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Background: Bilirubin plays a paradoxical role in the pathological mechanism of stroke. To date, few clinical studies have investigated the effect of serum bilirubin on symptomatic intracranial atherosclerotic stenosis (sICAS). This study aims to evaluate the connection between serum bilirubin and sICAS.

Methods: From September 2015 to May 2020, 1,156 sICAS patients without hepatobiliary diseases admitted to our hospital were included. Patients were distributed into none-mild (0–49%), moderate (50–69%) and severe-occlusion sICAS groups (70–100%) by the degree of artery stenosis. Moderate and severe-occlusion sICAS patients were classified into three groups by the number of stenotic arteries (single-, two- and multiple-vessel stenosis). The relationship between serum bilirubin levels and sICAS was analyzed by logistic regression analysis.

Results: In univariable analyses, sICAS patients with severe and multiple atherosclerotic stenoses had lower levels of total bilirubin (Tbil), direct bilirubin (Dbil), and indirect bilirubin (Ibil). In multinomial logistic regression analyses, when compared with the highest tertile of bilirubin, lower levels of Tbil, Dbil, and Ibil showed higher risks of severe-occlusion sICAS (95% CI: 2.018–6.075 in tertile 1 for Tbil; 2.380–7.410 in tertile 1 for Dbil; 1.758–5.641 in tertile 1 for Ibil). Moreover, the logistic regression analyses showed that lower levels of Tbil, Dbil, and Ibil were related to multiple (≥3) atherosclerotic stenoses (95% CI: 2.365–5.298 in tertile 1 and 2.312–5.208 in tertile 2 for Tbil; 1.743–3.835 in tertile 1 and 1.416–3.144 in tertile 2 for Dbil; 2.361–5.345 in tertile 1 and 1.604–3.545 in tertile 2 for Ibil) when compared with tertile 3.

Conclusions: Our findings suggest that lower bilirubin levels may indicate severe and multiple intracranial atherosclerotic stenoses.
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INTRODUCTION

Symptomatic intracranial atherosclerosis (sICAS), a critical cause of ischemic stroke in China, refers to the stenosis ≥50% of one or more intracranial arteries (1). In Asia, ~50% of patients with transient ischemic attack (TIA) and 40% of patients with ischemic stroke (IS) have ICAS (2, 3). sICAS is a developing and dynamically changing disease with a high recurrence risk, causing a huge social burden. Traditional risk factors such as age, ethnicity, obesity, hypertension, diabetes, hyperlipidemia, smoking, and metabolic syndrome have been reported to be closely related to sICAS (4). However, the relationship between circulating biomarkers and sICAS is less explored.

Bilirubin is produced by heme catabolism, including total bilirubin (Tbli), indirect bilirubin (Ibil), and direct bilirubin (Dbil). In the past few decades, bilirubin has been considered as a potentially toxic metabolite, which could damage the central nervous system once passing through the blood-brain barrier (5, 6). However, subsequent evidence has shown that bilirubin plays a dual role in oxidative stress and it may be a protective factor for atherosclerosis (7, 8). Accumulating research suggests that bilirubin can inhibit the production of oxidized low-density lipoprotein (ox-LDL), increase the solubility of serum cholesterol, inhibit protein kinase C activity in human fibroblasts, and capture oxygen free radicals, thus inhibiting the progression of atherosclerosis (9–11).

Several clinical observations have indicated that high bilirubin concentrations could reduce the risk of stroke (12–14). Besides, a small number of studies have revealed the negative associations between high bilirubin levels and the occurrence of asymptomatic intracranial atherosclerosis (aICAS) (15) and extracranial atherosclerosis (16). However, research to date has not yet determined the relationship between bilirubin and sICAS.

Therefore, this research aimed to explore the relationship between serum bilirubin concentrations (including Tbil, Dbil, and Ibil) and sICAS in the Chinese Han Population.



