


[bookmark: _Toc205831129]Troponin I as Biochemical Tool for Risk Assessment of Myocardial Infarction in Drug Naïve Hypertensive Patients


[bookmark: _Toc209955776]ABSTRACTS
[bookmark: _Hlk185191201]Background: Myocardial infarction may go undetected as a catastrophic event leading to hemodynamic deterioration and sudden death. This study aimed to assess the risk for myocardial infarction using cardiac troponin I in newly diagnosed drug naïve patients with hypertension.
[bookmark: _GoBack]Methods: The cross-sectional descriptive study was conducted among one hundred and seventeen subjects ≥18years. Anthropometric measurements and physical examination were done. Atherogenic indices for cardiovascular risk were estimated alongside biochemical parameters including blood glucose, lipid profile, urea/creatinine and cardiac Troponin I. Data obtained were analysed using SPSS version 26, at p <0.05.
Results: Most of the respondents were within the fourth decade of life, mean age of 45.24 ± 15.89 years. There was a preponderance for female sex with a male to female ratio of 1:1.2. Commonly reported clinical symptoms were palpitations, chest pain, shoulder pain and fatigue. The prevalence of cardiac troponin I (cTnI) was 10.3%, overall dyslipidaemia prevalence 97.4%, commonest was hypertriglyceridemia, and commonest pattern was mixed dyslipidaemia. The majority with high cTnI had high CVD risk classified with AIP and CRR1. AIP demonstrated strong positive correlations with CRR1 P<0.05. And cTnI is a strong predictor with good discrimination (AUC = 0.762) and balanced sensitivity (81.42%) and specificity (75%).
Conclusion: The presence of cTnI activities clearly indicates an ongoing myocadiac structural changes, demonstrating a strong predictive strength. Also, AIP was identified as most important atherogenic index in drug naïve hypertensives. 
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[bookmark: _Toc209955777][bookmark: _Toc205831132]INTRODUCTION

[bookmark: _Hlk185191343]Myocardial infarction (MI) is a life-threatening coronary event and the most severe clinical presentation of coronary artery disease (CAD).1 It occurs when there is a sudden block in blood flow in one or more of the coronary arteries and this cut off blood supply to a part of the heart muscle, causing necrosis and cardiac arrest. This is most commonly due to occlusion or blockage of a coronary artery following the rupture of a vulnerable atherosclerotic plaque which is an unstable collection of lipids and white blood cells (especially macrophages) in the wall of an artery. Myocardial infarction usually begins in the endocardium and spreads towards the epicardium.2 
Risk factors such as smoking and abnormal apolipoprotein ratio showed strong association with acute myocardial infarction and increased risk associated with diabetes and hypertension was found to be higher in women.3 Moreso, abnormal lipid profile/blood apolipoprotein (raised apob/apoa1), hypertension, diabetes mellitus, abdominal obesity, psychosocial factors such as depression, lack of daily consumption of fruits or vegetables, lack of physical activity, alcohol consumption.4,5 Some non-modifiable risk factors for myocardial infarction include advanced age, male gender and genetics. The role of genetic loci that increase the risk for MI is under active investigation.3
[bookmark: _Hlk185251323][bookmark: _Hlk185191489]Hypertension is the leading risk factor for cardiovascular (CV) diseases (CVDs) and CV‐related morbidity and mortality globally. It is responsible for about 7.5 million deaths every year worldwide.6 In the general population, the prevalence of hypertension rises progressively with age in both men and women. Still, it is higher at all ages in blacks in whom it is a stronger risk factor for coronary artery disease. A progressive rise in the prevalence of hypertension has been reported in Nigeria. In 1995 a prevalence of 8.6% representing 4.3 million persons aged ≥20 years was reported with age‐adjusted prevalence increased to 32.5% (27.5 million individuals) in 2020.7

Hypertension is a key contributor to the burden of CVD in Nigeria contributed to 13.2% of all myocardial infarctions and 24.6% of all strokes, including 21.6% of all ischaemic strokes and 33.1% of all intracerebral haemorrhagic strokes.8 In Nigeria where patronage of orthodox health facilities is low, the impact of cardiovascular-related diseases on out-of-hospital mortality has been sparsely studied. From cardiovascular-related deaths, the Commonest primary diseases were hypertensive heart disease (48.9%) and cerebrovascular accident (24.4%) where Myocardial infarction occurred in 8.9%.9 
The burden of acute corollary syndrome ACS is rising in Nigeria especially among relatively young patients mostly form urban setting. The system of care is evolving however characterized by lack of infrastructural capacity and low patient eligibility for reperfusion interventions in worse scenarios of MI.10
Typically, the late presentation of most patients in this part of the world is an important problematic factor in that most patients are unaware of their blood pressure status,6,11 which is a major risk factor that could worsen the occurrence over time.
The American College of Cardiology/American Heart Association (ACC/AHA) and the European Society of Cardiology (ESC) guidelines recommend that cardiac biomarkers be measured at presentation in patients with suspected myocardial infarction and that cardiac troponin is the only biomarker currently recommended for the diagnosis of acute myocardial infarction due to its superior sensitivity and accuracy.12 Troponin is a contractile protein that normally is not found in serum; it is released only when myocardial necrosis occurs.13  Therefore this study aimed to assess the risk for myocardial infarction using biochemical markers in newly diagnosed patients with hypertension.

