after
injection. After acquisition, the PET images were recon-
structed by the filtered back-projection (FBP) algo-
rithm (3.5 mm full width at half maximum [FWHM],
Zoom 2.0) with corrections for decay, normaliza-
tion, dead time, photon attenuation, scatter, and ran-
dom coincidences [36]. The reconstructed brain PET
image matrix size was 168x168x 148, and the voxel
size was 2.04x2.04x 1.5mm> During the MRI scans,
T1-weighted images were obtained with an MP-RAGE
(magnetization-prepared rapid gradient echo) sequence
on sagittal scans at different locations. The ['®F]florbeta-
pir PET images and T1 images of a given participant were
taken within 1 month of each other.

Using the Amyvid read protocol [37] and the procedure
applied in our previous study, the amyloid PET images
were interpreted through visual inspection by 3 experi-
enced raters (J.Z., EH., and S.R.) by consensus [33]. Amy-
loid-positive participants, as classified by the readers,
were considered to have AD (AB+ AD) or MCI due to
AD (AB+MCI) according to the 2018 NIA-AA research
framework criteria [38].

Image processing

SPM12 (Wellcome Centre for Human Neuroimaging,
https://www.fil.ion.ucl.ac.uk/spm) was used to process
the ['8F]florbetapir PET images. For analysis by region
of interest (ROI), PET images were first coregistered to
their respective T1-weighted images. All images were
further converted to the normal Montreal Neurological
Institute (MNI) stereotactic space by warping the images
using transformation parameters. Finally, a Gaussian
smoothing kernel with an 8-mm FWHM was used to
smooth the images. The global cortex was defined as the
sum of the following 7 ROIs: the frontal, lateral parietal,
lateral temporal, medial temporal, and occipital lobes
and the posterior cingulate and precuneus [39]. Then,
the bilateral cerebellar crus was used as a reference area
to calculate the global standardized uptake value ratios
(SUVr) of ['®F]florbetapir. The process for voxelwise
analysis is detailed in the Supplementary material.

Statistical analysis

Fisher’s exact test was used to assess categorical demo-
graphic characteristics, and binary logistic regression was
performed to analyze the rates of amyloid positivity in
the different groups. For the continuous variables, analy-
sis of covariance (ANCOVA) was used for comparisons
among groups. Age, sex, education level, and ApoE &4
allele carrier status were entered as covariates, and the
significance threshold was set to p<0.05. p values were
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corrected for multiple comparisons with the Benjamini
and Hochberg (BH) method. We also performed a par-
tial least squares (PLS) analysis with SIMCA P+14.0
software (Umetrics AB) to evaluate the correlations of
the risk factors with amyloid deposition, amyloid positiv-
ity, and cognition. In the PLS analysis, R*Y represents the
goodness of fit, and Q? indicates the predictive power of
the model. Further details on the PLS analysis are pro-
vided in the Supplementary Information.

Table 1 Demographic characteristics of the included cohort
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Results

Demographics and clinical assessments

A total of 2305 participants from communities and 557
from memory clinics were recruited. After the exclusion
of 1628 participants without PET scans, 30 non-AD type
dementia and 178 participants without ApoE genotype
information, a total of 1026 participants were included;
specifically, 768 participants from the COMC and 258
participants from the CLIC were included. A total of 246

