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Background and Purpose: There is limited available evidence for the relationship between uric acid (UA) levels and ischemic
stroke in young adults. We aimed to explore the association between UA levels and acute ischemic stroke (AIS) in young patients.
Materials and Methods: This was a prospective and observational study. We recruited young patients aged 18—45 years with AIS at
our tertiary hospital. Patients were categorized into four groups according to quartiles of UA levels. The primary outcome was
functional outcome at 3 months. The secondary outcomes included stroke severity, in-hospital complications, and functional outcome
at discharge. Modified Rankin Scale (mRS) scores were used to assess functional outcome as poor (mRS=2-6) or favorable(mRS=0-1).
Results: A total of 636 patients were enrolled in the current analysis. The four groups were defined as follows: Q1<289.8 pmol/L,
289.8 umol/ L<Q2<349.0 pmol/L, 349.0 umol/L<Q3<421 pmol/L, and Q4>421 umol/L. Multiple logistic regression analysis showed
that UA levels were not significantly predictive of functional outcome either at discharge or at 3 months after AIS. However, compared
to Q1, higher UA levels were significantly negatively associated with the rate of moderate-severe stroke (NIHSS>5) at admission (p
for trend =0.016). Furthermore, a reduction in the risk for in-hospital pneumonia was significantly associated with higher UA levels
compared to Q1 (P for trend < 0.0001).

Conclusion: Serum UA was a protective factor for stroke severity and in-hospital pneumonia after AIS in young patients. However,
we were unable to identify the predictive significance of UA for functional outcome either at discharge or at 3 months after AIS.
Keywords: uric acid, young ischemic stroke, outcome, stroke severity, complication

Introduction

Stroke remains the principal leading cause of morbidity and mortality worldwide.' In contrast to the decreasing incidence
of stroke in older adults, the incidence of ischemic stroke in young adults aged 18—45 years is increasing.”” Acute
ischemic stroke (AIS) in young adults can incur loss of the ability to work and high healthcare costs.”** It is noteworthy
that traditional risk factors of ischemic stroke among young patients differ from that among the general or older
population. Therefore, it is imperative that we seek to identify novel biomarkers and improve the clinical prognosis of
young subjects with ischemic stroke.

Uric acid (UA) is the product of purine nucleotide catabolism. UA is the most abundant natural antioxidant in human
plasma, accounting for 65% of the total antioxidant capacity of plasma.® Severe oxidative stress and free radical
production can be used to predict the poor prognosis of ischemic stroke. UA has been considered as a neuroprotective
agent by virtue of the capacity of free radical scavenging in preclinical ischemic stroke models.”® Several observational
human studies demonstrated that increased serum UA levels were associated with better clinical outcome after AIS.'* '
A randomized-controlled trial of intravenous UA administered during alteplase treatment for AIS also revealed that UA

therapy had an excellent safety profile and ability to prevent early ischemic deterioration among thrombolysed patients.'?
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However, conflicting data have been reported regarding whether increased levels of serum UA are significantly
associated with favorable outcomes in patients after ischemic stroke. Hyperuricemia was previously shown to be
correlated with vascular risk factors such as hypertension,'* diabetes'> and other metabolic disease'® and could
significantly increase the risk of ischemic stroke in younger and older populations.'” 2 Another study demonstrated
that increased UA levels were predictors of cytotoxic injury and infarct expansion after stroke.”'*> However, the
relationship between serum UA and the prognosis of ischemic stroke remains controversial. Previous studies were
limited to the general or older populations. There is a scarcity of studies exploring the effect of UA on prognosis after
AIS in young patients. The aim of our study was to determine the association of UA levels with stroke severity, in-
hospital complications, and functional outcome after AIS in young patients.