[bookmark: _Toc205831149][bookmark: _Toc209955788]Research Gap
The role of cardiac makers in the prompt diagnosis of AMI has been established especially in patient presenting with clinical features suggestive of AMI or CAD however, the use of known cardiac biomarkers in the risk assessment of MI in newly diagnosed patients with hypertension is uncertain, hence the aim of this study. 
The development of high-sensitivity assays for cardiac troponin offers the opportunity to gain tremendous insight into the causes and consequences of chronic myocardial injury and may, in the future, help guide therapy directed at improving the outcomes of ambulatory patients at high risk for cardiovascular events. Cardiac troponin is a powerful predictor of cardiovascular risk on the population level, but a specific intervention that can mitigate cardiac troponin-associated risk has not been identified. Thus, the therapeutic implications of cardiac troponin elevations for individual patients at risk remain unclear. 
The strong and consistent relationship between baseline concentrations of cardiac troponin—even concentrations that are within the putative normal range—and future major cardiovascular events has raised the possibility that high-sensitivity assays for cardiac troponin may have clinical utility for risk stratification and risk prediction in stable outpatients14 newly diagnosed with hypertension.


[bookmark: _Toc205831151][bookmark: _Toc209955789][bookmark: _Hlk185252954]METHODOLOGY
[bookmark: _Toc205831152][bookmark: _Toc209955790]
Study Area
The study was conducted at the general outpatient department GOPD and cardiology clinic of medical outpatient department MOPD of Ladoke Akintola University of Technology Teaching Hospital Ogbomoso. It is a tertiary institution that serves as a referral Centre for the entire community and surrounding cities and states. 
[bookmark: _Toc205831153][bookmark: _Toc209955791]Study Population
The study involved subjects above 18 years old with high blood pressure.
[bookmark: _Toc205831154][bookmark: _Toc209955792]Research Design
The study was a cross-sectional descriptive design.
[bookmark: _Toc205831155][bookmark: _Toc209955793]Sample Size Calculation
The minimum sample size for the study was calculated using Cochran’s formula below.
[image: Figure 1: Cochran’s Formula]
Using 8.9% (0.086) prevalence rate of myocardial infarction reported from Lagos. 9
The minimum sample size for the study after adding a 5% attrition rate was approximately 127 subjects.
[bookmark: _Toc205831156][bookmark: _Toc209955794]Study Instrument
1. Biodata: An interviewer administered structured questionnaire was used to obtain biodata from consenting participants, including age, sex, occupation, education status, family/personal medical history and clinical symptoms.
1. Anthropometric measurements and physical examination procedures: Weight was measured in kilogram using standardized digital weighing scale, height with heightiometer, waist circumference/hip circumference with tape measure in centimetres, body mass index was calculated by dividing the weight by height square. Percentage body fat was measured from anterolateral lower abdominal skin fold just above the anterior superior iliac spine using Accu-measure Calliper. Readings were taken from the calliper in millimetres initially and equivalent fat percentage were obtained from the chart by tracing the corresponding initial readings against age and sex.  The blood pressure and pulse rate were measured using digital blood pressure meter (Omron M3). Three readings were obtained at defined intervals, summed up to derive average blood pressure. Cut-off reference used for all measured parameters are listed in Appendix 1.
1. Assessment of cardiovascular risk factors:  Hypertension was determined by a threshold of mean blood pressure above 140/90 mmHg. Diabetes mellitus (DM), as a fasting blood glucose concentration greater than 7mmol/L or random blood glucose >11mmol/L. Obesity was determined by a body mass index (BMI) threshold of over 30kg/m2 and cardiovascular disease risk was determined using different atherogenic indices Castelli risk ratio 1&2, Atherogenic index of plasma (AIP) and atherogenic coefficient (AC). 
1. Biomarker and biochemical evaluation: Specimen collection for biomarker and biochemistry evaluation assessments was done. These tests included blood glucose, lipid profile (total cholesterol, HDL cholesterol, LDL cholesterol and triglycerides), and cardiac Troponin I.
[bookmark: _Toc205831157][bookmark: _Toc209955795]Sampling Technique and Subject Selection
A non-probability sampling technique was used.
All patients presented at the clinic had their BP checked by nurses before seeing a doctor. Those with high BP were identified from the register. Those that are drug naïve were listed separately and counselled. Consenting individuals were recruited and had their BP rechecked. Those with persistent high BP were enrolled for the study.
Self-administered questionnaire for biodata was filled. This procedure was repeated during every clinic visit until the required sample size is achieved. The self-administered questionnaires were distributed to participants via the aid of two trained research Assistants. Consents were signed on the first page and research Assistants supported them during the filling process which took approximately five minutes. Anthropometric measurement was done alongside other clinical parameters.
[bookmark: _Toc205831159]Inclusion criteria
1. Subjects above 18 years who are newly diagnosed with hypertension (drug naïve) or referred due to high blood pressure.
2. Subjects with personal history of hypertension but drug naïve.
[bookmark: _Toc205831160]Exclusion criteria
1. Subjects recently discharged from hospital admission due to systemic illnesses. 
2. Subjects already on medications such as antihypertensives, lipid lowering drugs and weight loss drugs.  
[bookmark: _Toc205831161][bookmark: _Toc209955797]Specimens Collection, Processing and Storage
Blood specimens were collected via vacutainer needle system into fluoride oxalate, lithium heparin and plain bottles for blood glucose, lipid profile, urea/creatinine and biomarker assay respectively and labelled with coded identifier. The specimens were transported to the Metabolic research laboratory of LAUTECH Teaching Hospital Ogbomoso where these specimens were centrifuged at 4000g for 5minutes, separated into aliquot bottles and stored at -200C till the day of analysis. The temperature of the freezer was monitored using a laboratory freezer thermometer according to the NIST (National Institute for Standard techniques). A freshly voided urine sample will be obtained into a plain universal bottle for spot microalbumin.
[bookmark: _Toc205831162][bookmark: _Toc209955798]Laboratory Procedures/Analysis
Blood glucose, lipids profiles, urea and creatinine assays were done using Randox reagent kits, for spectrophotometry method. Cardiac Troponin-I assays were carried out using the immunoassay techniques. 
[bookmark: _Toc205831163][bookmark: _Toc209955799]Data Management
The collected data on questionnaire were entered into a secure electronic database. All data obtained were computed and analysed using SPSS version 26. A descriptive analysis of the study population was done. Data were summarized using means, range, and standard deviations for normally distributed numerical data. Categorical data was summarized using frequencies and percentages. Data were presented using tables, figures, and charts as appropriate. Normally distributed continuous variables were summarized as means and standard deviations and compared with T-test or analysis of variance (ANOVA). Quantitative (categorical) variables were compared with Pearson chi- square test. Relevant statistical models were fitted to explain the independent predictors of outcomes. For all tests, p-value <0.05 were considered significant.