NC MClI AD NC vs. MCI NCvs. AD MCl vs. AD
(N=506) (N=274) (N=246)
Male:female ratio (% female) 184/322 (63.6%) 112/162 (59.1%) 96/150 (61.0%) p=0215 p=0479 p=0.667
Age (years, mean+SD) 63.97+£8.18 65.69+7.76 64.63+£8.63 p=0.012 p=0.690 p=0.368
Education level (years, mean +SD) 12.39+3.30 10.87+3.59 8.87+4.29 p<0.001 p<0.001 p<0.001
ApPOE (4 carrier, %) 110 (21.7%) 92 (33.6%) 122 (49.6%) p=0.001 p<0.001 p<0.001
€2/€2 4 3
€2/€3 52 24 17
e2/e4 4 3 9
€3/e3 340 155 107
e3/e4 100 81 86
e4/e4 6 8 27
MMSE score (mean +SD) 2807+1.74 2557+3.57 1596+6.13 p<0.001 p<0.001 p<0.001
MoCA-B score (mean+SD) 2550+3.10 21.27+4.53 11514557 p<0.001 p<0.001 p<0.001
AVLT-N5 Z score (mean+SD) 0.52+0.88 -0.55+0.71 —1.08+0.36 p<0.001 p<0.001 p<0.001
AVLT-N7 Z score (mean +SD) 049+0.80 -047+0.77 —1.16+0.89 p<0.001 p<0.001 p<0.001
AFT Z score (mean +SD) 0.52+£0.79 -055+0.77 -1.09+0.76 p<0.001 p<0.001 p<0.001
BNT Z score (mean+SD) 0.50£0.58 -0.16+0.78 —-129+1.11 p<0.001 p<0.001 p<0.001
STT-A Z score (mean+SD) —-0.25+0.21 0.06+0.55 1.08+247 p<0.001 p<0.001 p<0.001
STT-B Z score (mean+SD) -0.33+024 0.15+£0.98 1.31+1.96 p<0.001 p<0.001 p<0.001
AR positivity rate 136/506 (26.9%) 122/274 (44.5%) 211/246 (85.8%) p<0.001 p<0.001 p<0.001
Global AB deposition (SUVr) 1244014 1.30£0.22 144+0.24 p<0.001 p<0.001 p<0.001
Table 2 Amyloid positivity rates of the subgroups
NC McClI AD
Positivity rate Significance Positivity rate Significance Positivity rate Significance

Sex Male 59/184 (32.1%) 0.231 49/112 (43.8%) 0428 79/96 (82.3%) 0428

Female 77/322 (23.9%) 73/162 (45.1%) 132/150 (88.0%)
Education <9years 27/113 (23.9%) 0.537 39/108 (36.1%) 0.010 128/148 (86.5%) 0.843

>9years 109/393 (27.7%) 83/166 (50 0%) 83/98 (84.7%)
ApoE €4 noncarrier 96/396 (24.2%) 0.014 67/182 (36.8%) 0.002 97/124 (78.2%) 0.002

€4 carrier 40/110 (36.4%) 55/92 (59.8%) 114/122 (93.4%)
Age <65 years 67/272 (24.6%) 0414 51/126 (40.5%) 0414 104/122 (83.6%) 0916

>65 years 69/234 (29.5%) 71/148 (48.0%) 107/124 (86.3%)
Source Community 136/506 (26.9%) 54/156 (34.6%) <0.001 83/106 (78.3%) 0.006

Memory clinic 68/118 (57.6%) 128/140 (91.4%)
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individuals with AD, 274 individuals with MCI, and 506
individuals with NC were identified: 106 AD, 156 MCI, and
506 NC participants from the COMC as well as 140 AD
and 118 MCI participants from the CLIC (Tables 1 and 2).
MCI participants (age: 65.69+7.76 years) were older
than NC participants (63.97 +8.18 years, p=0.012). The
AD group had a lower education level (8.87 +£4.29) than
the MCI (10.87+3.59, p<0.001) and NC (12.39+3.30,
p<0.001) groups. The AD group had the highest pro-
portion of ApoE €4 carriers (122/246, 49.6%) by a signifi-
cant margin, followed by the MCI (92/274, 33.6%) and
NC (110/506, 21.7%, all p<0.001) groups. As expected,
MMSE and MoCA-B scores were observed to be low-
est in the AD group (15.96+6.13, 11.51+5.57) by a sig-
nificant margin, followed by the MCI group (25.57 +3.57,
21.27 £4.53) and the NC group (28.07 +1.74, 25.50 + 3.10;
all p<0.001). In addition, AVLT-N5/N7, AFT/BNT, and
STT-A/B scores were observed to be lowest in the AD
group by a significant margin, followed by the MCI group
and the NC group (all p<0.001). However, we did not
observe differences in the sex ratio among these groups.

