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Purpose: Cognitive impairment is a common complication after stroke and transient 
ischemic attack (TIA). The relationship between serum uric acid (SUA) and post-stroke 
cognitive impairment (PSCI) is controversial. This study evaluated the association of differ-
ent SUA levels in the normal range and PSCI at 3 months.
Patients and Methods: A total of 1523 patients with ischemic stroke/TIA were recruited 
from the Impairment of Cognition and Sleep (ICONS) subgroup of the China National 
Stroke Registry-3 (CNSR-3). SUA concentration was assessed at baseline. Global cognitive 
status was evaluated using the Montreal Cognitive Assessment (MoCA). The main clinical 
outcome was the incidence of PSCI assessed at 3 months after stroke/TIA. The association 
between SUA status and the risk of PSCI was assessed with multiple regression models 
adjusted for potential covariates.
Results: Among the 1523 patients (1391 (91.33%) stroke patients and 132 (8.67%) TIA 
patients), 747 (49.05%) patients had PSCI at 3 months. Compared to the reference group, 
there was an increased risk of PSCI in males with SUA levels in the first (OR=1.76) and 
fourth quartiles (OR=1.47). A U-shaped association between SUA levels and the incidence 
of PSCI with an inflection point of 297 mmol/L was also found in males. However, there was 
no association between SUA levels and PSCI in females.
Conclusion: The association between SUA and PSCI differed between males and females. 
In males, both low and high SUA levels were associated with relatively higher incidences of 
PSCI, supporting a U-shaped association between SUA levels and PSCI.
Keywords: uric acid, cognitive impairment, stroke, transient ischemic attack, U-shaped 
curve

Introduction
Stroke is the second most common cause of morbidity and mortality worldwide.1 

Cognitive impairment is a common complication after stroke, which is associated 
with a poor prognosis and imposes a heavy burden on families and society. A meta- 
analysis published in 2019 found that approximately 38% of stroke patients devel-
oped cognitive dysfunction within 1 year, 26.5% of whom progressed to dementia.2 

A Chinese community-based study showed that the overall prevalence of post- 
stroke cognitive impairment (PSCI) was as high as 80.97%, indicating the need to 
recognize and prevent PSCI in stroke patients.3 Several molecular biomarkers have 
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been reported to be associated with cognitive decline after 
stroke, which may improve the diagnostic and prognostic 
accuracy with regard to PSCI.4

Uric acid (UA) is the end product of nucleic acid 
metabolism, and it can be used as an index to evaluate 
renal function.5–11 Studies have identified the relationship 
between serum uric acid (SUA) levels and cognition, but 
the results have been contradictory. Previous studies found 
that an elevated SUA level was strongly related to vascular 
dementia, suggesting that SUA might be a risk factor.8–11 

However, some studies found that UA may have 
a protective effect on cognition.5–7 A similar argument 
was also made in studies focusing on PSCI.12,13

As an important antioxidant and free radical scaven-
ging agent in the human body, UA may influence cogni-
tion through its effect on the oxidative stress pathway. 
However, UA can accelerate the oxidative stress reaction 
under certain pathological conditions. Furthermore, an 
antioxidant-prooxidant urate redox shuttle was identified 
at a level of SUA of 238 mmol/L.14,15 The controversy 
about the association of SUA with PSCI may be due to the 
complicated underlying pathophysiological process. 
Previous studies found that a SUA level <372 mmol/L 
was negatively correlated with the degree of neurological 
impairment in stroke patients, while the protective effect 
disappeared when the SUA level was >372 mmol/L.16 Due 
to the nonlinear association between the SUA level and 
stroke, is there an inflection point of SUA with regard to 
its relationship with the occurrence of PSCI?

Accordingly, our study aimed to explore the associa-
tion between the SUA level and PSCI, which may help 
identify potential biomarkers for the detection and preven-
tion of PSCI.

Patients and Methods
Study Population
Patients were identified from the Impairment of Cognition 
and Sleep (ICONS) study of the China National Stroke 
Registry-3 (CNSR-3). Details on the ICONS study have 
been previously published.17 Briefly, the ICONS study was 
a nationwide multicenter prospective registry involving 40 
hospitals between August 2015 and March 2018 in China 
that recruited consecutive acute ischemic stroke (AIS) and 
TIA patients. Patients in the registry met the following 
criteria: age older than 18 years; inclusion within 7 days 
after the onset of in-hospital AIS or TIA; no history of 
a severe cognitive disorder before stroke; and no 

concomitant disorders that could interfere with the cogni-
tive evaluation.

