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Background and Purpose: Intracerebral AP protein deposition is an important pathological mechanism of Alzheimer’s disease
(AD) and is one of the indicators of early diagnosis of AD. However, invasive lumbar puncture and AB PET are difficult to perform in
primary units, resulting delays in early diagnosis of AD. In recent years, it has been found that plasma A can reflect the pathological
state of AD in early stage, but the results are not consistent. The objective of this study was to explore the association between plasma
AP42 levels and AD cognitive impairment and its influencing factors in Chinese elderly population, so as to provide guidance for the
clinical application of plasma AP42 as a blood biomarker of AD.

Methods: This is a cross-sectional study based on the community population. Plasma samples were collected from 604 healthy
controls (HC), 508 mild cognitive impairment (MCI) and 202 dementia with Alzheimer’s type (DAT) patients from three cities. We
analyzed the correlation between plasma AB42 levels and cognitive function and the influence of confounding factors on the
relationship between plasma AP42 levels and AD. The independent influencing factors of plasma AB42 levels were determined by
covariance and linear regression analysis.

Results: Our results suggest that there is a special linear relationship between plasma AP42 and cognitive impairment of AD in
Chinese elderly population, with AB42 levels slightly decreased in early AD and significantly increased in moderate-to-severe AD
(P<0.01). There are many factors influencing the association between plasma AB42 levels and AD cognitive impairment, and sample
source, gender and BMI are independent influencing factors of plasma AB42.

Conclusion: This indentifies that plasma AB42 may be a peripheral biomarker for AD screening in Chinese elderly population, but it
is necessary to establish standardized detection methods and establish different demarcation criteria for various influencing factors.
Keywords: amyloid-beta 42, Alzheimer’s disease, association analysis, influencing factors, Chinese elderly population

Introduction

With the global population ages, the number of Alzheimer’s disease (AD) is rising sharply and is expected to reach
152 million by the year 2050, which will bring severe challenges to social development.! AD has no effective
treatment at present. Any measure that can detect and monitor pathological changes at an early stage of disease will
help prevent or delay the onset of disease and reduce the public health burden.” Since George proposed that amyloid
beta (AP) accumulation might be the pathological mechanism of AD in 1984, this hypothesis has been increasingly
supported by advances in pathology, neurochemistry and genetics*> and has dominated the revision of AD prevention
protocols and diagnostic criteria for more than 30 years.®® The core AD biomarker, AP is produced by many cell
types in vivo, including neurons and glial cells in the central nervous system, platelets, leukocytes and other cells such
as skeletal muscle and vascular wall smooth muscle cells in the peripheral system, and so on. AB42 toxic protein is the
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main cause of the pathogenesis of AD. It was found that there was a large amount of AP in the plasma of AD patients,
mainly represented by AB42, but less in normal controls. Peripheral circulation AB42 is mainly derived from platelets
and its production mechanism is similar to neurons. Recent studies have found that AP can be bidirectionally
transported and interact with the brain and peripheral circulation. Peripheral AB42 not only reflects the pathological
changes of central nervous system but also may play a positive role in the development of AD. Platelets may be
a potential source of the amyloid deposits in meningeal vessels and brain parenchyma.’'® When the blood—brain
barrier (BBB) is damaged due to aging or vascular changes, peripheral AB42 is likely to enter the brain from the
circulation and deposit in the extracellular space of cerebral cortex and vascular wall, and induce other AD pathology,
such as tau hyper-phosphorylation, increased neuroinflammatory response and functional deficits of hippocampal
neurons.