Amyloid-positive rate

Across the two cohorts, the AD group displayed the
highest rate of amyloid positivity (211/246, 85.8%) by
a statistically significant margin, followed by the MCI
(122/274, 44.5%) and NC groups (136/506, 26.9%, all
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p<0.001). In the MCI group, participants with a higher
education level (>9 years) had a higher rate of amyloid
positivity than those with lower education levels (83/166,
50.0% vs. 39/108, 36.1%, p=0.010). ApoE €4 carriers
displayed significantly higher amyloid positivity than
noncarriers within the NC (40/110, 36.4% vs. 96/396,
24.2%, p=0.014), MCI (55/92, 59.8% vs. 67/182, 36.8%,
p=0.002), and AD (114/122, 93.4% vs. 97/124, 78.2%,
p=0.002) groups. Participants from the CLIC displayed
a higher rate of amyloid positivity than those from the
COMC within the MCI (68/118, 57.6% vs. 54/156, 34.6%,
p<0.001) and AD groups (128/140, 91.4% vs. 83/106,
78.3%, p=0.006). Amyloid positivity rates were not sig-
nificantly different by sex or age in these three groups.

Quantification of amyloid deposition
According to the ROI-based analyses, the AD group dis-
played the highest global amyloid deposition by a signifi-
cant margin, followed by the MCI and NC groups (global
SUVr: 1.44+0.24, 1.30£0.22, and 1.24 +0.14, respectively,
all p<0.001). Individuals with clinically diagnosed AD and
MCI from the COMC and CLIC had greater amyloid dep-
osition than NC individuals (Supplementary Figure S1).
Additionally, in the clinically diagnosed groups,
we observed greater amyloid deposition in females
than in males in the NC group (SUVr: 1.25+0.14 vs.
1.22 +£0.14, p=0.040. Fig. 2a). MCI individuals (SUVr:

a Sex Male b Education ) c ApoE €4 noncarrier
* Female >0y 3.0 e ¢4 carrier
3.0 3.0 .07
* b kK fulod

MCI AD

5— - T R —
NC MClI AD NC
d Age <635y € Source
: * >65Yy i
3.0 en 307 rex
2.5
%2.0- :
15] :
104
0.5— - T 5 .
NC MCI AD MCI

AD

Fig. 2 Influence of different related factors on global amyloid deposition in the groups. Related factors included (a) sex, (b) education level, (c) ApoE
genotype, (d) age, and (e) participant cohort and influenced global amyloid deposition in individuals with clinically diagnosed NC, MCl, and AD. ¥,
** and *** indicate statistical significance at p<0.05, p<0.01, and p<0.001, respectively
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1.32+0.23 vs. 1.27 £0.20, p =0.009) with a higher edu-
cation level (>9 years) displayed higher amyloid depo-
sition than those with a lower education level (Fig. 2b).
ApoE €4 carriers had significantly higher amyloid
deposition than noncarriers within the NC (SUVr:
1.27+0.16 vs. 1.23+0.13, p=0.010), MCI (SUVr:
1.38+0.25 vs. 1.26 £0.19, p<0.001), and AD groups
(SUVr: 1.48+£0.23 vs. 1.39+0.23, p=0.004) (Fig. 2c¢).
Older participants (age>65 years) had greater amy-
loid deposition than younger participants within the
NC group (SUVr: 1.26+0.16 vs. 1.22+0.11, p<0.001)
(Fig. 2d). MCI (SUVr: 1.37+0.25 vs. 1.25+0.18,
p<0.001), AB+MCI (SUVr: 1.48£0.27 vs. 1.37 £ 0.24,
»=0.028), and AD individuals (SUVr: 1.47+0.23 vs.
1.39+0.23, p=0.012) from the CLIC displayed signifi-
cantly greater amyloid deposition than those from the
COMC (Figs. 2e and 4e). Significant differences were
observed in most cortical areas after false discovery
rate (FDR) correction at the voxel level (p<0.05), as
shown in Figure S3 by voxelwise analyses in the above
groups with a significant global amyloid difference.
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Factors related to amyloid deposition and cognition

