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Hyperuricemia as a Protective Factor for Mild Cognitive
Impairment in Non-Obese Elderly
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Mild cognitive impairment (MCI) is regarded as incipient dementia. Patients with MCI have increased risk
of later progressing to dementia. Blood uric acid (UA) is an important non-enzymatic antioxidant in
peripheral circulation, and plays an unconfirmed protective role in MCI. Furthermore, obesity-induced
inflammation, which affects UA metabolism and MCI onset, might regulate such protective role. Thus, the
aim of the study was to determine the relationship of UA to MCI and the potential effect from inflammation.
The study consisted of 933 MCI patients diagnosed by neuropsychological scales and 933 controls with
normal cognitive function. All subjects were = 60 years old. There were 378 obese subjects in MCI group
and 410 obese subjects in control group. A relationship between lower serum UA levels and higher risk of
MCI was found in all MCI patients and non-obese MCI patients (OR: 0.78, 95% CI: 0.72 ~ 0.86; OR: 0.66,
95% CI: 0.55 ~ 0.78), but not in obese MCI patients (OR: 0.94, 95% CI: 0.81 ~ 1.12). Serum UA and
hypersensitive C reactive protein (hs-CRP) levels were higher in obese MCI patients than in non-obese
MCI patients (P < 0.001 and P < 0.001). Serum UA levels showed a positive linear correlation with serum
hs-CRP levels in obese MCI patients (r = 0.284, P < 0.001), but not in non-obese MCI patients (r = 0.030, P
= 0.481). In conclusion, we show the significant association between lower serum UA levels and higher

risk of MCI in non-obese subjects. Obesity-induced inflammation may weaken such relationship.
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Introduction

Dementia is a class of geriatric diseases globally, and
it includes Alzheimer’s disease, vascular dementia, Lewy
body dementia and so on (Beck et al. 1993). In recent
years, dementia has become a non-negligible healthy prob-
lem. Nearly eight million elderly people are diagnosed
with dementia annually in the world (Hayakawa et al.
2015). Furthermore, there is actually no effective treatment
against dementia (Olsen et al. 2016). Many severe patients
have a poor quality of life with no dignity. At present, mild
cognitive impairment (MCI) is regarded as a transitional
state before onset of dementia (Luchsinger et al. 2007).
Therefore, people might stand a good chance of preventing
the onset of dementia, if some timely and effective inter-
ventions could be conducted at this stage (Winblad et al.
2004).

Previous studies revealed that blood glucose regulation

disorder and hyperlipemia contributed to increased risk of
dementia in patients with type 2 diabetes mellitus (Yaffe et
al. 2006; Kloppenborg et al. 2008; Whitmer et al. 2009).
Several hypoglycemic and blood lipid lowering drugs, such
as metformin and statins, had preventive and treatment
effects on dementia in both epidemiological and animal
studies (Risner et al. 2006; Li et al. 2012; Hendrie et al.
2015). Hyperuricemia is another metabolic disorder, and is
closely related to metabolic syndrome (Sah et al. 2016).
Thus, hyperuricemia might promote the development of
MCIL

On the contrary, cognitive dysfunction is associated
with the increase of reactive oxygen species (ROS) levels
and the decrease of antioxidant levels (Fukui et al. 2002;
Comin et al. 2010). Blood uric acid (UA), as well as albu-
min and total bilirubin, is an important non-enzymatic anti-
oxidant in peripheral circulation, and might play a protec-
tive role in the development of MCI (Chen et al. 2016;
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Yang et al. 2016). Therefore, the relationship between
serum UA levels and MCI risk is complicated and diverse,
and a firm conclusion could not be drawn (Khan et al.
2016).

As we all know, obesity is a common adverse factor in
human health. It induces chronic and subclinical inflamma-
tion (Dagdeviren et al. 2016). Hypersensitive C reactive
protein (hs-CRP) is a proinflammatory marker, and its
expression is upregulated in obese people (Mekala et al.
2016). Furthermore, this inflammation is implicated in the
development of dementia, and also affects UA metabolism
(Hermida et al. 2012; Enciu and Popescu 2013; Dal et al.
2015; Liu et al. 2016). Thus, obesity-induced chronic
inflammation might be a confounding factor on the relation-
ship between MCI and UA. But, such effect has not been
well investigated.

