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        Abstract



        
          Objective:


          The objective of this study is to analyze the interaction between the urinary 11-dehydrothromboxane B2 (11-DH-TXB2) content and the smoking, drinking, hypertension or diabetes history of patients with cerebral infarction, and to determine the value of 11-DH-TXB2 in the occurrence and prevention of cerebral infarction.

        


        
          Methods:


          117 patients with cerebral infarction and 50 healthy controls were selected. Their general information, including smoking, drinking, hypertension and diabetes history, was analyzed, and their urinary11-DH-TXB2 contents were measured. The difference in the urinary 11-DH-TXB2 content between the two groups, and the additive model of the interaction between the urinary 11-DH-TXB2 content and other risk factors of cerebrovascular diseases were statistically analyzed.

        


        
          Results:


          There was no significant difference in the general information between the two groups (P > 0.05). Significant differences were observed in the urinary 11-DH-TXB2 content, and the smoking, diabetes and hypertension history between the two groups, while there was no significant difference in the drinking history between the two groups. The analysis of the interaction additive model showed that the OR value was 1, the synergy index (S) of increased 11-DH-TXB2 and smoking history was 1.219, the S of increased 11-DHTXB2 and hypertension history was 5.578 and that of increased 11-DH-TXB2 and the diabetes history was 4.604.

        


        
          Conclusion:


          There is a correlation between the urinary 11-DH-TXB2 content and the occurrence of cerebral infarction, and there is a synergistic interaction between the urinary DH-TXB2 content and the smoking, hypertension or diabetes history of patients with cerebral infarction. The increased 11-DH-TXB2 may be a risk factor for cerebral infarction and the urinary 11-DHTXB2 content can be used as an index to predict the occurrence and progression of cerebral infarction.
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      1. INTRODUCTION


      Cerebral infarction is a common disease with high incidence and irreversible damage to neurological function caused by cerebral ischemia and anoxic necrosis due to various reasons [1]. In cerebral infarction, thromboxane A2 (TXA2) can induce platelet aggregation, and vascular smooth muscle contraction and proliferation, by activating its specific TXA2 receptors, playing a guiding role in the occurrence and development of cerebral infarction [1]. 11-DH-TXB2 (11-dehydrothromboxane B2) is a metabolite of serum TXA2 and can indirectly reflect the content of TXA2 in the serum since TXA2 is an active substance of platelet formation and its level can reflect the activation level of platelets in vivo [1]. Therefore, whether the change of TXB2 content in the serum of patients is correlated with the occurrence of cerebral infarction and TXB2 can be regarded as one of the risk factors for the primary prevention of cerebral infarction, which remains to be discussed. In this study, the urinary 11-DH-TXB2 content of patients with cerebral infarction, and the interaction between urinary 11-DH-TXB2 and some other risk factors of cerebral infarction were retrospectively analyzed to provide a scientific basis for the urinary 11-DH-TXB2 as a risk factor for the primary prevention of cerebral infarction.

    


    
      

      2. MATERIALS AND METHODS


      
        

        2.1. Research Objects


        The patients admitted to the Department of Neurology and Physical Examination, the affiliated Hospital of Beihua University from November 2016 to October 2018 were selected. The subjects were divided into a cerebral infarction group and a non-cerebral infarction group by a non-randomized control study. The diagnosis of patients in the cerebral infarction group met the diagnostic criteria of cerebrovascular diseases established by the Neurology Branch of the Chinese Medical Association [1]. The patients were diagnosed by CT or MRI and the NIHSS (National Institute of Health Stroke Scale) scores were from 5 to 10 points. The midstream urine samples of all the patients included in the cerebral infarction group were collected within 24 hours of the attack of cerebral infarction for measuring the content of 11-DH-TXB2 in the urine. The exclusion criteria for patients in both the groups were those who had taken antiplatelet, anticoagulant and thrombolytic drugs that could affect the function of platelets within a month.

      


      
        

        2.2. Determination and Judgement Criteria of Urinary 11-DH-TXB2


        The urine samples of all the subjects in both the groups were the midstream urine samples collected the next morning and the content of 11-DH-TXB2 was determined by the enzyme-linked immunosorbent assay (ELISA). Criteria for judgement: urinary 11-DH-TXB2 content less than 2500 pg/mg was considered a normal activity of urinary 11-DH-TXB2, and the content more than or equal to 2500 pg/mg exhibited increased activity of urinary 11-DH-TXB2 (+).

      


      
        

        2.3. Assignment Standards


        The physical indexes and test results of all the patients were determined: gender (male = 1, female = 2); hypertension, diabetes or smoking history(no = 0, yes = 1); urinary 11-DH-TXB2 (less than 2500 pg/mg = 0, more than 2500 pg/mg = 1). The quantitative data included the age and urinary 11-DH-TXB2 content.