Materials and Methods
Study Design and Participants

This study was a single-center, prospective, and observational cohort study conducted in Beijing Tiantan Hospital,
Capital Medical University. A total of 691 young patients diagnosed with ischemic stroke were enrolled between
January 2019 and December 2021. All patients underwent cranial computed tomography (CT) or/and magnetic resonance
imaging (MRI) scans to avoid misdiagnosis. The inclusion criteria were as follows: (1) 1845 years-of-age; (2) patient
met the diagnostic criteria for ischemic stroke according to World Health Organization criteria;>* 3) patient was admitted
to hospital within 3 days of onset. (4) informed consent was provided by the patient or legally authorized representative.
The exclusion criteria were as follows: (1) venous infarction or acute intracerebral hemorrhage (ICH); (2) head trauma
and other ischemic stroke mimics; (3) diagnosed with major comorbidities or late-stage diseases; (4) pre-stroke modified
Rankin Scale (mRS) >2; Major comorbidities or late-stage diseases included heart failure defined as left ventricular
ejection fraction <40%, end-stage kidney disease defined as estimated glomerular filtration rate (¢GFR) <15 mL/min per
1.73 m?, liver failure and malignant tumors with a life expectancy of <3 months.

Demographic and Clinical Information

Demographic information, body mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure (DBP),
smoking, drinking, medical history, medication history, and National Institutes of Health Stroke Scale (NIHSS) were
collected on admission. Fast blood samples were collected within 24 hours of admission. UA levels were estimated by
photometry methods at the time of admission. Other laboratory examinations were also detected within 24 hours of
admission, including triglyceride (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), lipoprotein
cholesterol (LDL-C), glycated hemoglobin (GHb), fasting blood glucose (FBG), homocysteine (Hcy), estimated glo-
merular filtration rate (eGFR), hypersensitive-C reactive-protein (hs-CRP), erythrocyte sedimentation rate (ESR) and
platelets (PLT). Stroke subtypes were classified by the Trial of Org 10172 in Acute Stroke Treatment (TOAST)
classification criteria into four categories as large-artery atherosclerosis, small-vessel occlusion, cardioembolism, unde-
termined etiology, and other other determined etiology.**

Follow-Up and Outcomes

Face-to-face interviews were performed when each patient was discharged, and telephone interviews were performed by
well-trained research personnel at 90 days after the onset of stroke. The primary outcome was the 90-day functional
outcome appraised by mRS scores. Due to the significant demand to return work by the young people, an mRS of 0-1
was regarded as a favorable outcome, while an mRS score of 2—6 was considered as a poor outcome in this study. The
secondary outcomes were stroke severity, in-hospital complications, and functional outcome at discharge. Stroke severity
was assessed by NIHSS score at admission. Moderate-severe stroke was defined as an NIHSS score >5.2°7 The in-
hospital complications included pneumonia, urinary tract infection, deep vein thrombosis (DVT), and infectious diarrhea.
Pneumonia was defined as respiratory crackles, new purulent sputum, or positive sputum culture, and supported by
typical chest X-ray findings. Urinary tract infection was defined as clinical symptoms of urinary tract infection combined
with a positive urine examination or culture. Deep vein thrombosis was defined as clinical diagnosis of deep vein
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thrombosis with radiographic evidence. Infectious diarrhea was defined as diarrhea occurring more than three times
a day, accompanied by a positive stool test.

Statistical Analysis
The enrolled patients were divided into four groups (Q1-Q4) according to quartile levels of UA. Categorical variables were
presented as frequencies with percentages. The Chi-squared test or Fisher’s exact test was used to analyze the categorical
variables. The continuous variables were expressed as the mean =+ standard deviation (SD) or the median and inter-quartile
range (IQR) depending on whether the distribution of continuous variables was normal. If the distribution was normal, the
comparisons were performed by one-way analysis of variance (ANOVA), otherwise the Mann—Whitney U-test was used.
Multivariate logistic regression analysis was adopted to determine the association of UA levels and stroke severity, in-
hospital pneumonia, and functional outcome at discharge and at 3 months. In the first model, we adjusted only gender and
age. In the second model, we added all potential co-variates with a p-value <0.05. A further linear trend test was then
used to calculate P for trend of Q2-Q4 with reference to QI.
A two-sided P value < 0.05 was regarded as statistically significant. All analyses were performed with SPSS version
24.0 for Windows (IBM, Chicago, IL, USA).

Results

Baseline Characteristics

After excluding 51 patients diagnosed with TIA and 4 patients without UA data, 636 young patients were finally enrolled
in the current analysis (Figure 1). Of the total patients, 537 (84.4%) patients were male; the mean age (median (IQR)) of
the whole patients was 37 (33,42) years. Patients were divided into four groups (Q1-Q4) according to the quartiles of UA
levels, defined as follows: Q1<289.8 pmol/L, 289.8 pmol/ L<Q2<349.0 umol/L, 349.0 pumol/L<Q3<421 pmol/L, and
Q4>421 pmol/L.

