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Abstract: Objective: To study the changes in serum C-reactive protein and plasma amyloid protein levels in sus-
pected Alzheimer’s disease (AD) patients. Patients and methods: Sixty patients that likely had AD according to
preliminary diagnosis were selected as the observation group, while 60 healthy patients who did not have AD were
selected as the control group. General patient characteristics, serum C-reactive protein (CRP), plasma amyloid beta
AB1-40 and AB1-42 levels were observed in both groups. The 60 patients in the observation group were divided into
a progressive group (n=13) and a non-progressive group (n=47) according to disease progression. General patient
characteristics, CRP, plasma AB1-40 and AB1-42 levels were compared between the two groups, and risk factors of
disease progression were analyzed. Results: There were significant differences in serum CRP and AB1-42/AB1-40
between the two groups (all P<0.001). In terms of education level, mini-mental state examination (MMSE) score,
AB1-42, AB1-40, and AB1-42/AB1-40, the non-progressive group had higher levels than the progressive group, while
the non-progressive group had significantly lower CRP than the progressive group (P<0.05). Logistic regression anal-
ysis of the involved factors showed that two indicators, AB1-42/AB1-40 and CRP, could be considered risk factors
for disease progression. Conclusion: Serum CRP levels were high and AB1-42/AB1-40 ratio was low in suspected AD
patients and both could be used as risk factors for disease progression in suspected AD patients.

Keywords: Plasma amyloid beta 1-40, plasma amyloid beta 1-42, Alzheimer’s disease, serum C-reactive protein,
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Introduction

Alzheimer’s disease (AD) is one of the most
common types of senile dementia, accounting
for 60-80% of all senile dementia, and the inci-
dence of AD increases with the age of the
patients. The morbidity is 5-10% in patients
over 65 years old, while in patients over 85
years old, the morbidity increases to 20-50%;
also, female patients have higher morbidity
than male patients [1, 2]. Due to the high dis-
ease morbidity rates, AD has caused great
harm to human health, and the prevention and
treatment of the disease has also brought
heavy economic and social burdens [3]. The

pathogenesis of AD is still not clear. Many stud-
ies on the pathogenesis of AD have found that
it is related to gene mutations, plasma amyloid
beta (AB) deposition, tau protein phosphoryla-
tion, cell oxidation, cell apoptosis, cell injury
and other factors [4, 5], and the AR toxicity
hypothesis remains dominant in all pathogene-
sis studies [6]. Moreover, the onset of AD is
relatively insidious and early stages are often
clinically neglected. Studies have shown that in
the preclinical and early clinical stages of AD,
although pathophysiological changes have
begun to occur, no significant changes are
observed in biochemical markers detected in
blood or cerebrospinal fluid [7]. Therefore, it is
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a new research direction to seek biochemical
markers with high sensitivity and specificity for
early diagnosis of AD.

In recent years, the role of inflammatory cyto-
kines in the development and progression of
AD has also been studied in depth. Microglia
make up 10% of all cells in the nervous system.
After nervous system injury caused by disease
or trauma, a large number of microglial cells are
activated. The role of activated microglia is sim-
ilar to that of macrophages, and in healthy
patients is to aid in the clearance and phagocy-
tosis of damaged or dead cells, while in AD
patients, their main role is to clear AR deposi-
tion [8, 9]. In addition, studies on AD patients
and AD model rats have found that microglia
release a large number of inflammatory cyto-
kines around AR plaques, including interleu-
kin-1, interleukin-6, interleukin-10, and tumor
necrosis factor [10, 11], and may have damag-
ing effects on peripheral neurons [12].

