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A B S T R A C T   

Xanthine oxidase (XO), a form of xanthine oxidoreductase, is widely distributed in various human tissues. As a 
major source for the generation of superoxide radicals, XO is involved in the induction of oxidative stress and 
inflammation during ischemic and hypoxic tissue injury. Therefore, we designed this study to identify the role of 
serum XO levels in acute ischemic stroke (AIS) pathogenesis. In this single-center prospective study, 328 
consecutive patients with AIS for the first time were included, and 107 age- and sex-matched healthy controls 
from a community-based stroke screening population were also included. The serum levels of XO and several 
conventional stroke risk factors were assessed. Multivariate analysis was applied to evaluate the relationship 
between serum levels of XO and clinical outcomes, and nomogram models were developed to predict the onset, 
progression and prognosis of AIS. Compared with the healthy control group, the serum level of XO was signif
icantly higher in the AIS group (P < 0.05) and was an independent risk factor for AIS (OR 8.68, 95% CI 
4.62–14.33, P < 0.05). Patients with progressive stroke or a poor prognosis had a much higher serum level of XO 
than patients with stable stroke or a good prognosis (all P < 0.05). In addition, the serum level of XO was an 
independent risk factor for stroke progression (OR 1.98, 95% CI 1.12–3.50, P = 0.018) and a poor prognosis (OR 
2.51, 95% CI 1.47–3.31, P = 0.001). The nomogram models including XO to predict the onset, progression and 
prognosis of AIS had good prediction and differentiation abilities. The findings of this study show that the serum 
level of XO on admission was an independent risk factor for AIS and had certain clinical predictive value for 
stroke progression and prognosis in patients with AIS.   

1. Introduction 

Acute ischemic stroke (AIS) is a devastating central nervous system 
(CNS) disease with limited functional recovery, high mortality and 
morbidity, and a poor quality of life [1]. The interruption of blood flow 
in AIS is usually caused by a thrombus (in situ occlusion of an artery), an 
embolism (thrombus originating in another location), hypoperfusion 
(systemic or local low blood flow), or a combination of these [2]. 

Therefore, in the acute phase of AIS, the most effective treatment is 
recanalization. Although limited by treatment time window and tech
nical requirements, intravenous tissue-type plasminogen activator 
treatment (alteplase, etc.) is a proven effective drug therapy for AIS 
treatment, and arterial thrombectomy can recanalize the occluded large 
vessels in a timely manner [3]. Even if blood flow is recanalized, strong 
pathophysiological responses, including excitotoxicity, oxidative stress, 
nitrosative stress and inflammation, occur in the core area of cerebral 
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infarction, resulting in irreversible neuronal death [4,5]. Therefore, it is 
particularly important to find appropriate biomarkers in the acute phase 
of AIS to predict the prognosis of stroke and make decisions for early 
intervention. In addition, these biomarkers could serve as potential 
therapeutic targets. 

As important biomarkers, serological indicators are considered 
important indicators to evaluate the progression and prognosis of 
various diseases due to their low invasiveness and accurate results [6]. 
For AIS biomarkers, previous studies indicated that several indicators 
could predict prognosis, such as serum S100 calcium-binding protein B 
(S100B) [7], cellular fibronectin (c-Fn) [8], and HFABP (heart-type fatty 
acid binding protein) [9]. However, few of these biomarkers are largely 
used in routine clinical practice. Therefore, in this study, we aimed to 
investigate promising serological biomarkers from a real-world setting 
that could accurately predict the progression and prognosis of AIS. 

Xanthine oxidase (XO) is one form of xanthine oxidoreductase 
(XOR), the forms of which include xanthine dehydrogenase (XDH) and 
XO. They can be reversibly converted to each other by sulfhydryl 
oxidation [10]. The XO system is widely present in various human tis
sues, especially in the liver, intestines, kidneys, lactating mammary 

gland and vascular endothelial cells [11]. XO is a major source for the 
generation of superoxide radicals [12,13]. Several studies have shown 
that XO plays an important role in the oxidative stress injury induced by 
ischemia‒reperfusion in the heart and kidneys [14-17]. A basic study 
reported that in a rat model of AIS, XO expression on the infarcted side 
was significantly higher than that on the noninfarcted side and 
continued to increase over time [18]. A recent study conducted by 
Mateusz M et al. indicated that salivary XO may be a potential biomarker 
for the diagnosis of stroke, which provides a new simple strategy for 
early prediction in patients with AIS [19]. However, few studies have 
confirmed the clinical value of serum XO levels in the pathogenesis of 
AIS [20]. However, there are few relevant clinical studies on the role of 
XO in patients with AIS. Therefore, we performed this study to evaluate 
the prognostic significance of the serum level of XO in patients with AIS. 

