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Atherosclerosis is associated with plasma A(3 2
levels in non-hypertension patients
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Abstract

Background Growing evidence indicated that to develop of atherosclerosis observed more often by people

with Alzheimer’s disease (AD), but the underlying mechanism is not fully clarified. Considering that amyloid-f3 (Ap)
deposition in the brain is the key pathophysiology of AD and plasma AR is closely relate to AR deposition in the brain,
in the present study, we investigated the relationships between atherosclerosis and plasma A levels.

Methods This was a population based cross-sectional study. Patients with high risk of atherosclerosis from Qubao
Village, Xi'an were underwent carotid ultrasound for assessment of atherosclerosis. Venous blood was collected on
empty stomach in the morning and plasma AR, _,o and AB,_,, levels were measured using ELISA. Multivariate logistic
regression analysis was performed to investigate the relationships between carotid atherosclerosis (CAS) and plasma
AB levels.

Results Among 344 patients with high risk of atherosclerosis, 251(73.0%) had CAS. In the univariate analysis, the
plasma AR levels had no significant differences between CAS group and non-CAS group (AR, _4o: 53.07 £9.24 pg/
mlvs.51.67£9.11pg/ml, p=0211; AB,_4»: 40.10£5.57 pg/ml vs. 40.70 pg/ml + 6.37pg/ml, p=0.285). Multivariate
logistic analysis showed that plasma A levels were not associated with CAS (AB,_,,: OR=1.019, 95%Cl: 0.985-
1.054, p=0.270;AB;_4,: OR=1.028, 95%Cl: 0.980-1.079, p=0.256) in the total study population. After stratified by
hypertension, CAS was associated with plasma AB;_4, positively (OR=1.063, 95%Cl: 1.007-1.122, p=0.028) in the
non-hypertension group, but not in hypertensive group. When the plasma A concentrations were classified into
four groups according to its quartile, the highest level of plasma AB;_,, group was associated with CAS significantly
(OR=4.465, 95%Cl: 1.024-19.474, p=0.046).

Conclusion Among patients with high risk of atherosclerosis, CAS was associated with higher plasma AB,_,, level
in non-hypertension group, but not in hypertension group. These indicated that atherosclerosis is associated with
plasma AR level, but the relationship may be confounded by hypertension.
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Introduction

Alzheimer’s disease (AD) is the most common cause of
dementia, affecting more than 47 million people world-
wide [1]. Amyloid-p (AP) deposition in the brain is the
key pathological characteristic of AD, and the amy-
loid cascade hypothesis is the main pathogenesis of AD
[2]. Compare to AP;_,, deposition in the brain mainly,
AB,_,, deposits are mainly found in the brain and cere-
bral blood vessels, causing neurovascular dysfunction
[3]. AB accumulation in the brain mainly come from
the imbalance of AP production and clearance [4]. AP
is generated from the cleavage of amyloid precursor
protein (APP) by sequential B- and y- secretases [5]. AP
can be cleared from the brain into the peripheral blood
through the blood-brain barrier (BBB) by LRP-1 protein,
while reverse transport of peripheral AP across the BBB
into the brain is depend on RAGE protein [6]. There is a
complex dynamic equilibrium between Af burden in the
brain and plasma A [4]. Studies have shown that A in
the plasma is closely related to AB deposition in the brain
[4, 5, 7].

Atherosclerosis is an important risk factor for ischemic
stroke. Growing evidence have indicated that atheroscle-
rosis is also associated with AD [8, 9]. Atherosclerosis
could disrupt the structure and function of cerebrovas-
cular, and induce hypoperfusion and hypoxia, which may
promote the production of Af in the brain [10]. Mean-
while AP may contribute to ischemic brain even to ath-
erosclerotic lesions through vascular oxidative stress and
endothelial dysfunction [11]. However, the relationships
between atherosclerosis and AD is not determined fully.

