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Introduction: Previous studies focused on the association between uric acid (UA) as an antioxidant and cognitive impairment have 
been limited in scope and obtained contradictory results. Therefore, we investigated whether low blood UA levels were related to mild 
cognitive impairment (MCI) in a cross-sectional study.
Methods: This study included 231 elderly Chinese adults 60 years and over. We used the MMSE and MoCA to evaluate cognitive 
function, and fasting venous blood to measure UA concentration. The relationship between blood UA and cognitive impairment was 
analyzed with multivariate analysis of variance, controlling for demographic information, physical exercise, lifestyle and laboratory 
results.
Results: A total of 90 (38.96%) participants were healthy and 141 (61.04%) had MCI. Compared with the healthy group, MCI 
patients were more likely to have fewer years of education, inactivity and lower UA levels. UA levels were significantly lower in MCI 
patients than healthy individuals (P <0.05). After adjusting for these variables, we found that among MCI patients, lower UA levels 
were associated with worse cognitive function in the MMSE. Multivariate logistic regression models demonstrated that UA was 
a protective factor for MCI. Multivariate analysis comparing the high and low quartile group, which was the reference group, indicated 
that differences in cognition among groups were statistically significant.
Conclusion: Lower UA levels were associated with worse cognitive function; therefore, controlling UA levels within a suitable range 
may slow the progression of cognitive disorders.
Keywords: uric acid, mild cognition impairment, factors, differences between groups

Introduction
Cognitive impairment is a general problem in the elderly population; approximately 15.4% of people over 55 have mild 
cognitive impairment in China.1 Mild cognitive impairment (MCI) was recognized as a clinical stage between natural 
aging and dementia.2,3 MCI is a condition defined by an objective and subjective decline in cognition that is faster than 
expected for the patient’s age and education. However, these patients do not meet the diagnostic criteria for dementia.4,5 

Some studies have shown that MCI is more likely to switch to dementia,6–8 causing more researchers to begin to pay 
attention to the risks of MCI.9–12 Although MCI has a greater risk of turning into dementia, sometimes these patients 
recover from their cognition dysfunction.13–15 Recently, a recent study found that the heterogeneity of MCI allows risk 
stratification in clinical trials of the intervention and suggests gender-based early intervention for targeted treatment of 
patients at risk of developing AD,16 supporting that the notion that MCI at any time is a significant clinical condition. 
Currently, there are no definitive treatments for MCI. Therefore, it is important to carry out early interventions that are 
directed against the MCI risk factors.

Uric acid (UA) is an antioxidant that has important protective effects by eliminating free radicals; UA is one of the 
most significant natural antioxidants in people.17 At the same time, UA has many other effects, such as pro-oxidant, pro- 
inflammatory, immune system interactions, nitric oxide regulation, and anti-aging properties. UA can mediate the innate 
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immune response, which can release inflammatory mediators and activate the renin-angiotensin system.18 UA is both an 
inflammatory mediator and an antioxidant, so it has a contradictory role in cognitive function. Thus, recent studies have 
investigated UA levels and cognitive dysfunction, to determine the relationship between the two. Previous studies have 
indicated an association, particularly in MCI, between higher UA and slower cognitive decline.19–21 However, other 
studies have found inconsistent results in different patient populations.22–24 These contradictory results may result from 
interference factors between when blood UA and cognitive function were evaluated. For example, participants with 
higher UA levels are more likely to have cardiovascular disease,25 which is another risk factor for MCI;26 other 
confounding factors can also affect UA levels, such as the use of certain medicines, eating habits and lifestyle. 
Different groups have different habits that can affect the final findings. Therefore, the relationship between UA and 
MCI needs to be explored in the different populations more nuancedly.

In this study we examined whether low UA is related to MCI in a cross-sectional study of older Chinese adults.

Methods and Materials
Study Population
This study included 141 MCI patients admitted to Northern Jiangsu People’s Hospital, Yangzhou, Jiangsu Province, 
China between October 2023 and October 2024. MCI was diagnosed by neurological doctors and nurses according to the 
diagnostic criteria set out by Peterson et al4 and China’s expert consensus on the prevention and treatment of cognitive 
impairment.27 Concurrently, 90 healthy controls who had independent function and normal cognition were chosen from 
other departments of the same hospital. Healthy controls were recruited such that their age, sex and eating habits matched 
the patients. They undergo routine laboratory screening and medical record review. We excluded patients who had 
difficulty with verbal expression, serious mental disorders, kidney disease, depression, illiteracy, drug usage that affected 
UA levels or refusal to sign informed consent. We recorded demographic characteristics including age, sex, education 
years, smoking status, alcohol intake, body mass index (BMI), hypertension and diabetes. All 231 participants underwent 
a face-to-face investigation with a questionnaire performed by trained nurses and graduate students.