A PLS model was established to analyze the associa-
tions of source, age, sex, education level, and ApoE gen-
otype with qualitative and quantitative amyloid results
and global cognition in all 1026 participants. Figure 3
displays the different weights of these factors for the
qualitative and quantitative amyloid results as well as
cognition. Among these factors, CLIC membership, the
ApoE €4 allele, and a higher level of education were sig-
nificantly associated with positive amyloid deposition
(Fig. 3a, R?Y=0.164, Q*=0.154). CLIC, ApoE €4 carriers,
older age, and female sex were strongly associated with
the severity of amyloid deposition (Fig. 3b, R?Y=0.170,
Q?=0.164). Furthermore, we found that CLIC, ApoE &4
carriers, and lower education levels were associated with
low scores on the MMSE (Fig. 3¢, R?Y'=0.425, Q*=0.421)
and MoCA-B (Fig. 3d, R*Y=0.412, Q*=0.407).

In AB+individuals, these five related factors were sig-
nificantly correlated with low MMSE scores (Supplemen-
tary Fig. 2A, R°Y=0.423, Q*=0.414) and low MoCA-B
scores (Supplementary Fig. 2B, R?Y'=0.408, Q*=0.399).

B
)

0.3

0.25
0.2
0.15
0.1

0.05 i
0

-0.05
-0.1

Coefficients (AB quantitative results)

-0.15
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< 0.1

ApoE

1
-

&S & & & &
HOWN

1

Coefficients (MoCA-B
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Fig. 3 Factors related to amyloid pathology and cognition based on the PLS model in clinically diagnosed participants. The latent variables
from the partial least squares analysis of related factors and (A) qualitative AB results, (B) quantitative AB results, (C) global cognition according

to MMSE scores, and (D) global cognition according to MoCA-B scores
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with MClI due to AD (AR +MCl) and those with clinical AD (AR+AD). *, **, and *** indicate statistical significance at p<0.05, p<0.01, and p<0.001,
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Discussion

This cross-sectional study examined a large sample of
urban cities in China. In this study, we found that the
rates of amyloid positivity according to ['*F]florbetapir
PET imaging were 26.9%, 44.5%, and 85.8% in individuals
with clinically identified NC, MCI, and AD, respectively.
Furthermore, we investigated the factors related to amy-
loid pathology and cognition.

The rates of amyloid positivity in different groups were
similar to those reported in a previous meta-analysis,
suggesting that the mean rates of amyloid positivity in
the NC, MCI, and AD groups were 24%, 53%, and 88%,
respectively, in multiethnic populations outside the Chi-
nese population [10, 11]. This means that the proportion
of AB-positive individuals in the Chinese population is
in very good agreement with corresponding prevalence
estimates for other populations. This was the first study
to report the rates of amyloid positivity in individuals
with NC in China; the rate (26.9%) was similar to that
in other countries [11, 40]. Our research provides new
details about AD pathology in Chinese populations.
Overall, 14.2% of clinically diagnosed AD individuals
displayed amyloid negativity, which is compatible with
the findings of previous investigations [41-43]. A previ-
ous study of the 2005-2013 National Alzheimer’s Coor-
dinating Center autopsy database discovered that ~14%

of subjects clinically diagnosed with mild to moderate
probable AD have sparse neuritic plaques or none at all,
which could lead to negative amyloid PET results [44].
In a previous Chinese study, the rate of amyloid positiv-
ity in MCI individuals was 9.7%, although no quantitative
amyloid deposition data were provided [9]. The research-
ers explained that the low positivity rate may have been
caused by the clinical criteria for MCI diagnosis devel-
oped by Winblad [9, 45]. Compared to the criteria we
used, the criteria mentioned by Winblad et al were rel-
atively general [46, 47], which may explain the low rate
of amyloid positivity they found in MCI patients. In the
present study, MCI patients from the COMC displayed
significantly lower amyloid positivity and amyloid depo-
sition than individuals from the CLIC. The former also
had higher MMSE scores than the latter (26.72 +1.82 vs.
24.04+4.61, p<0.001, Supplementary Table S6). There-
fore, it is also important to specify the rates of amy-
loid positivity in MCI individuals from the community
(34.6%) and those from memory clinics (57.6%), which
were also significantly different in this study. However,
details regarding the factors associated with amyloid dep-
osition and cognitive impairment remain unclear in the
Chinese population.