2. Materials and methods 

2.1. Participants 

From October 2020 to September 2021, patients with AIS for the first 

Fig. 1. A study flow diagram.  
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time who were hospitalized within 3 days of onset at the Department of 
Neurology, North Jiangsu People’s Hospital were consecutively 
enrolled. Patients were diagnosed by head CT or MRI within 5 days of 
onset. The inclusion criteria of the research participants were as follows: 
1) over 18 years of age and 2) the first occurrence of AIS. The exclusion 
criteria were as follows: 1) A previous medical history of myocardial 
infarction and/or stroke. 2) A serious infection within the past six 
months. 3) A diagnosis of an autoimmune disease or blood disease. 4) A 
severe language function or hearing impairment. 5) A history of a 
traumatic brain injury, an intracranial mass, or brain surgery. 6) Current 
hemangioma, vascular malformation, or vasculitis. 7) Severe heart, 
lung, liver, or kidney failure, where severe heart failure was defined as a 
left ventricular ejection fraction (LVEF) ≤40% or Pro-BNP >1800 pg/ 
ml; severe pulmonary failure was defined as PO2 <60 mmHg; severe 
liver failure was defined as ALT or AST >200 U/L; and severe renal 
failure was defined as urea >8 mmol/L and creatinine >106 ml/min 8) 
A known malignant tumor. 9) A mental or serious psychological ab
normality. 10) An inability to cooperate in completing various exami
nations. 11) Pregnancy. 12) The use of oral XO inhibitors and dietary 
supplements for the past three months. 13) Malnutrition. We included 
age- and sex-matched participants without cerebrovascular diseases 
evaluated in the health examination center of our hospital during the 
same period as the control group. Healthy controls and patients with AIS 
were recruited in a 1:3 matching ratio (Fig. 1). 

Ultimately, 328 patients with AIS were enrolled in this study, 
including 32 patients undergoing intravenous thrombolysis, 7 patients 
undergoing arterial thrombectomy, and 3 patients undergoing bridging 
therapy. A total of 107 healthy people were included in the control 
group. This study was approved by the Ethics Committee of Northern 
Jiangsu People’s Hospital (2020ky-087-1), and informed consent was 
obtained from all patients included in this study. 

2.2. Data collection and outcome measures 

Clinical data were collected in this study, including 1) baseline in
formation: age, sex, body mass index (BMI), history of hypertension, 
history of coronary heart disease (CHD), history of atrial fibrillation 
(AF), history of hyperlipidemia, history of diabetes, family history of 
cardiovascular and cerebrovascular events, history of alcoholism, his
tory of smoking, time from symptom onset to hospitalization (≤24 h, 24 
h–48 h, 48 h–72 h), TOAST (trial of ORG 10172 in acute stroke treat
ment) classification, and neurological deficit score on admission (Na
tional Institutes of Health Stroke Scale, NIHSS); 2) laboratory indicators: 
low-density lipoprotein (LDL), high-density lipoprotein (HDL), total 
cholesterol (TC), triglyceride (TG), glycosylated hemoglobin (HbA1c), 
uric acid (UA), fasting blood glucose (FSG), neutrophil/lymphocyte 
ratio (NLR), etc.; and 3) imaging findings: all patients underwent head 
CT and MRI examination, and the cerebral infarction size was calculated 
according to the Pullicino formula. 

During hospitalization, the NIHSS score was assessed once on 
admission, every 6 h within 72 h after admission, and daily after 72 h. 
When AIS symptoms worsened, the NIHSS score was promptly reas
sessed. Stroke progression is defined as an increase in the NIHSS score by 
more than 2 points within 7 days of stroke onset or new neurological 
defects [21]. All patients were followed up for 90 days by outpatient 
visits or telephone, and the 90-day functional outcome was assessed by 
using the modified Rankin Scale (mRS). An mRS score of 0–2 was 
defined as a good prognosis, and an mRS score of 3–6 was defined as a 
poor prognosis. For healthy controls, demographic information, epide
miological risk factors associated with vascular disease, and blood 
samples were collected. 

2.3. The measurement of serum XO 

Blood samples were collected from enrolled participants by trained 
personnel using disposable needles and syringes the morning after 

admission. Blood samples were collected after therapy (thrombolysis, 
arterial thrombectomy, or bridging therapy) for all patients. After 
overnight fasting (10–12 h), 5 mL of fasting blood was extracted from 
the preflex vein by venipuncture and stored in a serum collection tube. 
The blood samples were sent to the laboratory and immediately placed 
in a centrifuge (time: 15 min, speed: 3000 r/min), and serum samples 
were subsequently extracted and stored at − 80 ◦C until assayed. The 
serum samples of the healthy control group were similarly collected in 
the morning while participants were in a fasted state. Serum XO was 
measured by an enzyme-linked immunosorbent assay (ELISA) according 
to the manufacturer’s instructions. The kit was purchased from CUSA
BIO (Wuhan, China). 

2.4. Statistical analysis 

Categorical variables are expressed as counts and percentages (%), 
while continuous variables are expressed as the mean ± standard de
viation or median and quartile ranges. The Kolmogorov‒Smirnov test 
was performed to assess the distribution equality of the continuous pa
rameters. The homogeneity of variance was tested by Levene’s test. The 
independent sample t-test was used to compare the parameter values of 
the two groups, and the Mann‒Whitney U test was used to compare the 
nonparameter values of the two groups. Univariate logistic regression 
analysis was used to compare the differences between groups. The re
sults are shown as adjusted odds ratios (ORs) and 95% confidence in
tervals (CIs). Multivariate logistic regression analysis was performed 
based on the results of univariate analysis to calculate the ORs and 95% 
CIs of the independent variables. Variables included in the multivariate 
models were selected according to their physiological correlation and 
statistical significance in univariate analysis, and the P value threshold 
was 0.25. All statistical analyses were performed using SPSS software 
(Version 25, IBM Corp, Armonk, NY, USA). Statistically significant dif
ferences were defined as P < 0.05. 

Nomogram models were constructed by using the “rms” and 
“regplot” packages of R software (version 4.2.0, https://www.R-project. 
org). Based on the results of the multivariate analysis, nomogram models 
were established to better predict the onset, progression and prognosis 
of AIS. The research participants were randomly divided into a training 
set and an internal validation set at a ratio of 7:3. A receiver operating 
characteristic (ROC) curve was drawn, and the area under the curve 
(AUC) was calculated to evaluate the predictive efficacy of the nomo
gram model. An AUC >0.80 indicated high efficacy, an AUC >0.5–0.8 
indicated moderate efficacy, and an AUC ≤0.5 was meaningless. The 
Youden index (the cut-off value) was calculated. The bootstrap self- 
sampling method was used to verify the model internally. The closer 
the calibration curve of the model was to the ideal curve, the higher the 
calibration degree of the model was. 

