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Background and Purpose: The effect of uric acid (UA) levels on severity and prognosis of spontaneous intracerebral hemorrhage (ICH) remains controversial. We aimed to explore the association of admission UA levels with stroke severity and outcomes in ICH patients.

Materials and Methods: The patients enrolled in this study were from the China Stroke Center Alliance study (CSCA). Patients were divided into four groups (Q1–Q4) according to the quartiles of UA levels at admission. The primary outcome was in-hospital mortality. The secondary outcomes included stroke severity, in-hospital complications, and discharge disposition. Multivariate logistic regression was adopted to explore the association of UA levels with outcomes after ICH.

Results: Patients (84,304) with acute ICH were included in the final analysis; the median (interquartile range) of UA was 277 (210, 354) μmol/L. The four groups were defined as follows: Q1 ≤ 210 μmol/L, 210 μmol/L < Q2 ≤ 277 μmol/L, 277 μmol/L < Q3 ≤ 354 μmol/L, Q4 > 354 μmol/L. There was no significant evidence indicating that UA levels were correlated with the discharge disposition and in-hospital mortality after ICH. However, compared to Q1, the patients with higher UA levels had decreased odds of severe stroke (NIHSS ≥ 16) at admission (OR 0.89, 95% CI 0.86–0.92). An L-shaped association was found between UA and severe stroke. Among in-hospital complications, decrease in pneumonia, poor swallow function, gastrointestinal bleeding, and deep vein thrombosis (DVT) were significantly associated with higher UA levels compared to Q1 (P for trend < 0.0001).

Conclusions: UA was a protective factor for stroke severity and in-hospital complications such as pneumonia, poor swallow function, gastrointestinal bleeding, and DVT. However, no significant evidence indicated that UA levels were predictive of the discharge disposition and in-hospital mortality after ICH.
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INTRODUCTION

Stroke remains the second leading cause of death and disability worldwide. Especially, the mortality and disability rate of intracerebral hemorrhage (ICH) is higher than other stroke types, of which the incidence rate is remarkable among the Asian population (1, 2). Due to the lack of specific treatments for ICH, it is imperative to improve approaches including efficacious neuroprotectants to lessen the burden of ICH worldwide.

Uric acid (UA) is the product of purine nucleotide catabolism. It has been proven that hyperuricemia was significantly correlated with several vascular risk factors such as hypertension, diabetes, and other metabolic diseases (3–6). In addition, increasing UA was associated with high morbidity, poor function outcome, and high mortality of atherosclerotic diseases, such as carotid artery disease, acute stroke, and cardiovascular disease (7–9). However, serum UA, with the capacity of free radical scavenging, has been considered as a free radical scavenger protecting nerves from oxidative damage (10, 11). Several studies have documented significant correlations between lower UA levels and poor outcome after acute stroke (12–14). The URICO-ICTUS study, a clinical trial of intravenous UA administered during alteplase treatment for acute ischemic stroke, found that UA therapy was excellently safe and may prevent early ischemic worsening after acute cerebral infarction among thrombolysed patients (15). Despite the existing and current studies, the neuroprotective effect of UA in stroke is still controversial.

Furthermore, the previous literatures were mainly limited to ischemic stroke rather than hemorrhagic stroke. Only a small amount of studies explored the effect of UA on ICH patients. It was a pity that they found no significant evidence indicating that UA levels were related to the severity and outcome after ICH (12, 16, 17). Their limitations, such as small sample size and single-center study, may need to be further investigated. Moreover, fewer studies have explored the relationship between UA and in-hospital mortality and complications in ICH patients.

Therefore, it is still unclear whether UA is an effective neuroprotectant to promote or protect against the poor outcome of ICH, or simply acts as a marker of increased risk. The aim of our study was to evaluate the association of admission UA with stroke severity, in-hospital mortality, discharge deposition, and in-hospital complications among ICH patients from the China Stroke Center Alliance.



MATERIALS AND METHODS


Ethics

Participating hospitals received either healthcare quality assessment and research approval to collect data in the CSCA project without requiring individual patient informed consent under the common rule or a waiver of authorization and exemption from subsequent review by their Institutional Review Board. Patient confidentiality will be protected in the following ways: (1) data are stripped of all identifiers before their use in research and (2) the use of data for these purposes is closely overseen by the China National Clinical Research Center for Neurological Diseases analytic center.