We further investigated potential factors related to
amyloid deposition and cognition. First, we found no
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sex differences in amyloid positivity and deposition or
global cognition in either the MCI group or the AD
group (Fig. 2, Fig. 4, Supplementary Table S2). How-
ever, females exhibited higher amyloid deposition than
males within the NC group. These findings are similar
to those of a previous study [48]. The increased level
of AD neuropathology among women in the NC group
could be associated with pregnancy and menopause
[49-51], as blockade of follicle-stimulating hormone
was found to improve cognition by clearing amyloid
and tau deposits [52]. Education is an important source
of cognitive reserve that prevents or delays AD. We also
found significantly better global cognitive performance
with higher education levels in the NC, MCI, and AD
groups (Supplementary Table S3 and Figure S4). How-
ever, individuals with higher education levels displayed
higher amyloid deposition and a higher amyloid-posi-
tive rate within the MCI group. To further investigate
the association between education level and AD, we
used partial correlation (SPSS, version 26.0) to study
the relationship between years of education and global
amyloid deposition. After controlling for the influence
of sex, age, ApoE, and source, individuals with higher
education levels tended to have more severe amyloid
deposition in the MCI and AD groups (Supplementary
Figure S4A and D). In addition, after controlling for the
effects of sex, age, source, and ApoE genotype, years of
education had a positive association with global cog-
nitive performance (Supplementary Figure S4). In the
MCI group, individuals with 10 years of education or
more had more severe amyloid deposition but bet-
ter global cognition performance than those with 9 or
fewer years of education. These results indicated that
higher education could help individuals “cope with” AD
pathology and resist cognitive decline [53, 54]. In other
words, individuals with higher education compensate
more effectively for cognitive deficits. According to
previous research, cognitive reserve can be influenced
by the interaction of innate individual differences and
lifetime exposures (early-life general cognitive ability,
education, occupation, physical exercise, leisure activi-
ties, social engagement, etc.) [55]. Unfortunately, this
research did not obtain enough information to evaluate
lifetime exposures except for education. Amyloid depo-
sition and the amyloid-positive rate in the MCI group
could be affected by these unconsidered factors. The
ApoE €4 allele is the strongest risk factor for sporadic
AD and acts as a trigger for AP accumulation, which
could increase the rate of amyloid positivity and the
severity of the AP burden [56]. The correlation between
the ApoE genotype and AP can be explained by the
hypothesis that ApoE lowers the rate of AP clearance
[57, 58]. As found in our study, significant differences in
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the rates of amyloid positivity and amyloid deposition
between €4 carriers and €4 noncarriers were observed
in the NC, MCI, and AD groups. However, global
cognition did not differ between carriers and noncar-
riers (Supplementary Table S4). We found that the
ApoE €4 allele is the key risk factor for amyloid posi-
tivity and amyloid deposition in the Chinese popula-
tion. Age is another factor related to AD in the Chinese
population, as previously reported [12]. In this study,
older individuals tended to display more severe amy-
loid deposition. This finding is in line with a previous
study showing that amyloid positivity and deposition
increased with age [12]. In the AD group, younger indi-
viduals displayed significantly worse global cognition
(MMSE scores: 14.88+6.21 vs. 17.02+5.89, p=0.027;
MoCA-B scores: 10.56+5.60 vs. 12.44 +5.40, p=0.027)
(Supplementary Table S5). This could be due to the
early onset of AD [59]. Individuals with early-onset AD
exhibited an aggressive disease course and accelerated
rates of cognitive decline [60]. Among MCI and AD
patients in this study, a higher rate of amyloid positivity
and greater amyloid deposition were observed in indi-
viduals from the CLIC than in those from the COMC.
Additionally, worse cognition was observed in indi-
viduals from the CLIC than in those from the COMC
within both the MCI and AD groups (Supplemen-
tary Table S6). The demographic characteristics of the
COMC and CLIC groups were well balanced except for
the proportion of €4 carriers in the MCI group (Supple-
mentary Table S7). Among individuals with MCI, the
CLIC group contained a higher proportion of &4 carri-
ers than the COMC group (40.7% vs. 28.2%, p=0.039).
Within both the AD and MCI groups, the individuals
in the CLIC displayed poorer global cognition perfor-
mance and more severe amyloid deposition than the
individuals in the COMC (Supplementary Table S7).
Within the MCI group, individuals in the CLIC dis-
played poorer global cognition performance and more
severe amyloid deposition than those in the COMC,
which may be correlated with the larger proportion of
€4 carriers in the CLIC group. Existing literature indi-
cates that individuals from the clinic have more Alzhei-
mer’s pathology than individuals from the community
[61]. As discussed in the literature, medical help seek-
ing can be triggered or facilitated by multiple factors,
including worry associated with a family history of
dementia, low quality of life, poor physical health, and
socioeconomic barriers (high cost/low access to health
care). Help seeking might also be influenced by individ-
uals’ knowledge, causal beliefs, and attitudes regarding
memory function, aging, and dementia. In addition, Hu
et al demonstrated that clinic-based patients had higher
rates of dementia and AD than community-based
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patients within MCI populations, which could lead to
poorer global cognition performance and more severe
amyloid pathology [62]. Other risk factors leading to
poorer cognitive performance and more severe amyloid
deposition remain unidentified in this study.