3. Results 

3.1. Comparison of clinical data between the AIS group and the healthy 
control group 

A total of 328 patients with AIS were enrolled in our study, with an 
average age of 68.48 years (69.35% were male), as shown in Fig. 1. A 
total of 107 healthy participants were included in the control group. The 
serum XO level was 0.78 ± 0.51 ng/ml in the healthy control group and 
1.76 ± 0.87 ng/ml in the AIS group (Table 1). When comparing de
mographic and clinical data between the AIS and control groups, we 
found that there were significant differences in the history of hyper
tension, history of AF, TC, HDL, LDL, FSG, HbA1c and XO level between 
the two groups (P < 0.05). In addition, the serum XO level on admission 
in the AIS group was significantly higher than that in the healthy control 
group (P < 0.05), as shown in Table 1. Multivariate analysis demon
strated that serum XO level (OR 8.68, 95% CI 4.62–14.33, P < 0.05), 
history of hypertension (OR 4.14, 95% CI 1.84–9.33, P = 0.001), history 
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of AF (OR 5.77, 95% CI 1.28–26.11, P = 0.023), HbA1c (OR 2.28, 95% 
CI 1.40–3.71, P = 0.001), TC (OR 0.04, 95% CI 0.01–0.16, P < 0.05) and 
LDL (OR 6.55, 95% CI 1.09–39.58, P = 0.04) were independent risk 
factors for AIS (Table 1). 

3.2. The serum levels of XO are increased in parallel to AIS progression 

We divided this cohort into a progression group (increase in NIHSS 
score over 2 points within 7 d after onset or any new neurological 
deficit) and a nonprogression group. The nonprogression group included 
295 patients, and the progression group included 33 patients (Table 2). 
We found that the serum XO level in the progression group was signif
icantly higher than that in the nonprogression group (P < 0.001). We 
also found that age, NLR, infarction area, NIHSS score, serum level of 
XO, family history of cardiovascular or cerebrovascular events, drinking 
history, and TOAST classification were significantly different between 
the two groups (Table 2). In addition, multivariate analysis demon
strated that serum XO level (OR 1.98, 95% CI 1.12–3.50, P = 0.018), age 
(OR 1.04, 95% CI 1.00–1.48, P = 0.047) and drinking history (OR 2.48, 
95% CI 1.02–6.02, P = 0.044) were independent risk factors for stroke 
progression (Table 2). 

3.3. The serum levels of XO are related to functional outcomes in patients 
with AIS 

We divided our AIS cohort into a good prognosis group (mRS score: 
0–2 points) and a poor prognosis group (mRS score: 3–6 points) based on 
the 90-day mRS score. The clinical data of the two groups are presented 
in Table 3. When matched for sex and age, we found that the serum XO 
level in the poor prognosis group was significantly higher than that in 
the good prognosis group (P < 0.05). Compared with the good prognosis 

group, the poor prognosis group was more inclined to have CHD, a 
family history of cardiovascular or cerebrovascular disease, a smoking 
history, a greater proportion of patients with large artery atheroscle
rosis, a higher NIHSS score, a larger infarct volume, a higher NLR, higher 
FSG, higher HbA1c and a greater proportion of patients with progressive 
stroke (P < 0.05), as shown in Table 3. 

The results of multivariate analysis indicated that the independent 
risk factors related to functional prognosis at 90 days mainly included 
smoking history (OR 6.25, 95% CI 2.54–11.39, P < 0.001), NIHSS score 
(OR 1.25, 95% CI 1.12–1.41, P < 0.001), CHD (OR 4.23, 95% CI 
1.52–11.83, P = 0.006), serum XO level on admission (OR 2.51, 95% CI 
1.47–3.31, P = 0.001), progressive stroke (OR 43.28, 95% CI 
9.56–195.99, P < 0.001), time from symptom onset to hospitalization 
(OR 2.51, 95% CI 1.47–3.31, P = 0.001) and infarction area (OR 1.00, 
95% CI 1.00–1.00, P = 0.035) (Table 3). A family history of cardio
vascular or cerebrovascular disease, TOAST classification, and lymph 
node ratio were not independent risk factors for poor prognosis of stroke 
(P > 0.05). 

3.4. The development of nomogram models for predicting the onset, 
progression and prognosis of AIS 

According to the above analysis, nomogram models were established 
to predict the onset, progression and prognosis of AIS. The nomogram 
models for predicting AIS onset were established with 6 variables, 
including serum XO level (P < 0.05), history of hypertension (P =
0.001), history of AF (P = 0.023), HbA1c (P = 0.001), TC (P < 0.05), and 
LDL (P = 0.04), as shown in Fig. 2a. The AUC of the training set (n =
305) was 0.969 (95% CI 0.951–0.987), and the sensitivity and specificity 
were 0.91 and 0.96, respectively (Fig. 2b). The AUC of the validation set 
(n = 130) was 0.97 (95% CI 0.943–0.996), and the sensitivity and 

Table 1 
Demographic and clinical characteristics, Univariate and Multivariate analysis of AIS group and healthy control group.  