Study Design and Participants

We derived data from the China Stroke Center Alliance (CSCA), a national, hospital-based, multicenter, quality assessment, and improvement initiative performed in China (18). The inclusion criteria were as follows: age ≥ 18 years; primary diagnosis of acute stroke/TIA confirmed by brain CT or MRI, including ischemic stroke (IS), transient ischemic attack (TIA), intracerebral hemorrhage, or subarachnoid hemorrhage (SAH) within 7 days of symptom onset; admission either directly to wards or through the emergency department. As of July 2019, the trial enrolled 1,006,798 consecutive patients with acute stroke or TIA from 1,476 designed hospitals in China including 85,705 patients diagnosed with spontaneous ICH.



Demographic and Clinical Information

Demographic information, body mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure (DBP), smoking, alcohol use, medical history, and medication history were collected at admission. Fasting whole blood samples were taken into a vacutainer tube after admission. Afterward, serum UA was measured by automated hematology analyzer at each research center. The patients were divided into four groups (Q1–Q4) according to the quartiles of UA levels. Other laboratory tests, including low-density lipoprotein cholesterol (LDL-C), glycated hemoglobin (GHb), fasting blood glucose (FBG), homocysteine (Hcy), creatinine (Cr), blood urea nitrogen (BUN), and platelets (PLT) were also collected.



Outcome

The primary outcome was in-hospital mortality. The secondary outcomes included stroke severity, discharge deposition, and in-hospital complications. Stroke severity was assessed by the National Institutes of Health Stroke Scale (NIHSS) score at admission. Severe stroke was defined as NIHSS ≥ 16. Discharge disposition was categorized into routine or non-routine. Discharging to home was considered to be routine disposition, while discharging to graded II or III hospital, community hospital, or rehabilitation facilities were considered as non-routine disposition. The in-hospital complications included pneumonia, poor swallow function, gastrointestinal bleeding, and deep vein thrombosis (DVT).



Statistical Analysis

Baseline clinical features and outcomes were compared stratified by quartile levels of UA. Categorical variables were described by frequencies with percentages. We used the Kolmogorov Smirnov test to evaluate the normal distribution data of continuous variables. Continuous variables of skewed distribution were described by medians with interquartile ranges. If the distribution was normal, the continuous variables were presented as mean ± standard deviation. For the continuous variables, if the data were normally distributed, the comparisons were used in one-way ANOVA test; otherwise, the Mann–Whitney U-test was used instead. For categorical variables, the Chi-square test was used to perform the comparison.

Multivariable logistic regression analysis based on two models was used to determine the association of admission UA levels with stroke severity, in-hospital complications, discharge deposition, and in-hospital mortality. In the first model, we adjusted only the age and sex. In the second model, we included all the potential covariates with p-value < 0.05. In addition, we further performed a logistic regression model with restricted cubic splines for UA for the severe stroke. The five knots for spline were placed at the 5, 25, 50, 75, and 95th percentiles of UA levels.

A two-sided p-value < 0.05 was considered to be statistically significant. All analyses were performed with the SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA).




RESULTS


Baseline Characteristics

There were 85,705 spontaneous ICH patients enrolled in the CSCA. After excluding 141 patients missing in-hospital mortality data and 1,260 patients missing UA data, 84,304 patients were involved in the current analysis. Patients were divided into four groups (Q1–Q4) according to the quartiles of UA levels, defined as follows: Q1 ≤ 210 μmol/L, 210 μmol/L < Q2 ≤ 277 μmol/L, 277 μmol/L < Q3 ≤ 354 μmol/L, Q4 > 354 μmol/L.

The differences in the clinical characteristics of patients among different UA level groups are shown in Tables 1, 2. Q4 had the highest percentage of males (P < 0.0001), and the mean age in this group was significantly younger (P < 0.0001). Meanwhile, there was higher prevalence of alcohol use and current smoking among Q4 (P < 0.0001). The patients of Q4 were also more likely to have higher proportions of history of TIA, hypertension, diabetes mellitus, dyslipidemia, atrial fibrillation, heart failure, and peripheral vascular disorder (P < 0.0001). In physical examination and laboratory tests, the patients in the Q4 group had significantly higher blood pressure, BMI, LDL-C, GHb, FBG, Hcy, Cr, and BUN (all P < 0.01). In terms of in-hospital outcome, the mean length of stay was longer, and hospital expenditure was significantly higher in the Q1 group (P < 0.0001).