Carotid atherosclerosis (CAS) is a hallmark for ath-
erosclerosis [12] and is closely associated with ischemic
stroke [13, 14]. A large body of evidence suggested that
CAS is associated with cognitive decline [15-18] as the
patients with AD. In the present study, we investigated
the relationships between CAS and plasma Ap in patients
with high-risk atherosclerosis.

Methods

Participants

This was a population based cross-sectional study. All
participants came from Qubao village, Huyi district of
Xi’an. The village was selected using clustering sampling
method. The inclusion criteria was follow: (1) permanent
resident who living in the village for more than 3 years;
(2) aged 40 years or older (3)People who have at least 3
risk factors in the follow 8 items: smoking, less exercise,
hypertension, diabetes, atrial fibrillation, hyperlipidemia,
stroke family history and obesity. (4) Agree to participate
in the study and signed written informed consent. Exclu-
sion criteria: (1) Did not complete carotid ultrasound;
(2) Missing data of plasma AP or outliers of plasma
APB.;(3) With liver and kidney dysfunction. This study
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protocol was approved by the Ethics Committee of the
First Affiliated Hospital of Xi'an Jiao tong University (No.
XJTU1AF2014LSK-111).

Data collection

All participants received a face-to-face interview to com-
plete a standardized questionnaires for general informa-
tion (age, sex, education levels and jobs) and lifestyle
habits (alcohol abuse, smoking history, physical activity
level, sleep), the medical history (hypertension, diabe-
tes, hyperlipidaemia, cardiovascular disease, transient
ischaemic attack, stroke), and underwent a systemic and
neurologic examination to measure height, weight, blood
pressure and the pulse rate. Body mass index (BMI) was
defined as a person’s weight in kilograms divided by the
square of his or her height in meters (kg/m?). The ques-
tionnaire used in study was developed for a sequential
design to determine the potential vascular factors for AD
in the general population [19].

After fasting overnight, 3 ml cubital venous blood were
collected from all subjects between 8 and 10 am, and
placed in an EDTA anticoagulant tube, centrifuged at
3000 g for 10 min at room temperature (20°C), and had
the supernatant plasma extracted and aliquoted. Aliquots
of plasma were stored at -80°C pending biochemical
analyses. Laboratory test parameters were measured in
the clinical laboratory of the First Affiliated Hospital of
Xi'an Jiaotong University.

Atherosclerosis assessment

High-resolution B-mode ultrasonography with a linear-
array, 5 to 10 MHz transducer was used to assess CAS.
The probe scanned the proximal, middle and distal com-
mon carotid arteries, the carotid sinus, internal carotid
artery, external carotid artery, and measured carotid
artery, internal carotid artery, external carotid artery
diameter, intima-media thickness (IMT). IMT is the dis-
tance between the lumen membrane interface and the
media-adventitia interface. The diagnosis of CAS is: (1)
IMT>1.0 mm. (2) Had a plaque in carotid artery, includ-
ing common carotid arteries, carotid sinus, internal
carotid artery, external carotid artery.

Quantification of plasma AB

The levels of plasma AB,_,, and AB,_,, were measured as
previously described [20]. Briefly, double-antibody sand-
wich enzyme-linked immunoassay (ELISA) was used to
determine plasma AP concentrations. The kit was pur-
chased from Shanghai Yuanye Biotechnology Co., Ltd.
All samples were measured in duplicate using an RT-6000
analyzer from Rayto Co. based in Shenzhen, China. The
measurements were taken at a wavelength of 450 nm,
and the procedures followed were strictly in accordance
with the instructions provided. The concentration was
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calculated based on the standard curve, and the average
was taken as the sample concentration.

Definition of covariates

The diseases involved in this study are defined as previ-
ously described [21].Hypertension was defined as follows:
a mean systolic blood pressure measurement>140mmHg
or a diastolic blood pressure>90mmHg, self-reported
medical diagnosis, or the usage of antihypertensive drugs.
The definition of diabetes mellitus included the following
criteria: fasting blood glucose (FBG)=7.0mmol/L, the
usage of diabetic medication or insulin. The definition of
hyperlipidaemia included the following criteria: serum
cholesterol concentration (TC)>5.18 mol/L, serum tri-
glyceride concentration (TG)>1.70 mmol/L, low den-
sity lipoprotein cholesterol (LDL-c)>3.37 mmol/L, high
density lipoprotein cholesterol (HDL-c)<1.04 mmol/L,
self-reported medical diagnosis, or the usage of lipid-
lowering drugs.

