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Background: This study assessed variations in SAA and 8-OHdG in patients with senile early cognitive impairment (Cl).
Material/Methods: The subjects were divided into 3 groups: 121 patients with mild cognitive impairment (MCl), 131 with Alzheimer’s
disease (AD), and 100 healthy persons that underwent physical examinations during the same period (Control).
These groups were evaluated by MMSE and MoCA, and the SAA and 8-OHdG levels in these groups were test-
ed using ELISA sandwich technique.

Results: The AD group had significantly higher TG and ApoB levels, followed by the MCI and Control groups, respec-
tively (P<0.05). The MCI group had the highest HDL-C level significantly, while the Control group had the low-
est (P<0.05). The Control (normal) group had significantly higher MoCA and MMSE scores, followed by the MCI
group and the AD group (P<0.05). The Control (normal) group had significantly lower SAA and 8-OHdG levels,
followed by the MCI group and the AD group (P<0.05). The MoCA and MMSE scores and serum 8-OHdG and
serum SAA levels in the 3 groups were negatively correlated, but their SAA and 8-OHdG levels were positively
correlated.

Conclusions: SAA and 8-OHdG in the MCI and AD groups were highly expressed but had an inverse correlation with cogni-
tive function scores (hereafter referred to as CFs scores). They can also be applied as test indicators of MCI. We
also detected an apparent link between SAA and 8-OHdG.
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Background

With economic advances and population aging in China, the
incidence of Cl, particularly that of MCl, in the elderly is con-
tinuously increasing [1], with an incidence rate of approximate-
ly 3-42% [2]. MCI represents a status between normal aging
and dementia and may develop into AD at a rate between
2% and 31% [3,4]. Further, MCl is an irreversible process that
dramatically affects patients’ health status and quality of life
(QOL) and also imposes a heavy burden on family and soci-
ety [5]. Nonetheless, proper measures can prevent and delay
the progression, and preventing the progression from MCI to
dementia is immensely important [6]. Therefore, early identi-
fication of cognitive impairment and adoption of correspond-
ing actions are necessary.

SAA, which is a highly sensitive protein produced by the body
in response to acute reactions [7], functions as a marker in
diagnosis and prognosis of numerous diseases. SAA is creat-
ed in the liver and exhibits a relatively weak tolerance to in-
flammatory reactions in the bodyj; in fact, it sharply increases
in acute and chronic inflammation [8]. SAA is also associated
with cognitive impairment [9]. Meanwhile, 8-OHdG, which is
an oxidized derivative of guanine base, is used to evaluate the
oxidative stress level [10]. The increase of urine 8-OHdG is sig-
nificantly correlated with acute ischemic stroke [11]. However,
few studies have been conducted to verify the possible role of
SAA and 8-OHdG as test factors for early cognitive impairment
and their correlation in elderly patients with MCI.

The present study focused on the expression of SAA and
8-OHdG in patients with senile early cognitive impairment,
and assessed the correlation among SAA, 8-OHdG, and cogni-
tive functions and between SAA and 8-OHdG.

Material and Methods

General materials

The MCI group included 112 patients admitted to our hospital
due to early Cl, consisting of 48 males and 73 females, with
an average age of 67.21+1.89 years and an average BMI of
23.1243.78 kg/m2 Among them, 38 concurrently had diabetes
and 65 had hypertension. The AD group included 113 patients
with AD, consisting of 44 men and 69 women, with a mean
age of 67.31+1.76 years, and a mean BMI of 24.01+4.04 kg/m>.
Among these, 32 concurrently had diabetes and 57 had hyper-
tension. Meanwhile, 100 healthy persons who underwent phys-
ical examinations in our hospital were enrolled in the Control
group, consisting of 37 males and 63 females with an average
age of 67.48+1.83 years and an average BMI of 23.97+3.89
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kg/m2. Among them, 33 patients were concurrently suffering
from diabetes and 53 from hypertension.