Characteristics Healthy control group, n 
= 107 

AIS group, n =
328 

Univariate and Multivariate analysis Multivariate analysis 

OR (95%CI) SE P 
value 

OR (95%CI) SE P 
value 

Age, y 66.81 ± 10.39 68.48 ± 11.14 1.01 
(1.00–1.03) 

0.009 0.173 / / / 

Men, n(%) 64(59.81) 227(69.21) 1.01(0.93–1.11) 0.05 0.756 / / / 
BMI(kg/m2) 24.65 ± 2.97 24.18 ± 3.07 0.95 

(0.88–1.02) 
0.033 0.167 / / / 

Hypertension(%) 58(54.2) 231(70.43) 2.66 
(1.69–4.20) 

0.62 <0.05 4.14 
(1.84–9.33) 

1.72 0.001 

CHD(%) 8(7.48) 43(13.10) 1.86 
(0.85–4.11) 

0.751 0.121 / / / 

AF(%) 4(3.74) 51(15.55) 4.74 
(1.67–13.44) 

2.52 0.003 5.77 
(1.28–26.11) 

4.44 0.023 

Diabetes mellitus(%) 22(20.56) 105(30.01) 1.06 
(0.62–1.83) 

0.29 0.812 / / / 

Family history of cardiovascular and 
cerebrovascular events(%) 

14(13.08) 52(15.85) 1.25 
(0.66–2.36) 

0.4 0.489 / / / 

Smoking history (%) 26(24.30) 65(19.82) 1.16 
(0.73–1.85) 

0.27 0.693 / / / 

TC, mmol/L 4.85 ± 1.09 3.97 ± 1.05 0.45 
(0.36–0.58) 

0.05 <0.05 0.04 
(0.01–0.16) 

0.02 <0.05 

TG, mmol/L 1.65 ± 0.72 1.55 ± 1.07 0.91 
(0.74–1.12) 

0.09 0.373 / / / 

HDL, mmol/L 1.46 ± 0.41 1.13 ± 0.53 0.30 
(0.39–0.50) 

0.08 <0.05 / / / 

LDL, mmol/L 2.64 ± 0.92 2.44 ± 0.88 0.78 
(0.62–1.00) 

0.09 0.049 6.55 
(1.09–39.58) 

6.01 0.04 

FSG, mmol/L 5.57 ± 1.22 6.70 ± 3.20 1.24 
(1.10–1.42) 

0.08 0.001 / / / 

HbA1c 5.67 ± 1.11 6.75 ± 1.69 2.04 
(1.56–2.67) 

0.28 <0.05 2.28 
(1.40–3.71) 

0.56 0.001 

XO, ng/mL 0.78 ± 0.51 1.76 ± 0.87 6.29 
(4.13–9.56) 

1.34 <0.05 8.68 
(4.62–14.33) 

2.8 <0.05 

BMI, Body mass index; CHD, Coronary heart disease; AF, Atrial fibrillation; TC, Total cholesterol; TG, Triglyceride; HDL, High-density lipoprotein; LDL, Low-density 
lipoprotein; FSG, Fasting blood glucose; HbA1c, Glycosylated hemoglobin; XO, Xanthine oxidase. 
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specificity were 0.87 and 0.97, respectively (Fig. 2c). 
Serum XO level (P = 0.018), age (P = 0.047), drinking history (P =

0.044), and TOAST classification (P = 0.016) were used to establish a 
nomogram model to predict the progression of AIS (Fig. 3a). The AUC of 
the training set (n = 230) was 0.846 (95% CI: 0.760–0.931) and that of 
the validation set (n = 98) was 0.88 (95% CI: 0.788–0.973) 0.887 (95% 
CI: 0.808–0.966) (Fig. 3b and c). 

Based on the results of multivariate logistic regression analysis, 
smoking history (P < 0.001), NIHSS score (P < 0.001), CHD (P = 0.006), 
serum XO level on admission (P = 0.005), progressive stroke (P <
0.001), time from symptom onset to hospitalization (P = 0.001) and 
infarction area (P = 0.035) were used to establish nomogram models to 
predict the prognosis of AIS (Fig. 4a). The AUC of the training set was 

0.938 (95% CI: 0.907–0.969) and that of the validation set was 0.887 
(95% CI: 0.808–0.966) (Fig. 4b and c). The cut-off value of Serum XO 
levels for predicting a poor prognosis of AIS was 0.682 ng/mL 

The results show that the nomogram models had high predictive 
efficacy in both the training set and the internal validation set. The AUC 
of the nomogram model established in this study was better than the 
AUC of any single risk factor. The bootstrap self-sampling method was 
used to verify the model. The results showed that after 1000 repeated 
samplings, in the nomogram models for predicting the onset, progres
sion and prognosis of AIS, the mean absolute errors between the pre
dicted risk and the actual risk of the training set were 0.023, 0.034 and 
0.032, respectively. The results indicate that the predicted value was 
basically consistent with the measured value, and it had good prediction 

Table 2 
Demographic and clinical characteristics, Univariate and Multivariate analysis of stroke progression group and nonprogression group.  