Assessment of Cognitive Function
The Mini-Mental State Examination (MMSE) and Montreal Cognitive Assessment (MoCA) were used to assess 
cognitive function. The MMSE is the most widely used tool to estimate cognitive decline; we use the version written 
by Folstein et al,28 the total score of which is 30 points and includes five dimensions: orientation, memory, computation, 
language, and visual space, with a maximum number of 19 questions. Studies have found that this test detects dementia 
with a sensitivity of 0.8–0.9 and specificity of 0.7–0.8, but its sensitivity is only 0.2–0.6 for detecting MCI.29 Therefore, 
we used the MoCA as an auxiliary tool to diagnose MCI. The MoCA also includes parts to evaluate cognition function, 
such as naming, language and attention.30 In addition to these overlapping sections with the MMSE, some more 
challenging sections are added, such as executive function, complex visuospatial processing and higher-level 
language.31 A recent meta-analysis demonstrated that the MoCA is better than the MMSE scale for screening MCI 
patients.32 The final combination of MMSE (≤27) and MOCA (<26) was used as the diagnostic criteria for MCI.4

Assessment of UA and Other Clinical Characteristics
After an 8-h fast, we collected 3-mL peripheral venous blood samples from all participants, and the samples were sent to 
the hospital laboratory center within 30 min. UA and other clinical characteristics were measured using an enzyme- 
labelled method on a Hitachi 7170 automatic biochemical analyzer (Hitachi, Tokyo, Japan). The normal range of UA 
concentration was 148–463 mmol/L.

Statistical Analyses
To distinguish differences between the MCI and control groups, we used t-tests and chi-square tests. We applied means, 
standard deviations (SDs) and frequencies to describe continuous and categorical variables. Multiple logistic regression 
models were used to examine all variables, which represented the connection between the variables and MCI. Some 
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potential confounders were considered in each model: step I was controlled with demographic characteristics (age, sex 
and education level); step II was controlled with behavior and lifestyle (physical activity); and step III was controlled 
with the study variable UA. Sex was classified as male or female; education levels were categorized as primary, junior, 
senior, college and above, and we recorded the years of education.

To explore the relationship between UA and cognitive function (here we used the MMSE score), multivariate 
analyses of variance were performed using UA as the group basis. According to the quartile of UA, we divided the 
MCI patients into four groups and using the bottom quartile group as a reference group. Similarly, the demographic 
characteristics (age, sex and education level) were adjusted in model I, adding behavior and lifestyle (smoking, drinking 
and activity) into model II, and model III was adjusted for all variables (BMI, cognitive function and disease history). 
Smoking was categorized as smoker or non-smoker, and drinking was categorized as drinker or non-drinker. Physical 
activity and disease history (diabetes and hypertension) were described as yes or no. The other variables (age, BMI, 
cognitive function and UA) were continuous variables. All statistical analyses were conducted using SPSS software 
(v26.0; SPSS Inc., Chicago, IL, USA). P<0.05 was used to determine if differences were statistically significant.

Results
Differences Among Variables between the MCI and Control Groups
Between October 2023 and October 2024, 141 MCI patients [mean age ± SD: 69.11 ± 5.99, 73 males (51.8%)] and 90 
controls [mean age ± SD: 68.08±5.78, 48 males (53.3%)] were evaluated. The comparison of baseline demographics, 
cognitive function and UA is summarized in Table 1. The mean years of education for MCI patients were dramatically 
lower than controls (P=0.011). The rates of smoking and diabetes in MCI patients were higher than the healthy subjects, 
but the rate of activity was lower; these differences were statistically significant (P<0.05). Both MMSE and MoCA 
scores of the MCI group were lower than controls; UA levels were also lower for the MCI group.