AD is a continuous pathophysiological process in which amyloidosis develops long before clinical symptoms
appear. Both the International Working Group (IWG) in 2014 and the A/T/N classification system of the National
Institute on Aging-Alzheimer Association (NIA-AA) in 2018 included biomarkers in the diagnosis of AD, which is
a major breakthrough in the field of AD research.”® The ideal AD biomarkers should be reliable, repeatable, less
invasive and more economical. Cerebrospinal fluid (CSF) AB42 is currently the “gold standard” biomarker for AD,
however lumbar puncture remains invasive technique and difficult to implement in early screening or large studies.
Meanwhile, the amyloid-PET test is very expensive and impractical for population screening. Relevant studies have
shown that some biomarkers as AP in blood can reflect the pathological state of AD in the early stage, and their
application to the clinic may break the current difficulties in the diagnosis and treatment of AD. In the past decades,
numerous AD cohort studies have been carried out in Europe and the United States, strongly supporting the important
role of plasma biomarkers such as AB42 and Tau proteins in the development of AD biomarkers.'""'* However, due to
various reasons, such as the short half-life of Ap in blood, technical problems of detection, disease-related factors,
heterogeneity of study design, statistical ability, ethnic differences and sample size, studies on the correlation between
blood AP and AD pathology and on the diagnosis and prediction of AD are inconsistent. Therefore, it is necessary to
establish a prospective, multi-ethnic, multi-center, large-sample cognitive cohort for further study. Currently, there are
few large-sample studies on plasma AP42 in Chinese populations. Therefore, in this study, we investigated the
association between plasma AP42 levels and cognitive impairment of AD in 1314 Chinese population aged 50 years
and older in the community, and analyzed the factors influencing the correlation between AB42 concentration and
cognitive impairment.

Materials and Methods

Subjects
This study recruited adults and elderly volunteers aged 50 and above from communities and psychiatric hospital
memory clinics from three cities: Wuxi, Jiang-Yi and Hangzhou. All the participants underwent clinical interviews
and relevant neurocognitive evaluation, as well as necessary laboratory or imaging examinations. Based on the inter-
view and test results, 1314 valid samples were obtained, including 881 in Wuxi, 248 in Hangzhou and 185 in Jiang-Yi,
after excluding the serious physical, neurological and mental disorders that may cause cognitive impairment. The 1314
volunteers were divided into three groups: 604 health control (HC), 508 MCI patients and 202 dementia with
Alzheimer’s type (DAT), of which 150 DAT patients were from memory clinics, and the other DAT patients, HC and
MCI subjects from community volunteers. The diagnosis of MCI and AD is based on the core clinical criteria
recommended by the National Institute on Aging and the Alzheimer’s Association (NIA-AA) workgroup.'>'* There
were significant differences in general demographic and clinical data among the three-city groups, including gender,
age, education, family, occupation, clinical diagnosis and Clinical Dementia Rating (CDR) scores.'> However, we did
not observe significant differences in plasma levels of AP42 among the three-city groups. Sample sources and basic
information are shown in Table 1.

According to the declaration of Helsinki, all subjects or their guardians signed an informed consent form before
participating in the study. This study was approved by the Ethics Committee of Wuxi Mental Health Center.
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Table | Sample Source and Basic Data

Variables Total Sample Wouxi Jiang-Yi Hangzhou x2IF P value
(n =1314) (n =881) (n =185) (n =248)
Gender, n (%)
Male 576 (43.84) 411 (46.65) 78 (42.16) 87 (35.08) 10.769 0.005
Female 738 (56.16) 470 (53.35) 107 (57.84) 161 (64.92)
Age, Years (Mean =SD) 69.22+8.91 67.29+7.39 66.68+7.66 77.98+9.41 190.794 0.000
Education, years (Mean +SD) 8.60+3.59 9.63+2.88 7.72+2.51 5.60+4.56 159.317 0.000
Marriage, n (%)
In Marriage 1141 (86.83) 773 (87.74) 156 (84.32) 212 (85.48) 2.049 0.359
Others 173 (13.17) 108 (12.26) 29 (15.68) 36 (14.52)
Family, n (%)
Big Family 464 (35.31) 311 (35.30) 89 (48.11) 64 (25.81) 60.384 0.000
Couple 708 (53.88) 501 (56.87) 79 (42.70) 128 (51.61)
Others 142 (10.81) 69 (7.83) 17 (9.19) 56 (22.58)
Occupation, n (%)
Physical 162 (12.33) 59 (6.70) 102 (55.14) | (0.40) 389.547 0.000
Technical 868 (66.06) 599 (67.99) 59 (31.89) 210 (84.68)
Intellectual 284 (21.61) 223 (25.31) 24 (12.97) 37 (14.92)
Diagnosis, n (%)
HC 604 (45.97) 499 (56.64) 51 (27.56) 54 (21.77) 210.078 0.000
MCI 508 (38.66) 283 (32.12) 123 (66.49) 102 (41.13)
DAT 202 (15.37) 99 (11.24) Il (5.95) 92 (37.10)
CDR Score, (MeantSD) 0.57+0.65 0.47+0.57 0.48+0.44 1.00£0.85 75.084 0.000
ApB42, pg/mL Mean +SD 57.46+99.91 60.61x113.65 | 51.36+£58.58 | 50.85+66.28 1.325 0.266
Ln (X+I) 3.49+1.07 3.53%1.06 3.35%1.14 3.45%1.04 2.326 0.098

