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Abstract: Objective: The aim of this investigation was to clarify the correlation of early cognitive dysfunction (CD) with
inflammatory factors and metabolic indicators in patients with Alzheimer’s disease (AD). Methods: Eighty patients
with AD who were referred to our hospital from May 2019 to May 2020 were selected as the research group (RG)
and 71 non-AD patients served as the control group (CG). The two groups were compared regarding the changes
in their mini-mental state examination (MMSE) scores and inflammatory factors as well as metabolic indicators.
The correlation of MMSE with inflammatory factors and metabolic indicators was analyzed by Pearson correlation
analysis. Results: The RG presented with lower MMSE scores than the CG. Interleukin (IL-6), C-reactive protein (CRP),
IL-1B levels, low density lipoprotein cholesterol (LDL-C), total cholesterol (TC), triglyceride (TG), fasting plasma glu-
cose (FPG), and systolic blood pressure (SBP) were all higher in the RG as compared to the CG, while high density
lipoprotein cholesterol (HDL-C), ApoE and ApoAl were lower (all P<0.05). The MMSE score was negatively associated
with IL-6, CRP, IL-13, LDL-C, TC, TG, FPG and SBP levels, and was positively correlated with HDL-C, ApoE and ApoAl
levels. Conclusions: Inflammatory factors and metabolic indicators are highly correlated with early CD in patients
with AD, and thus may be excellent potential indicators for the future diagnosis and treatment of AD.
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Introduction festation of AD [6], which can also leads to a

drastic decline of patients’ self-care ability,

Alzheimer’s disease (AD), the most common
cause of dementia characterized by progres-
sive cognitive dysfunction (CD) and behavioral
impairment, is a central nervous system de-
generative disorder mostly occurring durring
senectitude and presenium [1, 2]. Statistics
show that AD affects 15 million people world-
wide [3], and its incidence is in parallel with
population aging and it is associated with the
increasing prevalence of many dementia-relat-
ed neurodegenerative diseases in recent years
[4]. AD can cause varying degrees of memory
impairment, aphasia, apraxia, agnosia, visuo-
spatial dysfunction, abstract thinking and com-
puting ability damage, as well as personality
and behavior changes [5]. Among them, CD is
the most significant and serious clinical mani-

adversely affecting the quality of life of patients
[7]. Given that there is currently no specific
medicine that can effectively cure AD in the
clinic, a combination of drug or non-drug thera-
py and long-term careful nursing is often
required to relieve symptoms and delay the dis-
ease progression [8]. Clinically, it is believed
that the key to AD treatment is to ameliorate
the CD and improve treatment compliance of
patients, thus improving their prognosis [9].
However, no research has been conducted to
confirm the exact mechanism by which CD
occurs in AD [10].

With the deepening of research, accumulating
studies have pointed out that inflammatory fac-
tors and blood metabolism are key factors in
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Table 1. Comparison of clinical data

Research group

Control group

(n=80) (n=71) X*ort/P
Age (years old) 65.7+54 66.2 + 5.8 0.548/0.584
BMI (KG/cm?) 243+ 1.3 245+1.4 0.910/0.364
Sex 0.139/0.700
Male 52 (65.00%) 44 (61.97%)
Female 28 (35.00%) 27 (38.03%)
Course of disease (year) 435 +1.23 4.26 + 1.25 0.445/0.657
Living environment 0.140/0.708
Urban 43 (53.75%) 36 (50.70%)
Rural 37 (46.25%) 35 (49.30%)
Education level 0.030/0.985
Junior high school 37 (46.25) 32 (45.07)
Senior high school or technical secondary school 28 (35.00) 25 (35.21)
Junior college or above 15 (18.75) 14 (19.72)
Ethnicity 0.267/0.606
Han 73 (91.25%) 63 (88.73%)
Ethnic minorities 7 (8.75%) 8 (11.27%)

Il research group
Control group

40- *

MMSE score

Figure 1. MMSE scores for the evaluation of cogni-
tive function of patients in the two groups. *P<0.05.

CD caused by multiple neurological diseases
[11]. Inflammatory factors can damage and
destroy neurovascular and neuronal cells by
inducing and mediating inflammatory reactions
[12], and the process of such damage can be
clearly understood by observing blood meta-
bolic indicators in patients. For example, low
density lipoprotein cholesterol (LDL-C) and high
density lipoprotein cholesterol (HDL-C) have
been proven to be closely related to inflamma-
tory injury in cells, blood vessels and tissues
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[13]; however, neither of them have been prov-
en to be associated with neurological dysfunc-
tion in patients. Referring to previous studies,
we found that inflammatory factors and blood
metabolism were significantly abnormal in inju-
ries such as cerebral infarction, cerebral isch-
emia-reperfusion [14]. Therefore, we inferred
that inflammatory responses may also mediate
the process when AD patients develop neuro-
logical disorders. In order to confirm our views
and provide reliable theoretical guidance for
future clinical treatment of AD, we analyzed the
relationship of CD with inflammatory factors
and metabolism in patients with AD.