Table 1. Baseline characteristics among intracerebral hemorrhage (ICH) patients in China Stroke Center Alliance (CSCA).
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Table 2. Clinical characteristics and severity and in-hospital outcome in ICH patients.
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Correlation of Serum UA With In-hospital Mortality and Discharge Disposition

As shown in Table 3, after adjusting only for age and sex, there was a negative correlation between the UA levels and the incidence of non-routine disposition. The ORs compared to Q1 were 0.80 (95% CI 0.76–0.85), 0.81 (95% CI 0.77–0.85), and 0.93 (95% CI 0.88–0.98) from Q2 to Q4. Meanwhile, the regression showed that the ORs for the association of Q2 and Q4 with occurrence rate of in-hospital mortality were 0.87 (95% CI 0.76–1.00) and 1.57 (95% CI 1.39–1.78), respectively, but no significant difference was observed for Q3 (P = 0.3791). However, after introducing age, sex, SBP, DBP, BMI, current smoking, drinking, medication history, medical history, laboratory test, and in-hospital complications with a P-value < 0.05 in the univariate analysis in Tables 1, 2, and NIHSS, GCS, hematoma evacuation, length of hospital stay, and hospital expenditure into the regression model, there was no statistically significant difference indicating that UA levels were correlated with the non-routine disposition and in-hospital mortality after ICH.


Table 3. Logistic regression of the UA levels on discharge disposition and in-hospital mortality.
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Correlation of Serum UA With Stroke Severity

As shown in Table 1, there was higher proportion of severe stroke (NIHSS ≥ 16) in the Q1 group. In the multivariate logistic regression analysis, after adjustment for age and sex, compared to the lowest quartile, UA was negatively associated with severe stroke with adjusted ORs of 0.94 (95% CI 0.92–0.96) (P for trend < 0.0001) (Table 4). When adjusted for age, sex, SBP, DBP, BMI, current smoking, drinking, medication history, medical history, and laboratory test with a P-value < 0.05 in the univariate analysis in Table 1, we found the same phenomenon that higher UA levels were significantly negatively correlated with severe stroke (OR 0.89, 95% CI 0.86–0.92, P for trend < 0.0001) (Table 4).


Table 4. Logistic regression of the uric acid levels on stroke severity.
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Further logistic regression analyses with restricted cubic spline indicated that higher UA levels were significantly associated with a decrease risk of severe stroke (Figure 1). What is more, we observed an L-shaped association between the UA levels and the risk of severe stroke. In the restricted cubic spline model, the risk of severe stroke was relatively flat when UA > 210 μmol/L.


[image: Figure 1]
FIGURE 1. Adjusted odds ratio of severe stroke according to uric acid (UA). Red lines indicate adjusted hazard/odds ratio, and black dotted line indicate the 95% confidence interval bands. Reference is UA of 210 μmol/L. Data were fitted with a logistic regression model of restricted cubic spline with five knots (5, 25, 50, 75, and 95th percentiles) for UA, with adjustment for age, sex, systolic blood pressure (SBP), diastolic blood pressure (DBP), body mass index (BMI), current smoking, drinking, medication history, medical history, and laboratory test with a P-value < 0.05 in the univariate analysis in Table 1. The lowest 5% and highest 5% of participants were not shown for the small sample sizes.




Correlation of Serum UA With In-hospital Complications

In multivariate logistic regression analysis, after adjustment for age, sex, SBP, DBP, BMI, current smoking, drinking, medication history, medical history, and laboratory test with a P-value < 0.05 in the univariate analysis in Table 1 and NIHSS at admission, the correlation of UA levels with various in-hospital complications was demonstrated. As shown in the Table 5, incidence of pneumonia, gastrointestinal bleeding, poor swallow function, and were significantly negatively associated with the higher UA levels. Compared to Q1, the ORs for incidence of pneumonia, poor swallow function, gastrointestinal bleeding, and DVT were 0.91 (95% CI 0.89–0.93), 0.93 (95% CI 0.91–0.95), 0.90 (95% CI 0.86–0.95), and 0.85 (95% CI 0.80–0.92), respectively (all P for trend < 0.0001).


Table 5. Multivariable regression models evaluating the correlation of UA with in-hospital complications.
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DISCUSSION

In the present study, the higher UA levels (UA > 210 μmol/L) were significantly and independently a protective factor for stroke severity and in-hospital complications such as pneumonia, poor swallow function, gastrointestinal bleeding, and DVT among ICH patients. Furthermore, we found an L-shaped association between the UA levels and the risk of severe stroke. However, there was no statistically significant correlation between UA levels and in-hospital mortality as well as discharge disposition in hemorrhagic stroke.

