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Abstract
Background: Recent epidemiological studies have indicated that serum uric
acid (Uric acid, UA) levels are associated with outcomes in patients with acute
ischemic stroke (Acute Ischemic Stroke, AIS), but whether UA exerts a beneficial
effect on AIS patients remains controversial.

Objective: To investigate whether different early UA levels are associated
with two-year recurrence and all-cause mortality in patients with first-ever
AIS, thereby providing a scientific basis for developing public health education
intervention strategies.

Methods: A retrospective cohort study was conducted selecting patients with
first-ever AIS who were hospitalized in the Department of Neurology of a tertiary
hospital in Shenzhen, Guangdong Province from January 1, 2018 to December
31, 2019. General information, biochemical indicators during hospitalization,
and two-year recurrence and all-cause mortality data were collected. Logistic
regression analysis was employed to examine whether UA levels at the time of
stroke were associated with poor prognosis in AIS patients.

Results: Patients with different uric acid levels showed no statistically significant
differences overall in length of stay, hospitalization costs, discharge NIHSS score,
BADL (Basic Activities of Daily Living, BADL) score, or risk of recurrence and
all-cause mortality within two years (P>0.05). However, compared with the Q1
group, the Q4 group exhibited significantly lower hospitalization costs (P<0.05).
Older age, history of diabetes, chronic renal insufficiency, elevated fasting blood
glucose, and triglyceride levels were risk factors for recurrence and all-cause
mortality in male patients (P<0.05); older age and history of diabetes were
risk factors for recurrence and all-cause mortality in female patients (P<0.05).
Logistic regression analysis stratified by gender revealed that in males, the Q4
group had a significantly lower risk of recurrence and all-cause mortality than
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the Q1 group (OR: 0.031, 95% CI: 0.087-0.892, P<0.05). After adjusting for
multiple factors including age, TOAST (Trial of Org 10172 in Acute Stroke
Treatment, TOAST) classification, history of diabetes, history of hypertension,
hyperuricemia, and chronic renal insufficiency, this difference persisted (OR:
0.049, 95% CI: 0.187-0.990, P<0.05). However, this difference was not observed
in female patients (P>0.05).

Conclusion: Compared with lower UA levels, higher UA levels are associated
with lower rates of recurrence and all-cause mortality within two years in male
AIS patients. However, our study does not imply that hyperuricemia can re-
duce recurrence and all-cause mortality in patients with first-ever acute ischemic
stroke.
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Abstract
Background: Epidemiological studies in recent years have shown that serum
uric acid (UA) levels are associated with outcomes in patients with acute is-
chemic stroke (AIS), but whether UA exerts a beneficial effect on AIS patients
remains controversial.

Objective: To investigate whether different early UA levels are associated with
recurrence and all-cause mortality within two years in patients experiencing their
first AIS, and to provide a scientific basis for developing public health education
intervention strategies.

Methods: We conducted a retrospective cohort study of patients with first-
time AIS admitted to the Department of Neurology at a tertiary hospital in
Shenzhen, Guangdong Province, between January 1, 2018, and December 31,
2019. General information, biochemical indicators, and data on recurrence and
all-cause mortality within two years were collected during hospitalization. Lo-
gistic regression analysis was used to examine whether UA levels at the time of
stroke were associated with poor prognosis in AIS patients.
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Results: There were no statistically significant differences across UA level
groups in hospitalization days, medical costs, discharge NIHSS scores, BADL
(Basic Activities of Daily Living) scores, or two-year recurrence and all-cause
mortality risk (P>0.05). However, compared with the Q1 group, the Q4 group
showed significantly lower hospitalization costs (P<0.05). Older age, diabetes
history, chronic renal insufficiency, and higher fasting blood glucose and triglyc-
eride levels were risk factors for recurrence and all-cause mortality in male pa-
tients (P<0.05), while older age and diabetes history were risk factors in female
patients (P<0.05). Logistic regression analysis stratified by sex revealed that in
men, the Q4 group had significantly lower risk of recurrence and all-cause mortal-
ity compared with the Q1 group (OR: 0.031, 95% CI: 0.087-0.892, P<0.05). This
difference persisted after adjusting for multiple factors including age, TOAST
(Trial of Org 10172 in Acute Stroke Treatment) classification, diabetes history,
hypertension history, hyperuricemia, and chronic renal insufficiency (OR: 0.049,
95% CI: 0.187-0.990, P<0.05). However, no such difference was observed in
female patients (P>0.05).