In the present study of AB-induced AD, AB1-40
and AB1-42 were found to play major roles.
However, serum C-reactive protein (CRP) is the
most frequently detected inflammatory cyto-
kine in the clinic [13]. This protein is synthe-
sized in the liver in response to interleukin-6
and other inflammatory factors [14]. Both sta-
ble expression of AB in cerebrospinal fluid, and
significantly decreased expression in the cere-
brospinal fluid due to deposition in brain tissue
in AD patients can help guide clinicians in the
diagnosis of AD [5]. However, cerebrospinal
fluid testing cannot be easily performed in clini-
cal diagnosis of early stage AD patients. In
order to seek better clinical indicators and pro-
vide a simpler test method for early clinical
diagnosis, this study will detect plasma AB1-40,
AB1-42, AB1-40/AB1-42 and serum CRP to pro-
vide a more extensive clinical basis for the diag-
nosis of early suspected AD in patients [15].

Materials and methods
Clinical data

This study was approved by the Sichuan
Provincial People’s Hospital ethics committee.
Sixty patients admitted to the neurology depart-
ment of Sichuan Provincial People’s Hospital
from January 2016 to December 2017 with pre-
liminary diagnosis of AD were selected as the
observation group, and 60 healthy patients
excluded from AD diagnosis during the same
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period were selected as the control group. All
patients were between 50 and 80 years old
and signed and an informed consent form.

Inclusion criteria

(1) The diagnostic criteria for suspected AD
patients refers to the 2011 National Institute
on Aging and Alzheimer’s Association diagnos-
tic guidelines [16]. (2) All the included patients
were assessed with mini-mental state exami-
nation (MMSE) to evaluate their mental state
[17]. The scoring system has a total score of 30
out of 19 items. If the subject’s MMSE score is
less than 24 points, the patient can be consid-
ered to have dementia or other diseases that
impair cognitive function. (3) The patients were
between 50 and 80 years old.

Exclusion criteria

(1) Patients with cardiopulmonary insufficiency;
(2) Patients with malignant tumors; (3) Patients
with incomplete clinical data; (4) Patients with a
history of brain trauma or surgery.

Methods

Blood test evaluation: For each patient, two 5
mL tubes of venous blood were collected. The
collected blood samples were stored in a sterile
ethylenediamine tetra acetic acid (EDTA) tubes.
After 15 minutes of storage at 4°C in the refrig-
erator, serum and plasma were separated
using a centrifuge at a speed of 3300 RPM. The
isolated plasma was added to a phosphate buf-
fer solution with 40 uL of protease inhibitor and
stored in the freezer at -80°C, while the serum
was used for the determination of serum CRP
by immunoturbidimetric assay. Enzyme linked
immunosorbent assay (ELISA) was used to
determine AB1-40 and AB1-42 in the plasma.
The above two kits were purchased from Ke Lei
Biological Technology Co., Ltd., Shanghai,
China. The instrument used to complete the
testing was the Beckman automatic biochemi-
cal analyzer (Beckman company, USA).

Follow-up: Sixty patients in the observation
group were followed up by telephone or outpa-
tient follow-up for one year, and changes in the
patients’ conditions and the number of cases
that progressed to AD were recorded. AD diag-
nosis was based on the ICD-10 diagnostic crite-
ria [18]. Patients were divided into a progres-
sive group and a non-progressive group ac-
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Table 1. Comparison of general data and baseline data
between the two groups

Observation Control 5
Item group (n=60) group (n=60) X P

Gender (male/female) 33/27 28/32 0.834 0.361
Age (years old) 68.6+9.1 68.3+8.3 0.177 0.860
Education level (years) 8.17+3.05 8.97+2.65 0.534 0.128

MMSE score 23.07+2.20 27.42+1.79 11.884 <0.001
Combined disease
Diabetes 35 31 0.539 0.463
Hypertension 39 33 1.250 0.264
Psychiatric history 3 1 0.259 0.611

Results
Comparison of general data

There was no significant differ-
ence in gender, age or education
level between the two groups (all
P>0.05). The MMSE scores of
patients in the observation group
were significantly lower than those
in the control group (P<0.001,
Table 1).

Note: MMSE, mini-mental state examination.