METHODS


Study Population

This study was a descriptive, retrospective, cross-sectional study. From September 2015 to May 2020, patients with TIA or acute ischemic stroke (AIS) caused by large artery atherosclerosis (LAA) within 14 days from symptom onset were enrolled from the Department of Neurology of Xiangya Hospital. The information of all patients was collected from the medical records. The diagnosis of AIS and TIA matched with the 2018 Chinese AIS guidelines (17). We assessed the stroke severity of AIS patients at admission using the National Institutes of Health Stroke Scale (NIHSS) score. All patients were subtyped by the Chinese ischemic stroke subclassification (CISS) system (18). We recruited 1,015 patients caused by intracranial atherosclerotic stenosis (stenosis ≥50%) and 141 patients attributed to atherosclerotic causes with none-mild intracranial stenosis (stenosis: 0–49%). Exclusion criteria were as follows: (1) under 18 years old; (2) other causes for TIA or IS such as small vessel occlusion or cardioembolism; (3) incomplete clinical information or laboratory tests; (4) patients with extracranial artery stenosis diagnosed by carotid contrast-enhanced magnetic resonance angiography (CE-MRA) or carotid computed tomography angiography (CTA) according to the methods used in the North American Symptomatic Carotid Endarterectomy Trial (19); (5) brain tumor, intracranial or systemic infection, congenital hypoplastic cerebrovascular disease, etc; (6) other diseases causing intracranial artery stenosis such as vascular malformation, moyamoya disease, artery dissection, vasculitis and syphilis (20); (7) suffering from hepatobiliary diseases (Tbil >34.2 μmol/L, alanine aminotransferase [ALT] ≥80 IU/L, aspartate aminotransferase ≥80 IU/L, serum albumin <3.5 g/dL) or other diseases that may affect bilirubin level such as Gilbert syndrome (Tbil >34.2 μmol/L, ALT <80 IU/L, aspartate aminotransferase <80 IU/L, γ-glutamyl transpeptidase <80 IU/L) (21). This study was approved by the Ethics Committees of Xiangya Hospital of Central South University, Changsha, Hunan Province, China (ethical approval number: 201503330). All patients or their family members signed the informed consent.



Demographics and Risk Factors

The following clinical information was collected via questionnaires and physical examinations: age, sex, hypertension, diabetes mellitus, hyperlipemia, alcohol use, smoking duration, and the history of coronary artery disease. Hypertension was defined as systolic blood pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg or currently taking antihypertensive drugs (22). Diagnostic criteria for diabetes: random blood glucose ≥11.1 mmol/L, fasting blood glucose ≥7.0 mmol/L or using hypoglycemic drugs (23). Dyslipidemia was diagnosed as serum triglyceride ≥1.7 mmol/L, serum total cholesterol ≥5.2 mmol/L, serum low-density lipoprotein cholesterol ≥3.4 mmol/L, or serum high-density lipoprotein <1.0 mmol/L or using anti-hyperlipidemic drugs (24). Smoking was determined based on the self-report questionnaire at the time of admission, and the smoking amount was defined as pack-years in our study (25). The pack-years was measured based on the average smoking volume and the past and current smoking durations (25). All patients were divided into four groups according to smoking mount: group 1 (0, non-smoker), group 2 (0–15 pack-years), group 3 (15–30 pack-years), and group 4 (>30 pack-years) (25). The state of alcoholism was thought to be an average of more than 20 g of alcohol per day (26). Fasting overnight, the blood samples of all patients were collected the next morning after admission (within 14 days of stroke onset) and sent to the same laboratory department in our hospital. The data of white blood cell, Tbil, Dbil, Ibil, total cholesterol, triglyceride, high-density lipoprotein, low-density lipoprotein, fasting blood glucose, glycosylated hemoglobin A1c, uric acid, and homocysteine levels were derived from the medical records.



Radiological Assessment

On admission, magnetic resonance imaging (MRI) and time of flight magnetic resonance angiography (TOF-MRA) were performed for most patients. Computed tomography (CT) and computed tomography angiography (CTA) were performed for patients with contraindications to MRI. In addition, CTA was performed when there were doubts about the results of MRA, and digital subtraction angiography (DSA) was performed when the results of MRA and CTA were inconsistent. Meanwhile, carotid CTA and carotid CE-MRA were used to exclude extracranial artery stenosis. All imaging data were evaluated by at least two neurologists with more than 5 years of experience. They knew nothing about the clinical information and reached a consensus. According to the results of MRA, CTA, DSA, or CE-MRA, ICAS was diagnosed as large intracranial artery stenosis (50–100%), including bilateral internal carotid artery (ICA), bilateral anterior cerebral artery (ACA), bilateral middle cerebral artery (MCA), bilateral posterior cerebral artery (PCA), bilateral basilar artery (BA) or bilateral vertebral artery (VA) (27). The degree of intracranial stenosis was assessed by MRA/CTA/DSA using Warfarin-Aspirin Symptomatic Intracranial Disease (WASID) method with reference to normal distal vessels (28). Patients with none-mild intracranial stenosis (stenosis: 0–49%) served as controls. In this study, participants were divided into none-mild group (0–49%), moderate group (50–69%), and severe-occlusion group (70–100%) based on the degree of artery stenosis. We then counted the number of intracranial stenotic arteries (stenosis ≥50%) of ICAS patients and classified patients into three groups (single-, two- and multiple-vessel stenosis) accordingly.