Characteristics Nonprogression group, n 
= 295 

Progression group, n 
= 33 

Univariate and Multivariate analysis Multivariate analysis 

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

Age, y 67.94 ± 11.12 73.27 ± 10.25 1.05 
(1.01–1.08) 

0.01 0.01 1.04 
(1.00–1.48) 

0.02 0.047 

Men, n(%) 203(89.43%) 24(10.57%) 0.83 
(0.37–1.85) 

0.33 0.645 / / / 

BMI 24.16 ± 3.10 24.3 ± 2.81 1.014 
(0.90–1.14) 

0.06 0.804 / / / 

TC, mmol/L 1.54 ± 1.04 1.58 ± 1.34 1.03 
(0.73–1.46) 

0.18 0.838 / / / 

TG, mmol/L 3.97 ± 1.05 4.01 ± 1.00 1.03 
(0.75–1.42) 

0.16 0.857 / / / 

HDL, mmol/L 1.13 ± 0.54 1.18 ± 0.50 1.18 
(0.65–2.13) 

0.35 0.587 / / / 

LDL, mmol/L 2.44 ± 0.88 2.40 ± 0.80 0.95 
(0.63–1.43) 

0.19 0.806 / / / 

Uric acid, μmol/L 328.85 ± 97.06 321.28 ± 95.51 1.00 
(1.00–1.00) 

0.001 0.67 / / / 

FSG, mmol/L 6.68 ± 3.14 6.88 ± 3.73 1.02 
(0.92–1.13) 

0.05 0.734 / / / 

HbA1c 6.74 ± 1.68 6.82 ± 1.83 1.03 
(0.84–1.26) 

0.1 0.792 / / / 

NLR 4.29 ± 3.26 6.28 ± 3.97 1.1 (1.05–1.25) 0.05 0.002 / / / 
Infarction area(cm3) 730.35(125.96, 3036.36) 2563.18(683.59, 

20474.27) 
1.00 
(1.00–1.00) 

<0.001 <0.001 / / / 

NIHSS scores 5.80 ± 4.61 9.33 ± 6.93 1.12 
(1.06–1.20) 

0.03 <0.001 / / / 

XO, ng/mL 1.69 ± 0.85 2.39 ± 0.80 2.49 
(1.62–3.83) 

0.54 <0.001 1.98 
(1.12–3.50) 

0.57 0.018 

Hypertension(%) 222(89.16%) 27(10.84%) 1.48 
(0.59–3.72) 

0.69 0.405 / / / 

CHD(%) 39(90.70%) 4(9.30%) 0.91 
(0.30–2.72) 

0.5 0.859 / / / 

AF(%) 48(94.12%) 3(5.88%) 0.51 
(0.15–1.75) 

0.32 0.288 / / / 

Diabetes mellitus(%) 62(87.32%) 9(12.68%) 1.41 
(0.62–3.19) 

0.58 0.41 / / / 

Family history of cardiovascular and 
cerebrovascular events (%) 

40(76.92%) 12(23.08%) 3.64 
(1.66–7.98) 

1.45 0.001 / / / 

Drinking history (%) 78(90.70%) 8(9.30%) 2.62 
(1.26–5.48) 

0.98 0.01 2.48 
(1.02–6.02) 

1.12 0.044 

Smoking history (%) 71(82.56%) 15(17.44%) 0.89 
(0.39–2.06) 

0.38 0.785 / / / 

Onset time ≤24 h(%) 133(90.48%) 14(9.52%) 1.09 
(0.71–1.66) 

0.23 0.691 / / / 

24 h–48 h(%) 73(91.25%) 7(8.75%) / / / / / / 
48 h–72 h(%) 87(88.78%) 11(11.22%) / / / / / / 
TOAST classification, no.(%)   1.31 

(1.02–1.69) 
0.16 0.036 1.54 

(1.08–21.9) 
0.27 0.016 

Large artery 56(82.35%) 12(17.65%) / / / / / / 
Small artery 127(96.21%) 5(3.79%) / / / / / / 
Cardioembolism 64(88.89%) 8(11.11%) / / / / / / 
Other cause 19(86.36%) 3(13.64%) / / / / / / 
Unknown 29(85.29%) 5(14.71%) / / / / / / 

BMI, Body mass index; CHD, Coronary heart disease; AF, Atrial fibrillation; TC, Total cholesterol; TG, Triglyceride; HDL, High-density lipoprotein; LDL, Low-density 
lipoprotein; FSG, Fasting blood glucose; HbA1c, Glycosylated hemoglobin; XO, Xanthine oxidase; NLR, Neutrophil/lymphocyte ratio; NIHSS, National Institutes of 
Health Stroke Scale; TOAST, Trial of ORG 10172 in acute stroke treatment. 
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and differentiation abilities. 

4. Discussion 

This study shows that the serum XO level in patients with AIS was 
significantly higher than that in healthy people. The serum XO level on 
admission was an independent risk factor for the onset, progression and 
prognosis of AIS and had a certain clinical predictive value for clinical 
outcomes. 

Finding useful blood biomarkers for predicting the clinical prognosis 
of AIS has important implications for the precise treatment of this con
dition [6]. XOD, including XO and XDH, is not only an important cata
lytic enzyme for purine metabolism but also an important source of 
reactive oxygen species [22]. In the presence of ischemia and hypoxia, 
XDH is irreversibly converted to XO by proteolysis. XO utilizes O2 as an 
electron acceptor to generate superoxide during the biosynthesis of uric 
acid products. The superoxide produced is involved in oxidative stress 
and inflammation induction after tissue damage [23]. 