Table 2. Comparison of serum CRP and plasma AB1-40 and

AB1-42 between the two groups

Comparison of serum CRP and
plasma AB1-40 and AB1-42 be-
tween the two groups

Serum CRP in the observation

Observation Control group

group was significantly higher
P than that in the control group
(P<0.001). The AB1-42/AB1-40

ftem group (n=60) (n=60)

CRP (mg/L) 6.68+1.83 4.72+1.40  6.612 <0.001
AB1-42 (ng/L)  18.05+4.83  19.55+3.37

AB1-40 (ng/L)  45.15+10.60  41.7849.30 1.850 0.067
AB1-42/AB1-40  0.40+0.029  0.47+0.042 11.668 <0.001

ratio in the observation group was
0.051 significantly lower than in the con-
trol group (P<0.001). No statisti-
cal difference was seen between

Note: CRP, serum C-reactive protein; AB1-40, plasma amyloid beta 1-40; AB1-

42, plasma amyloid beta 1-42.

cording to whether the disease progressed to
AD.

Statistical methods

SPSS 22.0 statistical software was used in this
study. Continuous variables were represented
as mean * standard deviation (X * sd). Data
with a normal distribution and homogeneity of
variance were tested using the t-test, and those
that did not have a normal distribution and
homogeneity of variance were tested using
the rank sum test. Enumeration data were
expressed in % and subjected to the Pearson
chi-square test. Taking whether the disease
progressed to AD as the dependent variable;
age, gender, education level, MMSE score, AB1-
42, AB1-40, AB1-42/AB1-40, CRP, and coexist-
ing diseases such as hypertension, diabetes,
and mental illness as independent variables;
the risk factors for disease progression were
analyzed using Logistic regression analysis.
The receiver operating characteristic (ROC)
curve was used to evaluate the diagnostic
value. P<0.05 was considered statistically
significant.
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the two groups in AB1-42 and
AB1-40 levels (P>0.05, Table 2;
Figures 1 and 2).

Comparison of general data between patients
in the progressive group and those in the non-
progressive group

By the 1-year follow-up, 13 of the 60 patients in
the observation group had progressed to AD.
After comparing the non-progressive group
with the progressive group, we found that there
were no statistically significant differences
between the two groups in terms of gender,
age, and coexisting disease. The non-progres-
sive group was higher than the progressive
group in terms of education level, MMSE score,
AB1-42, AB1-40 and AB1-42/AB1-40, while the
non-progressive group was lower than the pro-
gressive group in terms of CRP, with statistically
significant differences (all P<0.05, Table 3).

Analysis of risk factors for disease progression
in patients

Taking whether the disease progressed to AD
as the dependent variable, and age, gender,
education level, MMSE score, AB1-42, AB1-40,
AB1-42/AB1-40, CRP, and coexisting diseases
such as hypertension, diabetes, and mental ill-
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Figure 1. Comparison of CRP and AB1-42/AB1-40 between the two groups. A. Comparison of CRP between the two
groups; B. Comparison of AB1-42/AB1-40 between the two groups "**P<0.001. CRP, serum C-reactive protein; AB1-
40, plasma amyloid beta 1-40; AB1-42, plasma amyloid beta 1-42.
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Figure 2. The ROC diagnostic curve of AB1-42/AB1-
40. The green line is 50% reference line and the blue
line is ROC curve. ROC, receiver operating charac-
teristic; AB1-40, plasma amyloid beta 1-40; AB1-42,
plasma amyloid beta 1-42.

ness as independent variables, logistic regres-
sion analysis was performed on the factors
involved. The results showed that the OR val-
ues of AB1-42/AB1-40 and CRP were greater
than 1 and P was less than 0.05, so these were
considered risk factors for disease progression
(Table 4).

ROC curve of AB1-42/AB1-40 for disease
progression

The ROC curve was further used to evaluate the
predictive value of AB1-42/AB1-40 for AD diag-
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nosis. The area under the ROC curve of AB1-42/
AB1-40 for patients with AD was 0.863 and the
sensitivity and specificity were 0.769 and
0.830, respectively (Figure 2).