Table 1 shows the differences in clinical features of patients among the four groups. As the UA levels increased, the
proportion of males increased (P<0.001). Compared with the lowest UA levels, patients with higher UA levels were
more likely to have a younger age; have a higher BMI and SBP; have higher proportion of OSAS, smoking, and
drinking; and have higher levels of TG, TC, LDL-C, Hcy, eGFR, and ESR (all P <0.05). On the other hand, the levels of
DBP and HDL-C were more likely to be lower in the group with higher UA levels (all P <0.05).

691 patients from Beijing
Tiantan Hospital
51 patients
diagnosed with TIA
640 patients diagnosed
with AIS
4 patients without
UA data
636 patients included in
our study
Figure | Flowchart of study population.
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Table | Characteristics and Clinical Information in Subjects

Variables Total N=636 QI N=159 Q2 N=159 Q3 N=161 Q4 N=157 P value
Demographics

Age, y 37.0 (33.0, 42.0) 39.0 (34.0,43.0) 38.0 (34.0,43.0) 37.0 (33.0,41.0) 35.0 (32.0,39.0) <0.001
Male, n(%) 537 (84.4) 96 (60.4) 140 (88.1) 154 (95.7) 147 (93.6) <0.001
Physical examination

BMI, kg/m? 26.1 (24.1, 29.1) 24.8 (22.9,27.3) 26.3 (24.4,29.1) 26.6 (24.7,29.0) 27.7 (24.9,30.6) <0.001
SBP, mmHg 142.0 (130.0,162.0) 138.0 (124.0,160.0) 145.0 (129.0,160.0) 145.0 (131.5,161.5) 145.0 (134.0, 167.5) 0.025
DBP, mmHg 91.0 (81.0,104.8) 100.0 (77.0,90.0) 90.0 (81.0,104.0) 93.0 (82.0,106.0) 95.0 (84.0,107.0) 0.002
TOAST Types, n(%) 0.153
Large-artery atherosclerosis 291 (45.8) 64 (40.3) 79 (49.7) 82 (50.9) 66 (42.0)

Cardioembolism 42 (6.6) 15 (9.4) 6(3.8) 8 (5.0) 13 (8.3)

Small-vessel occlusion 75 (11.8) 19 (11.9) 13 (8.2) 22 (13.7) 21 (13.4)

Other determined aetiology 140 (22.0) 43 (27.0) 38 (23.9) 29 (18.0) 30 (19.1)

Undetermined aetiology 88 (13.8) 18 (11.3) 23 (14.5) 20 (12.4) 27 (17.2)

NIHSS score at admission 2.0 (1.0,5.0) 3.0 (1.0,6.0) 2.00 (0.00,5.00) 2.0 (1.0,5.0) 2.0 (1.0,4.0) 0.087
Intravenous thrombolysis 46 (7.2) 12 (7.5) 15 (9.4) 8 (5.0) 11 (7.0) 0.491
Medical history, n (%)

Ischemic stroke 67 (10.5) 20 (12.6) 17 (10.7) 11 (6.8) 19 (12.1) 0.326
ICH 8 (1.3) 1 (0.6) 2(0.3) 5(0.8) 0 (0) 0.092
Hypertension 294 (46.2) 62 (39.0) 70 (44.0) 77 (47.8) 85 (54.1) 0.051
DM 108 (17.0) 29 (18.2) 29 (18.2) 28 (17.4) 22 (14.0) 0.716
Dyslipidemia 8l (12.7) 17 (10.7) 18 (11.3) 21 (13.0) 25 (15.9) 0.509
Coronary heart disease 20 (3.1) 7 (44) 5@3.0) 3 (1.9 532 0.643
Hyperthyroidism 13 (2.0) 3 (1.9 3 (1.9 4 (2.5) 3 (1.9 1.000
OSAS 59 (9.3) 3 (1.9 12 (7.5) 17 (10.6) 27 (17.2) <0.001
Behavioral history, n (%)

Current smoking 366 (57.5) 70 (44.0) 83 (52.2) 109 (67.7) 104 (66.2) <0.001
Drinking 199 (31.3) 37 (233) 44 (27.7) 6l (37.9) 57 (36.3) 0.013
Medication of history, n(%)