Conclusion: Higher UA levels, compared with lower levels, were associated
with lower two-year recurrence and all-cause mortality in male AIS patients.
However, our study does not imply that hyperuricemia can reduce recurrence
and all-cause mortality in patients with first-time acute cerebral infarction.

Keywords: uric acid; acute ischemic stroke; recurrence and all-cause mortality;
prognosis

Introduction
Stroke remains one of the leading causes of disability, mortality, and cognitive
impairment worldwide. According to the 2020 China Stroke Report, acute is-
chemic stroke (AIS) accounts for approximately 81.9% of all stroke cases [1].
The disease status and functional outcomes of AIS have a major impact on
patients’future quality of life. Approximately 80% of serum uric acid (UA)
in the human body is the final product of purine metabolism, while 20% de-
rives from exogenous sources such as meat, seafood, and organ meats [2]. UA
is an important endogenous antioxidant in blood, with concentrations nearly
ten times higher than other antioxidants. However, research also indicates that
UA can promote oxidative stress by generating reactive oxygen species (ROS),
thereby triggering endothelial dysfunction and accelerating the atherosclerotic
process [3]. Recent epidemiological studies have demonstrated an association
between UA levels and outcomes in AIS patients, yet whether UA exerts a ben-
eficial effect remains controversial [4-8], and whether this relationship exhibits
sex specificity remains unclear [9,10]. Therefore, this study aims to explore
the impact of early UA levels on prognosis in AIS patients to provide further
insights.
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Methods
1.1 Study Population

We conducted a retrospective cohort study of patients with first-time AIS admit-
ted to the Department of Neurology at a tertiary hospital in Shenzhen, Guang-
dong Province, between January 1, 2018, and December 31, 2019. A total of
513 patients were included (364 men and 149 women), all meeting the following
inclusion and exclusion criteria.

Inclusion Criteria: (1) Met the diagnostic criteria for AIS according to the
Chinese Guidelines for the Diagnosis and Treatment of Acute Ischemic Stroke
(2018) [11], confirmed by head CT or MRI; (2) Age $�$18 years; (3) Complete
clinical data available.

Exclusion Criteria: (1) Previous stroke history; (2) Diffusion-Weighted Imag-
ing (DWI)-negative AIS; (3) Time from onset >3 days; (4) Severe organ dys-
function of heart, liver, or kidney; (5) Alzheimer’s disease or severe psychiatric
disorders; (6) Major surgery within the past 3 months.

1.2 Data Collection

During hospitalization, we collected the following information: demographic
data (sex, age, occupation, education level), smoking history, alcohol consump-
tion history, disease history (diabetes, hypertension, gout/hyperuricemia, hyper-
lipidemia, chronic renal insufficiency, chronic hepatic insufficiency, arrhythmia,
coronary heart disease, atrial fibrillation, coronary artery stenosis, atheroscle-
rosis), medication history (antihypertensive drugs, hypoglycemic agents, lipid-
lowering drugs, urate-lowering drugs, anticoagulants), medical insurance type
(self-pay, medical insurance), AIS TOAST classification (Trial of Org 10172 in
Acute Stroke Treatment) (Large Artery Atherosclerosis (LAA), Small Vessel Oc-
clusion (SVO), Cardioembolic (CE), Stroke of Undetermined Etiology (SUE),
or Stroke of Other Determined Etiology (SOE)), NIHSS (National Institutes of
Health Stroke Scale) score, BADL (Basic Activities of Daily Living) score, Body
Mass Index (BMI, weight (kg)/height2 (m2)), and biochemical indicators (crea-
tinine (CREA), urea (UREA), UA, fasting blood glucose (FPG), C-reactive pro-
tein (CRP), total cholesterol (TC), triglycerides (TG), high-density lipoprotein
cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C)). TOAST
classification was determined by licensed physicians according to the Org 10172
trial criteria based on infarct location.