ROC curve of CRP for disease progression

The ROC curve was used to evaluate the pre-
dictive value of CRP for AD diagnosis, and it
was found that the area under the ROC curve of
CRP for patients that had progressed to AD was
0.812, with a sensitivity of 0.979 and a speci-
ficity of 0.692 (Figure 3).

Discussion

With an increase in age, the morbidity of AD
also increases, thus the prevention and treat-
ment of this disease has been a heavy burden
on society [3]. At present, treatment of this dis-
ease mainly aims to delay disease progression
and improve the clinical symptoms of the
patients [19]. Studies on the pathogenesis of
AD have found that the main pathological
changes are as follows: (1) AB is deposited on
nerve tissue and gradually forms senile plaques
[20, 21]. (2) Tau protein is phosphorylated and
aggregates in the cell to form neurofibrillary
tangles [22, 23]. At present, the AB theory is
still dominant. In previous studies, A has been
shown to play a critical role in the development
of AD [24, 25]. In the course of research on AR,
drugs targeting AB are widely used in the clini-
cal treatment of AD.

Previous studies have shown that the expres-
sion of AR is decreased in the cerebrospinal
fluid of AD patients [5]. However, cerebrospinal
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Table 3. Comparison of general data between patients in the pro-
gressive group and those in the non-progressive group

Iltem

group (n=47)

Non-progressive  Progressive

group (n=13)

found that plasma levels of
AB1-40 and AB1-42 in patients

with mild cognitive impair-

X2/t P ment could be increased,
0.009 0.925 unchanged or decreased [26,
28, 29], but studies on the

282 834612 ratio of AB1-42/AB1-40 show-
) ) ed that the ratio (0.42+0.13)
4.162  <0.001 decreased in patients with
4.154 <0.001 mild cognitive impairment,
2991 0.004 and the ratio (0.38+0.12)
12.622 0.002 decreased more significantly
4.072 <0.001 in patients with AD [29]. The
role of inflammatory cytok-

0137 0.711 ines in the development and
0.087 0.767 progression of AD has been a
0.000  1.000 research hotspot in recent

Gender (male/female) 26/21 7/6
Age (years old) 68.2+10.0 68.1+7.1
Education level (years) 8.57+2.92 6.69+3.15
MMSE score (points) 24.62+1.97 22.08+1.85
AB1-42 (ng/L) 19.26+4.39  13.69+3.86
AB1-40 (ng/L) 47.17+9.87  37.85%10.25
AB1-42/AB1-40 0.41+0.013  0.36+0.043
CRP (mg/L) 6.23+1.49 8.31+2.06
Combined disease

Diabetes 28 7

Hypertension 31 8

Psychiatric history 2 1

Note: MMSE, mini-mental state examination; CRP, serum C-reactive protein; AB1-
40, plasma amyloid beta 1-40; AB1-42, plasma amyloid beta 1-42.

Table 4. Analysis of risk factors for disease
progression in patients

Factors OR 95% ClI P

Gender 1.115 0.631-1.597 0.927
Age 1.031 0.879-1.724 0.421
Education level 0.203 0.541-1.294 0.387
MMSE score 1.541 0.500-438.201 0.506
AB1-42 5.282 0.000-1.177 0.057
AB1-40 1.762 0.804-42.242 0.081
AB1-42/AB1-40 2.484 2.158-2.874 0.002
CRP 1.085 1.201-7.288 0.018
Diabetes 0.276  0.103-0.579 0.127
Hypertension 0.502 0.212-0.847 0.598
Psychiatric history 1.098 0.856-1.935 0.725

Note: MMSE, mini-mental state examination; CRP, serum
C-reactive protein; AB1-40, plasma amyloid beta 1-40;
AB1-42, plasma amyloid beta 1-42.