Statistical Analysis

The statistical analysis was conducted using IBM SPSS Statistics 22.0 (Chicago, USA), and all data were expressed as frequency (%) and the median (interquartile range, IQR). Characteristics of the objects were compared with a chi-square (χ2) test for categorical variables and the Mann-Whitney U test or Kruskal-Wallis test for continuous variables. We also analyzed the association between bilirubin and sICAS in different groups according to the degree and number of vascular stenosis. Bilirubin levels were categorized into tertiles and the χ2 test for trends was used to analyze the dose-effect of Tbil, Dbil, and Ibil. Factors with P < 0.05 in univariate analysis and reported confounding risk factors were included in multivariate logistic regression analysis to evaluate the independent influence of bilirubin. Tbli, Dbil, and Ibil were tested separately to avoid interaction. We used multinomial logistic regression instead of ordinal polytomous logistic regression because the test of the parallel lines hypothesis was rejected. The results were shown by odds ratio (OR) and 95% confidence interval (CI). In addition, receiver operating characteristic curve (ROC) analysis was conducted by MedCalc software (MedCalc Inc., Mariakerke, Belgium) to determine the predictability of bilirubin for discriminating the extent of ICAS. P < 0.05 was considered significant.




RESULTS


Clinical Characteristics of Patients With Ischemic Stroke

Clinical characteristics of all patients were presented in Table 1. A total of 1,156 subjects were finally included in the study. The average age of the participants was 61 (IQR, 53–68) years old and 65.5% were male. The median (IQR) of Tbil, Dbil, and Ibli levels was 10.34 (7.70–13.40), 4.50 (3.30–5.90), and 5.60 (4.91–7.18) μmol/L, separately.


Table 1. Baseline characteristics of patients with ischemic stroke.
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Baseline Characteristics of the Study Population According to the Severity of ICAS

According to the degree of intracranial artery stenosis, participants were divided into none-mild group (0–49%, n = 141), moderate group (50–69%, n = 357), and severe-occlusion group (70–100%, n = 658). Baseline clinical characteristics and laboratory tests of these 1,156 objects were shown in Table 2. There were significant differences among these three groups in sex, hypertension, hyperlipidemia, systolic blood pressure, diastolic blood pressure, and the levels of Tbil, Dbil, Ibil, uric acid, and homocysteine. Moreover, Figures 1A–C illustrates the median concentrations of Tbil, Dbil and Ibil in different groups according to the severity of ICAS. Lower bilirubin levels were found in the severe-occlusion group compared with the none-mild or moderate group. Bilirubin levels were categorized into tertiles, and the linear trends across the three categories were tested by chi-square linear trend test. The chi-square linear trend test yielded a significant result (P-trends < 0.001) (Figure 1D), mostly due to the significant difference in bilirubin levels between the moderate and severe-occlusion ICAS groups. The serum bilirubin levels in patients with none-mild ICAS were similar compared with patients presenting with moderate ICAS. We tried to find clear cutoff values by ROC analyses to discriminate the severity of ICAS, however, the performance of these models was rather poor with AUCs of 0.627–0.640. The results were shown in Supplementary Figure 1A and Supplementary Table 1.