1.3 Patient Follow-up

At 24 months post-AIS, trained researchers collected prognostic information
for all patients through telephone follow-up and review of readmission medical
records. For patients whose prognostic information was obtained through the
hospital system query, informed consent was waived by the Ethics Committee
of the University of Hong Kong-Shenzhen Hospital, as these patients may have

chinarxiv.org/items/chinaxiv-202208.00093 Machine Translation

https://chinarxiv.org/items/chinaxiv-202208.00093


already been discharged. For patients contacted via telephone, the study pur-
pose was explained and informed consent was obtained. The primary outcome
measures were all-cause mortality and stroke recurrence within 24 months after
discharge. Stroke recurrence included both ischemic and hemorrhagic stroke.

1.4 Statistical Analysis

Continuous variables were described as mean ± standard deviation (x̄ ± s) and
analyzed using ANOVA. Categorical variables were described as percentages
(%) and analyzed using chi-square (�2) tests. Logistic regression analysis was
used to calculate odds ratios (OR) to assess the association between different
UA levels and adverse outcomes in acute cerebral infarction. Data analysis was
performed using SPSS 25.0. P<0.05 was considered statistically significant.

1.5 Quality Control

Patient diagnosis and treatment were determined by licensed physicians based
on individual patient conditions. Demographic information, smoking and alco-
hol history, disease history, medication history, medical insurance type, and
NIHSS scores were collected and entered by professionally trained nurses with
valid nursing licenses. For blood biochemical indicators, all patients were re-
quired to fast for at least 8 hours, with blood samples collected at 7:00 AM.
All blood samples were immediately sent to the hospital laboratory for testing.
Data entry was performed using double-entry to ensure accuracy.

Results
2.1 Baseline Characteristics

Given the sex differences in normal UA level ranges, we stratified patients by
sex and divided them into four groups based on UA quartiles: Q1, Q2, Q3, and
Q4. Significant differences were observed among the four groups in smoking
status, TOAST classification, hyperuricemia, chronic renal insufficiency, weight,
BMI, DBP (Diastolic Blood Pressure), UREA, CREA, UA, AST (Aspartate
Transaminase), HDL-C, and LDL-C (P<0.05). No significant differences were
found in sex distribution, age, alcohol consumption, infarct location, diabetes
history, or hypertension history (P>0.05). See Table 1 .

2.2 Comparison of Uric Acid Levels and Discharge Outcomes

Analysis revealed no statistically significant differences among groups in hos-
pitalization days, medical costs, discharge NIHSS scores, or BADL scores at
discharge (P>0.05). However, in male patients, the Q4 group showed signifi-
cantly lower hospitalization costs and discharge NIHSS scores compared with
the Q1 group (P<0.05). See Table 2 .
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2.3 Logistic Regression Analysis

Univariate logistic regression analysis showed that older age, diabetes history,
chronic renal insufficiency, and higher fasting blood glucose and triglyceride lev-
els significantly increased the risk of adverse outcomes in male patients (P<0.05).
In female patients, only older age and diabetes history were identified as risk
factors for adverse outcomes (P<0.05). See Table 4 .

As shown in Table 5 , sex-stratified logistic regression analysis revealed that in
men, the Q4 group had significantly lower risk of adverse outcomes compared
with the Q1 group (OR: 0.031, 95% CI: 0.087-0.892, P<0.05). This difference
remained significant after adjusting for multiple factors including age, TOAST
classification, diabetes history, hypertension history, hyperuricemia, and chronic
renal insufficiency (OR: 0.049, 95% CI: 0.187-0.990, P<0.05). However, no such
difference was observed in female patients (P>0.05).

Discussion
Uric acid circulates as urate and is excreted through urine. When renal function
is impaired, urate cannot be efficiently eliminated, leading to hyperuricemia. UA
exhibits paradoxical antioxidant and pro-oxidant properties. On one hand, it
serves as a potent antioxidant and scavenger of singlet oxygen and free radicals,
providing approximately 60% of blood free radical scavenging capacity. On the
other hand, it can cause endothelial dysfunction through oxidative stress, trig-
gering inflammation and reactive oxygen species release, thereby contributing
to cardiovascular diseases such as stroke [12].