Therefore, we conducted a study to reveal the relation-
ship between serum UA levels and the risk of MCI in
elderly people, and to further clarify the impact of obesity-
induced chronic inflammation on such relationship.

Materials and Methods

Participants

A total of 933 patients with confirmed MCI were enrolled in the
present study from Department of Geriatrics, Tianjin Medical
University General Hospital between January 1, 2010 and August 31,
2016. Inclusion criteria were predefined as follows: (1) patients were
> 60 years old; (2) patients were not diagnosed with Alzheimer’s dis-
ease, vascular dementia, Lewy body dementia and other type of
dementia; (3) Mini Mental State Examination (MMSE) and Montreal
Cognitive Assessment (MoCA) revealed cognitive disorder.
Diagnosis of MCI was determined by two psychologists.

The study also included 933 age- and sex-matched controls with
normal cognitive function from Department of Medical Examination,
Tianjin Medical University General Hospital in the same period. All
patients and controls in the study did not suffer from acute coronary
syndrome, heart failure, liver and kidney diseases, systemic autoim-
mune diseases, severe infections, malignancies and mental diseases.
All patients and controls signed written informed consent forms. The
present study was approved by the ethics committee of Tianjin
Medical University General Hospital.

Data collection

Fasting blood specimen was collected from each subject for
three times separately on admission, one month later and two months
later. All specimens were centrifuged and separated. Serum levels of
fibrinogen, triglyceride, total cholesterol, albumin, total bilirubin, hs-
CRP and UA were determined in biochemical laboratory in Tianjin
Medical University General Hospital within 2 hours using a siemens
ADVIA-2400 automatic biochemical analyzer (Erlangen, Germany).
All three specimens of each subject were measured, and the mean
was reported. Serum UA level > 420 gmol/L and serum hs-CRP level
> 10 mg/L were considered abnormal, and the subjects were divided
into several groups according to 420 umol/L of UA and 10 mg/L of
hs-CRP in the study.

All subjects received medical examinations and face to face
interviews. Demographic information, education level, medical his-
tory, treatment history and other useful information were obtained.

Body mass index (BMI) was calculated using a formula: BMI (kg/m?)
= weight (kg) / height >(m?). Obesity was defined as BMI > 30 kg/m’
according to World Health Organization (WHO) criteria, and non-
obesity was defined as BMI < 30 kg/m* (WHO 2000).

In MMSE, full mark was 30 points. Subjects with < 20 points
and < 24 points were considered to be cognitive disorder separately in
subjects with primary school education and more than primary school
education. In MoCA, full mark was still 30 points. Subjects with <
25 points and < 26 points were considered to be cognitive disorder
separately in subjects with < 12 years education and > 12 years edu-
cation (Molloy and Standish 1997; Olson et al. 2008).

Statistical analysis

In the present study, Statistical Product and Service Solution
(SPSS) version 19.0 (Chicago, IL, USA) was adopted for statistical
analysis. Continuous variable was showed by mean + standard devia-
tion (SD), and categorical variable was expressed as frequency.
Difference of continuous variables was determined by independent
sample t test, and difference of categorical variables was detected by
chi-square test. Connection between serum level of UA and serum
level of hs-CRP was determined by Pearson correlation analysis. Ifa
P value was less than 0.05, it was regarded as statistical significance.
Association of MCI risk with serum levels of UA and hs-CRP was
assessed using multivariate logistic regression analysis. Odds ratio
(OR) and 95% confidence interval (CI) were reported in the study. If
a 95%Cl did not include value one, it was regarded as statistical sig-
nificance.