We enrolled patients (60~85 years) with detailed clinical data
and excellent compliance and no health-risk behaviors, with
similar educational status above primary school, with the pro-
vision that they were accompanied by family members upon
admission.

We excluded patients with a previous history of mental ill-
ness or cognitive impairment, craniocerebral trauma, excessive
drinking or drug dependence, severe organic lesions, or treat-
ed with antidepressant drugs or drugs to improve cognition.

The study was approved by the Ethics Committee of Sichuan
Provincial People’s Hospital, and all subjects signed the in-
formed consent form.

Serum test

We extracted 3 ml of blood from the veins of patients in the 3
groups after fasting and then stored the blood in vacuum blood
collection tubes. Thereafter, these blood samples were centri-
fuged at 3000 rpm for 5 min at 4°C and stored them frozen at
—80°C for future use. We measured the levels of folic acid, B12,
TG, TC, ApoA1l, ApoB, HDL-C, and LDL-C using the Catalyst One
automated biochemical analyzer (Silksmodel Biotechnology Co.,
Beijing, China). SAA and 8-OHdG levels were determined us-
ing a BS-1101 ELISA analyzer (Linmao Technology Co., Beijing,
China) by ELISA sandwich technique. Test kits of SAA and
8-OHdG were obtained from Shanghai Zhenyu Biotechnology
Co. (product no. CSB-E12058h-1 and CEA660Ge-1, respectively).
Control wells were set up following the same steps but with-
out the addition of ELISA reagent and sample. Some wells were
filled with 10 pl of sample and 40 pl of diluents, and others
were filled with 50 pl of Control agent of different concentra-
tions. To all wells, except the control wells, we added 50 pl of
ELISA reagent and cultivated them at 37°C for 60 min before
washing. Then, we added 50 pl of substrates A and B individ-
ually to each well and kept them at 37°C away from light for
15 min to develop colors. We then added 50 pl of stop buffer
into each well, but this was set to zero in the control wells.
The OD at 450 nm in 25 min was determined to calculate se-
rum SAA and 8-OHdG contents.

Observation indicators

The cognitive functions and IQ of patients from the AD, MCI,
and Control groups were assessed by Montreal cognitive as-
sessment (MoCA) [12] and (Mini-Mental state examination
(MMSE) [13], with 30 being the highest possible score. Higher
scores indicate better cognitive functions.
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Table 1. Comparison of general clinical materials among the 3 groups (x+SD)/n [%].

MCI group (n=121) AD group (n=113)  Control group (n=100) F/y? P
Sex 0.17 0.92
"""" M a8 (3967 44 (3899 37 37000
"""" F 73 6033 69 (6106) 63 (6300
 Mean age (years) 67214189 6731£176 6748183 060 055
CBMIkgmd) 23124378 24011404 23974389 193 015
CHistory of smoking 331 019
"""" Yy 52 (4298 49 (@336 54 (400
"""" N 69 (5702 64 (5664 46 @e00)
Yearof education (years) 897:401 9211377 9311327 025 078
Ccomplications
"""" Diabetes 38 (3140) 32 (2832 33 (3300) 060 074
"""" Hypertension 65 (5372 57 (5044 53 (5300 035 084

Table 2. Comparison of nutritional markers and blood fat levels in the 3 groups (x+SD).

McI group (n=121)

AD group (n=113)

Control group (n=100)

Folic acid (ng/ml) 8.17+4.31 7.98+4.21 68.97+3.76 1.71 0.18
B2 (gm) 58213437691 49847:23412% 64112636122 512 001
TG (mmo) 1261061 1341076 1182041 179 017
CTC(mmov)  497sioat 5434112 4431098 2403 - 005
CApoAL (mmol) 1375071 1455089 1272045 168 019
CApoB (mmol) 1345051 1524063 1024034 2564 - 005
CHDLC (mmolt) 1671066 1315058" 2012095 2407 - 005
DLC(mmol)  278s119 2004127 2614121 170 018

* P<0.05 as compared with the Control group; # P<0.05 as compared with the MCI group.