Statistical analyses

SPSS version 24.0 (SPSS Inc., IBM, Chicago) was used to
perform statistical analyses. Continuous variables with
approximately normal distribution were expressed as
meanststandard deviations (SDs). The data of skewed
distributions were described as the median (25% per-
centile, 75% percentile). Percentages were used for cat-
egorical variables. p<0.05 was identified as a significant
difference.

For univariate analyses, one-way analysis of variance,
unpaired Student’s t-test, Mann-Whitney U test, and
Ytest (the chi-squared test) were chosen to compare the
different types of variables. About one-way analysis of
variance test, homogeneity of variances of the variables
was confirmed with Levene’s test, and the comparison
between any two groups was performed with least signif-
icant difference test. Then, for multivariate analysis, mul-
tiple linear regression (MLR) analysis was used to analyze
the relationship between CAS and plasma AB;_,0, AB;_40,
AR, 4o/ AP _y levels. In the MLR models, AB;_s0 ABi_4s
concentrations were the dependent variables, respec-
tively. Other covariates were independent variables,
adjusted factors including age, sex, BMI, medical history
of stroke, diabetes, coronary heart disease, dyslipidemia,
lack of exercise, smoking, and drinking, FBG, TG, TC,
LDL-c, HDL-c.

Results

Demographics and clinical characteristics

There were 2060 in the population, among which 820
patients met the criteria for high risk of atherosclerosis,
364 did not complete carotid ultrasonography, 97 did not
have plasma AP, 15 had outliers of A levels, finally 344
patients included in the analysis. (Fig. 1)
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Among 344 participants, 251(73.0%) had CAS.
Compare to non-CAS group, CAS group was older
(61.541+9.01 years vs. 51.05£7.03 years, p<0.0001), and
had more hypertension (60.6% vs. 47.3%, p=0.028), dia-
betes mellitus (32.3% vs. 16.1%, p=0.003), stroke (35.5%
vs. 15.1%, p<0.0001) and less dyslipidemia (70.1% vs.
81.7%, p=0.031). CAS group had lower BMI (26.84+3.03
vs. 27.811£3.08, p=0.009) and higher HDL-c (1.37£0.33
vs. 1.28+0.28, p=0.032), while others had no significant
difference between the two groups. (Table 1)

Comparison of plasma A levels between CAS group and
non-CAS group

As shown in Table 1, the level of plasma Af;_,, and
Ap,_4, had no differences between CAS group and non-
CAS group (AB;_40: 53.07£9.24 pg/ml vs. 51.67+9.11 pg/
ml, p=0.211; AB,_,,: 40.09+557 pg/ml vs. 40.10+5.57
pg/ml, p=0.285). Also, the AB;_,o/AP;_4, ratio had no
differences between CAS group and non-CAS group
(1.3340.34 vs. 1.32+0.32, p=0.642).

The relationships between CAS and plasma AR in total
study population

To investigate the relationships between CAS and plasma
AR levels, a multiple linear regression analysis was used,
as plasma AP levels as the dependent variable, and CAS
as covariates. As shown in Table 2, plasma AP,_,, was
not related with CAS in unadjusted MLR model, and in
MLR model adjusted for age, sex, BMI, medical history
of stroke, diabetes, coronary heart disease, dyslipidemia,
lack of exercise, smoking, and drinking, FBG, TG, TC,
LDL-c, HDL-c. Also. plasma AB1-42 was not associated
with CAS in unadjusted MLR model and adjusted MLR
model.