Abbreviations: HC, health control; MCI, mild cognitive impairment; DAT, dementia with Alzheimer’s type; CDR, Clinical Dementia Rating.

Procedure

Neurocognitive and Psychological Assessment

The assessments involved three primary sections: (1) subjective cognitive impairment screening; (2) objective cognitive
impairment assessment; and (3) related mental rating. The brief elderly cognitive screening questionnaire screening
(BECSI)'® was used to screen subjective cognitive impairment of volunteers in the community. It contains of 13 items
aimed at assessing four functional domains, including memory function, temporal orientation, work efficiency, and
mental pathology, with total score of more than 4 points indicating subjective cognitive impairment. The Clinical
Dementia Rating (CDR), Alzheimer’s Dementia Assessment Scale-cognitive subscale (ADAS-cog),'” and Mini Mental
State Examination (MMSE)'® were used to evaluate overall objective cognitive impairment. The criteria for normal
cognition were CDR = 0, or ADAS-cog: 0-9, or MMSE: 28-30; mild cognitive impairment were CDR = 0.5, or ADAS-
cog: 10—-15, or MMSE: 20-27 and severe cognitive impairment were CDR >1, or ADAS-cog>16, or MMSE <20. The
clinical grading of AD was mainly based on CDR score, with CDR = 1 for mild AD and CDR = 2-3 for moderate-to-
severe AD. Other related psychological rating scales included Activity of Daily Living Scale (ADL)," Hachinski
Ischemic Scale (HIS)* and Hamilton Depression Scale (HAMD).?!

Clinical Interview and Examination
Our clinical interview and examination process had 4 primary sections: (1) social demographic questions: name,
gender, age, education, marriage, family status, occupation, etc.; (2) medical history collection and psychiatric
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examination: memory and cognitive impairment, mental status examination, medicine, family history and individual
medical history; (3) physical examination, such as height, weight, heart rate, blood pressure, vision and hearing, etc.,
with emphasis on neurological examination, such as sensory symmetry, motor function, muscle strength, muscle
tension, language function, gait and balance, tremor, etc.; (4) necessary auxiliary examinations: electrocardiograms
(ECQG), electroencephalograms (EEG), brain computed tomography (CT), blood biochemistry tests, etc.

Plasma AB42 Assays and APOE Genotyping

(1) Fasting venous blood was collected from all participants using 2% EDTA-coated vacuums and collected in
followed by centrifugation at speeds 3000 rpm for 30 minutes at room temperature. Plasma and leukocytes were
collected, respectively, in plastic vials and stored at —80°C for further analyses; (2) Biomarker measurements were
performed at Nanjing Amory Biotechnology Co., LTD. The quantitative sandwich ELISA kit (R&D Systems, Inc.
Minneapolis, America) was used to quantify plasma AB42 levels. One hundred microliter standard and sample were
pipetted to the microplate coated with monoclonal antibody specific for human Amyloid f in concentration order.
Following a washing away unbound substances, the cold Human Amyloid B (aal-42) Conjugate was added to the
wells. Repeated the aspiration/wash 3 times, 200uL of Substrate Solution was added to each well. After incubating
at room temperature for 30 minutes, SOuL of Stop Solution was added to each well. The color development was
stopped, and the intensity of the color was measured. A standard curve was created from which the concentration of
AP42 was read; (3) DNA extraction and APOEe4 genotyping were performed by Wuxi Biowing Applied
Biotechnology Co., Ltd. Leukocyte DNA was extracted using blood genotyping DNA extraction kit (Tiangen
Biotech, Beijing, China), and polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP)
was used to analyze APOE genotype.