XOR is expressed in a variety of human tissues. The XOR is mainly 
expressed in hepatocytes and Kupfer cells in the liver, and also exited in 
jejunal cells and goblet cells of the proximal intestine. In addition, in the 
skeletal muscle, kidney, and jejunum, previous research reported that 
XOR presented in capillary endothelial cells of those organs [11]. The 
presence of circulating XOR in mammals has been demonstrated, but 
previous studies have shown that for humans XOR enzyme activity is 
relatively high only in the liver and intestine. However, several studies 

indicated that the level of XO enzyme activity detected in the circulation 
is particularly low or even undetectable [24-26]; in addition, enzyme 
activity of XO may be inactivated in serum or during the activity-assay 
[27]. Therefore, in our study, we applied the ELISA method to determine 
the XO concentration in human serum in a more sensitive and direct 
way, to assess the diagnostic value of XO in ischemic injury in terms of 
changes in the serum XO levels, and to discover the importance of 
changes in the XO concentration in the diagnosis of ischemic stroke. A 
study by Aygul R et al. showed that the level of plasma XO in patients 
with AIS was significantly higher than that in healthy controls. Their 
result is similar to ours. Although the sample size of their clinical study 
was only 39 patients and the level of XO was measured by the method of 
measuring uric acid, their finding is still a good indication of a role for 
blood XO in AIS [12]. In a recent study, the utility of salivary XO in the 
differential diagnosis of stroke and in assessing the functional status of 
patients was demonstrated [19]. Since salivary XO may penetrate into 
saliva through the capillaries of the salivary glands [28,29]. As a 
non-invasive, simple and inexpensive monitoring method, the determi
nation of XO activity in saliva has been shown to be useful in the 
identification of patients with ischemic stroke and in assessing the 
functional status of patients. The value of salivary XO in the diagnosis of 
neurovascular diseases deserves further attention. 

The main research direction of this study was to explore whether the 
serum XO level on admission in patients with AIS was correlated with 
stroke onset, clinical progression during hospitalization and clinical 
prognosis three months later. In this study, we found that serum XO level 

Table 3 
Demographic and clinical characteristics, Univariate and Multivariate analysis of good prognosis group and poor prognosis group.  

Characteristics Good Prognosis, n 
= 248 

Poor Prognosis, n =
80 

Univariate and Multivariate analysis Multivariate analysis 

OR (95%CI) SE P 
value 

OR (95%CI) SE P value 

Age, y 67.96 ± 11.09 71.10 ± 11.19 1.01 (0.99–1.04) 0.01 0.135 / / / 
Men, n(%) 172(69.35) 55(68.75) 1.02(0.60–1.77) 0.28 0.919 / / / 
BMI(kg/m2) 24.30 ± 3.09 23.79 ± 2.99 0.94 (0.87–1.03) 0.04 0.201 / / / 
Hypertension(%) 187(75.40) 62(77.50) 1.12 (1.62–2.05) 0.34 0.703 / / / 
CHD(%) 29(11.69) 14(17.50) 1.60 (0.80–3.21) 0.56 0.184 4.23 

(1.52–11.83) 
2.22 0.006 

AF(%) 36(14.52) 15(18.75) 1.35 (0.70–2.64) 0.45 0.365 / / / 
Diabetes mellitus(%) 52(20.97) 19(23.75) 1.17 (0.65–2.14) 0.35 0.6 / / / 
Family history of cardiovascular and 

cerebrovascular events (%) 
26(10.48) 26(32.50) 4.11 (2.21–7.63) 1.29 <0.05 / / / 

Drinking history (%) 63(25.40) 23(28.75) 1.18 (0.68–2.08) 0.33 0.554 / / / 
Smoking history (%) 48(19.35) 32(40.0) 3.76 (2.20–6.47) 1.03 <0.05 6.25 

(2.54–11.39) 
2.87 <0.001 

Onset time ≤24 h(%) 175(70.56) 45(56.25) 1.30 (0.97–1.76) 0.19 0.075 2.51 (1.47–3.31) 0.69 0.001 
24 h–48 h(%) 30(12.10) 16(20.0) / / / / / / 
48 h–72 h(%) 43(17.34) 19(23.75) / / / / / / 
TOAST classification, no. (%)   1.03 (0.86–1.25) 0.09 0.696 / / / 

Large artery 33(13.31) 35(43.75) / / / / / / 
Small artery 116(46.77) 16(20.0) / / / / / / 
Cardioembolism 52(20.97) 20(25.0) / / / / / / 
Other cause 16(6.45) 6(7.50) / / / / / / 
Unknown 31(12.5) 3(3.75) / / / / / / 

NIHSS scores 3(2–7) 8(5–12) 1.2 (1.14–1.27) 0.03 <0.05 1.25 (1.12–1.41) 0.07 <0.001 
Infarction area(cm3) 427.01(118.62, 

1537.25) 
3241.51(709.58, 
36182.23) 

1.00 (1.00–1.00) <0.001 <0.05 1.00 (1.00–1.00) <0.001 0.035 

TC, mmol/L 4.00 ± 1.07 3.87 ± 0.96 0.87 (0.69–1.12) 0.1 0.296 / / / 
TG, mmol/L 1.60 ± 1.08 1.38 ± 1.04 0.79 (0.59–1.07) 0.12 0.127 / / / 
HDL, mmol/L 1.12 ± 0.56 1.17 ± 0.44 1.17 (0.75–1.82) 0.26 0.483 / / / 
LDL, mmol/L 2.48 ± 0.90 2.32 ± 0.80 0.81 (0.61–1.09) 0.12 0.174 / / / 
Uric acid, μmol/L 330.94 ± 99.93 319.26 ± 86.33 0.99 (1.00–1.00) 0.001 0.348 / / / 
FSG, mmol/L 6.78 ± 3.18 6.48 ± 3.25 0.96 (0.89–1.05) 0.08 0.001 / / / 
HbA1c 6.75 ± 1.59 6.75 ± 2.00 1.00 (0.86–1.16) 0.28 <0.05 / / / 
NLR 4.08 ± 3.17 5.76 ± 3.74 1.13 (1.06–1.22) 0.04 <0.05 / / / 
XO, ng/mL 1.56 ± 0.82 2.38 ± 0.73 3.44 (2.37–4.98) 0.64 <0.05 2.11 (1.26–3.55) 0.55 0.005 
Progressive stroke, n(%) 4(1.61) 29(36.25) 34.68 

