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Introduction

Acute myocardial infarction (AMI) is a term that is used for de ning the necrosis in the heart muscle due to the lack of the oxygen need of myocardium which cannot be supplied by the coronaries. Some disease factors contribute to increasing the risk of acute myocardial infarction (AMI) such as diabetes mellitus, hypertension (HTA), high blood pressure (BP), hypercholesterolemia, and obesity [1][2][3]. Endothelial dysfunction is a central initiating factor of the increased atherosclerosis which has been associated with an increased risk of AMI in diabetics patients [START_REF] Shah | Clinical parameters and its association with coronary involvement in diabetic vs. nondiabetic cad patients with reference to syntax score[END_REF]. Diabetes is associated with a 2 to 4 fold increase of the risk for AMI [START_REF] Chang | Human immunode ciency virus infection, cardiovascular risk factor pro le and risk for acute myocardial infarction[END_REF]. HbA1c levels of more than 7% are associated with a signi cant increase in the risk of cardiac events and deaths [6]. In diabetics patients, the incidence and severity of microvascular disease are directly related to the duration and severity of hyperglycemia, and macrovascular disease is related to insulin resistance and hyperinsulinemia with diffuse vessel involvement [START_REF] Souza | Pathogenesis and pathophysiology of accelerated atherosclerosis in the diabetic heart[END_REF].

HTA is an important risk factor for AMI [3]. The frequency of HTA increases with age. Individuals with high BP may have a six-fold greater risk of MI [8]. Many guidelines recommend a target BP of more than 140/90mmHg to increase cardiovascular outcomes [START_REF] James | 2014 evidence-based guideline for the management of high blood pressure in adults: report from the panel members appointed to the Eighth Joint National Committee (JNC 8)[END_REF]. The Systolic BP is the most important determinant of AMI [START_REF] Chang | Usefulness of left ventricular dyssynchrony after acute myocardial infarction, assessed by a tagging magnetic resonance image derived metric, as a determinant of ventricular remodeling[END_REF]. The hemodynamic determinants of myocardial oxygen demand measured were heart rate (HR), systolic BP, and rate pressure product (RPP). HR is a major determinant of myocardial oxygen consumption and energy utilization [START_REF] Colin | Effect of graded heart rate reduction with ivabradine on myocardial oxygen consumption and diastolic time in exercising dogs[END_REF]. Oxygen (O 2 ) is widely used in people with AMI. Moreover, oxidative stress is reported to be an e cient mechanism for the generation of oxidized low-density lipoprotein and subsequently atherosclerosis [START_REF] Ding | MicroRNA hsa-let-7g targets lectin-like oxidized low-density lipoprotein receptor-1 expression and inhibits apoptosis in human smooth muscle cells[END_REF]. Prooxidative processes produce some molecules which may indicate the intensity of oxidative stress. In patients with AMI, the underlying mechanism in the increase of mortality associated with blood pressure is poorly understood.

Myocardial cell protection and prevention of cell ischemia/necrosis have been therapeutic targets for a long time. Moreover, lifestyle changes and therapeutics that may reduce adiposity could offer the bene t of preventing AMI related morbidity and mortality. The present study aimed to evaluate the impact of correlation the high blood pressure on the NSTEMI patients with all the parameters studied such as lipid pro le, cardiac biomarkers, and serum angiotensin-converting enzyme (ACE) activity, oxidative stress (plasma malondialdheyde, MDA; conjugated diene (DC) and antioxidant status (glutathione peroxidase, GPx).

Material And Methods

Study Design

The study was carried out on 306 unrelated patients and affected with non-ST-elevated myocardial infarction (NSTEMI) originated from the governorate of Tunis were recruited from the department of cardiology of Rabta Hospital. AMI was de ned according to the World Health Organization criteria. A diagnosis of NSTEMI was accepted in the absence of ST-segment elevation, the presence of ischemic STsegment or T-wave changes for 24 h with positive cardiac enzymes, and/or atypical clinical presentation.

Cardiac catheterization and coronary angiography were performed according to the standard procedures.

All patients were admitted with the acute coronary syndrome and underwent coronary angiography.

Patients who suffered from stable or unstable angina instead of myocardial infarction, congenital heart diseases, valvular heart diseases, cardiomyopathy, viral myocarditis, sarcoidosis, or severe arrhythmias were excluded from the study. Cardiovascular risk factors and current treatment were obtained from each patient using a standard questionnaire. This study was approved by our hospital ethical committee, and informed consent was obtained from all healthy controls and patients before their enrolment.