Statistical Analysis

All data were processed with SPSS24.0 software (IBM Corporation, Armonk, NY, USA). Comparisons among groups
were performed using Pearson Chi-square test for nominal data or analysis of variance for numeric data, including
demographic, clinical and laboratory data, and cognitive scores. Due to the skewed distribution of plasma AB42 levels,
the data were log-transformed for statistical testing. Pearson correlation coefficients between plasma AB42 levels and
CDR, ADAS-Cog and MMSE were calculated. ANOVA was used to compare the plasma AB42 levels of HC, MCI and
DAT subjects after classification by gender, age, education level, occupation, sample origin, APOE &4 genotype and BMI,
and ANCOVA observes the influence of each classification variable on plasma AB42 levels. Covariance analysis and
linear regression analysis were used to determine the influencing factors of plasma AP42. Significant P-value was
reported as P<0.05.

Results

Participant Characteristics

A total of 1314 participants were enrolled in this study, including 604 elderly with normal cognition (HC group), 508
patients with MCI (MCI group) and 202 patients with DAT (DAT group). All participants completed clinical interview
and examination, neurocognitive and psychological assessment, laboratory tests and plasma AB42 assays, of which 990
participants completed body mass index (BMI) and 971 completed APOEe4 genotyping. The demographic, clinical and
laboratory data of the three groups are shown in Table 2. Except for gender, blood pressure, blood glucose, BMI,
triglyceride, thyroid stimulating hormone, folic acid and vitamin B12, there were significant differences among the three
groups in demographic, clinical and laboratory data (P < 0.05 for all). Based on different stages of the disease, DAT
patients were divided into mild AD and moderate-to-severe AD, and there were statistically significant differences in
Ap42 levels between HC, MCI, mild AD and moderate-to-severe AD (P<0.001). Post hoc (LSD) analysis showed that
the AP42 levels in moderate-to-severe AD group (3.87 = 1.10) were higher than those in the mild AD group (3.40 £
1.05), MCI group (3.47 + 1.04) and HC group (3.43 + 1.08) (P < 0.001). There were no significant differences among
mild AD, MCI group and HC group (P > 0.05).
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Table 2 Demographic, Clinical and Laboratory Data and Cognitive Scores of Three Groups
Variables HC (n =604) | MCI (n =508) | DAT (n = 202) x2IF P value
Gender, n (%)
Male 285 (47.19) 212 (41.73) 79 (39.11) 5.499 0.064
Female 319 (52.81) 296 (58.27) 123 (60.89)
Age, Years (Mean +SD) 66.15+7.08 69.51£8.50 77.68+9.22 157.432 0.000
Education, Years (Mean £SD) 10.06+2.86 7.60+3.36 6.73+4.31 114.401 0.000
Marriage, n (%)
In Marriage 547 (90.56) 443 (87.20) 151 (74.75) 33.197 0.000
Others 57 (9.44) 65 (12.80) 51 (25.25)
Family, n (%)
Big Family 224 (37.09) 189 (37.20) 51 (25.25) 130.584 0.000
Couple 352 (58.28) 272 (53.54) 84 (41.58)
Others 28 (4.64) 47 (9.25) 67 (33.17)
Occupation, n (%)
Physical 48 (7.95) 102 (20.08) 12 (5.94) 72.363 0.000
Technical 382 (63.25) 334 (65.75) 152 (75.25)
Intellectual 174 (28.81) 72 (14.17) 38 (18.81)
BMI, Kg/m? 23.74%2.92 24.07+3.28 23.50+3.29 1.882 0.153
APOEe4, n (%)
Carriers 80 (17.13) 59 (15.17) 37 (32.17) 17.899 0.000
Non-Carriers 387 (82.87) 330 (84.83) 78 (67.83)
SBP, mm/Hg (Mean+SD) 135.87+16.47 135.81+16.39 140.35+19.49 2939 0.053
DBP, mm/Hg (Mean+SD) 82.78+9.28 81.4919.44 82.46+10.27 2.091 0.124
TP, g/l (MeanxSD) 75.68+4.93 74.96+4.72 74.35+5.44 4.150 0.016
ALB, g/l (MeantSD) 46.60+2.82 45.96+2.99 45.0243.17 13.478 0.000
GLU, mmol/l (MeanxSD) 6.11x1.62 6.16x1.67 6.23+1.44 0.258 0.773
TG, mmol/l (Mean%SD) 1.66+1.08 1.62+1.30 1.84+2.22 1.087 0.338
TCH, mmol/l (Mean+SD) 5.17+0.97 5.14£1.09 4.82+0.91 4363 0.013
HDL mmol/l (Mean+SD) 1.19£0.31 1.29+0.41 1.2240.33 8575 0.000
LDL mmol/l (Mean+SD) 3.02+0.74 2.93+0.75 2.65+0.66 9.695 0.000
TSH, mlU/I (Mean+SD) 2.24%1.65 2.36+1.81 2.78+4.60 2018 0.134
FOL, nmol/l (Mean+SD) 50.25+£90.47 37.02+53.61 41.92+70.41 2.839 0.056
VBI12, pmol/l (Mean+SD) 356.73+202.76 345.24+188.95 329.90+205.16 0.8I15 0.443
CDR score, (Mean+SD) 0.20£0.29 0.53+0.19 1.78+0.72 1437.423 0.000
ADAS-cog Score, (Mean+SD) 6.25+2.64 12.04+5.30 24.25%11.52 425.700 0.000
MMSE Score, (Mean+SD) 28.64+2.92 22.35+6.17 10.74+6.58 397.955 0.000
ADL Score, (MeanzSD) 13.63+5.67 16.1618.12 38.94+18.62 539.768 0.000
ApB42, pg/mL Meant SD 55.56+94.62 57.33%116.38 63.46164.31 0.474 0.623
Ln (X+1) 3.43+1.08 3.47+1.04 3.68+1.10 4.327 0.013
Abbreviations: BMI, body mass index; APOE, apolipoprotein E; SBP, systolic blood pressure; DBP, diastolic blood pressure; TP, total
protein; ALB, albumin; GLU, fasting blood glucose; TG, triglyceride; TCH, total cholesterol; HDL, high density lipoprotein; LDL, low
density lipoprotein; TSH, thyroid stimulating hormone; FOL, folic acid; VBI12, vitamin B12; ADAS-cog, Alzheimer’s Disease Assessment
Scale-cognitive Subscale; MMSE, Mini Mental State Examination; ADL, activities of daily living scale.
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Relationship Between Plasma AB42 and Cognitive Function