Our study aimed to investigate the relationship 
between SUA levels in the normal range and PSCI at 3 
months after onset. We chose patients who had SUA data 
at baseline and completed the neuropsychological assess-
ments at the 3-month follow-up. We excluded patients 
with a history of stroke and diagnosed hyperuricemia, 
which was defined as a SUA level >420 mmol/L in 
males and >360 mmol/L in females according to the 
guidelines.18

According to the Helsinki Declaration, this study was 
approved by the Ethics Committees of Beijing Tiantan 
Hospital.

Baseline Data Collection
Patient demographics and history of cognitive risk factors, 
such as diabetes mellitus, hypertension, smoking and alco-
hol consumption were collected on admission. Baseline 
parameters were measured on admission from blood sam-
ples, including the levels of SUA, hemoglobin, cholesterol 
and triglycerides.

Outcome Assessment
The outcome was the incidence of PSCI at 3 months after 
AIS or TIA onset. The Montreal Cognitive Assessment 
(MoCA) was used to assess global cognition. Cognitive 
impairment was defined as a MoCA score<25 when the 
patient’s level of education was <12 years; otherwise, it 
was defined as a MoCA score<26 points.19

Statistical Analysis
The data analysis was conducted with SAS 9.4 (SAS 
Institute Inc, Cary, NC). Continuous variables are repre-
sented as the medians and interquartile ranges. Categorical 
variables are presented as frequencies and percentages. 
Patients in this study were categorized into 4 groups by 
SUA quartile and were grouped by sex because there are 
sex-based differences in SUA levels. Baseline variables 
were compared among groups with different levels of 
SUA with the Kruskal–Wallis H-test for continuous vari-
ables and the chi-square test for categorical variables.

The association of SUA levels with PSCI was analysed 
by multivariable logistic regression. Adjusted odds ratios 
(ORs) and their 95% confidence intervals (CIs) were calcu-
lated. Then, 3 models were constructed. Model 1 was 
adjusted for age, education and body mass index (BMI); 
model 2 was additionally adjusted for patients’ self-reported 
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history of diseases; and model 3 was further adjusted for the 
additional parameters shown in Table 1.

A potential nonlinear relationship of the level of SUA 
with the risk of PSCI was also evaluated using a logistic 
regression model with the cubic spline function. The 
inflection point of the SUA level at which the association 
began to change was calculated using a recursive algo-
rithm. Then, a piecewise logistic model was applied to 
both sides of the inflection point. A log likelihood ratio 
test was used to compare the logistic regression model 
with the piecewise logistic regression model to determine 
which model was better suited for describing the associa-
tion between SUA and PSCI.

Results
Study Participants and Characteristics 
(Correlations Between SUA Level and 
Baseline Characteristics of PSCI Patients)
A total of 2625 patients were enrolled in the ICONS study. 
We excluded 888 patients with a history of stroke and 
those missing SUA levels on admission and the MoCA 
results at the 3-month follow-up. And 153 males and 61 
females were excluded for hyperuricemia. Finally, 1523 
patients were included in our analysis. (Figure 1) Among 
these patients, the average age was 61 years (range 
50–71), and 1091 (71.635%) were male.

The socio-demographic and clinical characteristics are 
shown in Table 1. The ranges of SUA for quartiles 1–4 
(Q1-4) were <251, 251–297.3, 297.3–343, > 343 mmol/L 
in males and <206, 206–248, 248–282, >282 mmol/L in 
females, respectively. Significant differences in age, BMI, 
estimated glomerular filtration rate (eGFR), creatinine 
(Cr), hemoglobin (Hb), hematocrit (Hct), total cholesterol, 
low-density lipoprotein (LDL), triglycerides (TG), hyper-
tension, diabetes mellitus, and the use of antihypertensive 
and hypoglycemic agents were observed among the groups 
with different SUA levels. (Table 1)

Logistic Regression Analysis
Table 2 shows the 3-month incidence of PSCI across 
groups with different SUA levels. A total of 747 
(49.05%) patients had PSCI, as determined by the 
MoCA, including 496 (45.46%) males and 251 (58.10%) 
females. In males, the incidence of PSCI was the lowest in 
the Q2 group (38.8%). Compared with the Q2 group, 
patients in Q1 had an approximately 1.7-fold higher risk 
of PSCI at 3 months (55.0% vs 38.8%; adjusted OR=1.76, 