Antiplatelet 48 (7.5) 18 (11.3) 8 (5.0 9 (5.6) 13 (8.3) 0.131
Anticoagulation 9 (14 5@3.1) 1 (0.6) 1 (0.6) 2 (1.3) 0.293
Antihypertensive 142 (22.3) 27 (17) 38 (23.9) 36 (224) 41 (26.1) 0.246
Laboratory test

TG, mmol/L 1.0 (1.4,2.0) 1.1 (0.9,1.5) 1.4 (1.0,1.9) 1.6 (1.1, 2.2) 1.8 (1.3,2.4) <0.001
TC, mmol/L 3.8 (3.1,4.6) 3.7 2.844) 3.6 (3.1,45) 3.8 (3.1,4.6) 4.1 (3.54.7) 0.001
HDL-C, mmol/L 1.0 (0.9,1.2) 1.1 (09,1.2) 1.0 (0.9,1.2) 1.0 (0.8,1.1) 1.0 (0.8,1.1) <0.001
LDL-C, mmol/L 22 (1.7,2.9) 2.1 (1.5,2.8) 2.1 (1.6,2.8) 23 (1.7,3.0) 2.4 (1.9.3.1) 0.010
GHb, mmol/L, 5.7 (5.4,6.3) 5.6 (5.3,6.6) 57 (5.56.4) 5.7 (5.4,6.2) 5.7 (5.4,6.3) 0.276
FBG, mmol/L, 4.6 (4.2,5.5) 4.6 (4.3,5.9) 47 (42,54) 4.6 (4.2,5.3) 47 (42,54) 0.486
Hcy, mmol/L, 14.7 (11.3,20.3) 12.2 (9.3,16.5) 14.9 (11.8,20.4) 15.1 (12.0,20.9) 16.8 (12.8,24.0) <0.001
eGFR, mL/min/|.73m? 128.9 (121.4,137.4) 133.04 (124.54,140.3) 128.5 (122.4, 136.9) 127.4 (120.2,133.7) 126.8 (115.6,136.7) <0.001
hs-CRP, mg/L 1.2 (0.5,3.9) 1.2 (0.4,5.6) 1.0 (0.3,3.2) 1.5 (0.6,3.7) 1.2 (0.7,3.5) 0.303
ESR, mm/h 8.0 (3.0,16.3) 11.0 (3.0,23.8) 7.0 (2.5,14.0) 8.0 (3.0,16.0) 6.0 (2.0,15.0) 0.014
PLT, 10°/L 249.5 (210.0,291.0) 259.0 (211.0, 304.0) 242.0 (204.0, 283.0) | 253.0 (209.0,291.0) 245.0 (216.0,285.5) 0.199

Abbreviations: BMI, body mass index; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; NIHSS, National Institutes of Health stroke scale; ICH, intracerebral
hemorrhage; DM, Diabetes mellitus; OSAS, Obstructive sleep apnea-hypopnea syndrome; TG, Triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; GHb, Glycated hemoglobin; FBG, Fasting blood glucose; Hcy, Homocysteine; eGFR, estimated glomerular filtration
rate; hs-CRP, hypersensitive-C reactive-protein; ESR, Erythrocyte Sedimentation Rate; PLT, Platelets.

Association Between Serum UA and Stroke Severity
As shown in Table 2, there was a higher proportion of moderate-severe stroke in the group with lower UA levels. In the

multivariate logistic regression analysis, after adjustment for age and gender, compared to the Q1, higher UA levels were

significantly associated with a lower proportion of moderate-severe stroke (odds ratio (OR) 0.792, 95% confidence
interval (CI) 0.669—0.939, P for trend=0.007) (Table 3). After adjustment for age, gender, BMI, SBP, DBP, OSAS,
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Table 2 Clinical Outcmes in Subjects
Variables Ql Q2 Q3 Q4 P value
Moderate-severe stroke, n(%) 60 (37.7) 43 (27.0) 46 (28.6) 36 (22.9) 0.029
In-hospital complications, n(%)
Pneumonia 17 (10.7) 6 (3.8) 4 (2.5) 4 (2.5) 0.001
Urinary tract infection 1 (0.6) 0 (0) 2(1.2) 2 (1.3) 0.614
DvT 7 (44) 6 (3.8) 2(1.2) 3(1.9) 0.285
Infectious diarrhea 2 (1.3) 0 (0) 2(1.2) 0 (0) 0.341
Poor outcome at discharge, n(%) 70 (44.0) 62 (39.0) 58 (36.0) 42 (26.8) 0.013
Poor outcome at 3 months, n(%) 52 (32.7) 36 (22.6) 37 (23.0) 29 (18.5) 0.024

Abbreviation: DVT, deep vein thrombosis.