Factors That Influence Cognitive Function
We predicted cognitive function among MCI patients with a binary logistic regression (Table 2). Demographic informa-
tion (age, sex, education and smoking) were controlled in step I, where education and smoking was associated with 
cognitive function. Activity was added in step II, indicating that education, smoking and activity were related to 

Table 1 Comparison of Variables Between the MCI and NC 
Groups (n=231)

MCI (n=141) NC (n=90) t/x2 P

Age, years 69.11 ± 5.99 68.08 ± 5.78 1.324 0.187
Sex

Male 73 48 0.054 0.817

Female 68 42
Education, years 5.32 ± 3.69 7.68 ± 3.97 2.571 0.011

Smoking, % 44.7 28.9 5.785 0.016

Drinking, % 41.8 35.6 0.910 0.340
Activity, % 22.7 51.1 19.834 0.000

BMI, Kg/m2 23.47 ± 3.18 24.17 ± 3.10 1.632 0.104

Hypertension, % 31.9 23.3 1.982 0.159
Diabetes, % 34.0 20.0 5.308 0.021

MMSE 24.83 ± 3.18 28.96 ± 0.79 29.887 0.000

MoCA 22.44 ± 1.97 27.12 ± 0.98 18.738 0.000
UA, mmol/L 269.44 ± 53.79 353.13 ± 47.74 12.361 0.000
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cognitive function. UA was added in step III, which showed that education, smoking, activity and UA are linked to 
cognitive function.

Correlation Between UA and MMSE Score
There were significant positive correlations between UA and MMSE score in all participants, including orientation, 
memory, computation, language and visual space five dimensions (P <0.05) (Table 3).

Comparison of Cognitive Function According to UA Level
Lower UA levels were associated with worse cognitive function in the MMSE score among MCI patients (Table 4). After 
adjusting for demographic characteristics (age, sex and education level) in model I, comparisons between the high 
quartile group and the low quartile group, which was the reference group, indicated that the difference in cognition 
among groups was statistically significant (P=0.001, 0.006 and 0.018, respectively). Similar results were found in model 
II (adjusting for demographic characteristics, behavior and lifestyle) and model III (adjusting for all variables).

Table 2 Logistic Analysis of Factors That Influence MCI

B SE Wald P value OR 95% CI

Step I
Constant 1.477 0.788 3.509 0.061 4.378

Age 0.027 0.021 0.037 0.848 1.027 0.981–1.077

Sex 0.442 0.219 4.069 0.077 1.556 0.829–1.064
Education 0.402 0.149 7.295 0.007 1.669 1.500–1.896

Smoking −0.342 0.123 2.359 0.004 0.536 0.435–0.902

Step II
Constant 3.601 1.888 3.638 0.056 0.027

Age 0.027 0.025 1.187 0.276 1.027 0.979–1.079
Sex 0.558 0.295 3.561 0.059 1.746 0.979–3.116

Education 0.416 0.157 7.537 0.011 1.678 1.493–1.911

Smoking −0.378 0.149 2.983 0.009 0.564 0.417–0.913
Activity 1.292 0.301 18.445 0.000 3.641 2.019–6.567

Step III
Constant 5.879 3.080 8.960 0.003 87.768
Age 0.020 0.032 0.375 0.540 1.020 0.958–1.086

Sex 0.440 0.401 1.205 0.272 1.553 0.708–3.408

Education 0.709 0.212 11.231 0.001 1.492 1.325–2.145
Smoking −0.354 0.103 3.147 0.003 0.275 0.279–0.687

Activity 1.427 0.413 11.942 0.001 4.166 1.855–6.758

UA 1.879 0.005 50.268 0.000 1.963 1.353–7.163

Abbreviations: OR, odds ratio; SE, standard error; CI, confidence interval; Wald, Chi- 
square value.

Table 3 Correlation Between MMSE Score and UA

Orientation Memory Computation Language Visual Space

MCI group 

(n=141)

r 0.465 0.621 0.547 0.326 0.413

P <0.001 <0.001 <0.001 <0.001 <0.001
NC group 

(n=90)

r 0.476 0.638 0.532 0.386 0.423

P <0.001 <0.001 <0.001 <0.001 <0.001
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Discussion
In this cross-sectional study of older Chinese adults, we found that lower UA concentrations were associated with worse 
cognitive function, independent of many common factors, including education, behavior, lifestyle and disease history.

The results of previous studies regarding the relationship between UA and cognitive function have been varied. 
Studies have demonstrated an inverse relationship between atherosclerotic carotid artery disease and cognitive function 
in the elderly.33 In this case, and that cardiovascular risk factors may potentially restrain the protective effect of higher 
UA levels in the elderly. The present study examined the relationship between UA and cognitive function after excluding 
cardiovascular risk factors, but most studies consider cardiovascular risk factors as covariates. A longitudinal study 
reported that higher UA levels were linked with a slower cognitive decline, especially in MCI and dementia 
populations.19 A previous study in Mexico indicated that lower serum UA levels were related to cognitive impairment 
and higher UA levels were linked with a reduced risk of dementia;34 our study confirmed these results in MCI patients. 
Additionally, cross-sectional studies of serum UA have reported lower UA concentrations in MCI and Alzheimer's 
disease(AD) and Parkinson’s disease(PD) subjects compared with healthy controls,35,36 although another study found no 
significant difference.37 Furthermore, other studies have concluded that higher UA levels could increase the risk of 
cognitive impairment in the elderly.9,38 These controversial findings are in opposition to our results. Together, these 
divergent findings have triggered controversy on this issue.