[bookmark: _Toc209955801][bookmark: _Toc205831167]RESULTS 
A total of 127 questionnaires were administered, 117 questionnaires were retrieved which yielded a 92.1% response rate.
Most of the respondents were within the age group 40–49 years 34(29.1%), with a mean age of 45.24 ± 15.89 years. Most of the respondents were female 64(54.7%), while males accounted for 53(45.3%). A larger proportion were married 84(71.8%). The highest proportion had attained tertiary education 46(39.3%), followed by secondary 36(30.8%) and primary education 35(29.9%). Also, a higher proportion were unemployed 45(38.5%), followed by those who were employed 42(35.9%), students 17(14.5%), and retirees 13(11.1%). The majority of the respondents were of Yoruba ethnicity 105(89.7%). Table 1.
[bookmark: _Toc209903849]Table1: Socio-demographic Characteristics of subjects
	Variables
	Categories
	Frequency
	Percent

	Age
	<30 years
	22
	18.8

	
	30-39 years
	19
	16.2

	
	40-49 years
	34
	29.1

	
	50-59 years
	19
	16.2

	
	≥60 years
	23
	19.7

	
	Mean±SD = 45.24±15.89
	
	

	Sex
	Male
	53
	45.3

	
	Female
	64
	54.7

	Marital Status
	Single
	25
	21.4

	
	Married
	84
	71.8

	
	Divorced
	1
	0.9

	
	Widow(er)
	7
	6.0

	Level of education
	Primary
	35
	29.9

	
	Secondary
	36
	30.8

	
	Tertiary
	46
	39.3

	Occupation
	Employed
	42
	35.9

	
	Unemployed
	45
	38.5

	
	Student
	17
	14.5

	
	Retiree
	13
	11.1

	Tribe
	Yoruba
	105
	89.7

	
	Hausa
	2
	1.7

	
	Igbo
	1
	0.9

	
	Others
	9
	7.7


[bookmark: _Toc209903850]
The most commonly reported clinical symptom among respondents was palpitations 37(31.6%), followed by chest pain 26(22.2%) shoulder pain 15(12.8%), and fatigue 13(11.1%). Also, only 11(9.4%) of the respondents had diabetes mellitus. Obesity was present in 22(18.8%), only 1(0.9%) reported smoking. A family history of hypertension was reported by 15(12.8%), also, 12(10.3%) had a family history of diabetes mellitus and Family history of stroke was less common, 4(3.4%).
Table 2: Clinical Symptoms and Cardiovascular risk factors in subjects
	Clinical symptoms
	Yes
	No

	Palpitations
	37(31.6)
	80(68.4)

	Chest pain
	26(22.2)
	91(77.8)

	Shoulder pain
	15(12.8)
	102(87.2)

	Jaw pain
	1(0.9)
	116(99.1)

	Breathlessness /Difficulty with breathing
	4(3.4)
	113(96.6)

	Fatigue
	13(11.1)
	104(88.9)

	Cardiovascular Risks 
	Yes
	No

	Diabetes Mellitus
	11(9.4)
	106(90.6)

	Obesity
	22(18.8)
	95(81.2)

	Smoking
	1(0.9)
	116(99.1)

	Family history of Hypertension
	15(12.8)
	102(87.2)

	Family history of Diabetes mellitus
	12(10.3)
	105(89.7)

	Family history of Stroke
	4(3.4)
	113(96.6)