The nutritional markers and blood fat levels and the SAA and
8-OHdG levels in the AD, MCl, and Control groups were ob-
served and compared. The correlations between the SAA and
8-OHdG levels and MoCA and MMSE scores in all 3 groups
were also analyzed.

Statistical analysis

Statistical analysis was conducted using SPSS 2.0 (IBM Corp,
Armonk, NY, USA). Nominal data were expressed as [n(%)] and
subjected to chi-squared testing to assess between-group dif-
ferences. Measurement data were expressed in x+SD, desig-
nated as F, and subjected to independent-samples t test be-
tween groups or LSD-t in the same group for post-analysis.
Moreover, bivariate correlation was analyzed using Pearson
correlation coefficient. P<0.05 indicates a statistically signif-
icant difference.

Results

Comparison of general clinical materials

We compared the general clinical materials of patients in the
3 groups according to sex, age, BMI, history of smoking, year
of education, and complications (P>0.05, Table 1).

Differences in nutritional markers (NMs) and blood fat
levels in the 3 groups

No marked differences in folacin, TG, ApoA1l, or LDL-C levels
were detected (P>0.05), and the AD group had the lowest B ,
level (P<0.05). The AD group had the highest TC and ApoB lev-
els, and the Control group had the lowest (P<0.05). The MCI
group had the highest HDL-C level and the Control group had
the lowest level (P<0.05). Results are presented in Table 2.
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Figure 1. Comparison of the scores of cognitive functions among the 3 groups. The Control (normal) group had the highest MoCA and
MMSE scores, followed by the MCI group and then the AD group (P<0.05).
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Figure 2. Comparison of SAA and 8-OHdG among the 3 groups. The Control (normal) group had the lowest SAA and 8-OHdG levels,

followed by the MCI group and then the AD group (P<0.05).

Comparison of cognitive function scores among the 3
groups

The MoCA and MMSE scores of the 3 groups were statistical-
ly analyzed. We found that the Control group had the high-
est scores and the AD group had the lowest scores (P<0.05,
Figure 1).

SAA and 8-OHdG levels

The SAA and 8-OHdG levels in the 3 groups were investigated
and the results showed that the Control and AD groups had
the lowest and highest levels, respectively (P<0.05, Figure 2).

Relationship between SAA and 8-OHdG levels and CFs
scores

Relationship between SAA and 8-OHdG levels and MoCA
scores in the 3 groups

Pearson analysis showed an obvious inverse relationship be-
tween MoCA score and SAA level in all 3 groups (r=—0.6481,
-0.7572,-0.7724; P<0.05) and between MoCA score and serum
8-0OHdG level (r=-0.6078, -0.7925, —0.6865; P<0.05, Figure 3).

Relationship between SAA and 8-OHdG levels and MMSE
scores in the 3 groups

Pearson analysis showed a marked inverse relationship between
MMSE score and SAA level in all 3 groups (r=—0.7097, -0.7441,
—-0.7591; P<0.05) and between the MMSE score and serum
8-0OHdG level (r=-0.5806, -0.7826, —0.6650; P<0.05, Figure 4).

Correlation between SAA and 8-OHdG levels in the 3 groups
Pearson analysis indicated a significant negative correlation

in the 3 groups between SAA and 8-OHdG levels (r=0.6679,
0.7774, 0.6778; P<0.05, Figure 5).