(11.08–102.97) 
19.25 <0.05 43.28 

(9.56–195.99) 
33.35 <0.001 

BMI, Body mass index; CHD, Coronary heart disease; AF, Atrial fibrillation; TC, Total cholesterol; TG, Triglyceride; HDL, High-density lipoprotein; LDL, Low-density 
lipoprotein; FSG, Fasting blood glucose; HbA1c, Glycosylated hemoglobin; XO, Xanthine oxidase; NLR, Neutrophil/lymphocyte ratio; NIHSS, National Institutes of 
Health Stroke Scale; TOAST, Trial of ORG 10172 in acute stroke treatment. 
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on admission, smoking history, NIHSS score, CHD, stroke progression, 
time from onset to hospitalization and infarct area were independent 
risk factors for the prognosis of AIS. The infarct area and NIHSS score are 
indicators routinely used to evaluate the prognosis of cerebral infarc
tion. Generally, a larger infarct area indicates more severe brain injury, 
and patients usually have higher NIHSS scores and poorer prognoses 

[30]. We found that serum XO level, NIHSS score and infarct area had 
similar predictive effects on prognosis. The AUC of the nomogram model 
established in this study was better than the AUC of any single risk 
factor. In addition, serum XO level on admission, age, and drinking 
history were independent risk factors for stroke progression. This may be 
related to the important role of XO in cerebral ischemic injury. When AIS 

Fig. 2. The predictive model for AIS onset, a The 
nomogram for predicting AIS onset. Each of the in
dependent predictors was projected upwards to the 
value of the “points” at the top level of the nomogram 
to obtain a score within the range of 0–100, and then 
the total score of these points was recorded to accu
rately predict the risk of AIS onset. ** means p <
0.05, b The receiver operating characteristic (ROC) 
curves of the nomogram, XO, hypertension, atrial 
fibrillation, HbA1c, TC and LDL for predicting AIS 
onset in the training set. The y-axis meant the true
positive rate of the risk prediction. The x-axis meant 
the false-positive rate of the risk prediction. c The 
ROC curves of the nomogram, XO, hypertension, 
atrial fibrillation, HbA1c, TC and LDL for predicting 
AIS onset in the testing set. AUC areas under the 
receiver operating characteristic curve, XO xanthine 
oxidase, HbA1c glycated hemoglobin, TC total 
cholesterol, LDL low-density lipoprotein.   
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occurs, XDH in the brain will be irreversibly converted to XO, which will 
further aggravate the brain damage of AIS [31,32]. In the ischemic state, 
due to the low ATP level, XO induces hypoxanthine to form xanthine and 
uric acid and releases superoxide and hydrogen peroxide during this 
process, causing more oxidative stress. Superoxide passes through the 
cell membrane through negatively charged channels, and hydrogen 

peroxide enters the cytoplasm directly, causing irreversible cell damage 
and death [33]. Due to the importance of XO in the pathophysiology of 
AIS, serum XO levels have the potential to be a predictor of stroke 
progression and prognosis. 

In addition, we also found that the serum XO level on admission was 
an independent risk factor for AIS. This is an interesting finding because 

Fig. 3. The predictive model for AIS progression, a 
The nomogram for predicting the progress of AIS 
patients. Each of the independent predictors was 
projected upwards to the value of the “points” at the 
top level of the nomogram to obtain a score within 
the range of 0–100, and then the total score of these 
points was recorded to accurately predict the risk of 
progress in the AIS patients. ** means p < 0.05, b The 
receiver operating characteristic (ROC) curves of the 
nomogram, XO, drinking, age and TOAST for progress 
prediction of AIS patients in the training set. The y- 
axis meant the truepositive rate of the risk prediction. 
The x-axis meant the false-positive rate of the risk 
prediction., c The ROC curves of the nomogram, XO, 
drinking, age and TOAST for progress prediction of 
AIS patients in the testing set. AUC areas under the 
receiver operating characteristic curve, XO xanthine 
oxidase, TOAST Trial of Org 10,172 in Acute Stroke 
Treatment.   

H. Yu et al.                                                                                                                                                                                                                                       



Redox Biology 60 (2023) 102623

9

the conventional view is that in the process of AIS, nerve cell injury leads 
to an increase in XO, which in turn triggers a series of oxidative and 
inflammatory reactions that further aggravate nerve damage [23]. 
However, whether there is a reverse causality, that is, an increase in XO 
is the cause of AIS, has not yet been studied. Recent studies have shown 
that XO in the blood can promote the development of atherosclerosis. 

XO in the blood is related to the formation of carotid atherosclerotic 
plaques in patients with ischemic stroke. The serum XO level in patients 
with ischemic carotid plaques is significantly higher than that in patients 
with asymptomatic carotid plaques [34]. XO mainly exists in blood 
macrophages, which play a pivotal role in the progression of athero
sclerosis. These cells develop into foam cells in chronic atherosclerotic 