Four hundred and ten healthy persons matched for sex, age, and geographic origin were enrolled as healthy controls in the study. They came from a population of genetically unrelated friends of the patients. Family history, cardiovascular risk factors, and current treatment were obtained from each patient using a standard questionnaire. The body mass index (BMI) was calculated as weight divided by height 2 . The body mass index (BMI) was calculated as weight divided by height 2 . Hypertension was de ned as the presence of elevated systolic ≥ 140mmHg and/or diastolic ≥ 90 mmHg blood pressure and/or the current use of antihypertensive drugs. Diabetes was de ned as if they had a fasting blood glucose level ≥ of 7.0 mmol/l or being treated for diabetes.

Rate pressure product (RPP), which can be used to estimate the increased metabolic demand that exercise places on the heart, is calculated by multiplying the HR and the SBP.

Biochemical Measurements

Biochemical measurements were carried out according to validated methods. Plasma glucose concentration was evaluated using an enzymatic kit (glucose oxidase, Randox, Antrim, UK), total cholesterol and triglycerides by enzymatic methods using Randox reagents and LDL and HDL cholesterol determined as described by Smaoui et al. [START_REF] Smaoui | Lipids and lipoprotein (a) concentrations in Tunisian type 2 diabetic patients: relationship to glycemic control and coronary heart disease[END_REF] Serum ACE activity and troponin I (cTn-I) were determined as described previously [3,[START_REF] Mehri | The CC genotype of the angiotensin II type I receptor gene independently associates with acute myocardial infarction in a Tunisian population[END_REF].

Lipid peroxidation was determined by measuring the production of malondialdehyde (MDA) in the plasma following the method of Yoshioka et al. [START_REF] Yoshioka | Lipid peroxidation in maternal and cord blood and protective mechanism against activated-oxygen toxicity in the blood[END_REF] Conjugated diene (CD) (a marker of the lipid peroxidation) were measured as described by Esterbauer et al. [16] GPx activity was measured according to Flohe and Günzler. [17] Statistical Analysis Continuous variables according to a Gaussian distribution were expressed as mean and standard deviation (mean ± SD) and compared using a one-way-ANOVA. A value of p < 0.05 was considered statistically signi cant. Correlation analysis was performed using the Pearson rank order test. All statistics were carried out using Software Package for Social Sciences (SPSS) version 11.0 (SPSS, Chicago, IL, USA).

Results

A total of 306 NSTEMI patients and 410 healthy controls were included in the study. The mean age of NSTEMI patients was 63.5 ± 11.72 years. Baseline clinical characteristics of the study patients are shown in Table 1. BMI, fasting glucose, triglycerides, total cholesterol, LDL, and HDL cholesterol showed higher statistical signi cance between NSTEMI patients and healthy controls (P < 0.001). All NSTEMI patients are hypertensive and diabetic. The heart rate (HR) (was signi cantly higher in patients compared to controls (p = 0.013). The level of creatine phosphokinase (CPK), reactive protein C (CRP), and lactate dehydrogenase (LDH) were signi cantly higher in NSTEMI patients than in healthy controls (Table 1).

The serum ACE activity and the peak cTnI was signi cantly increased in NSTEMI patients (p < 0.001) (Fig. 1). We observed a statistically signi cant increase in malondialdehyde (MDA) and conjugated dienes (DC) in plasma in NSTEMI patients than in healthy controls (p < 0.001). The activity of glutathione peroxidase (GPx) in plasma was signi cantly lower in the plasma of patients than in healthy controls (p < 0.001) (Fig. 2).

The NSTEMI patients received anti-aggregant medication (88.6%), angiotensin-converting enzyme inhibitor (ACE-I) (87.9%), beta-Blockers (83.7%), statins (70.6%) and brates medication (64.7%).

Pearson's correlation rank was then used to evaluate the correlations between diastolic BP, systolic BP, lipid pro le, cardiac biomarkers, and other parameters in NSTEMI patients (as de ned in Table 1).

In addition, a positive correlation was found between serum ACE activity and, total-cholesterol (r = 0.129; p = 0.024), cTnI (r = 0.903; p = 0.001), DC (r = 0.940; p = 0.001), MDA (r = 0.488; p = 0.001) and BMI (r = 0.168; p = 0.003) in NSTEMI patients. Serum ACE activity was negatively correlated to GPx (r= -0.926; p = 0.001) (Fig. 3).