Comparison between hypertension group and
no-hypertension

As hypertension is an important risk factor for athero-
sclerosis, and also is associated with plasma AP levels,
we stratified the participants into hypertension group
(n=196) and non- hypertension (n=148). As shown in
Table 3, compared to non-hypertension group, hyperten-
sion group are older, had more females, diabetes mellitus,
cardiovascular disease and stroke, CAS, drinking, BML
The levels of plasma AB,_,, and AB,_,, had no significant
differences between hypertension group and non-hyper-
tension group.

After stratified by hypertension, in the non-hyper-
tension group, plasma Af,_,, was higher in CAS group
than that in non-CAS group (41.50%+7.01 pg/ml vs.
39.4245.18 pg/ml, p=0.012), but plasma AB,_,, had no
significant differences between CAS group and non-
CAS group (53.53+9.49 pg/ml vs. 50.67+8.79 pg/ml,
p=0.391). In the hypertension group, both plasma Af,_,,
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Villagers 40y or older and live in Qubao
village for more than 3 years
(n=2060)
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Refused to participate interview

A4

Completed the interview
(n=2030)

v

(n=37)

Have the follow items less than three:

A 4

smoking, less exercise, hypertension,

v

At high risk of atherosclerosis
(n=820)

diabetes, atrial fibrillation, hyperlipidemia,

476 subjects were excluded:
No Carotid ultrasound(n=364)

v

v

Include in the analysis
(n=344)

Fig. 1 The enrollment flow chart of this study

and Af;_4, had no difference between CAS group and
non-CAS group. (Table 4)

The AP,_4 (563.11£8.91 pg/ml vs. 50.25+10.38 pg/ml,
p=0.088) and AP, 4,(40.78%6.60 pg/ml vs. 40.9316.34
pg/ml, p=0.351) levels had no significant difference
between non-stroke group and stroke groups in the non-
hypertensive group. Also, in the non-hypertensive group,
the AP, 4 (562.07£9.40 pg/ml vs. 54.42+8.52 pg/ml,
p=0.112) and AP, 4,(40.92+6.06 pg/ml vs. 40.04+6.63
pg/ml, p=0.351) levels had no significant difference
between non-stroke group and stroke group.

Multivariate logistic regression analysis of plasma Ap and
CAS after stratified by hypertension

To exclude the effects of covariates on the relationships
between CAS and plasma Ap levels, a multivariate logis-
tic analysis stratified by hypertension was used. CAS is as
the dependent variable (yes or no), and plasma Ap levels
(AB;_s0» AP;_4p) and covariates are as independent vari-
ables to establish a logistic regression model. Covariates
were chosen according to previously described in univar-
iate analyses as well as covariates reported to be related
to cognition in previous studies.

Missing data of plasma AB(n=97)
Qutliers of plasma AB(n=15)

In the non-hypertension group, plasma Ap;_,, did not
associate with CAS in unadjusted MLR model, but sig-
nificantly associate with CAS in MLR Models adjusted
for all covariates which include age, sex, BMI, medical
history of stroke, diabetes, coronary heart disease, dys-
lipidemia, lack of exercise, smoking, and drinking, FBG,
TG, TC, LDL-c, HDL-c.(OR=1.063, 95%CIL: 1.007-1.122,
p=0.028). (Table 5) However, plasma Af, ,, did not
associate with CAS in MLR models whenever they are
unadjusted or adjusted for covariates.

In the hypertension group, both plasma Ap,_,, and
Ap,_,, were not associated with CAS in unadjusted Mod-
els and adjusted Models for all covariates. (Table 6)