Materials and methods
Patient data collection

This study included 80 consecutive AD pati-
ents (research group, or RG) treated in our hos-
pital May 2019 to May 2020 and 71 non-AD
patients (control group, or CG). This study has
been approved by the Ethics Committee of our
hospital, and the patients and their families
have signed the informed consent.

Inclusion and exclusion criteria

Inclusion criteria: Patients were examined by
the Tianjin Huanhu Hospital and found to meet
the diagnostic criteria for AD [15], with an age
range of 60-80 years old and complete case
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chemical analyzer was used
to detect metabolic indicators
(low density lipoprotein cho-
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Figure 2. Inflammatory factors in
the two groups. A: Comparison
of IL-6 levels between the two
groups. B: Comparison of CRP
levels between the two groups.
C: Comparison of IL-13 levels be-
tween the two groups. *P<0.05.

lesterol [LDL-C], high density
lipoprotein cholesterol [HDL-
C], total cholesterol [TC], tri-
glyceride [TG], fasting plasma
glucose [FPG], systolic blood
pressure [SBP] and diastolic
blood pressure [DBP]), and
one-way immunodiffusion as-
say was utilized to measure
carrier proteins ApoE and
ApoAl. All the experiments
were completed by laboratory
technicians in our hospital.

Outcome measures

The mini-mental state exami-
nation (MMSE) [16], with a full
score of 30 points, was used
to evaluate the cognitive func-
tion of patients in the two

data. Exclusion criteria: Patients with CD
caused by other serious diseases; Patients
with impaired organ function; Patients with a
previous major medical history; Patients with
cardiovascular and cerebrovascular diseases;
Patients with drug contraindications; Patients
who did not cooperate with the treatment; or
referred patients.

All patients in the CG had no major medical
history, and routine examination showed good
physical performance without autoimmune dis-
eases.

Methods

In both groups, 5 mL of fasting venous blood
was collected in the early morning, stored in a
freezer at -30°C and centrifuged, and the
resulting serum was obtained for subsequent
detection. Enzyme Linked Immunosorbent
Assay (ELISA) was employed to determine
C-reactive protein (CRP; Shanghai Guduo
Biotechnology Co., Ltd., Cat. No. GD-S0135-B),
interleukin-6 (IL-6; Chuzhou shinuoda Biologi-
cal Technology Co., Ltd., Cat. No. SND-H1925)
and IL-1B (Wuhan Yipu Biotechnology Co., Ltd.,
Cat. No. CK-E10083), HITACHI automatic bio-
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groups, and the score was

negatively associated with the

cognitive function of patients.

The changes of inflammatory
factors and metabolic indicators were com-
pared; the correlation of MMSE with inflamma-
tory factors and metabolic indicators was ana-
lyzed by Pearson correlation analysis.

Statistical methods

Data was expressed as mean + standard error
(SE), and SPSS 22.0 software was utilized for
statistical analysis. Comparisons between
groups were made by independent sample t
test, and those among multiple groups were
performed by one-way ANOVA and LSD post-
hoc test. Correlation analyses were carried out
by Pearson correlation coefficient. Differences
with p-values <0.05 were considered signifi-
cant.

Results
Comparison of clinical data

The comparison of clinical data revealed no dis-
tinct difference in age, BMI, sex, course of dis-
ease, living environment, educational level and
ethnicity between the two groups (P>0.05)
Table 1.
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Figure 3. Comparison of metabolic
indexes between the two groups.
A: Comparison of LDL-C levels be-
tween the two groups. B: Compari-
son of HDL-C levels between the two
groups. C: Comparison of TC levels
between the two groups. D: Com-
parison of TG levels between the two
groups. E: Comparison of FPG levels
between the two groups. F: Compari-
son of SBP levels between the two
groups. G: Comparison of DBP levels
between the two groups. *P<0.05.

fied evidently lower MMSE
scores in the RG than in the
CG (P<0.05) Figure 1.

Comparison of inflammatory
factors

Measurement of inflammatory
factors showed that IL-6, CRP
and IL-1B were significantly
higher in the RG than in the
CG (P<0.05) Figure 2.