According to CDR, ADAS-cog and MMSE scores, subjects were divided into normal cognitive group, mild cognitive
impairment group and severe cognitive impairment group. The plasma AB42 differences among the three groups were compared
by the ANOVA (age and education as covariates) and the correlation between AB42 and cognitive scores was calculated by
Pearson correlation analysis (shown in Table 3). After eliminating the effects of age and education, in the CDR groups,
participants with severe cognitive impairment had a significantly higher AB42 levels compared to those with mild cognitive
impairment and normal cognition (P=0.019), and there was a significant correlation between AB42 levels and CDR scores
(7=0.093); In the ADAS-cog or MMSE groups, no difference for AB42 levels were observed among different cognitive function
groups, and no correlation was detected between AB42 levels and ADAS-cog scores or MMSE scores (P > 0.05 for all).

Factors Influencing the Association Between AB42 and Cognitive Impairment

Stratified by demographic and clinical characteristics (Table 4), when the subjects were female, low education, APOEe4+/e4-,
aged 51-64 and 6574 years, and samples from Wuxi, the plasma AB42 levels in the DAT group were significantly higher than
those in the MCI and HC groups (P<0.05 for all), and in physical occupation participants, Ap42 levels in the MCI and DAT
group were higher than those in HC group, while low BMI subjects, AB42 levels in the MCI group were higher than those in
DAT group (P<0.05). There were no significant differences in Ap42 levels between HC, MCI and DAT groups in other
demographic and clinical characteristic stratifications (P> 0.05 for all).

The Combined Effects of Related Factors on A42

The combined effects of diagnosis, gender, age, education, occupation, and sample source on plasma AB42 were
examined by covariance analysis and linear regression analysis. As shown in Table 5, both covariance and linear
regression showed that effects of diagnosis, gender and sample source were statistically significant (P< 0.05), but the
three factors could only explain 1.7% or 1.6% AP42 variation. Neither covariance nor linear regression analysis, the
effects of age, education, and occupation were not statistically significant (P> 0.05).