fluid examination cannot be performed well in
the early stage diagnosis and exclusion of sus-
pected patients, so we are looking for more
convenient biomarkers. Previous studies on
plasma AB1-40 and AB1-42 have found that
plasma AB1-40 and AB1-42 are present at high
levels in patients who are developing AD and
these factors are associated with increased
disease risk [26]. On the other hand, recent
studies have found that AB1-40 (46.76+10.10)
and AB1-42 (16.92+5.70) are decreased in
plasma from patients with AD, and their ratio
(0.37£0.11) was also decreased [27]. Com-
bining the results of several studies, it was
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years. Studies have found
that a variety of inflammatory
cytokines are increased in
patients with AD, and neuroin-
flammatory reactions occur in patients with AD.
During the inflammatory response, microglia
and astrocytes are over-activated and can pro-
duce toxic substances, such as the inflamma-
tory cytokine interleukin-6, that damage neu-
rons, thus leading to neuron degeneration and
apoptosis [30]. In early stage AD patients, plas-
ma interleukin-6 expression is increased [31].
However, in another study, there was no differ-
ence in serum interleukin-6 expression bet-
ween patients with mild cognitive impairment
and normal subjects [32]. CRP is a protein syn-
thesized by the liver in response to interleu-
kin-6 and other inflammatory factors, and is a
commonly used clinical indicator [14]. This
study found that there was no significant differ-
ence in plasma AB1-40 and ABR1-42 between
suspected AD patients and the normal control
group, that serum CRP in the observation group
was higher than that in the control group, and
that the AB1-42/AB1-40 ratio in the observa-
tion group was lower than that in the control
group, which is consistent with the prior studies
discussed above.

MMSE evaluation scale used in this study is
used for intelligence status assessment in
monitoring disease progression and is the most
influential clinical tool used to evaluate demen-
tia at present. However, this scale has some
degree of error due to the influence of patient
education level [33]. In this study, patients with
and without disease progression to AD were
further analyzed, and it was found that there

Int J Clin Exp Med 2020;13(2):1041-1048
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Figure 3. The ROC diagnostic curve of CRP. The green
line is 50% reference line and the blue line is ROC
curve. ROC, receiver operating characteristic; CRP,
serum C-reactive protein.

were differences in education level and MMSE
between these two patient groups. However,
the education level and MMSE could not be
used as risk factors for disease progression
after multivariate analysis because the influ-
ence of education level introduces error in the
scale. However, previous studies have found
that AB is deposited in the brain and is closely
related to the progression of cognitive impair-
ment [34]. Another study found that the ratio
of AB1-42/AB1-40 was 0.40+0.13 in patients
with mild cognitive impairment, while that of
AD patients was 0.36+0.14, indicating the
degree of cognitive decline was proportional to
the degree of AB1-42/AB1-40 ratio decline [35].
In this study, we found that although the plas-
ma levels of AB1-42 and AB1-40 in the progres-
sive group were significantly lower than those
in the non-progressive group, multivariate anal-
ysis showed that these two factors could not be
used as risk factors for disease progression.
However, analysis of ApR1-42/AB1-40 showed
that the ratio in the progressive group was sig-
nificantly lower than that in the non-progressive
group, and multivariate analysis suggested that
the ratio of AB1-42/AB1-40 could be used as a
risk factor for disease progression. Previous
studies examining CRP have found that serum
CRP is increased in AD patients and correlated
with cognitive function decline [36]. Our study
found that serum CRP level in suspected AD
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patients was significantly higher than that in
the normal control group. In addition, serum
CRP of patients that didn’t progress to AD was
lower than that of patients that did progress to
AD, and multivariate analysis suggested that
CRP could be used as a risk factor to predict
disease progression. The ROC curve was fur-
ther used to evaluate the predictive value of
AB1-42/AB1-40 and CRP indicators, and it was
found that both of them had good diagnostic
value, which was consistent with the above
studies.

Deficiency and prospect: the sample size of th-
is study was small and will need to be further
expanded in future research. In this study, the
follow-up time was short and there were many
external influencing factors, so it will also be
necessary to increase the follow-up time in pro-
spective studies.

In conclusion, serum CRP levels are higher in
suspected AD patients and the AB1-42/AB1-40
ratio is lower than in normal controls. Serum
CRP and AB1-42/AB1-40 can be used as risk
factors for disease progression in suspected
AD patients.
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