According to plasma AP concentrations, non-hyperten-
sion group were classified into four quartiles. Multivari-
ate logistic regression analysis showed that the Quartile 1
(the lowest level of the plasma AP, _,,) group as the refer-
ence, the Quartile 4 (the highest level of plasma AB;_,,)
group was obviously associated with CAS (OR=4.465,
95%CI: 1.024-19.474, p=0.046), but plasma AB,_,, did
not. (Table 7)
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Table 1 Demographic data and clinical characteristics of the study population
Variable Total Non-CAS group CAS group t/u/chi square p
(n=344) (n=93) (n=251)
Age (y, mean+SD) 587+9.70 51.05+7.03 61.54+£9.01 -10.134 <0.0001
Female (n, %) 160(46.5%) 41(44.1%) 119(47.4%) 0.301 0.583
BMI (kg/m?, mean +SD) 27.10+3.07 27.81+3.08 26.84+3.03 2619 0.009
Smoking (n, %) 148(43.0%) 45(48.4%) 103(41.0%) 0.356 0.551
Drinking (n, %) 58(16.9%) 18(19.4%) 40(15.9%) 0.566 0452
Lack of Exercise (n, %) 99(28.8%) 22(23.7%) 77(30.7%) 1.632 0.201
Hypertension (n, %) 196(57.0%) 44(47.3%) 152(60.6%) 4857 0.028
Diabetes mellitus (n, %) 96(27.9%) 15(16.1%) 81(32.3%) 8.788 0.003
Coronary heart disease (n, %) 43(12.5%) 10(10.8%) 33(13.1%) 0.356 0.551
Stroke (n, %) 103(29.9%) 14(15.1%) 89(35.5%) 13.468 <0.0001
Dyslipidemia (n, %) 252(73.3%) 76(81.7%) 176(70.1%) 4,661 0.031
FBG (mmol/L, Median) 5.95(5.00,6.10 5.75(5.15, 6.46) 6.40(5.17, 6.65) 137325 0.068
TC (mmol/L, mean+SD) 537+1.16 536+1.03 538+1.21 -0.137 0.891
TG (mmol/L, Median) 2.02(1.31,2.38) 2.29(1.46, 2.84) 1.84(1.34,2.52) 9768 0.065
HDL-c(mmol/L, mean+SD) 134+£0.32 1.28+0.28 137+0.33 -2.149 0.032
LDL-c(mmol/L, mean+SD) 3.62+1.02 3.61+093 3.62+1.05 -0.032 0.975
AB;_40 (pg/ml, mean+SD) 52.69+9.22 51.67+£9.11 53.07+£9.24 -1.253 0.211
AB;_4 (pg/ml, mean=+SD) 40.70+6.37 40.10£5.57 40.09+£5.57 -1.071 0.285
AB_4o/AB;_4 (Mmean+SD) 1.33+£033 1.32+0.32 1.33+0.34 -0.465 0.642

Independent sample t-test and mean+SD were used to compare the difference of the approximately normally distributed continuous variables between the CAS
group and the non-CAS group. Mann-Whitney U test and median (quartile) were used for the skew distributional data and Chi square and percentage were used for
categorical variables. Data are mean (SD), median (interquartile range), or number (percentage). The skew distributional data include FBG and TG. BMI, body mass
index; FBG, fast blood glucose; TC, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; CAS,

carotid atherosclerosis

Table 2 Multiple linear regression analysis of AR and CAS in total study population

AB1—40 AB1—42

OR 95%Cl p OR 95%Cl p
Model 1 1017 0.991-1.044 0.198 1.022 0.984-1.061 0267
Model 2 1019 0.988-1.052 0235 1016 0.971-1.063 0493
Model 3 1016 0.983-1.051 0344 1026 0.979-1.076 0276
Model 4 1019 0.985-1.054 0270 1.028 0.980-1.079 0256

Model 1 is unadjusted. Model 2 is adjusted for age and gender. Model 3 is adjusted for model 2 and BMI, medical history of hypertension, stroke, diabetes, coronary
heart disease, dyslipidemia, lack of exercise, smoking, and drinking. Model 4 is adjusted for model 3 and fasting blood glucose, total cholesterol, triglyceride, low-

density lipoprotein, high-density lipoprotein

Discussion

In this population based cross-sectional study, we found
that plasma AP levels had no significant difference
between CAS group and non-CAS group in the popu-
lation with high risk of atherosclerosis. However, in the
stratified multiple analyses, we found that CAS was asso-
ciated with higher plasma Af;_,, level in non-hyperten-
sion group, but not in hypertension group.