Table 3 Association Between AB42 and Cognitive Function

Variables Normal Mild Severe ANOVA ANCOVA Pearson
Cognition Impairment Impairment Correlation

CDR group 3.38+1.07 3.50+1.07 3.62+1.09 F=3.972 Fc =3.662, P=0.026 r=0.093

P=0.019 F.+ =4.129, P= 0.042 P=0.001

F. =0.001, P=0.982
F. =1.003, P=0.317

ADAS-cog 3.40£1.07 3.52+1.07 3.36£1.02 F=1.624 Fc=1.821, P=0.162 r=0.017
group P=0.198 F.=5.820, P=0.016 P=0.594
F.=0.003, P=0.954
F. =0.118, P=0.732

MMSE group 3.43%1.09 3.45%1.06 3.64x1.16 F=2.370 Fg =2.223, P=0.109 r=—0.021
P=0.094 F. =0.028, P= 0.868 P=0.613
F. =0.015, P=0.903
F. =1.616, P=0.204

Abbreviations: Fg, variance value with neurocognitive assessment grouping as independent variable; F., variance value with gender as covariate; Fy, variance with age as
covariate; F., variance value with education as covariate.
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Table 4 Factors Influencing the Association Between Plasma AB42 and Cognitive Impairment
Variables HC MCI DAT ANCOVA ANOVA LSD
Mean 1SD (n) | Mean £SD (n) | Mean 1SD (n)
Gender
Male 3.34%1.10 3.45%1.16 3.58+1.24 Fc=4.040, P=0.019 F=1.555, P=0.212 AD=HC=MCI
Female 3.51%1.05 3.48+0.95 3.75+0.99 Fc =3.765, P=0.053 | F=3.198, P=0.043 AD>HC=MCI
Age, Years
51-64 3.43%1.02 3.43%1.00 4.00+0.79 Fc=3.970, P =0.019 | F=3.393, P=0.034 AD>HC=MCI
65-74 3.42%1.13 3.47%1.09 391111 Fc =0.074, P =0.799 | F=3.930, P=0.020 AD>HC=MCI
75- 3.46%1.13 3.54%1.04 3.55%1.12 F=0.180, P=0.835 AD=HC=MCI
Education, Years
0-6 3.48%1.06 3.44%1.06 3.68%1.09 Fc=4.365, P=0.013 F=2.173, P=0.115 AD>HC=MCI
7-9 3.39%1.12 3.51%1.01 3.60%1.16 Fc=0.215, P=0.643 F=1.036, P=0.356 AD=HC=MCI
10- 3.46x1.04 3.48x1.11 3.76x1.11 F=1.407, P=0.246 AD=HC=MCI
Occupation
Physical 3.06%1.05 3.43%1.03 4.01+0.40 Fc=4.540, P=0.011 F=5.019, P=0.008 AD=MCI>HC
Technical 3.45+1.08 3.46x1.01 3.64%1.16 Fc=3.427, P=0.064 F=2.003, P=0.136 AD=HC=MCI
Intellectual 3.49+1.30 3.60%1.10 3.74x1.21 F=0.895, P=0.410 AD=HC=MCI
Sample Source
Wuxi 3.44+1.08 3.52+1.01 3.96%1.02 Fc=6.191, P=0.002 | F=10.390, P=0.000 AD>HC=MCI
Jiang-Yi 3.25x1.11 3.35%1.15 3.70%1.17 Fc=5.703, P=0.017 F=0.723, P=0.487 AD=HC=MCI
Hangzhou 3.52+1.01 3.48x1.01 3.38%1.11 F=0.357, P=0.700 AD=HC=MCI
APOEe4
Negative 3.39+1.08 3.47%1.06 3.83%1.00 Fc=11.518, P=0.000 | F=4.466, P=0.012 AD>HC=MCI
Positive 3.53%1.18 3.42+0.98 4.36£0.81 Fc=2.107, P=0.147 F=9.536, P=0.000 AD>HC=MCI
BMI, kg/m2
<2l 3.33%1.05 3.60%1.20 2.98+1.02 Fc=2.210, P=0.110 F=2.432, P=0.091 | MCI>AD, HC=MCI
21-25 342111 3.49%1.05 3.24%1.15 Fc=4.659, P=0.031 F=0.821, P=0.441 AD=HC=MCI
>25 3.67%1.05 3.60%1.06 3.51%1.03 F=0.356, P=0.701 AD=HC=MCI
Abbreviations: Fg, variance value with clinical diagnostic grouping as independent variable; F¢, variance value with variable itself as covariate.
Table 5 Combined Effects of Related Factors on Plasma Af42
Related Factors ANCOVA Linear Regression
MS F P value B p t P value
Diagnosis 5.084 4.481 0.012 0.134 0.090 2.851 0.004
Gender 5.314 4.683 0.031 0.133 0.062 2.188 0.029
Age 0.197 0.174 0.677 0.022 0.016 0.509 0.611
Education 0.254 0.224 0.636 —0.018 —0.013 —0.396 0.692
Occupation 3.623 3.193 0.074 0.110 0.059 1.908 0.057
Sample source 6.908 6.088 0.014 —0.105 —-0.077 —2.480 0.013
R?=0.017, Adjust R?=0.012 R%=0.016, Adjust R?=0.012