      


      
        

        2.4. Statistical Method


        The SPSS20.0 software was used for the statistical analysis. The measurement data subject to normal distribution were expressed as mean ±standard deviation ([image: ]±s) and the difference between the groups was compared by an inde- pendent sample t-test. The enumeration data were expressed by rate or constituent ratio and the difference between the two groups was compared by χ2 test. Non-conditional logistic regression analysis was used for the multivariate analysis. Interaction additive model was used for the study of two-factor interaction: R11-R00= (R01-1) + (R10-1). OR value was determined by the two factors of interaction. The odds ratio was obtained by the case-control study (OR=ad/bc); calculation of relative excess risk of interaction (Excess relative risk, RERI), attributable proportion of interaction (Interaction Attribution Ratio,API) and synergy index (interaction index, S). Calculation formulas: RERI=R11-(R01+R11)+1; API= [R11-(R01+R10)+1]/R11; S=OR11-1/ [(OR01-1)+(OR10-1)]. P< 0.05 was considered a statistically significant difference.

      

    


    
      

      3. RESULTS


      
        

        3.1. Demographics, Individual History, Past Medical History and Urinary 11-DH-TXB2 Content of the Subjects


        There were 117 patients in the cerebral infarction group (52 males and 65 females), aged from 30 to 87 years (61.4 ±11.3 years), and 50 patients (25 males and 25 females) in the non-cerebral infarction group, aged from 44 to 86 years (60.0 ± 10.0 years). There was no significant difference in the demographics of the subjects and in the history of alcohol consumption between the cerebral infarction group and non-cerebral infarction group(P> 0.05), and there were significant differences in the smoking, hypertension and diabetes history (P< 0.05). The urinary 11-DH-TXB2 content of patients in the cerebral infarction group was significantly higher than that in the non-cerebral infarction group (P< 0.05), showing a difference in the 11-DH-TXB2 content in urine between the two groups, which indicates that 11-DH-TXB2 may be an indicator of urine changes in patients with early cerebral infarction. The results are shown in Table 1.


        
          Table 1 Analysis of the general information of subjects.


          
            
              
                	Variable

                	Non-cerebral infarction

                	Cerebral infarction

                	P
              

            

            
              
                	Number of cases (n)

                	50

                	117

                	–
              


              
                	Gender (male)

                	25

                	52

                	0.509
              


              
                	Age (y)

                	60.0±10.0

                	61.4±11.3

                	0.468
              


              
                	Smoking history

                	9

                	41

                	0.028*
              


              
                	Drinking history

                	13

                	31

                	0.947
              


              
                	Hypertension

                	12

                	47

                	0.045*
              


              
                	Diabetes

                	7

                	34

                	0.038*
              


              
                	11-DH-TXB2(pg/mg)

                	2083.0±1394.9

                	3436.1±2786.3

                	0.001*
              

            
          


          


        

      


      
        

        3.2. Logistic Regression Analysis of the Urinary 11-DH-TXB2 Level and Other Adverse Factors of Cerebral Infarction


        The univariate analysis showed that the adverse factors of cerebral infarction included smoking, diabetes and hyper- tension history, and the urinary 11-DH-TXB2 content. The unconditional logistic regression analysis showed that smoking, diabetes and hypertension history, and the urinary 11-DH-TXB2 content were positively correlated with the occurrence of cerebral infarction (OR > 1, OR95% excluding 1). The above factors are considered the strong risk factors for cerebral infarction Table 2.


        
          Table 2 The logistic between Risk factors and cerebral infarction.


          
            
              
                	Conventional

                	Regression coefficient(β)

                	Standard error

                	Wald

                	P

                	OR

                	95%CI
              

            

            
              
                	Smoking history(%)

                	2.218

                	0.724

                	8.654

                	0.003

                	8.400

                	2.033-34.709
              


              
                	Diabetes(%)

                	1.755

                	0.676

                	6.732

                	0.009

                	5.782

                	1.536-21.766
              


              
                	Hypertension(%)

                	1.494

                	0.560

                	7.114

                	0.008

                	4.454

                	1.486-13.348
              


              
                	11-DH-TXB(pg/mg)

                	1.506

                	0.534

                	7.953

                	0.005

                	4.509

                	1.583-12.845
              

            
          


          


        


        
          Table 3 Interaction between increased 11-DH-TXB2 and other risk factors.