Table 2. Baseline characteristics of the study population according to the severity of ICAS.
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Figure 1. (A–D) Bilirubin levels in different groups stratified by the severity of ICAS (none-mild group: stenosis 0–49%, moderate group: stenosis 50–69% and severe-occlusion group: stenosis 70–100%). (A) Different Tbli levels among non-mild, moderate and severe-occlusion groups.Tertile 1: <8.6 μmol/L, Tertile 2: 8.6–12.1 μmol/L, Tertile 3: >12.1 μmol/L. (B) Different Dbli levels among non-mild, moderate and severe-occlusion groups. Tertile 1: <3.7 μmol/L, Tertile 2: 3.7–5.3 μmol/L, Tertile 3: >5.3 μmol/L. (C) Different Ibli levels among non-mild, moderate and severe-occlusion groups. Tertile 1: <4.6 μmol/L, Tertile 2: 4.6–7.9 μmol/L, Tertile 3: >7.9 μmol/L. (D) The different percentages of Tbli, Dbli and Ibli tertiles among non-mild, moderate and severe-occlusion groups. (E–H) Different bilirubin levels in groups according to the number of stenoses (≥50%) (n = 1, 2, and ≥3). (E) Different Tbli levels among groups. Tertile 1: <8.4 μmol/L, Tertile 2: 8.4–11.9 μmol/L, Tertile 3: >11.9 μmol/L. (F) Different Dbli levels among groups. Tertile 1: <3.6 μmol/L, Tertile 2: 3.6–5.1 μmol/L, Tertile 3: >5.1 μmol/L. (G) Different Ibli levels among groups. Tertile 1: <4.5 μmol/L, Tertile 2: 4.5–6.9 μmol/L, Tertile 3: >6.9 μmol/L. (H) The different percentages of Tbli, Dbli and Ibli tertiles in groups according to the number of stenoses (≥50%) (n = 1, 2, and ≥3). n = 1, single-vessel stenosis; n = 2, two-vessel stenosis; n ≥ 3, multiple-vessel stenosis. ICAS, intracranial atherosclerotic stenosis; Tbil, total bilirubin; Dbil, direct bilirubin; Ibil, indirect bilirubin.




Baseline Characteristics of the Study Population Based on the Number of Stenotic Arteries

Based on the number of stenotic arteries, patients were stratified into three groups: single-vessel stenosis (n = 294), two-vessel stenosis (n = 193) and multiple-vessel stenosis (n = 528). Table 3 provides the specific clinical information and laboratory results. There were significant differences among the three groups in age, hypertension, diabetes, hyperlipidemia, Tbil, Dbil, Ibil, fasting blood glucose, and glycosylated hemoglobin A1c. In addition, lower bilirubin levels were found in the multiple-vessel stenosis group compared with the single- and two-vessel stenosis groups (as shown in Figures 1E–G). The chi-square linear trend test yielded a significant result (P-trends < 0.001) (Figure 1H), mostly due to the significant difference in bilirubin levels between the two- and multiple-vessel stenosis groups. ROC analyses were used to differentiate the number of stenotic arteries in patients with ICAS, unfortunately, the ROC methods demonstrated poor discriminatory capability for constructing cutoff values (AUCs: 0.600, 0.607, and 0.615). The results were presented in the Supplementary Figure 1B and Supplementary Table 1.


Table 3. Baseline characteristics of the participants according to the number of stenotic arteries.
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Multivariate Logistic Regression Analyses for Predictors of Severe ICAS

The findings obtained from the multivariate logistic regression analysis are presented in Table 4. The variables with P < 0.05 in univariate analysis in Table 2 and other reported confounding factors were input into the multivariate model. Tbil, Dbil, and Ibil did not have significant influence on the degree of ICAS when comparing the group with moderate ICAS with the none-mild ICAS group. When comparing the severe-occlusion and none-mild groups, lower Tbil, Dbil, and Ibil levels were found to be independent factors (OR: 3.502, 95% CI: 2.018–6.075, P < 0.001 in tertile 1 for Tbil; OR: 4.199, 95% CI: 2.380–7.410, P < 0.001 in tertile 1 for Dbil; OR: 3.149, 95% CI: 1.758–5.641, P < 0.001 in tertile 1 for Ibil) compared to the highest levels of bilirubin.


Table 4. Multivariate logistic regression analyses for predictors of severe-occlusion of ICAS.