The relationship between atherosclerosis and AD has
not been determined. Due to plasma A closely relate to
Ap deposition in the brain, several studies have explored
the relationships between atherosclerosis and plasma Ap.
One study found that AB,_,, deposits in CAS plaques
and in the aorta [22]. Subclinical atherosclerosis patients
and CAD-stabilized patients have higher levels of circu-
lating AP, _,,, which predict cardiovascular mortality and
major adverse cardiac events [23]. Cohort study showed
that plasma AP,_,, level was significantly associated

with arterial stiffness progression, subclinical atheroscle-
rotic events, and coronary heart disease events [24]. In
the present study, we used a cluster sampling method to
select study population and all people who living in the
village were included in the analysis. To make sure the
enough individuals with atherosclerosis for analyses, we
enrolled the patients with high risk of atherosclerosis. As
CAS is easily and exactly detected using B-mode ultraso-
nography, and is closely relate to ischemic stroke, so we
detected CAS to indicating atherosclerosis. The results
showed that the prevalence of CAS was 73.0% in our
study group.

It is known that hypertension is the most important
risk factor for atherosclerosis. In the previous study, we
found that elevated blood pressure was associated with
increased plasma Af;_,, level in middle-aged and elderly
[25]. So, we did stratified analysis by hypertension, and
found that CAS group had higher plasma A, 4, level in
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Table 3 General characteristics of the total study population

Variable Non-Hy- Hypertension p

pertension group

group (n=196)

(n=148)
Age (y, mean+SD) 56.85+10.37 60.10+8.94 0.002
Female (n, %) 44 (29.7%) 116 (59.2%) <0.0001
Diabetes mellitus (n, %) 31(20.9%) 65(33.2%) 0.012
Cardiovascular disease 10(23.3%) 33(76.7%) 0.005
(n, %)
Stroke (n, %) 35(34.0%) 68(66.0%) 0.027
Smoking (n, %) 85(57.4%) 63(42.6%) <0.0001
FBG (mmol/L, Median) 547(5.05640) 561(5.186.53) 0.904
Lack of Exercise (n, %) 44(44.4%) 55(55.6%) 0.735
Drinking (n, %) 35(60.3%) 23(39.7%) 0.003
dyslipidemia (n, %) 101(40.1%) 151(59.9%) 0.068
Carotid atherosclerosis 99(39.4%) 152(60.6%) 0.028
(n, %)
BMI (kg/mz, mean +SD) 26.66+2.90 2743+3.16 0.021
TC (mmol/L, mean +SD) 535+1.12 539+1.19 0.760
TG (mmol/L, Median) 1.87(1.30,258) 1.82(1.37,245) 0.924
HDL-c (mmol/L, 133+034 1.36+0.31 0419
mean+SD)
LDL-c (mmol/L, mean+SD) 1.36+0.31 3.63+£1.04 0.842
ABi_4 (pg/ml, mean+SD) 52.44+9.32 52.89+9.15 0.654
ABi_s (pg/ml, mean+SD)  40.81+6.52 4061+6.26 0.774
ABy o/ ABy sy 1324034 1334033 0692
(mean+SD)

The skew distributional data include FBG and TG. BMI, body mass index; FBG,
fast blood glucose; TC, total cholesterol; TG, triglyceride; HDL-c, high-density
lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; CAS, carotid
atherosclerosis