95% CI 1.22–2.54, P <0.01), whereas those in Q4 had an 
approximately 1.5-fold higher risk of PSCI (47.1% vs 
38.8%; adjusted OR=1.47, 95% CI 1.01–2.15, P =0.04). 
There was no significant association between SUA and 
PSCI in females. (Table 2)

Nonlinear Association Between SUA and 
the Incidence of PSCI in Males
No linear correlation was found between the SUA level 
and PSCI (male P = 0.41, female P = 0.18). Figure 2 
suggests that the association between SUA and PSCI is 
likely to be nonlinear. A U-shaped association between the 
SUA level and PSCI was found regardless of sex but was 
only statistically significant in males (p<0.01 in males, 
P=0.81 in females) (Figure 2), and the inflection point 
for males was 297 mmol/L after adjustment for covariates 
(Table 3). Due to the small sample size, some results did 
not reach statistical significance.

Discussion
In this analysis of data from the ICONS study, we found 
that both low and high SUA levels were associated with an 
elevated incidence of PSCI in males but not in females. 
We also found a U-shaped association between the SUA 
level and the incidence of PSCI regardless of sex. 
Furthermore, the incidence of PSCI was lowest in males 
with a SUA level of 297 mmol/L.

Previous studies have shown an association between 
SUA levels and cognitive dysfunction.5–7 However, studies 
on the associations between SUA levels and PSCI remain 
scarce, and the results have been contradictory. A study 
including 197 patients demonstrated that a high level of 
SUA was related to better cognition after stroke (OR 0.74, 
95% CI 0.54–0.99).[12] In contrast, a recent study pointed 
out that a higher SUA was an independent risk factor for the 
development of PSCI after adjusting for conventional risk 
factors, including age, sex and years of education.13

The contradictory results may be attributed to the sam-
ple sizes and adjustment for confounders, and these studies 
explored the possibility of a linear relationship rather than 
a nonlinear relationship. Our study is the first to find 
a nonlinear relationship between SUA levels and the inci-
dence of PSCI. The results of our study differed from 
those of previous studies, and this difference may be 
attributed to the following reasons: differences in the 
selection of confounders and outcomes and differences in 
the subgroup analysis by sex.
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The mechanism driving this association is still unclear. 
Previous studies have shown that oxidative stress may con-
tribute to vascular cognitive impairment.20–23 As an impor-
tant antioxidant in the human body, UA may influence 
cognition through its effect on the oxidative stress pathway. 
SUA can scavenge free radicals, such as hydroxyl radicals, 

hydrogen peroxide and peroxynitrite, and inhibit some oxi-
dation reactions, such as lipid peroxidation.24 A previous 
study provided evidence that exogenously administered UA 
exerts neuroprotective effects in animal models of transient 
focal brain ischemia by suppressing the accumulation of 
reactive oxygen species (ROS).25

Figure 1 Flowchart of patients participating in the study.

Table 2 Risk of PSCI at 3 Months After Stroke/TIA Stratified by Serum Uric Acid Levels

Outcomes SUA No. Events, n(%) Model 1 p value Model 2 p value Model 3 p value

Male Adjusted HR 
(95% CI)

Adjusted HR 
(95% CI)

Adjusted HR 
(95% CI)

Q1 278 153 (55.0) 1.80 (1.27, 2.56) <0.01 1.82 (1.28, 2.606) <0.01 1.76 (1.22, 2.54) 0.003
Q2 268 104 (38.8) Ref Ref Ref

Q3 273 111 (40.7) 1.11 (0.78, 1.58) 0.58 1.11 (0.77, 1.58) 0.58 1.11 (0.77, 1.61) 0.58

Q4 272 128 (47.1) 1.45 (1.02, 2.07) 0.04 1.45 (1.01, 2.07) 0.04 1.47 (1.01, 2.15) 0.05

Female Adjusted HR 
(95% CI)

p value Adjusted HR 
(95% CI)

Adjusted HR 
(95% CI)

Q1 109 65 (59.6) 1.13 (0.64, 1.99) 0.68 1.20 (0.67, 2.14) 0.54 1.38 (0.76, 2.53) 0.29

Q2 108 59 (54.6) Ref Ref Ref
Q3 109 65 (59.6) 1.24 (0.70, 2.20) 0.45 1.28 (0.71, 2.30) 0.41 1.44 (0.78, 2.68) 0.25