Fig. 4. The predictive model for the prognosis of AIS, 
a The nomogram for predicting the prognosis of AIS 
patients. Each of the independent predictors was 
projected upwards to the value of the “points” at the 
top level of the nomogram to obtain a score within 
the range of 0–100, and then the total score of these 
points was recorded to accurately predict the risk of 
prognosis in the AIS patients. ** means p < 0.05, b 
The receiver operating characteristic (ROC) curves of 
the nomogram, XO, NIHSS, infarction area, progress, 
smoking, onset time and CHD for prognosis predic
tion of AIS patients in the training set. The y-axis 
meant the truepositive rate of the risk prediction. The 
x-axis meant the false-positive rate of the risk pre
diction. c The ROC curves of the nomogram, XO, 
NIHSS, infarction area, progress, smoking, onset time 
and CHD for prognosis prediction of AIS patients in 
the testing set. AUC areas under the receiver oper
ating characteristic curve, XO xanthine oxidase, 
NIHSS National Institutes of Health Stroke Scale 
scores, CHD coronary heart disease.   
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plaques and promote the degradation of the extracellular matrix, the 
release of inflammatory mediators, the formation of necrotic cores, and 
the eventual destruction of atherosclerotic plaques, leading to athero
sclerotic plaque rupture. The rupture of an atherosclerotic plaque will 
lead to the occlusion of blood vessels in the brain along with the inter
ruption of blood flow, resulting in the occurrence of AIS [35-37]. This 
may be the underlying mechanism by which XO causes AIS, but more 
favorable evidence is needed for verification. As the serum XO level in 
this study was measured after the onset of AIS, data on the serum con
centration of XO before the onset of stroke were lacking, and the causal 
relationship between XO and the onset of stroke could not be deter
mined. Therefore, large-scale epidemiological studies are needed to 
confirm the relationship between XO and AIS. In the next phase of the 
study, we will collect blood samples from healthy people to measure the 
baseline XO levels and conduct long-term follow-up to further confirm 
the relationship between XO and AIS. 

Considering early and timely treatment has a great impact on the 
prognosis of AIS patients, some patients in our cohort received intra
venous thrombolysis and arterial thrombectomy based on the guideline 
[38] (the strict treatment time window). In addition, all enrolled pa
tients were required to be informed of the risks and benefits in detail, so 
an informed consent form was usually signed after the completion of 
thrombolysis and arterial thrombectomy. Therefore, blood samples for 
the measurement of XO levels were taken in the early morning of the 
second day after admission while participants were in a fasted state. 
Since the serum XO level is directly related to the stage of ischemia 
damage, different treatment methods do not affect the measurement of 
serum XO levels in AIS patients with stroke prognosis. The TOAST 
classification is the commonly used etiological classification of AIS. 
Although there are different causes of AIS, there is no difference in the 
oxidative stress response and inflammatory response mechanism when 
cerebral infarction occurs [39], so this study did not analyze different 
stroke subtypes. 

XO is an important catalytic enzyme for purine metabolism and uric 
acid production. Interestingly, we found that the levels of XO were 
higher in patients with poor prognosis, while circulating levels of uric 
acid, which represents the main product of the enzymatic activity of XO, 
were similar. The possible reason for this finding is that uric acid pro
duction is a complex biochemical process, and although XO is elevated 
during cerebral ischemia‒reperfusion, XO is not the only determinant of 
uric acid production [40]. Over the past few decades, numerous studies 
have analyzed the relationship between serum uric acid levels and 
stroke, but the results have been contradictory [41]. XO is involved in 
the production of reactive oxygen species in damaged tissues and is one 
of the main sources of oxidative stress. However, uric acid itself has an 
antioxidant capacity that protects nerve cells from excitotoxicity and 
metabolic damage and plays a protective role in reactive oxygen 
species-induced brain damage [42,43]. On the other hand, hyperurice
mia is associated with increased oxidative stress, an increased systemic 
inflammatory response, and thrombosis [44,45]. The dual effects of uric 
acid suggest that the role of uric acid in the pathogenesis of AIS remains 
controversial. 

In conclusion, this study found that the serum XO level was an in
dependent risk factor for the onset, progression and prognosis of AIS. 
Based on the serum XO level and selected risk factors, we established 
nomogram models to predict the onset, progression and prognosis of 
AIS. It was shown that this prediction model has good accuracy, dif
ferentiation ability and prediction ability for AIS. This model is helpful 
for the early assessment of AIS patients to administer early intervention. 

This study has certain limitations. First, this study was a prospective 
study performed at a single center with a small sample size, especially in 
the progression group. Second, we measured the level of serum XO only 
once, that is, in a blood sample obtained in the morning on the day after 
admission while participants were in a fasted state, and multiple dy
namic measurements should be performed according to the different 
states of the patient to obtain more reliable results. Third, we did not 

measure the serum XO level in stroke patients before AIS onset. There
fore, our study lacks a comparison of XO levels before and after onset of 
stroke in the same patients, and we were thus unable to determine the 
causal relationship between elevated serum XO levels and the onset of 
stroke. Fourth, we did not measure the level of salivary XO, which is also 
a good diagnostic indicator. Fifth, we did not investigate the alterations 
in XO levels before and after therapy, which may provide more infor
mation about the influence of brain reperfusion on the stage of oxidative 
stress. Finally, some parameters, including platelet, UA, AST and ALT 
levels, were not collected and incorporated in the analysis, which could 
be considered in future studies. Therefore, more cases and further 
pathological mechanism studies are needed to explore the potential 
value of serum XO levels in AIS. 

5. Conclusions 

The serum XO level of patients with AIS on admission was signifi
cantly higher than that of the healthy control group. The serum XO level 
on admission had certain clinical predictive value in predicting stroke 
progression and prognosis in patients with AIS. Nomogram models 
established by the serum XO level combined with other high-risk factors 
have a good ability to predict the onset, progression and prognosis of 
AIS. The serum XO level was an independent risk factor also associated 
with a poor prognosis in AIS patients. The pathophysiological mecha
nism of XO affecting the clinical prognosis of AIS and the clinical value 
of serum XO levels as a potential biomarker need to be further studied. 
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