Current research on the relationship between UA levels and stroke incidence and
outcomes remains controversial. A recent systematic review and meta-analysis
by Zhang M et al. found no significant association between serum UA levels
and ischemic stroke prognosis [7]. However, some scholars suggest that patients
with high UA levels at the time of stroke experience better clinical outcomes.
Wang et al. concluded that serum UA levels have a neuroprotective effect after
acute ischemic stroke [4], while Sun et al. found that higher UA levels were
associated with better discharge recovery and 3-month outcomes in ischemic
stroke patients receiving thrombolytic therapy [8]. Studies have confirmed that
UA administration in stroke patients receiving rt-PA treatment is safe, reduces
oxidative stress markers, and prevents premature decline in serum UA [13,14].
A 2021 meta-analysis demonstrated that in rodent experiments, UA improved
ischemic stroke outcomes by reducing infarct size, improving blood-brain bar-
rier integrity, and enhancing neurological function [15]. Conversely, Tu W et
al. found that asymptomatic hyperuricemia doubled the risk of stroke within
three years, making it a significant predictor of stroke [5]. A 2017 meta-analysis
revealed a significant dose-response relationship between elevated UA levels and
stroke risk, with each 1 mg/dL increase in UA level associated with approxi-
mately 10% higher stroke risk [9]. A 2019 review including 33,580 stroke cases
and 1,100,888 participants found insufficient evidence to support the hypothe-

chinarxiv.org/items/chinaxiv-202208.00093 Machine Translation

https://chinarxiv.org/items/chinaxiv-202208.00093


sis of UA’s neuroprotective effects in ischemic stroke, concluding that elevated
UA levels increase stroke incidence [16]. A 2020 case-control study not only
confirmed hyperuricemia as an independent risk factor for ischemic stroke but
also found that hypertension severity may mediate the effect of hyperuricemia
on stroke, suggesting that the combination of hyperuricemia and hypertension
severity and treatment resistance increases ischemic stroke risk [17].

Furthermore, the mechanisms underlying the sex-specific predictive role of UA
remain inadequately explained. In this study, we defined recurrence as the
occurrence of acute cerebral infarction, transient ischemic attack, or cerebral
hemorrhage after discharge from initial AIS treatment. Due to the small num-
ber of deaths (only 8 cases), we combined recurrence and all-cause mortality as
a composite adverse outcome to reduce bias. We observed that in male patients,
the probabilities of recurrence and all-cause mortality within two years for
Q1-Q4 groups were 14.3%, 11.0%, 13.0%, and 4.4%, respectively; in female
patients, these probabilities were 10.5%, 13.2%, 13.9%, and 10.8%, respectively.
Through multivariate logistic regression analysis, we found that compared
with the Q1 quartile (UA: 250.76$±35.38), 𝑚𝑎𝑙𝑒𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠𝑖𝑛𝑡ℎ𝑒𝑄4𝑞𝑢𝑎𝑟𝑡𝑖𝑙𝑒(𝑈𝐴 ∶
492.07±71.00)ℎ𝑎𝑑𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡𝑙𝑦𝑙𝑜𝑤𝑒𝑟𝑙𝑖𝑘𝑒𝑙𝑖ℎ𝑜𝑜𝑑𝑜𝑓𝐴𝐼𝑆𝑟𝑒𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑒𝑎𝑛𝑑𝑎𝑙𝑙 −
𝑐𝑎𝑢𝑠𝑒𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦(𝑂𝑅 ∶ 0.021, 95±14.36)𝑜𝑟𝑄3(𝑈𝐴 ∶ 373.93±$21.21) quartiles
in terms of AIS recurrence and all-cause mortality, nor did we observe such
differences in female patients. These findings suggest that compared with lower
UA levels, only higher UA levels in male AIS patients are associated with lower
two-year recurrence and all-cause mortality, while intermediate UA levels show
no such relationship with adverse outcomes. A recent study also indicated that
higher UA levels in male AIS patients were associated with lower risk of large
artery occlusion stroke, but not in females [9]. In contrast, another case-control
study concluded that elevated UA levels significantly increased ischemic stroke
risk in women but not in men [10]. Therefore, further animal experiments and
larger population studies are needed to investigate the mechanisms underlying
sex differences in the relationship between UA levels and adverse outcomes in
AIS patients.

In summary, our study found that higher UA levels, compared with lower lev-
els, were associated with lower two-year recurrence and all-cause mortality in
male AIS patients. This may partially reflect the antioxidant properties of high
uric acid levels in vivo, but it does not imply that hyperuricemia can reduce
recurrence and all-cause mortality in acute cerebral infarction patients.
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