Discussion

As China emerges as an aging society, the mental status and
QOL of the elderly population have become a serious con-
cern. Patients with MCI will experience deficiencies in self-
management [14]. Clinically, MMSE and MoCA are extensively
applied to evaluate cognitive impairment [15]. To date, vari-
ous factors related to MCl have been found. These factors in-
clude the systematic disease caused by an immune dysfunc-
tion or metabolic disorder, mental illness and depression, and
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Figure 3. Relationship among MoCA Scores, SAA level, and 8-OHdG level in 3 groups. Pearson analysis displayed a significant inverse
relationship between MoCA score and SAA level (r=-0.6481, -0.7572, —0.7724; P<0.05) and between the MoCA score and
serum 8-OHdG level (r=—0.6078, —0.7925, —0.6865; P<0.05) in the 3 groups.

damaged brain tissue caused by trauma or vascular lesion, all
resulting in abnormal CNS. As an early manifestation of AD,
senile MCI requires complicated clinical scoring and tests to
differentiate it from AD, a process with considerable subjec-
tivity and increased difficulties in case of similar behavioral
expressions [16,17]. Therefore, early identification and treat-
ment of MCI have important effects in delaying MCI, improv-
ing patient QOL, and reducing progression to AD.

SAA may aggregate abnormally under the stimulation of chron-
ic cerebral inflammation and change the morphology of mi-
croglia via a series of pathways by increasing its activity to in-
duce the abnormal expression of interleukin and TNF, thereby
resulting in brain damage [18]. SAA also inhibits the counter-
transport of cholesterol and activity of transferase, reduces the
HDL level, affects the body’s lipid metabolism, and worsens the
damage of brain tissues [19]. Furthermore, the metabolism of
SAA can cause a synergistic action with MCP-1, which accel-
erates the progression of brain tissue damage [20]. 8-OHdG
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Figure 4. Correlation between serum SAA and 8-OHdG levels and MMSE scores in the 3 groups. Pearson analysis indicated a
significant negative correlation between MMSE score and SAA level (r=—0.7097, -0.7441, —0.7591; P<0.05) and between the
MMSE score and serum 8-OHdG level (r=—0.5806, —0.7826, —0.6650; P<0.05) in the 3 groups.

is a new indicator used to assess the oxidative damage and
oxidation state of DNA[10]. 8-OHdG is an oxidized derivative
of deoxyguanosine and is one of the major products of DNA
oxidation; it is produced by attacking the carbon atom at po-
sition 8 in the guanine base of the DNA molecule with singlet
oxygen and hydroxy radical. Then, it separates from the DNA
chain via various processes, such as nucleotidyl excision and
base excision repair with the help of 8-oxoguanine DNA gly-
cosylase as its self-protection mechanism, and it is eventual-
ly discharged from the body through urine in a free form [21].

Further, AD patients, tend to have higher serum 8-OHdG lev-
els than healthy persons, suggesting that DNA oxidative dam-
age is linked to the occurrence and progression of AD, and the
extent of damage of cognitive functions is also closely relat-
ed to 8-OHdG [22].

Although the expression level of NMs in various Cl diseas-
es lacks sufficient evidence, some studies supported the cor-
relation between the expression of NMs and cognitive func-
tions [23]. The present study determined the levels of NMs in
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Figure 5. Pearson analysis displayed a significant positive relation between SAA and 8-OHdG levels in the Control group (A) (r=0.6679,
P<0.05), an apparent positive correlation between SAA and 8-OHdG levels in the MCI group (B) (r=0.7774, P<0.05), and a
significant positive correlation between the SAA and 8-OHdG levels in the AD group (C) (r=0.6778, P<0.05).

patients and showed that the AD group had a notably higher
B12 level than other groups (P<0.05), similar to the findings
of Hu et al. [24]. Hence, low B12 level possibly increases the
risk of AD through an unknown mechanism. Moreover, the AD
group had significantly higher TC and ApoB levels (P<0.05) but
had a significantly lower HDL-C level than the MCI and Control
groups (P<0.05). According to a study by Zha et al. [24] on
changes in hemorheological and blood fat indicators in pa-
tients with MCI and AD, use of periodic hemorheology and
blood fat tests were useful in early prevention and treatment
of MClI and AD. Their findings indicated a correlation between
the development of MCI and AD and the levels of TC, ApoB,
and HDL-C; the SC level may also rise, thereby damaging the
capillary endothelial cells and cerebral artery functions and
subsequently increasing the risks of developing MCI and AD.
Similar studies have reported that the MCl and AD groups had
significantly higher MoCA and MMSE scores than the Control
group (P<0.05), and these scores were valuable in MCI diag-
nosis [25,26]. In the present study, MoCA and MMSE scores
of the 3 groups were collected and assessed, and the results
showed that the Control group had significantly higher levels