The diastolic BP was correlated negatively with diabetes duration (r= -0.128; p = 0.026) and GPx activity (r= -0.199; p = 0.001), and positively with LDH (r = 0,114; p = 0.047), CPK (r = 0,120; p = 0.036), serum ACE activity (r = 0,284; p = 0.001), DC level (r = 0.286; p = 0.001), peak cTnI (r = 0.181; p = 0.001) and BMI (r = 0.160; p = 0.005) in NSTEMI patients.

The systolic BP was correlated positively to, smoking (r = 0,155; p = 0.007), LDL-cholesterol (r = 0,124; p = 0.030), serum ACE activity (r = 0,114; p = 0.046) and negatively with diabetes duration (r= -0,125; p = 0.029) in NSTEMI patients.

The rate pressure product (RPP) was correlated negatively with Fasting glucose (r= -0.144; p = 0.012), HbA1c (r= -0.117; p = 0.041) and GPx activity (r= -0.148; p = 0.009), and positively with smoking (r = 0,197; p = 0.001), BMI (r = 0,219; p = 0.001), peak cTnI (r = 0.131; p = 0.022), serum ACE activity (r = 0,190; p = 0.001) and DC level (r = 0.189; p = 0.001) in patients.

Regarding healthy controls, no correlation was found between the diastolic or systolic BP with serum ACE activity, peak cTnI, MDA, DC level, GPx activity, and lipid parameters.

Discussion

Control of blood pressure, lipid, and blood glucose levels are proven strategies in reducing the risk of cardiovascular complications [18]. All NSTEMI patients are hypertensive and diabetic. The fasting glucose, HbA1c, diastolic BP, and systolic BP are signi cantly higher in NSTEMI patients compared to controls. On other hand, lipid metabolism plays an important role in myocardial necrosis produced by ischemia [START_REF] Feng | Lipid biomarkers in acute myocardial infarction before and after percutaneous coronary intervention by Lipidomics analysis[END_REF]. we found that BMI, triglycerides, total cholesterol, LDL, and HDL cholesterol were signi cantly higher in NSTEMI patients than healthy controls. Changes in membrane cholesterol content affect its uidity, permeability to ions, activities of membrane-bound enzymes, and increased degradation of phospholipids [START_REF] Los | Membrane uidity and its roles in the perception of environmental signals[END_REF]. Smoking is identi ed as an independent risk factor in our study. In smokers patients, the risk of AMI is doubled and the bene ts of changing other risk factors are signi cantly reduced [START_REF] Athyros | Effect of tobacco smoking and smoking cessation on plasma lipoproteins and associated major cardiovascular risk factors: a narrative review[END_REF]. Elevated Heart rate (HR) is frequently associated with high blood pressure and metabolic disorders and increases the risk of developing hypertension and diabetes [START_REF] Cheung | Diabetes and hypertension: is there a common metabolic pathway?[END_REF]. Increased HR was found in NSTEMI patients. The HR product is a measure of the stress put on the cardiac muscle. A high HR is a risk factor for acute myocardial infarction in healthy people as well as in patients with heart disease [START_REF] Robinson | Effects of exenatide and liraglutide on heart rate, blood pressure and body weight: systematic review and meta-analysis[END_REF].

The higher level of plasma troponin (cTn) found provides information about the severity of myocardial ischemia that caused cellular troponin degradation and release of troponin degradation products in the circulation. cTnI is expressed only in cardiac muscle, which allows these biomarkers to achieve extremely high speci city or myocardial damage [START_REF] Tang | National Academy of Clinical Biochemistry Laboratory Medicine practice guidelines: clinical utilization of cardiac biomarker testing in heart failure[END_REF]. Con rming our present results, we previously showed in a Tunisian population that higher serum ACE activity and elevated peak-cTnI levels might be clinically useful as markers to assess risk for myocardial infarction [3,[START_REF] Mehri | The CC genotype of the angiotensin II type I receptor gene independently associates with acute myocardial infarction in a Tunisian population[END_REF]. Furthermore, we found that the glutathione peroxidase (GPx) was higher in healthy controls than NSTEMI patients. This result is in agreement with some studies which reported signi cantly decreased GPX activity [START_REF] Singal | Oxidative stress in congestive heart failure[END_REF][26][START_REF] Vina | Why females live longer than males: control of longevity by sex hormones[END_REF]. Also, Serum ACE activity was negatively correlated to GPx.