[bookmark: _Toc209903851]
Almost half 49(41.9%) had high BMI, with a mean BMI of 25.22 ± 6.15. The majority had normal 75(64.1%), waist circumference while 42(35.9%) were high, with a mean of 83.71 ± 14.37. Hip circumference was normal in most respondents 98(83.8%), compared to 19(16.2%) who had high values, with a mean of 92.76 ± 14.50. For waist-hip ratio, a higher proportion of respondents had high values 75(64.1%), while 42(35.9%) were normal, with a mean ratio of 0.90 ± 0.098. The majority were within the normal limits 101(86.3%) of percentage body fat while 16(13.7%) had high values, with a mean of 20.31 ± 9.48. Majority of participants were in Stage 2 hypertension (92.3%, n = 108), while 7.7% (n = 9) were in Stage 3. The mean systolic blood pressure was 155.60 ± 18.00 mmHg, and the mean diastolic blood pressure was 93.40 ± 15.28 mmHg.
Table 3: Anthropometry Distribution of subjects
	Variables 
	Categories
	Frequency
	Percent

	BMI
	Normal
	68
	58.1

	
	High
	49
	41.9

	
	Mean±SD =25.22±6.15

	Waist Circumference
	Normal
	75
	64.1

	
	High
	42
	35.9

	
	Mean±SD =83.71±14.37

	Hip Circumference
	Normal
	98
	83.8

	
	High
	19
	16.2

	
	Mean±SD =92.76±14.50

	Waist-Hip ratio
	Normal
	42
	35.9

	
	High
	75
	64.1

	
	Mean±SD =0.90±0.098

	%Body fat
	Normal
	101
	86.3

	
	High
	16
	13.7

	
	Mean±SD =20.31±9.48

	Hypertension
	Stage 1 
	0
	0.0

	
	Stage 2
	108
	92.3

	
	Stage 3
	9
	7.7

	Systolic BP
	Mean±SD= 155.60±18.00

	Diastolic BP
	Mean±SD= 93.40±15.28


[bookmark: _Toc209903852]
Table 4 below revealed that 11(9.4%) had high fasting blood glucose values while the majority of respondents had normal 106(90.6%), with a mean of 5.25 ± 2.06. Cardiac Troponin I was high in 12(10.3%) while had normal 105(89.7%), levels, with a median (IQR) of 0.070 (0.00). Urea was within the normal range for 110(94.0%), while 7(6.0%) had high levels, with a mean of 3.72 ± 1.61. Creatinine was normal in 92(78.6%), but 25(21.4%) had high levels, with a mean of 91.31 ± 41.84.
Table 4: Biochemical Parameters of Subjects
	Variables
	Categories
	Frequency
	Percent

	Fasting Blood Glucose
	Normal
	106
	90.6

	
	High
	11
	9.4

	
	Mean±SD =5.25±2.06

	Cardiac Troponin I
	Normal
	105
	89.7

	
	High
	12
	10.3

	
	Median(IQR)= 0.070(0.00)

	Urea
	Normal
	110
	94.0

	
	High
	7
	6.0

	
	Mean±SD =3.72±1.61

	Creatinine
	Normal
	92
	78.6

	
	High
	25
	21.4

	
	Mean±SD =91.31±41.84



Table 5 below revealed that 43(36.8%) had high total cholesterol levels with a mean of 4.93 ± 1.28. In contrast, triglycerides were high in most respondents 109(93.2%), with a mean of 2.75 ± 0.70. Low-density lipoprotein (LDL) cholesterol was also high in the majority 96(82.1%), with a mean of 3.74 ± 1.22. For high-density lipoprotein (HDL) cholesterol, slightly more than half of the respondents had non-desirable levels 61(52.1%). 
Dyslipidaemia was observed in most 114(97.4%) respondents while only 3(2.6%) had normolipidemic. majority of the respondents 80(70.2%) had mixed dyslipidaemia, 21(18.4%) had combined dyslipidaemia while 13(11.4%) had isolated dyslipidaemia. Castelli’s Risk Ratio 1 (CRR1) revealed that majority 92 (78.6%) were at high risks for CVD while 25 (21.4%) of respondents were at low risk. Castelli’s Risk Ratio 2(CRR2), 58(49.6%) were categorized as low risk and 59(50.4%) as high risk, indicating an almost equal distribution between both risk groups. In contrast, all respondents (100.0%) were classified as low risk based on the Atherogenic Coefficient (AC). And the Atherogenic Index of Plasma (AIP) showed that the vast majority, 113 (96.6%), were at high risk while only 4(3.4%) were at low risk. 
[bookmark: _Toc209903853]Table 5: Lipid Profile Pattern and Atherogenic Indices
	Variables 
	Categories
	Frequency
	Percent

	Total Cholesterol
	Normal
	74
	63.2

	
	High
	43
	36.8

	
	Mean±SD =4.93±1.28

	Triglycerides
	Normal
	8
	6.8

	
	High
	109
	93.2

	
	Mean±SD =2.75±0.70

	LDL C
	Normal
	21
	17.9

	
	High
	96
	82.1

	
	Mean±SD =3.74±1.22

	HDL C
	Normal
	56
	47.9

	
	High
	61
	52.1

	
	Mean±SD =1.18±0.45

	Dyslipidaemia
	Normal
	3
	2.6

	
	High
	114
	97.4

	CRR1

	Low Risk
High Risk
	25(21.4)
92(78.6)
	21.4
78.6

	CRR2

	Low Risk
High Risk
	58(49.6)
59(50.4)
	49.6
50.4

	AC

	Low Risk
High Risk
	117(100.0)
0(0.0)
	100.0
0.0

	AIP

	Low Risk
High Risk
	4(3.4)
113(96.6)
	3.4
96.6


CRR: Castelli Risk Index, AC: Atherogenic Coefficient, AIP: Atherogenic index of plasma