The existing literature demonstrates a relationship between UA and cognitive impairment, although various results 
have been reported.9,19,33–38 The neuroprotective effects of UA are mainly related to the antioxidant effects of UA, which 
can alleviate oxidative stress-induced neurodegeneration in patients with cognitive impairment.39 A more recent study 
examined the UA-cognition relationship across a broad cognitive spectrum,40 the UA-cognition relationship showed 
a strong association in participators. This relationship is more pronounced in men. It has also been shown that UA has an 
anti-inflammatory effect at physiological concentrations. Our study explored this relationship only in MCI patients with 
gender distinction. Our major result was that serum UA levels played an important role in mild cognitive dysfunction, 
suggesting UA acts as an antioxidant in this process. This result confirms the conclusions of some studies; oxidative 
stress is an important factor in the progression of neurodegenerative diseases.41 Some studies have shown that high blood 
UA levels can cause increased white matter lesions, which due to cerebral ischemia, can lead to cognitive 
impairment.23,24 The reason for the different conclusions in these studies may be that different patient populations 
were selected. Moreover, differences in Chinese and Western diets and lifestyles may also result in different outcomes.

The prevention and treatment of Alzheimer’s disease has made significant progress in recent years, but the results are 
not satisfactory. One of the main reasons is that the MCI stage is often considered part of normal aging, and is thus 
neglected. General treatments for serious cognitive impairment are difficult, so it is necessary to carry out more 
predictive and early interventions for MCI. We have focused on the role of UA as an antioxidant during cognitive 
decline, as it is expected that changes in cognitive function can be controlled at the MCI stage by adjusting UA levels to 

Table 4 Cognitive Differences According to the Quartile of UA Among MCI Patients

Quartile 1 Quartile 2 Quartile 3 Quartile 4

UA (mmol/L) 147–239.5 239.6–270 270.1–302.5 302.6–374
N 35 39 32 35

Mean (mmol/L) 199.46 253.92 292.72 335.43

Model 1a 0(ref.) 0.908(1.380–1.437) 0.767(1.226–1.435) 0.641(1.113–1.168)
P1a 0.001 0.006 0.018

Model 2b 0(ref.) 0.910(1.374–1.445) 0.765(1.218–1.312) 0.638(1.104–1.172)

P2b 0.001 0.006 0.020
Model 3c 0(ref.) 0.911(1.362–1.460) 0.749(1.181–1.317) 0.641(1.062–1.220)

P3c 0.001 0.010 0.030

Notes: aAdjusted for sex, age and education (primary, junior, senior, college and above). bAdjusted for sex, age, 
education, drinking (yes or no), smoking (yes or no) and activity (yes or no). cAdjusted for sex, age, education, 
drinking, smoking, activity, BMI, MMSE, MoCA, hypertension and diabetes. 
Abbreviation: UA, uric acid.
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within the appropriate range. However, the pro-oxidation and pro-inflammatory effects of elevated UA also need to be 
considered,18 UA levels are kept within the optimal range. Currently, we are in the initial stages of this exploration; 
future studies will investigate this topic at a deeper mechanistic level to clinically define the relationship between UA 
and MCI.

Our study had some limitations. First, we selected a small sample size with limited coverage, so whether these results 
can be applied to all groups will require further study. At the same time, dietary structure as an influencing factor was not 
discussed in this paper due to the small sample size, but in the next study, it is still necessary to increase the sample size 
of different regions for analysis and explore the influence of dietary structure in more detail. Second, we did not consider 
the dynamics of UA results. Although we applied strict controls to the effects of other factors before testing, averaging 
a number of tests will be more credible. Third, we did not record current medications in detail. We excluded only drug 
users who affected UA, and did not take other medications, such as drugs for diabetes, hypertension, etc. Therefore, we 
cannot rule out the impact of certain drugs on our results.

Conclusion
Our findings suggest that lower UA levels are associated with worse cognitive function. Further longitudinal studies are 
needed to determine whether maintaining UA levels within an optimal range could influence cognitive decline.

Abbreviations
MCI, mild cognitive impairment; BMI, body mass index; UA, uric acid; MoCA, Montreal Cognitive Assessment; 
MMSE, Mini-Mental State Examination.
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