than the MCI group, with the AD group having the lowest lev-
els (P<0.05). Levels of 8-OHdG in brains of LAD and MCI pa-
tients tend to be high [27]. Further, the SAA level in severe
TBI patients with multiple injuries was higher than that in pa-
tients with mild or moderate brain injuries [28]. The present
study assessed the SAA and 8-OHdG levels in the 3 groups
and found that the Control group had significantly lower levels,
followed by the AD and MCI groups (P<0.05); therefore, SAA
and 8-OHdG are good indicators in MCI diagnosis. However,
the relationship between SAA and nerve functions is unclear.
Ge et al. [19] found a clear inverse relationship between SAA
level and CFs scores in patients with COPD, which is inconsis-
tent with the conclusion from some cross-sectional studies that
no link exists between SAA level and MMSE score [29]. The
correlation coefficient analysis in the present study showed
a significant negative correlation between SAA, cognitive
functions, and 1Q; however, the correlation diminishes as CFs
scores rise. Liu et al. [30] found that the serum 8-OHdG level
was inversely related to MMSE score in Cl patients after cere-
bral apoplexy, while several reports indicated that the relation-
ship between MoCA scores and 8-OHdG level in PD patients
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was negligible [31]. The present study showed that SAA and
8-OHdG levels can reflect the development of Cl in the elder-
ly. Therefore, passive immunization with reduced concentra-
tions of SAA and 8-OHdG may improve cognitive function, but
this conclusion still needs further verification. In addition, se-
rum SAA and 8-OHdG levels can also reflect cognitive impair-
ment, which helps clinicians to detect cognitive dysfunction
early so that therapy can be given in a timely manner. In the
present study, the significant negative correlation between the
serum 8-OHdG levels and scores of cognitive functions and 1Q
and between SAA and 8-OHdG levels was supported through
correlation coefficient analysis and Pearson analysis, respec-
tively. Hence, our findings revealed their interaction and offer
a new direction for future study. However, to date, the cor-
relation between SAA and 8-OHdG has remained rarely stud-
ied; thus, more tests are needed for confirmation. It has been
shown that SAA and 8-OHdG levels are disordered in a variety
of senile diseases [32,33], SAA can participate in the regula-
tion of inflammatory response [34], and 8-OHdG can affect the
level of oxidative stress in the body [35]; therefore, the speci-
ficity of SAA and 8-OHdG as diagnostic or prognostic markers
for elderly patients with cognitive dysfunction may be affect-
ed. Whether SAA and 8-OHdG are specific indicators of cog-
nitive dysfunction remains to be determined.
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The present study assessed the expression levels of SAA and
8-OHdG in 3 groups, and then investigated the function and
relationship of SAA and 8-OHdG with MCI. However, the spe-
cific mechanism and thresholds of SAA and 8-OHdG in MCl are
unclear, and further studies are required to identify its possi-
bility as a prognostic monitoring index and to reduce the ex-
pression of SAA and 8-OHdG in MCI. There were also differ-
ences in nutrition markers among the 3 groups, and whether
they are confounding factors for SAA and 8-OHdG needs to
be confirmed.

Conclusions

Briefly, SAA and 8-OHdG in the MCl and AD groups were mark-
edly expressed. They were also negatively correlated with CFs
scores, and they can be applied as the test indicators of MCI.
Furthermore, a significant correlation was observed between
SAA and 8-OHdG.
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