Table 6 showed that of the 12 respondents with high cTnI, 6(50) had palpitations; 4(33.3) had chest pain; 2(16.7) had shoulder pain; none has jaw pain; none had breathlessness and only 2(16.7) had fatigue. There was no statistically significant relationship between cardiac troponin I and palpitations (χ² = 2.088, p = 0.148), chest pain (χ² = 0.955, p = 0.328), shoulder pain (χ² = 0.177, p = 0.674), jaw pain (χ² = 0.115, p = 0.734), breathlessness/difficulty with breathing (χ² = 0.473, p = 0.491), or fatigue (χ² = 0.418, p = 0.518) at p < 0.05. 
Table 6: Relationship between Cardiac Troponin I and Clinical Symptoms
	Variables 
	Categories
	Cardiac Troponin I
	χ2
	df
	P-value

	 
	 
	Normal
	High
	
	
	

	Palpitations
	Yes
	31(29.5)
	6(50.0)
	2.088
	1
	0.148

	
	No
	74(70.5)
	6(50.0)
	
	
	

	Chest pain
	Yes
	22(21.0)
	4(33.3)
	.955
	1
	0.328

	
	No
	83(79.0)
	8(66.7)
	
	
	

	Shoulder pain
	Yes
	13(12.4)
	2(16.7)
	.177
	1
	0.674

	
	No
	92(87.6)
	10(83.3)
	
	
	

	Jaw pain
	Yes
	1(1.0)
	0(0.0)
	.115
	1
	0.734

	
	No
	104(99.0)
	12(100.0)
	
	
	

	Breathlessness /Difficulty with breathing
	Yes
	4(3.8)
	0(0.0)
	.473
	1
	0.491

	
	No
	101(96.2)
	12(100.0)
	
	
	

	Fatigue
	Yes
	11(10.5)
	2(16.7)
	.418
	1
	0.518

	
	No
	94(89.5)
	10(83.3)
	
	
	


[bookmark: _Toc209903860]χ2-Pearson chi square value, df-degree of freedom, P -Probability value, *-significant at P<.050

Of the 12 respondents with high levels of cTnI 8(66.7) and 4(33.3) had normal and high BMI respectively; 9(75) had normal waist circumference while 3(2) had high; 11(91.7) had normal hip circumference while only 1(8.3) had high value; 5(41.7) had normal wait/hip ratio while 7(58.3) had high and all 12(100) had normal %body fat values. There was no statistically significant association between cardiac troponin I and anthropometric measures. Specifically, no significant relationship was observed between cardiac troponin I and BMI (χ² = 0.401, p = 0.526), waist circumference (χ² = 0.690, p = 0.406), hip circumference (χ² = 0.614, p = 0.433), waist-hip ratio (χ² = 0.193, p = 0.660), and percentage body fat (χ² = 2.118, p = 0.146) at p < 0.05. Table 7.
Table 7: Relationship between Cardiac Troponin I and Anthropometry Parameters
	Variables 
	Categories
	Cardiac Troponin I
	χ2
	df
	P-value

	 
	 
	Normal
	High
	
	
	

	BMI
	Normal
	60(57.1)
	8(66.7)
	.401
	1
	0.526

	
	High
	45(42.9)
	4(33.3)
	
	
	

	Waist Circumference
	Normal
	66(62.9)
	9(75.0)
	.690
	1
	0.406

	
	High
	39(37.1)
	3(25.0)
	
	
	

	Hip Circumference
	Normal
	87(82.9)
	11(91.7)
	.614
	1
	0.433

	
	High
	18(17.1)
	1(8.3)
	
	
	

	Waist-Hip ratio
	Normal
	37(35.2)
	5(41.7)
	.193
	1
	0.660

	
	High
	68(64.8)
	7(58.3)
	
	
	

	%Body fat
	Normal
	89(84.8)
	12(100.0)
	2.118
	1
	0.146

	
	High
	16(15.2)
	0(0.0)
	
	
	


χ2-Pearson chi square value, df-degree of freedom, P -Probability value, *-significant at P<.050
[bookmark: _Toc209903861]
Also, of the 12 respondents with high cTnI, 8(66.7) had high cholesterol, 11(91.7) had high triglycerides; likewise, 11(91.7) had high LDL-C; and 7 while 5(41.7) had suboptimal levels of HDL-C. In respondents with normal levels of cTnI the majority 70(66.7) had normal cholesterol, also the majority 98(93.3) had high triglycerides levels, 85(81) had high LDL-C levels and more than half 56(53.3) had high HDL-C levels. There was a statistically significant association between cardiac Troponin I and total cholesterol levels (χ² = 5.148, p = 0.023) at p < 0.05.  Also, of all the 12 respondents with high cTnI levels, CRR1 showed that 11(91.7) had high CVD risk, CRR2 identified 7(58.3) at risk, while AIP too showed 11(91.7) at risk. Moreso, among those with normal cTnI level, the CRR1 and AIP showed that majority 81(77.1) and 102(97.1) at risk respectively while CRR2 showed about half 52(49.5) were at risk. There was no statistically significant association between cardiac troponin I and atherogenic indices. Specifically, no significant relationship was observed between cardiac troponin I and CRR1 (χ² = 1.352, p = 0.245), CRR2 (χ² = 0.334, p = 0.563), and AIP (χ² = 0.978, p = 0.323) at p < 0.05. Table 8.
Table 8: Relationship between Cardiac Troponin I and Lipid Profile
	