non-hypertension group. The results were demonstrated
in the multiple analyses after adjusted for covariates.
These suggested that the association between CAS and
plasma AP, 4, level was confounded by hypertension.
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The reason of CAS relate to plasma AP level have not
been clarified fully. Many animal and cell studies have
shown that AB,_,, is involved in the formation of athero-
sclerosis through various channels. Knockout of Herpud1
reduced AP,_,, expression other than lipid metabolism
and alleviated atherosclerosis via JNK/AP1 signaling
inhibition [26]. Neuronal overexpression of A in ath-
erosclerotic mice predisposes to macrophage activation
and endothelial dysfunction, which promotes atheroscle-
rosis [27]. Li found a positive correlation between brain
Ap loading and aortic fat streak formation, and suggested
that local AP overexpression in the brain maintains the
inflammatory response and progression of atheroscle-
rosis in mouse models by developing endothelial dys-
function and atherosclerosis [28]. Puglielli suggests that
Ap-catalyzed the formation of 4-chosterane-3-ketones
may be responsible for the increase in atherosclerosis in
Tg2576 transgenic mice [29]. In contrast, experimental
study [30] have shown that spatial memory was signifi-
cantly affected 3 weeks after calcification using a mouse
model based on carotid artery calcification. Carotid
artery stiffness did not affect the production of AP or
tau phosphorylation in mice, but resulted in a modest
increase in the proportion of AB;_,,/AB;_4, in the frontal
cortex.

In the Rotterdam study [31] they found that patients
with severe atherosclerosis had higher risk for AD com-
pared with patients without atherosclerosis. A systematic
review showed that [32] peripheral arterial disease was
associated with dementia and cognitive impairment. The
carotid artery stenosis had a higher risk for dementia and
for cognitive impairment. These all suggest that athero-
sclerosis may play a role in the progression of dementia,
the underlying mechanism may associate with the effects
of plasma AP on carotid atherosclerosis.

Table 4 Plasma levels of AB1-40 and AB1-42 in total study population

Non-Hypertension group

Hypertension group

AB1_40 (pg/ml) AB4_s; (pg/ml) AB 40/ AB1_40 (pg/ml) AB4_s; (pg/ml) AB_s0/ AB_s;
ABy_sy
Non-CAS group 50.67+8.79 3942+5.18 1.31+0.31 52.79+942 40.85+£5.95 132+032
CAS group 53.53+9.49 41.50+7.01 1.33+0.35 5292+9.10 40.55+6.37 1.34+033
p 0.391 0.012 0.821 0.638 0.355 0.714
Independent sample t test was used to compare plasma A levels between CAS group and non-CAS group
Table 5 Logistic regression analysis of plasma AP and CAS in non-hypertension group
AB4_40 ABy_s,

OR 95%ClI p OR 95%Cl p
Model 1 1.035 0.995-1.075 0.084 1.056 0.999-1.117 0.055
Model 2 1.063 1.011-1.117 0.017 1.065 0.990-1.145 0.090
Model 3 1.063 1.008-1.121 0.024 1.072 0.992-1.158 0.080
Model 4 1.063 1.007-1.122 0.028 1.073 0.991-1.163 0.082

Model 1 is unadjusted. Model 2 is adjusted for age and gender. Model 3 is adjusted for model 2 and BMI, medical history of stroke, diabetes, coronary heart
disease, dyslipidemia, lack of exercise, smoking, and drinking. Model 4 is adjusted for model 3 and fasting blood glucose, total cholesterol, triglyceride, low-density

lipoprotein, high-density lipoprotein
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Table 6 Logistic regression analysis of plasma AR and CAS in hypertension group

AB1—40 AB'I—42

OR 95%Cl p OR 95%Cl p
Model 1 1.001 0.965-1.039 0.938 0.992 0.941-1.047 0.780
Model 2 0.987 0.945-1.031 0.554 0.985 0.928-1.046 0.629
Model 3 0.959 0.911-1.011 0.118 0.987 0.923-1.056 0.707
Model 4 0.966 0.918-1.016 0.180 0.989 0.923-1.060 0.758

Model 1 is unadjusted. Model 2 is adjusted for age and gender. Model 3 is adjusted for model 2 and BMI, medical history of stroke, diabetes, coronary heart
disease, dyslipidemia, lack of exercise, smoking, and drinking. Model 4 is adjusted for model 3 and fasting blood glucose, total cholesterol, triglyceride, low-density

lipoprotein, high-density lipoprotein

Table 7 Multivariate Logistic Regression Analysis of CAS and Different Levels of Plasma A

variables B S.E Wald df p Exp(B) 959%Cl
ABi_a0
Quartile 1 reference
Quartile 2 0274 0.802 0.116 1 0.733 1315 0.273-6.332
Quartile 3 1.022 0617 2.744 1 0.098 2.780 0.829-9.318
Quartile 4 1.496 0.751 3.965 1 0.046 4.465 1.024-19474
ABW —42
Quartile 1 reference
Quartile 2 -0.063 0.637 0.010 1 0.921 0.939 0.270-3.271
Quartile 3 -0.137 0.676 0.041 1 0.840 0.872 0.232-3.282
Quartile 4 1351 0.725 3473 1 0.062 3.860 0933-15.979