Table 3 Logistic Regression of the UA Levels on Stroke Severity
Variable Crude Model Model | Model 2

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Moderate-severe
stroke
Ql | Reference | Reference | Reference
Q2 0.612 (0.381,0.983) 0.042 0.513 (0.310,0.848) 0.009 0.583 (0.341,0.996) 0.049
Q3 0.660 (0.413,1.055) 0.082 0.557 (0.335,0.925) 0.024 0.582 (0.335,1.014) 0.056
Q4 0.491 (0.300,0.802) 0.005 0.447 (0.263,0.761) 0.003 0.447 (0.243,0.821) 0.010
Continutious Scale 0.810 (0.694,0.947) 0.008 0.792 (0.669,0.939) 0.007 0.786 (0.647,0.956) 0.016

Notes: Model |: adjusted for age, gender; Model 2: adjusted for age, gender, BMI, SBP, DBP, OSAS, smoking, drinking, TG, TC, HDL-C, LDL-C, Hcy, eGFR, and ESR.

smoking, drinking, TG, TC, HDL-C, LDL-C, Hcy, eGFR, and ESR, the statistical significance still remained (OR 0.786,
95% CI 0.647-0.956, P for trend=0.016) (Table 3).

Association Between Serum UA and in-Hospital Complications
Compared to the lowest UA levels, the incidence of in-hospital pneumonia was lower in groups with higher UA

levels (P=0.001, Table 2). However, there was no significant difference in terms of other in-hospital complications,

including urinary tract infection, DVT, and infection diarrhea between Q1-Q4 groups. As shown in Table 4, after
adjusting for potential confounders (age, gender, BMI, SBP, DBP, OSAS, smoking, drinking, TG, TC, HDL-C, LDL-
C, Hcy, eGFR, ESR, and NIHSS on admission), serum UA was inversely associated with in-hospital pneumonia and

patients in the Q3 and Q4 showed a significant reduction in risk for in-hospital pneumonia when compared with those
in the Q1 group (OR 0.222, 95% CI 0.061-0.807, OR 0.192, 95% CI 0.042—0.877, respectively, P for trend=0.012).

Table 4 Logistic Regression of the UA Levels on in-Hospital Pneumonia

Variable Model | Model 2 Model 3

OR (95% CI) P value OR (95% Cl) P value OR (95% CI) P value
Pneumonia
Ql | Reference | Reference | Reference
Q2 0.30(0.11,0.80) 0.016 0.33(0.12,0.93) 0.037 0.410(0.141,1.194) 0.102
Q3 0.19(0.06,0.61) 0.005 0.19(0.06,0.66) 0.009 0.222(0.061,0.807) 0.022
Q4 0.21(0.07,0.66) 0.008 0.14(0.03,0.63) 0.010 0.192(0.042,0.877) 0.033
Continutious Scale | 0.53(0.36,0.80) 0.002 0.49(0.30,0.78) 0.003 0.533(0.327,0.870) 0.012

Notes: Model |: adjusted for age, gender; Model 2: adjusted for age, gender, BMI, SBP, DBP, OSAS, smoking, drinking, TG, TC, HDL-C,
LDL-C, Hcy, eGFR, and ESR; Model 3: adjusted for model 2 plus NIHSS score on admission.
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Table 5 Logistic Regression of the UA Levels on Functional Outcome