          
            
              
                	Variable

                	No. of cases (n)

                	OR

                	95%CI

                	RERI

                	API

                	S
              


              
                	Non-cerebral infarction

                	Cerebral infarction
              

            

            
              
                	TXB2/Smoking
              


              
                	-/-

                	36

                	19

                	1.00

                	ref

                	2.71

                	16.80%

                	1.219
              


              
                	+/-

                	5

                	31

                	11.75

                	6.716-20.549
              


              
                	-/+

                	5

                	7

                	2.65

                	1.384-5.084
              


              
                	+/+

                	4

                	34

                	16.11

                	8.840-29.341
              


              
                	TXB2/ Hypertension
              


              
                	-/-

                	28

                	23

                	1.00

                	ref

                	20.19

                	78.87%

                	5.578
              


              
                	+/-

                	7

                	27

                	5.20

                	3.136-8.619
              


              
                	-/+

                	10

                	9

                	1.21

                	0.710-2.072
              


              
                	+/+

                	5

                	38

                	25.60

                	11.787-55.637
              


              
                	TXB2/ Diabetes
              


              
                	-/-

                	31

                	11

                	1.00

                	ref

                	63.98

                	77.33%

                	4.604
              


              
                	+/-

                	8

                	39

                	15.51

                	8.141-23.184
              


              
                	-/+

                	6

                	8

                	4.24

                	1.973-7.155
              


              
                	+/+

                	5

                	26

                	82.73

                	24.938-215.288
              

            
          


          


        

      


      
        

        3.3. Analysis of the Addictive Model and Interaction of Increased Urinary 11-DH-TXB2 and Other Risk Factors


        The negative interference factor (-/-) was taken as the control, and the OR value was set as 1 in the interaction analysis. The results showed that (1) the RERI of the interaction between the increased urinary TXB2 content and the smoking history was 2.71, indicating that the risk of cerebral infarction caused by the interaction between the increased TXB2 and the smoking history was increased to 2.7, the attributable proportion of interaction (API) was 16.80% and the synergy index (S) was 1.219, indicating that the occurrence of cerebral infarction in 16.80% of the included patients might be due to the coexistence of TXB2 and smoking history, and the risk of cerebral infarction caused by the coexistence of the two factors was 1.219 times as much as that caused by either of them alone and there was a positive synergy of the two factors; (2) the RERI of the interaction between the increased urinary TXB2 content and the hypertension history was 20.19%, indicating that the risk of cerebral infarction caused by the the increased TXB2 and the hypertension history was increased to 20.19, the API was 78.87% and the S was 5.578, indicating that 78.87% of the cerebral infarction in the included patients was caused by the coexistence of increased TXB2 and hypertension history, and the occurrence of cerebral infarction caused by the coexistence of the two factors was 5.578 times as much as that of either of them alone and there was a positive synergy of the two factors; (3) the RERI of the interaction between the increased urinary TXB2 content and the diabetes history was 63.98, indicating that the risk of cerebral infarction caused by the interaction between the increased TXB2 and the diabetes history was increased to 77.33%, the API was 63.98 and the S was 4.604, indicating that 77.33% of the cerebral infarction in the patients was caused by the coexistence of increased TXB2 and diabetes history, and the risk of cerebral infarction caused by the coexistence of the two factors was 4.604 times as much as that caused by either of them alone and there was a positive synergy of the two factors (Table 3).

      

    


    
      