UA is the product of purine nucleotide catabolism, higher in men, postmenopausal women, renal diseases, the metabolic syndrome, alcohol drinkers, and those in a high purine diet (19). Consistently, UA was higher in males and alcoholics in our study. The patients in the highest UA level group was younger. The mean age of the total study population was over 60 years old. With the increase in age, UA levels in the elderly will decrease due to the low metabolic rate. Contradicted to our study, previous studies demonstrated that plasma UA concentration was significantly lower in smokers (20). That might be because we did not adjust the confounding factors such as history of alcohol consumption, diabetes mellitus, and so on. The patients of highest UA level were also more likely to have higher proportions of history of TIA, hypertension, diabetes mellitus, dyslipidemia, atrial fibrillation, heart failure, and peripheral vascular disorder. In physical examination and laboratory tests, the blood pressure, BMI, LDL-C, GHb, FBG, Hcy, Cr, and BUN were also significantly higher in the highest UA level group. This was because hyperuricemia was a risk factor for metabolic disease such as hypertension, dyslipidemia, and diabetes and further aggravated atherosclerosis. Hyperuricemia, renal disease, and cardiovascular disease are comorbid diseases (3–6).

The previous researches on the correlation between UA and stroke mainly focused on ischemic stroke or both ischemic stroke and hemorrhagic stroke. Several studies found that lower uric acid levels predicted good outcomes in acute stroke. Chamorro et al. demonstrated that there was a 12% increase in the odds of good clinical outcome for each milligram per deciliter increase in serum uric acid among acute ischemic stroke patients (21). Wu et al. showed that lower UA level (<221 μmol/L) was found to be at a significantly higher risk for the poor functional outcome (mRS > 2) at discharge in acute stroke with normoglycemia other than diabetes or prediabetes (14). Song et al. concluded that higher serum UA was independently correlated with lower hemorrhagic transformation following acute ischemic stroke (22). According to the protective effect of uric acid in acute ischemic stroke demonstrated in these observational studies, scientists further carried out interventional studies. The URICO-ICTUS clinical trials found that UA therapy was excellently safe and may prevent early ischemic worsening after acute ischemic stroke in thrombolysed patients (15, 16). However, limited researches focused only on acute ICH patients. Our findings on correlation of UA with the clinical outcomes after ICH provided evidence for whether UA could be used as a predictor or treatment of ICH and would inspire the interventional researches in future.

Rare literature explored the correlation between UA levels and stroke severity or in-hospital complications among ICH patients. We found that admission UA level was the independent indicator of initial stroke severity. The lower UA levels were significantly correlated with severe hemorrhagic stroke. However, in a prospective cohort of 43 patients with acute ischemic stroke, Kurzepa et al. found that average UA levels in hospital caused lower improvement of neurological state evaluated on day 10 after the stroke (23). Unlike the research, subjects in our study were only ICH patients, and the variables of the study did not involve dynamic changes in values but the admission UA levels and initial stroke severity. Moreover, heterogeneous clinical outcome assessments could partly explain the difference. UA is a natural antioxidant and an anti-inflammation factor, which could also stabilize the endothelium of cells (10, 24–26). In the acute stage of cerebral hemorrhage, UA might also play a role of neuroprotection and anti-inflammation (27). Brouns et al. demonstrated that a decrease in UA concentrations from admission to day 7 was larger in patients with initial severe ischemic stroke (NIHSS > 7) (28). The decrease in UA concentrations in acute stroke may reflect oxidative stress, which was influenced by stroke severity. It could be the theoretical mechanism of the results we found that lower UA levels were independent indicators of severe stroke. Thus, after onset of acute stroke, the level of UA was unstable but dynamically decreasing. Observational studies could only assess UA at a single time point. Interventional studies of administrating exogenous uric acid were warranted to investigate the impact of stable UA levels in vivo on clinical outcomes after ICH.