Variable Model | Model 2 Model 3

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
Poor outcome at discharge
Ql | Reference | Reference | Reference
Q2 0.709(0.441, 1.140) 0.156 0.751(0.448, 1.261) 0.279 0.104(0.860,5.007) 0.104
Q3 0.635 (0.389, 1.036) 0.069 0.603(0.350, 1.037) 0.067 1.100(0.445,2.718) 0.837
Q4 0.448(0.268, 0.748) 0.002 0.364(0.199, 0.666) 0.001 0.671(0.246,1.827) 0.435
Continutious Scale 0.779(0.663, 0.915) 0.002 0.724(0.598, 0.876) 0.001 0.826(0.605,1.128) 0.229
Poor outcome at 3 months
Ql | Reference | Reference | Reference
Q2 0.515(0.305,0.869) 0.013 0.563(0.321,0.987) 0.045 0.890(0.320,2.479) 0.824
Q3 0.523(0.307,0.889) 0.017 0.557(0.311,0.997) 0.049 0.717(0.249,2.060) 0.536
Q4 0.421(0.240,0.738) 0.002 0.403(0.211,0.767) 0.006 0.762(0.240,2.424) 0.645
Continutious Scale 0.770(0.643,0.922) 0.004 0.760(0.618,0.935) 0.009 0.900(0.622,1.304) 0.579

Notes: Model |: adjusted for age, gender; Model 2: adjusted for age, gender, BMI, SBP, DBP, OSAS, smoking, drinking, TG, TC, HDL-C, LDL-C, Hcy, eGFR, and ESR;
Model 3: adjusted for model 2 plus NIHSS score on admission.

Association Between Serum UA and Functional Outcome

As shown in Table 2, univariate analysis identified a significant difference in poor outcome at discharge or at 3 months
among the Q1-Q4 groups. Compared to patients in the Q1, those with higher UA levels were at a lower risk of poor
outcome both at discharge and at 3 months. After adjustment for age, gender, BMI, SBP, DBP, OSAS, smoking, drinking,
TG, TC, HDL-C, LDL-C, Hey, eGFR, ESR, serum UA was inversely associated with poor outcome at discharge and at 3
months (OR 0.724, 95% CI 0.598-0.876, P for trend=0.001, OR 0.760, 95% CI 0.618-0.935, P for trend=0.009,
respectively) (Table 5). However, after further introducing NIHSS scores on admission into the regression model, the
statistically significant association disappeared (Table 5).

Discussion

In the current study, we found that higher serum UA levels were independently associated with a lower proportion of
moderate-severe stroke and a decreased risk of in-hospital pneumonia after AIS among young patients. However, UA
levels were not significantly associated with functional outcome either at discharge or at 3 months after AIS.

UA is a natural antioxidant in human plasma, with an excellent ability to remove hydroxyl radicals, peroxynitrite, and
hydrogen peroxide and suppress lipid peroxidation.”® Numerous studies have investigated the correlation between UA
levels and both stroke risk and clinical outcomes after stroke. In previous studies, hyperuricemia was proven to be
associated with comorbidities of hypertension, diabetes, and other metabolic disease; these are known independent
vascular risk factors for ischemic stroke.'*'® Elevated UA levels showed independent predictive ability for a high risk of
ischemic stroke.'”*> A previous meta-analysis involving 37,386 males and 31,163 females indicated that increased UA
was a significant risk factor for adult stroke, both for ischemic stroke and hemorrhagic stroke. However, the impact of
serum UA on clinical outcomes after AIS remains controversial. Several studies indicated that higher UA levels were
associated with favorable outcome in ischemic stroke. Sun et al and Wu et al performed studies on Chinese populations
and concluded that higher UA levels predicted good outcome after AIS.'"*° It also demonstrated that lower UA levels
predicted a higher risk of hemorrhagic transformation after ischemic stroke.'”*' Chamorro et al demonstrated a 12%
increase in the odds of a good clinical outcome for each milligram per deciliter increase of serum UA among patients
with AIS.>? Furthermore, analysis of the URICO-ICTUS trial further reported that UA combined with alteplase may
prevent early stroke progression.>* However, other studies came to the contrary conclusion that high serum UA levels
were related to poor outcomes after AIS. Weir et al reported that higher serum UA levels were independently associated
with a poor outcome (dead or in care) and higher vascular event rates.>* Wang et al reported that higher serum UA levels
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independently predicted poor outcomes in diabetic patients with AIS, especially in patients aged < 75 years.>> Notably,
a U-shaped relationship between serum UA levels and outcomes after AIS has been reported in several studies.**’