[image: Table 4]



Multivariate Logistic Regression Analyses for Predictors of Multi-Stenosis of ICAS

Table 5 shows the results of multinomial logistic regression analysis. We compared two- and multiple-vessel stenosis groups separately, with single-vessel stenosis group as the control. Using tertile 3 as a reference, we found that lower levels of Tbil, Dbil, and Ibil were related to multiple (two-vessel stenosis or multiple-vessel stenosis) atherosclerotic stenosis (when two- vs. single-vessel stenosis, OR: 2.052, 95% CI: 1.270–3.314, P = 0.003 in tertile 2 for Tbil; OR: 1.866, 95% CI: 1.167–2.986, P = 0.009 in tertile 2 for Ibil. When multiple- vs. single-vessel stenosis, OR: 3.540, 95% CI: 2.365–5.298, P <0.001 in tertile 1 and OR: 3.470, 95% CI: 2.312–5.208, P < 0.001 in tertile 2 for Tbil; OR: 2.585, 95% CI: 1.734–3.835, P < 0.001 in tertile 1 and OR: 2.110, 95% CI: 1.416–3.144, P < 0.001 in tertile 2 for Dbil; OR: 3.552, 95% CI: 2.361–5.345, P < 0.001 in tertile 1 and OR: 2.384, 95% CI: 1.604–3.545, P < 0.001 in tertile 2 for Ibil).


Table 5. Multivariate logistic regression analyses for predictors of multi-stenosis of ICAS.

[image: Table 5]




DISCUSSION

The present study indicates that patients with severe and multiple sICAS had significantly lower serum bilirubin levels, even after adjusting for confounding factors such as age, sex, smoking status, hypertension, diabetes and hyperlipidemia.

ICAS is a leading cause of stroke occurrence and recurrence worldwide and is associated with higher risk for ischemic stroke and death. Since atherosclerosis is a chronic disease mediated by endothelial dysfunction, lipid deposition and inflammation, oxidative stress might play a crucial role in the pathological processes of sICAS (29–32). Prior studies have shown that endothelial dysfunction acts in the preclinical development of atherosclerosis, and inflammation could increase the vulnerability of plaques. Under oxidative stress, LDL could be transformed into oxidized low-density lipoprotein (ox-LDL), and vascular endothelial dysfunction and increased permeability could promote the deposition of ox-LDL in the intima (33). Furthermore, the accumulated ox-LDL contributes to the initiation of inflammatory reactions, infiltration of monocytes and T cells, and accumulation of extracellular matrix (34). T cells could recognize antigens and initiate the Type-1 immunity, causing local inflammation and plaque growth, leading to gradual narrowing of blood vessels and ICAS development (34).

Bilirubin has antioxidant and anti-inflammatory activities, reported to be inversely correlated with asymptomatic intracranial atherosclerosis (15, 35, 36). The mechanisms by which bilirubin functions in ICAS remains unclear, but prior studies indicate that bilirubin could inhibit atherosclerosis in several ways. First, reactive oxygen species promote lipid peroxidation, endothelial cell injury, smooth muscle cell proliferation and migration, inflammatory factor expression, and foam cell formation, leading to atherosclerosis and ultimately cerebral ischemia (37–39). Bilirubin, as the main end-product of heme metabolism, can scavenge free radicals and reduce the production of reactive oxygen species, thereby reducing the progression of atherosclerosis (40, 41). Second, a study by Vachharajani et al. showed that bilirubin could down-regulate the expression of P- and E- selectin induced by endotoxin, thus accounting for its anti-platelet aggregation effect (42). It has also been demonstrated that high concentrations of Ibil, as seen in Gilbert syndrome, could inhibit platelet aggregation induced by collagen and adenosine diphosphate (43). Third, bilirubin is negatively correlated with inflammatory markers, such as C-reactive protein, neutrophil-leukocyte ratio, and red cell distribution width, indicating that bilirubin could reduce pro-inflammatory cytokines and might also inhibit the inherent inflammatory process of atherosclerosis (44). Fourth, bilirubin could dissolve and transport cholesterol. Patients with hereditary diseases associated with elevated bilirubin levels have increased high-density lipoprotein/LDL ratio and decreased apolipoprotein B/apolipoprotein A-1 and total cholesterol levels (43). Fifth, previous research has established that bilirubin could delay the progression of atherosclerosis and improve vessel wall elasticity by down-regulating matrix metalloproteinase (45–47).