Furthermore, we found a decrease in complications such as pneumonia, poor swallow function, gastrointestinal bleeding, and DVT among ICH patients with higher UA levels. Dysphagia was a risk factor of aspiration pneumonia (29, 30). UA could reduce the incidence of pneumonia, malnutrition, and poor resistance by improving swallowing function. Unlike our study, in a clinical cohort study, hyperuricemia was proven to be an independent risk factor of colonic diverticular bleeding (31, 32), and the patients with gout were found to have a 1.38-fold (95% CI 1.18–1.62, p < 0.001) higher risk of developing DVT (33). Arteriosclerosis was the main cause of colonic diverticular bleeding, which was a chronic pathological state associated with UA (32). However, oxidative stress, defined as the main cause of gastrointestinal bleeding in the acute stage, could be alleviated by UA. The lower UA levels were associated with severe stroke, which tended to accompany paralysis of the limbs and disturbance of consciousness and was more likely to develop DVT. To date, no animal or clinical trial has been conducted to study the effect of UA on pneumonia, gastrointestinal bleeding, dysphagia, and DVT. We demonstrated that the higher UA levels (UA > 210 μmol/L) were significantly and independently a protective factor for pneumonia, poor swallow function, gastrointestinal bleeding, and DVT among ICH patients. More clinical randomized controlled trials and animal experiments are warranted to explore the influence of UA on pneumonia, dysphagia, gastrointestinal hemorrhage, and DVT after cerebral hemorrhage.

In our study, UA levels were found to have no statistically significant relationship to the non-routine disposition and in-hospital mortality at discharge in ICH patients. Similarly, a study on 221 African hemorrhagic stroke patients showed that UA levels were not an independent predictor of the mortality and adverse outcome (mRS > 2) for ICH (17). Wu et al., in a study of 380 Chinese hemorrhagic stroke patients, demonstrated that UA levels of ICH patients were not correlated with poor outcomes (mRS > 2 or death) (12). The study population in the two studies were both small, which may have affected the results. The sample size in our study was larger, but we had no discharge function outcome such as mRS score and follow-up information. More researches are still needed to explore the correlation between UA levels and function outcome of ICH.

CSCA is a nationwide, retrospective, multiple-center study in China. The inclusion of patients from different hospitals across China limited bias inherent in studies. However, there were some limitations in our study. First, the data were collected via the web-based patient data collection and management tool. The aim was to promote stroke center development and organize the delivery of stroke care. We had no access to data of the dynamic change in UA levels, and it was a pity that the use of uric acid-lowering drugs in the hospital were not collected. Second, there was no data of imaging information. Third, the study had no functional outcome at discharge such as the mRS score. Finally, the CSCA database collected only in-patient data without the follow-up information. Long-term mortality rate and function outcome could not be evaluated.

In conclusion, we found no significant evidence indicating that increased UA levels were predictive of the discharge disposition and in-hospital mortality after ICH. However, UA was a protective factor for stroke severity and in-hospital complications such as pneumonia, poor swallow function, gastrointestinal bleeding, and DVT. Further clinical randomized controlled trials and animal experiments are warranted to explore the influence of UA on stroke severity, pneumonia, dysphagia, gastrointestinal hemorrhage, and DVT after cerebral hemorrhage.
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Model 1" adjusted for age and sex, Model 2° adjusted for age, sex, SBP. DBP, BMI,
current smoking, dinking, medication history, medical history, and laboratory test with a
P-value < 0.05 in the univariate analysis in Table 1.
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DV, deep vein thrombosis. Adjusted for age, sex, BMI, current smoking, drinking,
medication history, medical history, and laboratory test with a p-value < 0.05 in the
univariate analysis in Table 1 and NIHSS at admission.
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Non-routine disposition, r (%) 1,999 (10.0) 1,630 (8.0) 1,688 (8.4) 1,872 (9.5) <0.0001

NIHSS, National Institute of Health stroke scale; GCS, Glasgow coma scale; DVT, deep vein thrombosis.
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Model 1* adjusted for age and sex. Model 2** adjusted for age, sex, SBR, DBR, BMI,
current smoking, drinking, medication history, medical history, laboratory test, and in-
hospital complications with a P-value < 0.05 in the univariate analysis in Tables 1, 2, and
NIHSS, GCS, hematoma evacuation, length of hospital stay, and hospital expenditure.
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ICH, intracerebral hemorrhage; BMI, body mass index; SBR, systolic blood pressure; DBF, diastolic blood pressure TIA, transient ischemic attack; SAH, subarachnoid hemorrhage;
DM, diabetes melitus; PVD, peripheral vascular disorder; LDL-C, low-density lipoprotein cholesterol; GHb, glycated hemoglobin; FBG, fasting blood glucose; Hey, homocysteine; Cr,
creatinine; BUN, blood urea nitrogen; PLT, platelets.
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