Discussion
In this study, we found that the relationship between plasma AB42 levels and cognitive impairment of AD was not
a simple linear relationship. The level of AP42 decreased slightly in the early stage of AD and increased

significantly in moderate-to-severe AD, that is, the overall trend of plasma level of AP42 increased with the
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progression of AD, which was consistent with other reports.”> 2> A follow-up study by Mayeux et al found that
compared with individuals who never developed AD, patients with AD at baseline and those who developed AD
during the follow-up had significantly higher plasma AP42 levels and high plasma AP42 levels may also be
associated with mortality in patients with AD.?® The main sources of plasma AB42 are platelets and peripheral
tissues, and a small part is CSF AB42 transported through the blood—brain barrier. Receptor for Advanced Glycation
End Products (RAGE) and LDL Receptor-related Protein 1 (LRP1) are transporters of AB across the BBB. Studies
have shown that the expression and function of RAGE on the BBB of AD patients were significantly enhanced,
while LRP1 significantly decreased. In the early AD stage, a large amount of AB42 was transported from plasma to
cerebrospinal fluid due to the intensification of RAGE mediated inward mobility,?” resulting in decreased peripheral
APB42 levels. As the disease progresses, the inward transport of AP42 is blocked by cerebral amyloid vascular
disease (CAA).”® Meanwhile, the scavenging capacity of AP42 in liver and kidney and the phagocytic capacity of
monocytes decreased gradually. The decrease of intracerebral transport and peripheral clearance may result in
significantly elevated plasma AP42 levels in patients with moderate-to-severe AD. Hanon et al found that CSF
AP42 level increased in early AD and decreased with the progression of the disease. They believed that the possible
cause was related to plasma AP42 transport, which was consistent with our view.*’

Recently, Jiao et al reported that plasma levels of AB42 were significantly correlated with MoCA scores in AD
patients and HC elderly but not with MMSE.*® In this study, AP42 levels was positively correlated with CDR score, but
not with MMSE or ADAS-cog score, which may be related to the higher efficacy of CDR in screening for AD than the
other two scales. CDR is a semi-structured assessment scale, which can effectively identify objective cognitive
impairment and severity grade through comprehensive analysis of interviews with the subjects and their informants.!
Its sensitivity and specificity for screening dementia are 95% and 100%, respectively,'>** both higher than MMSE
(92.5%, 79.1%) and ADAS-cog (73.7%, 92.4%).""®