Accumulating clinical evidence proves that bilirubin has a protective impact on the carotid artery (48), cardiovascular system (9), and peripheral blood vessels (49). Nevertheless, there has been little discussion about the association between bilirubin and ICAS. In 2020, a population-based cross-sectional study pointed that serum Tbil, Dbil, and Ibil levels were negatively interrelated with aICAS, which is in accordance with our results (15). However, this paper focused on the connection between bilirubin (including Tbil, Dbil, and Ibil) and aICAS rather than sICAS. In addition, some scholars have examined the influence of serum Tbil on cerebral atherosclerosis and cerebral small vessel disease in the same subject and found that serum Tbil levels were negatively correlated with cerebral atherosclerosis (16). A study by Chen et al. revealed that Ibil concentrations increase with the exacerbation of intracranial or extracranial atherosclerotic stenosis, but decrease in patients with cranial vascular occlusion. In addition, there was no correlation between serum Tbil and Dbil levels and ICAS in their study (50). This is inconsistent with our results. A possible explanation for this might be that only 189 patients were recruited and they were divided into normal, mild (<50%), moderate (50–69%), severe (70–99%) and occlusion groups in their research. Meanwhile, the patients' gender, hypertension, smoking and alcohol consumption histories in each group were not completely matched in their study.

Hyperlipidemia is a well-established risk factor of macroangiopathy. However, our results showed that the presence of hyperlipidemia is a negative predictor for multi-stenosis of ICAS in the regression model of Table 5. One possible explanation for this paradox could be that the variable “hyperlipidemia” (yes/no) is rather imprecise when accounting a patient's risk for atherosclerosis. In our study, hyperlipidemia cases also included patients who had a history of hyperlipidemia or were currently receiving anti-hyperlipidemia therapy, while their present blood lipid levels may be within normal ranges. This was also supported by the unremarkable differences in LDL concentrations among the three groups (single-, two- and multiple-vessel stenosis) in patients with diagnosis of hyperlipidemia.

In this study, the bilirubin levels were significantly lower in patients with severe-occlusion or multiple-vessel stenosis, however, no clear linear dose-effect relationship between bilirubin levels and the extent of ICAS could be extrapolated from our data. The potential reasons are that the sample size of the none-mild group is relatively small and MRA was used to assess the degree of ICAS in the majority of patients, which is not the gold standard. MRA may amplify the extent of ICAS due to vascular tortuosity and various artifacts, thus causing diagnostic bias. Further research on the dose-effect-relationship between bilirubin levels and ICAS is needed.

There were some limitations in this study. First, it is a hospital-based, descriptive, retrospective cross-sectional study, and the results are unable to demonstrate a causal relationship between sICAS and serum bilirubin levels. Second, the participants were recruited from a single-center, so one should be cautious in inferring the results to other populations. Third, we only recorded the baseline levels of serum bilirubin, which might have a dynamic change during the development of ischemic stroke. Fourth, the evaluation of sICAS was based on different imaging methods, which might lead to diagnostic bias. Further studies, preferably with multicenter design, are needed to be conducted to confirm our findings.



CONCLUSION

In conclusion, we found that lower bilirubin levels might indicate severe and multiple atherosclerotic stenoses of patients with sICAS in a Chinese Han population.
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lipoprotein; LDL, low density lpoprotein; UA, uric acid; HCY, homocysteine. Smoking duration: group 1 (0, non-smoker), group 2 (015 pack-years), group 3 (15-30 pack-years) and

group 4 (>30 pack-years).
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Characteristics 1(n=294) 2(n=193) 23 (n = 528) P-value

Age years [IGR] 57 [48-66) 62 [53-69) 63 [54-69) <0.001
Sex (male, N, %) 204 (69.4) 127 (65.8) 328 (661.2) 0,056
Hypertension (N, %) 191 (65.0) 154 (79.8) 428 (81.1) <0.001
Diabetes melitus (V, %) 78 (26.5) 69(35.8) 199 (37.7) 0,005

HbAc (yes), % IQR] 6.65 [5.80-7.80] 7.20(6.20-8.70) 7.40 (6.40-8.60] 0,002

HoA1c (no), % IQR] 5.80(5.50-5.80] 5.80(5.60-5.90] 5.80 [5.50-5.90) 0.183
Hyperiipidemia (N, %) 160 (54.4) 77 (39.9) 247 (46.8) 0,008