However, previous studies only focused on the general or older populations. To the best of our knowledge, there is
a significant lack of studies investigating the relationship between UA levels and ischemic stroke in young patients.
However, we were unable to identify a significant association between serum UA levels and functional outcome after
AIS in young patients. These conflicting results could be due to the differences in age, gender, stroke etiology and
treatment. It was noteworthy that serum UA levels were demonstrated to improve functional outcome in homogeneous
populations, such as female patients, or patients with pretreatment hyperglycemia, early recanalization, or subtypes of
large artery atherosclerosis.'®''***!" A previous study of a Chinese population found that the rate of intravenous
thrombolysis and endovascular thrombectomy for AIS were 9.5% and 4.4%.* However, within the enrolled population,
the proportion of intravenous thrombolysis was 7.2% (46/636), which was lower than that of general population. Our
current analysis included young patients aged 18—45 years and mild stroke (NIHSS<5) accounted for 70.9%(145/636) of
these patients; these patients would be less likely to undergo emergency intravenous thrombolysis; this may explain the
difference between previous studies and the present results. Females accounted for only 15.6% (99/636) of our study
population and the rate of intravenous thrombolysis and subtypes of large artery atherosclerosis were relatively lower;
this may explain the differences between our findings and those of previous studies.

Very fewer clinical studies are available relating to the relationship between UA levels and stroke severity after AIS.
We found that lower serum UA levels on admission were an independent indicator of initial moderate-severe ischemic
stroke. The generation of free radicals leads to oxidative stress and neuronal damage after ischemic stroke.* Several
studies have shown that exogenous UA might alleviate oxidative stress, neuroinflammation, and apoptotic cell death in
murine models of acute ischemic stroke.”® Nevertheless, Cherubini et al reported that the levels of the majority of
antioxidants, including serum UA, were reduced immediately after an acute ischemic stroke.** Leinonen et al demon-
strated that low plasma antioxidant activity was associated with high neurological impairment, as assessed by NIHSS
scores in stroke;* this was consistent with the results of our present study. Another study found that a reduction in UA
levels from admission to day 7 was associated with an initially more severe ischemic stroke (NIHSS score >7).4
A reduction in UA levels in acute stroke may reflect the load of oxidative stress influenced by stroke severity. The sample
time in our study fluctuated within 3—4 days after the onset of stroke. Therefore, serum UA might play a role of
neuroprotection and anti-inflammation in the earlier acute stage of AIS. Furthermore, paying attention to the initial levels
and dynamic changes of UA in the earlier stage of AIS (within 3 days after stroke onset) was of great significance to
evaluate the oxidative stress and stroke severity.

A limited body of literature has explored the relationship between serum UA levels and in-hospital pneumonia after
AIS in young patients. Previous studies reported that serum or salivary UA levels were lower in a group of patients with
pneumonia.*”** Another study demonstrated serum UA exerted anti-inflammation and protective effects on the myco-
plasma pneumoniae pneumonia in children.*” The ability of UA to reduce oxidative stress and inflammation is well
established in pneumonia. In an earlier study, we found that serum UA was a protective factor for in-hospital pneumonia
after ICH in a large population.” In the current study, we also found a significant association between higher UA levels
and reduction of in-hospital pneumonia after AIS. Furthermore, patients with severe stroke often stay bedridden and
suffer from poor swallowing function; these are known risk factors of hypostatic pneumonia or aspiration pneumonia.
A low rate of moderate-severe stroke with higher UA levels could also explain the results. Therefore, it is of great value
to monitor UA levels when predicting the risk of pneumonia after AIS. It is also important to conduct more clinical
randomized controlled trials or animal experiments to investigate the influence of UA on pneumonia.

There were several limitations to our study that need to be considered. First, this was a single-center, hospital-based
study and the study population was small and mostly involved males. Larger multi-center studies are now needed to
support our findings. Moreover, we only collected the UA levels at a single time. The dynamic change of UA levels were
not acquired. The serum UA levels at admission might not accurately represent the overall condition of UA. Finally, we
were unable to collect medical treatment data associated with the use of UA lowering drugs; this might have had an

impact on UA levels and further influenced clinical outcomes after AIS.
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Conclusion

We found that higher serum levels of UA were independently associated with lower proportion of moderate-severe
stroke and a decreased risk of in-hospital pneumonia after AIS in young patients. It was important that we pay attention
to UA levels when evaluating stroke severity and predicting the risk for in-hospital pneumonia. However, we failed to
identify a significant association between UA levels and functional outcome either at discharge or at 3 months after AIS.
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