Comparison of metabolic in-
dicators

When comparing the levels of
metabolic indicators, it was
found that LDL-C, TC, TG, FPG
and SBP were higher while
HDL-C was lower in the RG as
compared to the CG (all P<
0.05); however, no distinct dif-
ference was observed in DBP
(P>0.05) Figure 3.

Comparison of carrier protein
levels

Measurement of carrier pro-
tein levels exhibited that carri-
er proteins ApoE and ApoAl
were lower in the RG than in
the CG (P<0.05) Figure 4.

Correlation analysis between
MMSE scores and inflamma-
tory factors

Pearson correlation analysis
showed that the MMSE score
was negatively related to IL-
6, CRP and IL-1B (r=-0.705,
=-0.723, r=-0.701, P<0.001)
Figure 5.

Correlation analysis between
MMSE scores and metabolic
indicators

Pearson correlation analysis
indicated that the MMSE

score was negatively associated with LDL-C,

TC, TG, FPG and SBP (r=-0.595, r=-0.573, r=

mental state examination (MMSE) scale identi- 6.
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-0.696, r=-0.711, r=-0.678, P<0.001) Figure
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Figure 4. Comparison of carrier protein levels between the two groups. A:
Comparison of ApoE levels between the two groups. B: Comparison of ApoAl
levels of carrier proteins between the two groups. *P<0.05.
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for AD is increasing [19]. AD is
characterized by progressive
cognitive decline, and it usu-
ally begins with impaired abili-
ty to form recent memories,
which affects all intellectual
functions [20] and leads to
premature regression of basic
functions that are completely
required for daily life, serious-
ly affecting the daily life of
patients and their families
[21]. Previous research sug-
gests that besides environ-
mental and genetic factors,
abnormal levels of inflamma-
tory factors and metabolic
indicators are also closely
related to the occurrence of
AD [22]. Therefore, we ana-
lyzed the correlation of CD
with inflammatory factors and
metabolic indicators of AD pa-
tients in this study, with the
hope of providing valuable ref-
erence for future clinical diag-

nosis and treatment of AD.

First, we compared the gener-
al data of patients such as
age, BMI, sex, course of dis-
ease, living environment, edu-
cational level and ethnicity,
and found no statistical differ-
ence, which confirmed that
the two groups were appropri-
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Figure 5. Correlation analysis be-
40 tween MMSE scores and inflam-
matory factors. A: Correlation
a3 between MMSE scores and IL-6
= 204 levels. B: Correlation between
r=-0.701 MMSE scores and CRP levels.
1 p<0.001 C: Correlation between MMSE
0 . . . . scores and IL-1 levels.
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MMSE

Correlation analysis between MMSE scores
and carrier protein levels

Pearson correlation analysis showed that the
MMSE score was negatively correlated with
ApoE and ApoAl levels (r=0.584, r=0.662,
P<0.001) Figure 7.

Discussion

AD is a complex hereditary disease and it is the
most common disease associated with age
[17]. The global prevalence of AD is estimat-
ed to be as high as 24 million, which is expect-
ed to double every 20 years [18]. As the world’s
population ages, the number of people at risk
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ate to carry out comparative

experiments. Then, we used

the MMSE to analyze patients’
cognitive function, and found evidently lower
scores in the RG than in the CG. The occurren-
ce of AD is the result of the combined action
of genes, lifestyle and environmental factors,
and the resulting early primary clinical mani-
festation is CD [23]. In this paper, the MMSE
was significantly decreased in the RG, suggest-
ing that the MMSE score is closely related to
the occurrence and progression of AD. Subse-
quently, we measured inflammatory factors
IL-6, CRP and IL-1B3, and determined notably
higher levels in the RG than in the CG. CRP
is a protein that rises sharply in the plas-
ma during infection or tissue damage and
reflects the level of inflammation in humans
[24], while IL-1B and IL-6 are major cytokines
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Etiology of cognitive dysfunction in patients with Alzheimer’s disease

A B
81 2.5
74 2.0
1.5+
3 e 3
at o
- I 1.04 -
=073 . ©
] 0.
p<0.001
4 L L L L 0'" L T L) L)
5 10 15 20 5 10 15 20
MMSE MMSE
(o D
71 2.5+
6 .
2.0
3
= 5 e
. KR 1.5+ .o
H r=0573 . . =-0.696
p<0.001 - 0<0.001
: T L] L 1 1-3 T T L] 1
5 10 15 20 0 5 10 15 20
MMSE MMSE
E F
9 200+
8 . 180~
o,
160~
(c.LD 7+ ) %
w - 7]
140+
e =071 r=-0.678
120 "
p<0.001 p<0.001
5 T T T 1 100: T T T 1
5 10 15 20 5 10 15 20
MMSE MMSE