LDL (yes), mmol/L [QR] 3.06[2.25-3.70] 3.06[2.20-3.55] 2.95 (2.28-3.72) 0.89

LDL (no), mmol/L IQR] 2.45 [1.94-2.94) 256 [2.11-2.94] 247 (2.02-2.97) 0.400
CAD (N, %) 42 (14.3) 34(17.6) 88(16.7) 0559
Smoking duration (pack-years) (N, %) 0.002

Group 1(0) 152 (51.7) 105 (54.4) 311(58.9)

Group 2 (>0, £15) 31(105) 17(88) 49(0.3)

Group 3 (>15, <30) 40 (13.6) 27 (14.0) 84(15.9)

Group 4 (>30) 71 4.1) 44(22.8) 84(15.9)
Drinking (N, %) 94 (32.0) 71(368) 163 (30.9) 0319
NIHSS [IQR] 5[2-8) 5[2-8) 47 0.151
SBP mmHg [IGR] 144 [128-155) 143 [134-158] 145 [133-159] 0078
DBP mmHg [IGR] 84 [76-95) 85 [77-98) 82 (75-91) 0.128
WBC, x 10° /L [IGR] 6.905.60-8.50] 7.20(5.60-8.78] 6.70 [5.60-8.20] 0220
Thil, pmol/L (QR] 11.358.10-14.60] 10.80 (8.30-14.00] 9.40 [7.03-11.60) <0.001
Dbil, pmolL [IQR] 4.90(3.58-6.20] 4.70(3.60-6.20] 4.00 [3.00-6.30) <0.001
Ibil, kmol/L (IGR] 6.30 [4.40-8.90] 5.80 [4.45-7.95) 5.20 (3.70-6.90] <0.001
FBG, mmol/L [IQR] 5.50 [4.91-6.69) 5.92 [5.09-7.53) 5.67 [4.93-7.22) 0032
HbAtc, % IQR] 5.80 [5.60-6.10] 5.80 [5.70-6.95] 5.80 (5.70-6.78] <0001
TC, mmol/L [IGR] 4.38 [3.50-5.30] 4.41[3.65-5.14) 4.34 [357-5.11) 0.498
TG, mmol/L IGR] 1.63[1.21-2.20) 1.50 [1.12-2.06) 1.54 [1.16-2.11) 0218
HOL, mmol/L QR] 1.02 (0.88-1.24) 1.02 (0.87-1.25) 1.01 (087-1.19) 0.481
LDL, mmolL IGR] 2.71 .07-3.41) 275 [2.47-327) 260 [2.08-3.29] 0.760
UA, wmol/L [IGR] 316,55 [252.60-375.80) 315.45 [259.48-387.60] 310.30 [256.05-375.55) 0.858
HOY, pmol/L IGR] 13.56 (10.96-16.54) 12.52 (11.13-14.90] 13.01 [10.93-16.69] 0.350

1, single-vessel stenosis; 2, two-vessel stenosis; >3, muliple-vessel stenosis. IQR, Inter quartiie range; HbA1c, glycosylated hemoglobin Alc; CAD, coronary artery disease; NIHSS,
National Institute of Health stroke scale; SBR. systolc blood pressure; DBR, diastolic blood pressure; WBC, white blood celf; il total biliubin; Dbil irect biiubin; Ibi, indirect bilirubin;
FBG, fasting blood glucose; TC, total cholesterol; TG, triglyceride; HOL, high density lipoprotein; LDL, low density lipoprotein; UA, uric acid; HCY, homocysteine. Smoking duration:
group 1 (0, non-smoker), group 2 (015 pack-years), group 3 (15-30 pack-years) and group 4 (>30 pack-years).
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266 [2.05-3.30]
316.20 [256.20-382.15]
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IQR, Inter quartie range; CAD, coronary artery disease; NIHSS, National Institute of
Health stroke scale; SBR, systolic blood pressure; DBR diestolic blood pressure; WBC,
white blood cel; Tbi, total bilrubin; Dbil, direct biiubin; Ibi, indirect biliubin; FEG,
fasting blood glucose; HbATG, glycosylated hemoglobin Alc; TC, total cholesterol;
TG, triglyceride; HDL, high density lipoprotein; LDL, low density lipoprotein; UA, Uric
acid; HCY, Homocysteine. Smoking duration: group 1 (0, non-smoker), group 2 (015
pack-years), group 3 (15-30 pack-years) and group 4 (30 pack-years).
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