	Categories
	Cardiac Troponin I
	χ2
	df
	P-value

	Lipids 
	 
	Normal
	High
	
	
	

	Total Cholesterol
	Normal
	70(66.7)
	4(33.3)
	5.148
	1
	0.023*

	
	High
	35(33.3)
	8(66.7)
	
	
	

	Triglycerides
	Normal
	7(6.7)
	1(8.3)
	.047
	1
	0.828

	
	High
	98(93.3)
	11(91.7)
	
	
	

	LDL C
	Normal
	20(19.0)
	1(8.3)
	.839
	1
	0.360

	
	High
	85(81.0)
	11(91.7)
	
	
	

	HDL C
	Normal
	49(46.7)
	7(58.3)
	.587
	1
	0.443

	
	High
	56(53.3)
	5(41.7)
	
	
	


	Atherogenic indices

	CRR1
	Low Risk
	24(22.9)
	1(8.3)
	1.352
	1
	0.245

	
	High Risk
	81(77.1)
	11(91.7)
	
	
	

	CRR2
	Low Risk
	53(50.5)
	5(41.7)
	.334
	1
	0.563

	
	High Risk
	52(49.5)
	7(58.3)
	
	
	

	AIP
	Low Risk
	3(2.9)
	1(8.3)
	.978
	1
	0.323

	
	High Risk
	102(97.1)
	11(91.7)
	
	
	



χ2-Pearson chi square value, df-degree of freedom, P -Probability value, *-significant at P<.050
[bookmark: _Toc209903867]
Also, waist circumference correlated strongly with BMI (r = 0.702, p < 0.001) and hip circumference (r = 0.855, p < 0.001), while hip circumference correlated with BMI (r = 0.582, p < 0.001). Waist-hip ratio was significantly related to BMI (r = 0.353, p < 0.001) and waist circumference (r = 0.375, p < 0.001). Percentage body fat showed significant positive associations with BMI (r = 0.607, p < 0.001), waist circumference (r = 0.489, p < 0.001), hip circumference (r = 0.357, p < 0.001), and waist-hip ratio (r = 0.311, p = 0.001). Also, Cardiac Troponin I (cTnI) was strongly correlated with creatinine (r = 0.313, p = 0.001). urea correlated strongly with creatinine (r = 0.671, p < 0.001). Cardiac Troponin I (cTnI) was significantly correlated CRR1 and CRR2 were perfectly correlated with each other (r = 1.000, p < 0.001). The atherogenic index of plasma (AIP) demonstrated strong positive correlations with CRR1 (r = 0.785, p < 0.001) and CRR2 (r = 0.785, p < 0.001).
Table 9: Correlations between Anthropometry, Biochemical Parameters, Atherogenic Indices, and CTnI
	Variables
	CTnI

	
	r
	p-value

	CTnI
	
	

	BMI
	-0.010
	0.913

	HC
	0.028
	0.761

	WC
	0.038
	0.687

	%Body fat
	-0.031
	0.744

	CRRI
	0.014
	0.882

	CRRII
	0.014
	0.882

	AIP
	-0.079
	0.394

	FBS
	0.077
	0.407

	Creatine
	.313
	0.001*

	Urea
	0.174
	0.060



Table 10 revealed that in CRR1, cTnI demonstrated modest discriminatory ability with high specificity but were not statistically significant, For CRR2,  cTnI low diagnostic accuracy, and. In contrast, AIP revealed stronger performance, with cTnI emerging as a significant and reliable predictor (AUC = 0.762, sensitivity = 81.42%, specificity = 75.00%, p = 0.044), For AIP, cTnI is the strongest predictor with good discrimination (AUC = 0.762) and balanced sensitivity (81.42%) and specificity (75%), making it the most reliable biomarker.
Table 10: Diagnostic Performance of CTnI Across CRR1, CRR2, and AIP
	Classification
	AUC
	Sensitivity (%)
	Specificity (%)
	p-value

	CRR1
	0.572
	18.48
	96.00
	0.076

	

	

	CRR2
	0.551
	28.81
	82.76
	0.193

	

	