In the same way, we found that the diastolic BP was correlated negatively to GPx activity, diabetes duration, and positively to serum ACE activity, DC level, peak cTnI, and BMI. The systolic BP was positively correlated to smoking, serum ACE activity, and cholesterol total and negatively to diabetes duration. So, a strong correlation of the diastolic or systolic BP and, serum ACE activity, troponin, peroxy, and oxy and lipid was found. This association is speci c for NSTEMI patients since no correlation was found between the diastolic or systolic BP and all parameters in healthy controls.

The high rate pressure product (RPP) is an important indicator of increased oxygen demand. Moreover, we found that the rate pressure product (RPP) a signi cantly higher in NSTEMI patients compared to healthy controls, correlated negatively to GPx activity and positively to smoking, peak cTnI, serum ACE activity, and DC level. This suggests the existence of elevated damage to the lipid component of the cellmediated by free radicals which suggest their involvement in the pathogenesis of NSTEMI.

HR is related to the extent of atherosclerosis [28]. Then, higher HR, RPP, the diastolic and systolic BP values indicate increased use of myocardial oxygen and increase the NSTEMI risk. Systolic BP is known to increase the oxygen demand of the myocardium [START_REF] Stevens | Cardiac sympathetic dysinnervation in diabetes: implications for enhanced cardiovascular risk[END_REF]. HR represents the interaction of diastolic, systolic BP, pulse wave re ection, reduced systolic vascular reservoir, and ejection volume [START_REF] Weber | Arterial stiffness, wave re ections, and the risk of coronary artery disease[END_REF].

Tissue changes that occur in the myocardium are related to the extent to which the cells have been deprived of oxygen. When myocardial cells are damaged or destroyed due to de cient oxygen supply or glucose, the cell membrane becomes permeable or may rupture, which results in the leakage of enzymes. The association between circulating lipids and oxidative damage markers in the blood is mostly on health consequences and particularly on vascular diseases [START_REF] Rumley | Plasma lipid peroxides: relationships to cardiovascular risk factors and prevalent cardiovascular disease[END_REF]. Oxidation of fatty acids leads to the generation of CD, which re ects plasma lipids peroxidation. MDA, a nal product of lipid peroxidation, is the most commonly measured biomarker of oxidative stress [START_REF] Pham-Huy | Free radicals, antioxidants in disease and health[END_REF]. The increase in ACE activity could lead to increased activity of nicotinamide adenine dinucleotide phosphate oxidase [START_REF] Chan | Brain stem NOS and ROS in neural mechanisms of hypertension[END_REF][START_REF] Baradaran | Oxidative stress and hypertension: Possibility of hypertension therapy with antioxidants[END_REF] which could, in turn, increase the release of ROS [START_REF] Montezano | Oxidative stress, Noxs, and hypertension: experimental evidence and clinical controversies[END_REF][36][START_REF] Agarwal | Proin ammatory effects of oxidative stress in chronic kidney disease: role of additional angiotensin II blockade[END_REF] such as superoxide radical (O 2 -) and H 2 O 2 , which are involved in diverse signaling functions that may impair ventricular microvascular blood ow causing myocardial ischemia, cTnI-release, and ventricular dysfunction. [38,[START_REF] Hanna | NAD (P) H oxidase-derived reactive oxygen species as mediators of angiotensin II signaling[END_REF] ROS can rapidly react with NO, leading to peroxynitrite formation, reduced NO bioavailability increasing vascular reactivity [START_REF] Vassallo | Effects of chronic exposure to mercury on angiotensin-converting enzyme activity and oxidative stress in normotensive and hypertensive rats[END_REF]. NO prevents platelet aggregation and activation of several cells (particularly monocytes, which are transformed into macrophages containing lipids) and inhibits proliferation of smooth muscle cells, which are integral components of atherosclerotic vascular lesions and stimulants of ROS and oxidative stress. Although the effect of Ang II on ROS production is becoming clearer, there is still a paucity of knowledge of its mechanism and how these redox-sensitive processes lead to vascular in ammation and brosis, and what factors act as damaging stress signals to induce vascular injury. Despite the number of patients is small in this study, further studies are necessary to con rm our results.

Conclusion

Our results suggest the existence of a strong correlation between the rate pressure product, diastolic and systolic BP and, lipid pro le, cardiac biomarkers, and serum angiotensin-converting enzyme activity, oxidative stress (MDA, DC) and antioxidant status (GPx) increases the NSTEMI risk on patients.

  

  

Table 1

 1 The characteristics of NSTEMI Patients and healthy controls

	NNSTEMI Patients	Healthy Controls	P
	(n = 306)	(n = 410)	
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