We also constructed PLS models to investigate the
contribution of related factors to amyloid deposition
and cognitive decline in the overall cohort and in par-
ticipants with AD pathology. First, CLIC membership
and ApoE €4 carrier status were strongly related to an
increased rate of amyloid positivity and increased amy-
loid deposition. CLIC membership, ApoE €4 carrier sta-
tus, and low education levels were associated with global
cognitive decline. A similar pattern was found in partici-
pants with AD pathology. Thus, the model elucidated the
importance of the ApoE €4 allele and CLIC membership
as factors associated with amyloid deposition and cogni-
tive decline in the Chinese population. These results have
important clinical implications for the development of an
early warning model for AP in the Chinese population.

This study had several limitations. First, we only
included urban regions; rural regions were not included
due to limited access to amyloid PET. Second, only 5
related factors were analyzed; other related factors, such
as parental history of dementia, medical history, lifetime
exposures and lifestyle variable, were not investigated.
Third, according to a study conducted on other popula-
tions, there might be more than one typical pattern of
amyloid pathology [63, 64]. In this cross-sectional base-
line study, we did not explore other patterns of amyloid
deposition through different models. Thus, future studies
should incorporate more risk factors for AD and explore
other patterns of amyloid deposition through longitudi-
nal follow-up in the Chinese population.

In conclusion, we described the rate of amyloid posi-
tivity and quantified amyloid deposition in city-dwelling
individuals in China according to the AD spectrum. We
found that individuals in the CLIC and those with the
ApoE €4 allele, as well as MCI individuals with more
education, displayed a higher amyloid-positive rate. Sex,
education level, ApoE €4 carrier status, age, and CLIC
membership were also associated with more severe amy-
loid deposition. Specifically, in a PLS model, CLIC, ApoE
€4 and older age were strongly associated with amyloid
pathology in individuals. In summary, ApoE €4 carrier
status and CLIC membership were risk factors for amy-
loid pathology across the AD continuum. In MCI par-
ticipants, a higher education level was also a risk factor.
In the NC group, the risk factors for amyloid pathology
included female sex and age.
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