Results

As shown in Table 1, 933 MCI patients and 933 con-
trols were included in the study. Systolic pressure, diastolic
pressure, serum levels of fibrinogen, triglyceride, total cho-
lesterol and hs-CRP were significantly higher in MCI
patients than those in controls (P < 0.001, P < 0.001, P <
0.001, P < 0.001, P < 0.001 and P = 0.021, respectively).
Onset of diabetes mellitus was more common in MCI
patients than that in controls (P < 0.001). Serum levels of
UA were significantly lower in MCI patients compared with
the levels in controls (P < 0.001). In addition, there were
no significant differences in sex, age, BMI and onset of sta-
ble angina pectoris between MCI patients and controls (P =
0.071, P = 0.100, P = 0.469 and P = 0.224). Serum levels
of albumin and total bilirubin were also equivalent between
MCI patients and controls (P =0.101 and P=0.172).

There were 378 obese subjects in MCI group and 410
obese subjects in control group. As shown in Table 2, mul-
tivariate logistic regression analysis reported significant
associations between higher serum UA levels and lower
risk of MCI in all MCI patients and non-obese MCI patients
(OR: 0.78, 95% CI: 0.72 ~ 0.86 and OR: 0.66, 95% CI:
0.55 ~ 0.78). In obese MCI patients, the potential associa-
tion between serum UA levels and MCI risk was not found
(OR: 0.94, 95% CI: 0.81 ~ 1.12).

As shown in Table 3, higher risk of MCI was also
related to higher serum levels of hs-CRP in all MCI patients
and obese MCI patients (OR: 2.41, 95% CI: 1.85 ~ 2.99 and
OR: 4.37, 95% CI: 3.08 ~ 5.94), but not in non-obese
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Table 1. Characteristics of mild cognitive impairment patients and controls in the study.

MCI Control P value®
Total (n)" 933 933 -
Male (n) 492 453 0.071
Age (years) 74.7+9.3 75.4+8.8 0.100
BMI (kg/m®) 26.8 +4.1 26.6+3.2 0.469
Systolic pressure (mmHg) 147.3+£19.8 143.3 £20.7 < 0.001
Diastolic pressure (mmHg) 77.2+12.1 743 +£11.1 < 0.001
Fibrinogen (g/L) 29+0.6 2.8+0.6 < 0.001
Triglyceride (mmol/L) 1.8+1.3 1.5+1.0 < 0.001
Total cholesterol (mmol/L) 52+1.0 5.0+1.0 < 0.001
Albumin (g/L) 458 +2.7 456 +2.7 0.101
Total bilirubin (umol/L) 139+5.8 13.6+53 0.172
hs-CRP (mg/L) 8.6+3.0 8.1+5.6 0.021
Uric acid (umol/L) 352.4+81.2 382.3+98.5 < 0.001
Stable angina pectoris (n) 201 223 0.224
Diabetes mellitus (n) 369 234 < 0.001

2Continuous variable was showed by mean + standard deviation, and categorical
variable was expressed as frequency.

"Difference of continuous variables was determined by independent sample t test,
and Difference of categorical variables was detected by chi-square test. If a P
value was less than 0.05, it was regarded as statistical significance.

BMI, Body mass index; MCI, Mild cognitive impairment; hs-CRP, Hypersensitive
C reactive protein.

Table 2. Association between serum level of uric acid and onset of mild cognitive im-
pairment according to obesity.

39

Serum level of UA MCI Control  Age and gender adjusted ~ Multivariable adjusted

(umol/L) (n) (n) OR(95%CI)* OR(95%CI)*

Total

< 420 545 423 Reference Reference

= 420 388 510 0.77 (0.70 ~ 0.84) 0.78 (0.72 ~ 0.86)
Non-obesity

< 420 440 321 Reference Reference

= 420 115 202 0.63 (0.54 ~0.73) 0.66 (0.55 ~0.78)
Obesity

< 420 105 102 Reference Reference

= 420 273 308 0.93 (0.79 ~ 1.09) 0.94 (0.81 ~ 1.12)

2Age and gender adjusted odds ratio was adjusted for age and gender. Multivariable
adjusted odds ratio was adjusted for age, gender, race, blood pressure, onset of stable
angina pectoris and diabetes mellitus, serum levels of fibrinogen, triglyceride, total
cholesterol, albumin, total bilirubin and hypersensitive C reactive protein. If a 95%
confidence interval did not include value one, it was regarded as statistical significance.