	AIP
	0.762
	81.42
	75.00
	0.044*
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[bookmark: _Toc205831169]DISCUSSIONS
This study assessed the risk of myocardial infarction using important biochemical assays with wide range of other clinical factors among individuals newly diagnosed with hypertension as an independent risk for cardiovascular disease. 
The study observed that majority of the respondents were within the fourth decade of life age group followed by those above the sixth life decade and a mean age of 45.24 ± 15.89 years. There was a preponderance for female sex with a male to female ratio of 1:1.2.  A larger proportion were married and attained tertiary education. The prevailing tribe was Yoruba because the inhabitants of this environment are predominantly Yoruba ethnic group while other minority tribes were few in the study.
Myocardial infarction (MI) is the most severe manifestation of coronary artery disease, it is a complex and multifactorial pathophysiologic process with varying risk factors, which could be typical or atypical clinical features.15 The prevailing clinical symptoms among respondents in this study were palpitations, chest pain and shoulder pain, in keeping with commonly reported symptoms of MI.2,3 Also, less than a quarter of the respondents were obese, had family history of hypertension and family history of diabetes.
All subjects had high blood pressure which is the basic criterion for subject selection in this study. Hypertension is an important cardiovascular risk. It has been reported that hypertension is associated with the development of atherosclerosis and left ventricular hypertrophy with vascular remodeling and microcirculatory dysfunction which in turn contributes to progression of myocardial infarction and that antecedent hypertension associates with higher rates of death and morbid events both during the early and long-term course of MI, particularly if complicated by left ventricular dysfunction and/or congestive heart failure.16–18 The majority of participants were in Stage 2 hypertension with a mean systolic blood pressure was 155.60 ± 18.00 mmHg, and the mean diastolic blood pressure was 93.40 ± 15.28 mmHg. Yang et al,.19 reported in their study that a potentially causal association exist between MI and BP and whether elevated systolic or diastolic blood pressure levels increases the risk of MI. Previous studies have shown that systolic and diastolic blood pressure are closely and directly associated with coronary artery disease mortality at all ages and that lowering BP can rapidly reduce heart disease risk.20
Nearly half respondents had high body mass index, BMI (overweight and obese). One third had high waist circumference and waist-hip ratio was higher in the majority with a mean ratio of 0.90 ± 0.098. Less than a quarter had high values of %body fat with a mean of 20.31 ± 9.48.  Lee et al.,21 had reported that being overweight was independently associated with increased cardiovascular risk, however, this effect was significantly modified by age. Increased BMI in the overweight and even high normal range was associated with increased risk of MI in young and middle-aged subjects meanwhile, being underweight emerged as an independent risk factor for MI in elderly subjects.21
Ageing is associated with an increased prevalence of insulin resistance, hypertension, dyslipidaemia, and inflammation. Alternatively, increased BMI is typically associated with not only increased fat mass but also increased muscle mass and may play a greater protective role in the elderly who have progressively decreased lean mass and bone mass.21,22
The biochemical findings revealed that 9.4% of the subjects had hyperglycaemia while high serum cardiac troponin I (cTnI) was observed in 10.3%. Most respondents had normal levels of urea and creatinine suggestive of normal glomerular function and this is not unexpected because the study subjects are apparently healthy individual. 
The prevalence of cTnI in this study is lower compared to that reported by Gupta et al.,23 where out of 205 patients in the study, cTnI elevation was found in 102 patients accounting for 49.8%. Although their subjects were mainly those with hypertensive emergency (BP >180/120mmHg). Another study24 also reported an increased CTnI levels observed in 15% of the 467 patients with high BP and were associated with the risk of chronic congestive cardiac failure. Also, the subjects recruited were in hypertensive crisis and a diagnosis of MI was made24 similar to other findings.25–27 Their higher findings are largely due to the type of studied population and size. In either case, their subjects were symptomatic unlike apparently health subject in this index study.
Of the respondents with high serum cTnI levels, majority were within the fourth and fifth decades of life with equal sex distribution. There was no statistically significant association between cardiac troponin I, age and sex. Only half had palpitations, few had chest pain, shoulder pains and fatigue. There was no statistically significant relationship between cardiac troponin I and these clinical symptoms in respondents. Also, of the respondents with high levels of serum cTnI few had abnormal BMI, waist circumference, hip circumference and wait/hip ratio while all had a normal %body fat value. There was no statistically significant association between cardiac troponin I and anthropometric measures. 
Lipid profile findings varies in pattern across respondents, less than half had hypercholesterinaemia while the majority had hypertriglyceridemia and high levels of Low-density lipoprotein (LDL) cholesterol while more than half of the respondents had non-desirable levels of high-density lipoprotein (HDL) cholesterol. Overall dyslipidaemia (a derangement in one or more lipid components) was observed in almost all respondents giving a prevalence of 97.4%. where 11.4%had isolated dyslipidaemia, 8.4% had combined dyslipidaemia and 70.2% had mixed dyslipidaemia pattern. 
A study28 reported that dyslipidaemia was found in 62% of patients newly diagnosed with hypertension this is lower compared to our findings. But observed similar pattern of lipids components where elevated triglycerides (45%) and total cholesterol (40%) were the most common pattern.28 In contrast to this index finding the commonest dyslipidaemia type reported from Abuja Nigeria include reduced HDL-C (96.1%) followed by elevated LDL-C (78.6%)29 Also, Akintunde et al.,30 reported that 58.9% newly diagnosed hypertensive subjects in Osogbo Nigeria had at least one impaired lipid profile and 41.1% of them had isolated dyslipidaemia, while 17.8% had combined dyslipidaemia. And the common patterns include low HDL-C, and elevated LDL-C.30 Also, Dhungana et al.,31 observed in their study of 105 people with acute coronary syndrome that dyslipidaemia was present in 48.6%, lower and differing in pattern from that noted from our study. However, dyslipidaemia is a significant risk factor in patients with acute coronary syndrome and commonly associated with other risk factors.
Of the respondents with high cTnI, majority had hypercholesterinaemia, hypertriglyceridemia, high levels of LDL-C less than half had suboptimal levels of HDL-C. There was a statistically significant association between cardiac Troponin I and total cholesterol levels (χ² = 5.148, p = 0.023) at p < 0.05. 
Cardiovascular risk evaluated using different atherogenic indices where Atherogenic Index of Plasma (AIP) showed that the vast majority 96.6% were at high risk. Similarly, Castelli’s Risk Ratio 1 (CRR1) identified the majority 78.6% at high risk while Castelli’s Risk Ratio 2 (CRR2) classified only half of the respondents 50.4% as high risk. In contrast, Atherogenic Coefficient (AC) failed to identify any risks in all respondents. 
The atherogenic index of plasma is a recent biomarker linked to atherosclerosis that has been validated as a novel indicator for myocardial infarction and that AIP in early life caused a persistent increase in later MI risk.32–34 In keeping with our findings, different studies has showed that AIP was more elevated and that it’s an independent predictor of acute myocardial infarction.33,34 Although Chen et al.34 subjects were mainly those diagnosed with MI but also concluded that AIP is an independent predictor of myocardial infarction due to its strong association with MI. 
Furthermore, Zhang et al.33 report was from a larger population longitudinal study in 54,440 participants from the general population, followed up over 11years. They observed that high AIP earlier resulted in a greater risk increase than later in life with the same time-weighted cumulative AIP, emphasizing the importance of controlling atherogenic dyslipidemia early in life. In contrast, Akintunde et al., reported that high CRR1 in their study30 probably due to drug influence as their subject were placed on statins for follow up and also other indices were not tested. Of the respondents with high cTnI levels and microalbuminuria, vast majority according to CRR1 and AIP had high risk of CVD. Also, all respondents with high hsCRP showed high CVD risk according to AIP & CRR1. In agreement with Jin et al.32 where AIP as a biomarker was recently linked to atherosclerosis. Validated as a novel indicator for myocardial infarction and risk predictor because AIP in early life caused a persistent increase in later MI risk.