Assessing the association between cognitive function and plasma biomarkers is an important part of AD protein
biomarker research. We confirmed the difference of plasma AP42 levels in different clinical stages of AD and the
association between plasma AB42 and CDR. Meanwhile, we also found that the changes of plasma AB42 levels at
different stages of AD were affected by gender, age, education level, occupation, sample origin, APOEe4 genotype
and BMI. Interestingly, our data showed that women and low cognitive reserve had a similar effect on the relation-
ship between plasma amyloid levels and cognitive decline, with a slight decline in MCI followed by a significant
increase in AD, while there is no significant difference in plasma Ap42 at different stages of AD in male or those
with medium or higher education level. The reason may be related to the fact that the education level of elderly
female in China is generally lower than that of male. According to the “cognitive reserve hypothesis”, compensatory
factors may reduce the correlation between AD pathology and clinical symptoms in highly educated people, and
improving cognitive reserve may reduce the risk of Alzheimer’s disease.>® In our study, the effects of age on plasma
AB42 levels and cognitive impairment in AD were selective. Plasma AB42 levels were significantly higher in AD
patients aged 50—64 and 65—-74 years than in HC and MCI patients, while no significant changes were observed in 75
years and older. It may be related to the decrease of peripheral platelets producing exogenous A due to the relatively
weakened function of bone marrow platelets, vascular endothelial injury and increased platelet consumption during
aging in the elderly.>* In manual labor group, plasma AP42 levels were significantly higher in patients with AD and
MCI than in normal controls, which may be related to the relatively low education level or simple lifestyle of manual
workers. A number of large multimodal intervention trials have shown that healthy lifestyle interventions could affect
AP metabolism by increasing brain-derived neurotrophic factor (BDNF), decreasing inflammatory markers (TNF-a
and IL-6) and improving insulin sensitivity or cortisol regulation, thus reducing the risk of progression to AD in
patients with subject cognitive decline (SCD) and MCI.>>-*°

Wauxi, Jiang-Yi and Hangzhou are all located in southern China with similar economies, culture and living habits.
Plasma AP42 levels of participants in the three cities were measured in the same laboratory, but there was no significant
change in plasma AP42 levels in the other two cities except Wuxi at different stages of AD. This may be related to the
different detection time points of samples in different cities. It has been reported that the plasma of AD patients has
been hypothesized to have a tendency to foster AB42 aggregation compared to healthy subjects, with 87.5% of patients
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having detected elevated plasma AP42 levels over time from baseline at various time points within 24 hours.?” The &4
allele of APOE is currently the major genetic risk factor identified for AD. Our results suggested that in APOE &4
carriers, the levels of AB42 in AD patients were extremely significantly higher than that in normal control and MCI
patients (P< 0.001). Animal studies have shown that APOE-mediated receptor pathway may be the main pathway for
AP clearance. Peripheral AP can be rapidly cleared from plasma via liver and kidney, and its clearance rate is affected
by APOE genotype. Compared with APOE &2 and APOE &3, ApoEe4 subtype has poor binding to AP and the weakest
clearance efficiency for AP, leading to an increase in plasma AB levels.>® Obesity is a risk factor for AD, and total
cholesterol can enhance APP protein’s “amyloid processing” pathway and the production of AB42 by increasing
BACEI activity and inhibiting the activity of a-secretase.* Many studies have confirmed that the level of Ap42 is
positively correlated with BMI.** Our data showed that BMI has a significant effect on plasma AB42 levels, and plasma
AP42 levels increased with BMI in the HC and DAT groups. Interestingly, in low BMI group, AP42 levels were
significantly lower in AD patients than those in MCI patients and normal controls. Previous studies have reported that
when the body adipose tissue cannot be maintained within the physiological range, adipose tissue can secrete and
release adipose factors, such as leptin, adiponectin, interleukin, etc., some of these factors slow the formation of A,
and some promote the accumulation and deposition of AP, but the specific mechanism remains to be further
elucidated.*'*?

Due to the complexity of the pathological mechanism of AD and the instability of plasma AP, demographic and
clinical characteristics of subjects were stratified to avoid bias when exploring cross-sectional associations between
AP42 levels and AD. However, this project is an investigation study based on community grassroots level. Most of the
samples are normal elderly people in the community, affected by informed consent and limited by community health
resources, and we did not conduct amyloid PET or CSF fluid tests. Therefore, there were certain limitations in our
study.

Conclusion

Taken together, there is a special linear relationship between plasma AB42 and cognitive impairment of Alzheimer’s
disease in community elderly adults. There are many possible factors influencing the association between plasma
AB42 and AD cognitive impairment, and sample source, gender and BMI are independent influencing factors of
plasma AP42, although they explain only a small amount of variation. We suggest that plasma APB42 may be
a peripheral biomarker for AD screening in Chinese elderly population, but it is necessary to further standardize
testing procedures, establish cut-off values based on different demographic and clinical characteristics, and conduct

cohort studies with long-term follow-up.
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