UA, Uric acid; MCI, Mild cognitive impairment; OR, Odds ratio; CI, Confidence

interval.

patients (OR: 1.27, 95% CI: 0.89 ~ 1.95).

As shown in Table 4, there were 378 obese MCI
patients and 555 non-obese MCI patients in the study. The
study revealed that systolic pressure, diastolic pressure,
serum levels of fibrinogen, triglyceride, total cholesterol,
hs-CRP and UA were higher in obese MCI patients than
those in non-obese MCI patients (P < 0.001, P <0.001, P <
0.001, P < 0.001, P < 0.001, P < 0.001 and P < 0.001).
However, no such difference was found in serum levels of
albumin and total bilirubin (P = 0.457 and P = 0.465).

As shown in Fig. 1, serum levels of UA showed a posi-

tive linear correlation with serum levels of hs-CRP in obese
MCI patients (r = 0.284, P < 0.001), but not in non-obese
MCI patients (r = 0.030, P =0.481). In addition, serum UA
levels showed no such linear correlation both in obese MCI
patients and in non-obese MCI patients with systolic pres-
sure (r = 0.046, P = 0.605 and r = 0.145, P = 0.051), dia-
stolic pressure (r = 0.041, P = 0.646 and r = 0.024, P =
0.744), serum levels of fibrinogen (r = 0.048, P = 0.595 and
r=0.005, P =0.945), triglyceride (r = 0.125, P = 0.164 and
r = 0.065, P = 0.378) and total cholesterol (r = 0.165, P =
0.065 and r = 0.042, P=0.574).
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Table 3. Association between serum level of hypersensitive C reactive protein and onset of
mild cognitive impairment according to obesity.

Serum level of hs-CRP MCI Control ~ Age and gender adjusted ~ Multivariable adjusted
(mg/L) (n) (n) OR(95%CI)* OR(95%CI)*

Total

< 10 690 807 Reference Reference

=10 243 126 2.26 (1.78 ~ 2.86) 2.41(1.85~2.99)
Non-obesity

< 10 486 467 Reference Reference

=10 69 56 1.18 (0.81 ~ 1.72) 1.27 (0.89 ~ 1.95)
Obesity

< 10 204 340 Reference Reference

= 10 174 70 4.14 (2.97 ~5.75) 4.37 (3.08 ~5.94)

2Age and gender adjusted odds ratio was adjusted for age and gender. Multivariable adjusted
odds ratio was adjusted for age, gender, race, blood pressure, onset of stable angina pectoris
and diabetes mellitus, serum levels of fibrinogen, triglyceride, total cholesterol, albumin, total
bilirubin and uric acid. If a 95% confidence interval did not include value one, it was regarded

as statistical significance.

hs-CRP, Hypersensitive C reactive protein; MCI, Mild cognitive impairment; OR, Odds ratio;

CI, Confidence interval.

Table 4. Characteristics of mild cognitive impairment patients according to

obesity.
Obesity Non-obesity P value”

Total (n)* 378 555 -

Systolic pressure (mmHg) 151.6 £20.0 1443 +19.2 < 0.001
Diastolic pressure (mmHg) 794+ 124 75.7+11.7 < 0.001
Fibrinogen (g/L) 3.1+0.6 29+0.5 < 0.001
Triglyceride (mmol/L) 20+1.3 1.7£14 < 0.001
Total cholesterol (mmol/L) 54+0.8 50+1.0 < 0.001
Albumin (g/L) 459+3.0 45.8+24 0.457
Total bilirubin (umol/L) 14.1+£75 13.8+4.3 0.465
hs-CRP (mg/L) 10.7+2.5 72+25 < 0.001
Uric acid (umol/L) 415.2+£123.6 3322+ 64.4 < 0.001

2Continuous variable was showed by mean + standard deviation, and categor-

ical variable was expressed as frequency.