[bookmark: _Toc205831170][bookmark: _Toc209955803]Conclusion and Recommendation
[bookmark: _Toc205831171]The presence of cTnI activities clearly indicates an ongoing myocardia structural change, suggestive of cardiac injury and inflammation which increases MI risk. Also, AIP further corroborated other studies as most important atherogenic index in drug naïve hypertensives. 
It is important for every individual newly diagnosed with hypertension to undergo biochemical risk assessment (cTnI) especially in low-and-middle income countries where assess to cardiological imaging and or interventions for overt MI is limited. 
[bookmark: _Toc205831172]
Study Limitations/Delimitations
The pathophysiology of myocardial injury often involves a long-standing persistent hypertensive state which may be impossible to determine in this study population because the duration of their high blood pressure status cannot be ascertained. This uncertainty drives the opinion of the researcher to biochemically evaluate these group of drug naïve hypertensives for risk of MI; correlating the levels of cardiac marker with other important assessments. 
Moreso, the use of novel markers would be more suitable for such risk assessment study rather than known biomarker, however, the availability and access to such reagent kits are limited in this environment. Notwithstanding, the levels of cardiac Tropnin I use in this study, it has been established with gradual increase above cut-off in hypertensive subjects compared to non-hypertensives, suggestive of ongoing myocardial disruptions which ultimately increased the risk of eventful coronary artery disease. 
Furthermore, a longitudinal study design on wider population, involving a periodic assessment of cardiac makers, to monitor disease progression and or risk reduction (following intervention) among subjects at higher risk of MI would be ideal, however, the researcher is timebound and duration allocated for the study limited it to a descriptive design. Although did not undermine the main objective of quantifying the level of serum cardiac biomarkers as potential tools in risk assessment of MI biochemically. Also, the findings from this study are considered a preliminary report that opens another curiosity for longitudinal research on same subjects. 
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CTnI		-	Cardiac troponin I
AIP		-	Atherogenic Index of Plasma
CRRI		-	Castelli’s Risk Ratio I 
CRRII		-	Castelli’s Risk Ratio II 
AC		-	Atherogenic Coefficient 
CV		-	Cardiovascular
CVD		-	Cardiovascular disease
MI		-	Myocardial Infraction
CAD		-	Coronary artery disease 
ACS		-	Acute coronary syndrome 
ACC/AHA	-	American College of Cardiology/American Heart Association
ESC		-	European Society of Cardiology 
CD		-	Cluster of Differentiation
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AMI		-	Acute myocardial infarction 
MACE		-	Major adverse cardiovascular events 
TC		- 	Total Cholesterol
TG		-	Triglyceride
LDL-C		-	Low density lipoprotein cholesterol
HDL-C	-	High density lipoprotein cholesterol
ACR		-	Albumin/creatinine ratio 
LAUTECH	-	Ladoke Akintola University of Technology
ANOVA	-	Analysis of variance 
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