Model is adjusted for age, gender and medical history of stroke, coronary heart disease, lack of exercise, smoking, and drinking, BMI, fasting blood glucose, total

cholesterol, triglyceride, low-density lipoprotein, high-density lipoprotein

Atherosclerotic vascular disease and AD have a com-
mon pathophysiological involved in inflammation, mac-
rophage infiltration, and vascular obstruction despite
their different end-stage manifestations [33]. Study has
shown that [34] atherosclerotic lesions in the elderly con-
tain a heterogeneous mixture of AP peptides. The source
of these AP peptides may be vascular wall cells express-
ing APP/PN2/APB, as well as platelets involved in ath-
erosclerotic inflammation and perturbation coagulation
cascades. De Meyer and colleagues clearly showed the
presence of APP and A in platelets engulfed by macro-
phages in the neo vascular-forming region of advanced
atherosclerotic lesions [35]. The presence of A peptides
stimulated by iNOS and COX-2 production, increase
activation of macrophages and sustain synthesis of pro-
inflammatory-related factors. AR accumulation induces
microvascular inflammation mediated by cytokines and
chemokines that act on neurons, glial, endothelial cells,
and muscle cells [36, 37]. These microvascular inflam-
mations eventually lead to the destruction of the vascu-
lar walls. The presence of AP peptides in atherosclerotic
plaques may synergistically increase the chronic inflam-
matory process that maintains degeneration and destruc-
tion of the arterial wall.

CAS associated with plasma AP,_,, in the non-hyper-
tensive group, but not hypertension group, suggest-
ing that the relationship between AB,_,, and CAS was
confused by blood pressure. Hypertension is a common
risk factor for stroke and AD [38, 39]. Hypertension has

been shown to worsen Af-induced neurovascular dys-
function and promote [ secretase activity, these lead to
an increase in AP production, which may contribute to
pathogenic interactions between hypertension, stroke
and AD [40]. Hypertension is associated with cognitive
impairment and pathological features of AD, including
nerve fiber tangles and AB deposition [41]. Our previ-
ous study found that the increase in PP is associated
with an increase in plasma Af,_,, and a decrease in the
soluble advanced glycation end product-specific receptor
(SRAGE), as well as an increase in blood pressure asso-
ciated with an increase in plasma AP,_,, levels in mid-
dle-aged and elderly ApoEe4 non-carriers. Its underlying
mechanism may be related to peripheral AP clearance. In
addition, under normal blood pressure, the walls of the
blood vessels are not damaged, and the transport of Ap
is not restricted. However, in hypertension, blood ves-
sels may be damaged, so the transport of AB peptides
worsens. Thus, in the normal blood pressure group was
able to more realistically reflect the relationship between
plasma AP and CAS.

There were several limitations should be noted. First,
this is a population based cross-sectional study, we did
not follow-up the changes of plasma AP, and did deter-
mine the cause relationship between CAS and plasma
AB. Second, due to smaller sample size, we did not ana-
lyze the relationships between CAS degree and plasma
Ap levels. We are not sure whether sever CAS has more
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changes of plasma A level. Third, the deposition of A
in the brain has not been simultaneously detected.

Conclusions

In summary, through this population based cross-sec-
tional study, we found that in patients with higher risk of
atherosclerosis., CAS was associated with higher plasma
AB,_4 level in non-hypertension group but not in hyper-
tension group. These indicated that atherosclerosis was
associated with plasma Af level, but the relationship may
be confounded by hypertension.
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