Difference of continuous variables was determined by independent sample t
test, and Difference of categorical variables was detected by chi-square test.
If a P value was less than 0.05, it was regarded as statistical significance.
hs-CRP, Hypersensitive C reactive protein.

Discussion

A previous published meta-analysis focused on the
relationship between serum level of UA and cognitive
impairment, but had not given us a conclusion we needed.
(Khan et al. 2016). In the present study, we showed a more
than 30% decreased risk of MCI in non-obese subjects with
serum UA levels of > 420umol/L. But, the study did not
find any differences in serum levels of albumin and total
bilirubin among obese MCI patients, non-obese MCI
patients and controls. As we all know, UA, albumin and
total bilirubin were three major non-enzymatic antioxidants
in peripheral circulation. Therefore, antioxidative activities
might not fully explain the protective effect of UA on MCI
risk.

As mentioned above, obesity and its chronic subclini-
cal inflammation are related to cognitive impairment and

UA metabolism (Duan et al. 2015; Pedditizi et al. 2016). A
subgroup analysis was conducted according to obesity.
Then, the relationship between serum level of UA and MCI
risk was disappeared in obese MCI patients.

There are three other findings in the present study.
First, serum hs-CRP levels were remarkably higher in obese
MCI patients compared with non-obese MCI patients.
Second, higher serum levels of hs-CRP were associated
with higher risk of MCI in obese subjects, but not in non-
obese subjects. Third, serum levels of hs-CRP and UA
showed a linear correlation in obese MCI patients, but not
in non-obese MCI patients. Taken together, a following
speculation seems to be reasonable. Obesity-induced
chronic inflammation might attenuate potential relationship
between serum UA levels and MCI risk in elderly people.

Adipose tissues release many adipocytokines, which
can regulate memory and cognition. A previous study
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Fig. 1. Correlation of serum uric acid and hypersensitive C reactive protein levels according to obesity.
Pearson correlation analysis was adopted. If a P value < 0.05, it was considered to be significant. hs-CRP, Hypersensi-

tive C reactive protein; UA, Uric acid.

A: Serum levels of UA show a positive linear correlation with serum levels of hs-CRP in obese patients with mild cog-
nitive impairment (r = 0.284, P <0.001). The number of subjects was 378.

B: Serum levels of UA show no linear correlation with serum levels of hs-CRP in non-obese patients with mild cogni-
tive impairment (r = 0.030, P =0.481). The number of subjects was 555.

revealed that serum and cerebrospinal fluid levels of adipo-
nectin (one of the most important adipocytokines) were
increased in the patients with MCI and Alzheimer’s disease
(Une et al. 2011). Thus, effect of obesity on the relation-
ship between serum level of UA and MCI risk might be
related to other mechanisms (e.g., adipocytokines). More
researches are needed to reveal these mechanisms.

Previous studies also revealed that several vascular
factors, such as blood pressure, fibrinogen and blood fat,
were associated with cognitive dysfunction (Eftekhari et al.
2007; Xu et al. 2008; Panza et al. 2009). In the present
study, these factors were significantly higher in obese MCI
patients compared to non-obese MCI patients. So, they
should be confounding factors. But multivariate logistic
regression analysis in the study had adjusted for such fac-
tors, and further analysis did not report a linear correlation
between UA and these factors. Therefore, vascular disorder
might not affect the relationship between serum level of UA
and MCI risk.

In the study, WHO criteria was adopted, and BMI > 30
kg/m* was defined as obesity (WHO 2000). Strictly speak-
ing, people with BMI > 30 kg/m* should not be regarded as
obesity directly. Because density of muscle was larger than
that of fat, people with more muscle showed higher level of
BMI. However, we did not think it changed our conclu-
sion, because only elderly people (more than 60 years old)
were included in the study. Many serological indicators
(e.g., UA) were not stable. The study conducted multiple
blood sample collection for each subject. Arithmetical
mean was adopted in the analysis. This arrangement might
avoid potential bias.

In conclusion, there is a significant association
between lower serum levels of UA and higher risk of MCI
especially in non-obese people. Obesity-induced chronic

and subclinical inflammation might weaken such relation-
ship.
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