Figure 6. Correlation analysis between MMSE scores and metabolic indexes.
A: Correlation between MMSE scores and LDL-C levels. B: Correlation be-
tween MMSE scores and HDL-C levels. C: Correlation between MMSE scores
and TC levels. D: Correlation between MMSE scores and TG levels. E: Corre-
lation between MMSE scores and FPG levels. F: Correlation between MMSE
scores and SBP levels.
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Figure 7. Correlation analysis between MMSE scores and carrier protein lev-
els. A: Correlation between MMSE scores and ApoE levels. B: Correlation
between MMSE scores and ApoAl levels.

involved in the inflammatory response [25]. In
fact, inflammation will have adverse effects on
the body, leading to disorders of the immune
system. A large number of studies have report-
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ed the correlation between
inflammation and diseases
like cancer and cardiovascu-
lar diseases [26]. Other re-
search has shown that in-
flammation also plays an
important role in neurode-
generative diseases [27]. For
instance, Author Luan YY
found that the elevation of
inflammatory factors contrib-
ute to neurodegenerative dis-
ease [28], which supports the
results of this experiment and
suggests that the changes of
inflammatory factors have an
important influence on CD in
AD patients. Elevated TC and
TG will cause damage to vas-
cular endothelial tissue, lead
to blocked blood flow and
accelerated atherosclerosis,
thus affecting brain metabo-
lism [29]. Other evidence has
pointed out that people with
hyperlipidemia are at incre-
ased risk of developing AD
[30]. LDL-C has been proven
to be correlated with the inci-
dence and severity of cardio-
vascular diseases, and is con-
sidered to be a main patho-
genic factor for atherosclero-
sis. This study also found that
in comparison with controls,
LDL-C, TC, TG, FPG and SBP
were higher in AD patients
while HDL-C was lower. Among
them, FPG is fasting plasma
glucose, which is the most
commonly used index of dia-
betes. It reflects the function
of pancreatic islet B cells
and generally represents the
secretion function of basal
insulin.  Previous literature
suggests that insulin changes
may be closely related to the
pathogenesis of AD [31], and
another study pointed out

that arterial systolic pressure is associated
with the risk of AD [32], further suggesting that
metabolic indicators exert a certain influence
on early CD in AD patients. Carrier proteins are

Am J Transl Res 2021;13(8):9208-9215
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shown to affect most metabolic indicators in
many neurodegenerative diseases and can be
important factors in lipid metabolism [33]. In
the present study, lower ApoE and ApoAl levels
in AD patients were determined in AD pati-
ents, indicating that carrier proteins are close-
ly related to AD and CD. To further confirm the
correlation of CD in AD patients with inflamma-
tory factors, metabolic indicators and carrier
proteins, we applied Pearson correlation for
analysis. The results exhibited that the MMSE
score was negatively correlated with IL-6, CRP,
IL-1B, LDL-C, TC, TG, FPG and SBP, while was
positively associated with HDL-C, ApoE and
ApoAl. It suggests that the decrease of MMSE
score may lead to the increase of IL-6, CRP,
IL-1B, LDL-C, TC, TG, FPG and SBP, and the
decrease of HDL-C, ApoE and ApoAl. All in all,
this investigation confirmed that CD in AD is
closely related to the changes of inflammatory
factors, metabolic indicators and carrier pro-
tein levels, which further proves that inflamma-
tory and metabolic indicators as well as carrier
proteins play an extremely important role in the
development of AD. Moreover, the correlation
between them may also be of vital importance
in evaluating the disease changes of AD in the
future.

AD is a chronic disease that is extremely diffi-
cult to cure completely and has a very long
recovery cycle. However, due to the limited
experimental conditions and short follow-up
time, we were unable to evaluate the long-
term prognosis of the patients in the RG. In
addition, as a chronic disease with high inci-
dence worldwide, CD and AD are not only re-
lated to inflammatory factors and metabolic
abnormalities, so it cannot be ruled out that
there are other factors that have a greater
impact on AD patients or have more significant
clinical application value. We will conduct more
in-depth experimental exploration as soon as
possible to address these limitations and
obtain more complete experimental results for
clinical reference.

Conclusion

To sum up, inflammatory factors and metabolic
indicators are closely related to early CD in pa-
tients with AD, which may be excellent poten-
tial indicators for future diagnosis and treat-
ment of AD.
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