Q4 106 62 (58.5) 1.13 (0.64, 1.99) 0.67 1.17 (0.65, 2.10) 0.61 1.19 (0.64, 2.21) 0.59

Notes: In Males: Model 1: age, BMI, education; Model 2: model 1+ hypertension, diabetes mellitus, dyslipidemia, coronary artery disease, current smoking, and current 
alcohol consumption; Model 3: model 2+ urinary protein, eGFR, white blood cell count, percentage of neutrophils, TG, LDL, total cholesterol, Hb and Hct. 
In Females: Model 1: age, BMI, education; Model 2: model 1+ hypertension, diabetes mellitus, dyslipidemia, coronary artery disease, current smoking and current alcohol 
consumption; Model 3: model 2+ urinary protein, eGFR, white blood cell count, percentage of neutrophils, TG, LDL and total cholesterol.
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While UA has beneficial antioxidant properties, its 
production in tissues can release toxic pro-oxidants under 
pathologic conditions such as ischemia. A previous study 
found that the antioxidant function of UA was converted 
into an oxidative function at a serum concentration of 
238 mmol/L.14 Furthermore, SUA can chelate transition 
metals and stimulate the production of inflammatory med-
iators (such as monocyte chemokine 1, hypersensitive 
C-reactive protein, interleukin-1, interleukin-6, and tumor 
necrosis factor), thus further aggravating the oxidative 
stress response.26,27

Moreover, elevated SUA levels also have well-known 
associations with white matter hyperintensities 
(WMH),28,29 atherosclerosis,30 and arterial stiffness,31 

which increase the risk of cognitive impairment.32,33 The 
complex biochemical functions of SUA may lead to 
a nonlinear relationship between SUA and the incidence 
of PSCI.

However, our study did not find a relationship between 
SUA and the incidence of PSCI in females, which may be 
due to the small sample size of the female group. Previous 
studies also identified sex-based differences.34–36 One 
study suggested that sex-based differences in neural 

networks may explain this finding and found that men 
with hyperuricemia were more likely to have spontaneous 
brain activity changes than women on resting-state func-
tional magnetic resonance imaging.37 In addition, we 
hypothesize that estrogen in females may exert protective 
effects on blood vessels and thus can attenuate the effect 
of UA on oxidative stress reactions.

Our study included 1523 patients, and the data from 
this relatively larger sample size support a relationship 
between SUA and PSCI. The incidence of PSCI is the 
highest 3 months after stroke.32 By ensuring a sufficient 
follow-up period, we improved the detection rate of PSCI, 
which is a long-term complication of stroke. In addition, 
the relationship of SUA with PSCI in both sexes was 
explored.

Our study had several limitations. First, the SUA levels 
were only measured at baseline. A recent study found that 
SUA elevated 3.41 times in the acute phase of ischemic 
stroke compared to healthy individuals, and fluctuations in 
SUA levels might influence the outcome. 38 Second, fewer 
women were included in the study than men, which might 
have affected the results of the correlation analysis. Third, 
indicators related to SUA level and cognition, such as the 

Figure 2 Adjusted odds ratios for PSCI according to SUA levels. Adjusted odds ratios for PSCI according to SUA levels in males (A) and females (B). The red line indicates 
the adjusted hazard ratio, and the blue lines indicate the 95% confidence intervals.

Table 3 Analysis of the Threshold Effect of Serum Uric Acid on PSCI at 3 Months in Males

Model 1 Model 2 Model 3

Inflection point 297 297 297

<297 0.993 (0.988, 0.997), 0.0023 0.993 (0.988, 0.997), 0.0017 0.993 (0.988, 0.998), 0.0077

>297 1.004 (0.998, 1.009), 0.1786 1.003 (0.998, 1.009), 0.2240 1.003 (0.997, 1.009), 0.2843

p for log likelihood ratio test <0.001 <0.001 <0.001

Notes: Model 1: age, BMI, education; Model 2: model 1+ hypertension, diabetes mellitus, dyslipidemia, coronary artery disease, current smoking, and current alcohol 
consumption; Model 3: model 2+ urinary protein, eGFR, white blood count, percentage of neutrophils (GRA%), TG, LDL, total cholesterol, Hb and Hct.
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use of diuretics and level of C-reactive protein, were not 
included.

Conclusion
Our study showed that both low and high SUA levels were 
associated with an elevated risk of PSCI. A SUA level of 
297 mmol/L in males might be considered safe with 
respect to the risk of PSCI. Our study provides a basis 
for exploring biomarkers for the early prediction and pre-
vention of PSCI. Further study is necessary to elucidate 
the actual role of SUA and the potential underlying biolo-
gical mechanisms.
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