      4. DISCUSSION


      Cerebral infarction is a neurological disease, and the most important cause of pathogenesis that leads to atherosclerotic thrombus. In the course of the formation of atherosclerosis, the activated platelets can rapidly synthesize and release some active substances to affect the thrombogenesis, therefore the role of platelets in atherosclerosis is partially determined by scholars [1]. The relevant research results show that platelets can directly act as an “inflammatory cell” to participate in the formation of atherosclerosis [2]: (1) In the early stage, platelets mainly interact with monocytes and vascular endothelial cells, the platelets and monocytes adhere to each other to activate the monocytes, and then the monocytes further adhere to the vascular endothelial cells, driving the monocytes to migrate and accumulate in the intima of blood vessels; (2) In the late stage, platelets aggregate on the erosive and ruptured plaques to cause secondary thrombosis, thus leading to a series of acute or chronic clinical events. Therefore, the platelet is confirmed to be the only functional cell involved in the process of both inflammation and thrombosis. The content of 11-DH-TXB2, a TXA2 metabolic product, in the urine of the subjects, was measured in this study. It is well known that TXA2, the active substance produced by platelets, can influence the development of cerebral infarction by binding to its specific receptors, TXA2R. During the binding process of TXA2 and TXA2R, the calcium ions stored in the compact particles of platelets migrate to the cytoplasm to trigger the release of platelets, the activity of adenylate cyclase is inhibited, and the level of cAMP in the platelets decreases, which increases the functional activity of platelet adhesion, aggregation and release. Therefore, TXA2 strongly induces platelet aggregation and smooth muscle contraction, thereby resulting in increased blood viscosity and microcirculation disorders, playing an important role in the development of vascular lesions and thrombosis. On one hand, TXA2 induces platelet adhesion and aggregation, and on the other hand, it promotes the constriction and proliferation of vascular smooth muscles, resulting in the pathological changes of the cerebral ischemia-reperfusion injury [3], promoting atherosclerosis and affecting the stability of the plaque [4]. In normal cases, the content of TXA2 in the serum is very low [5, 6], while the content of TXA2 in the serum of patients with cerebral infarction significantly increases. However, since the half-life (t1/2) of TXA2 is short (about 30 seconds), TXA2 is rapidly converted to inactive TXB2, while 11-DH-TXB2 is a metabolite with long half-life formed by the metabolism of TXB2 in the liver and excreted out of the body in urine. It is produced by the activated platelets in the body, which is not easily influenced by the activation of platelets in vitro, therefore, the content of urinary 11-DH-TXB2 can better reflect the level of TXA2 in the body [7-12]. The results showed that the content of 11-DH-TXB2 in the urine of the patients with cerebral infarction was significantly higher than that of healthy people in the healthy control group, which was consistent with the results reported by Borg C [5]. Studies have shown that after cerebral infarction, ischemia and hypoxia of local tissues, and the damage and necrosis of cells due to the interruption of cerebral blood supply may result in the decomposition of a large amount of membrane phospholipids in the cell membrane, and the generation of TXA2 also increases, which aggravate cerebral ischemia and hypoxia. At the same time, the increase of serum TXA2 results in the strong contraction of vascular smooth muscles, thereby decreasing the cerebral blood flow, which further aggravates the ischemic brain injury [13].Studies have shown that atherosclerosis is closely related to the changes in the activity of TXB2 [14-16], and 11-DH-TXB2 is an independent risk factor for the carotid intima thickening in patients with diabetes and can be used as an indicator to predict vascular lesions in diabetic patients [17]. Relevant studies on the occurrence of cerebral infarction have found that more than half of the stroke incidence may be due to the risk factors, such as hypertension, diabetes, smoking, etc., and that the blood is in a hypercoagulable state and a partial inflammation at the same time in the course of cerebral infarction [18, 19]. The interaction between 11-DH-TXB2 and the smoking, hyper- tension or diabetes history was analyzed in this study. The results showed that (1) the RERI of the interaction between the increased urinary TXB2 content and the smoking history was 2.71, indicating that the risk of cerebral infarction caused by the interaction between the increased TXB2 and the smoking history was increased to 2.7, the attributable proportion of interaction (API) was 16.80% and the synergy index (S) was 1.219, indicating that the occurrence of cerebral infarction in 16.80% of the included patients might be due to the coexistence of TXB2 and smoking history, and the risk of cerebral infarction caused by the coexistence of the two factors was 1.219 times as much as that caused by either of them alone and there was a positive synergy of the two factors; (2) the RERI of the interaction between the increased urinary TXB2 content and the hypertension history was 20.19%, indicating that the risk of cerebral infarction caused by the increased TXB2 and the hypertension history was increased to 20.19, the API was 78.87% and the S was 5.578, indicating that 78.87% of cerebral infarction of the included patients was caused by the coexistence of increased TXB2 and hypertension history, and the occurrence of cerebral infarction caused by the coexistence of the two factors was 5.578 times as much as that of either of them alone and there was a positive synergy of the two factors; (3) the RERI of the interaction between the increased urinary TXB2 content and the diabetes history was 63.98, indicating that the risk of cerebral infarction caused by the interaction between the increased TXB2 and the diabetes history was increased to 77.33%, the API was 63.98 and the S was 4.604, indicating that 77.33% of cerebral infarction of the patients was caused by the coexistence of increased TXB2 and diabetes history, and the risk of cerebral infarction caused by the coexistence of the two factors was 4.604 times as much as that caused by either of them alone and there was a positive synergy of the two factors. The incidence of cerebral infarction caused by the coexistence of increased 11-DH-TXB2 and the smoking history, hypertension history, or diabetes history was significantly higher than that caused by the smoking history, hypertension history or diabetes history alone, further demonstrating that there should be a statistically significant synergistic interaction between the urinary 11-DH-TXB2 and the other risk factors of cerebrovascular diseases. The change in the increased urinary 11-DH-TXB2 content in the early stage of cerebral infarction may be one of the risk factors for cerebral infarction. Reasonable and targeted application of drugs to reduce the content of 11-DH-TXA2 has a value in the prevention of cerebral infarction.
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