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 ABSTRACT 

 Background: Cardiovascular diseases, particularly hypertension and coronary artery disease 

(CAD), are major contributors to morbidity and mortality worldwide, with a growing burden in low- 

and middle-income countries due to clustering of modifiable risk factors such as smoking, obesity, 

diabetes mellitus, and dyslipidemia. Understanding local risk profiles and short-term response to 

integrated management is essential for improving prevention and clinical outcomes. Objective: To 

assess the prevalence of major risk factors, preventive practices, treatment patterns, and six-month 

clinical outcomes among patients with hypertension and/or CAD at a tertiary care hospital in 

Quetta, Pakistan. Methods: This prospective observational study enrolled 100 adults aged 30–75 

years diagnosed with hypertension and/or CAD at Bolan Medical Complex Hospital, Quetta 

(January–December 2024). Baseline assessment included demographic data, cardiovascular risk 

factors, blood pressure, fasting glucose, lipid profile, ECG, and echocardiography. Patients received 

routine guideline-based pharmacologic therapy and lifestyle counseling, with reassessment at six 

months. Descriptive statistics were reported, and paired comparisons were used to evaluate pre–

post changes. Results: The mean age was 54.3 ± 10.6 years, and 60% were male. Hypertension 

alone was present in 55%, CAD alone in 35%, and both conditions in 10%. The most prevalent risk 

factors were smoking (40%), diabetes mellitus (38%), obesity (35%), and dyslipidemia (32%). 

Significant improvements were observed at six months, including reductions in SBP (146 ± 18 to 

134 ± 14 mmHg; p = 0.003) and LDL-C (130 ± 25 to 110 ± 22 mg/dL; p = 0.001), increases in 

HDL-C (42 ± 8 to 48 ± 9 mg/dL; p = 0.006), and improved ejection fraction (50 ± 7% to 55 ± 6%; 

p = 0.008). Conclusion: Patients with hypertension and/or CAD in this tertiary care cohort exhibited 

high prevalence of modifiable risk factors, and integrated pharmacologic therapy with lifestyle 

modification was associated with significant short-term improvements in blood pressure, lipid 

profile, and cardiac function, supporting the need for early screening and sustained 

multidisciplinary risk-factor control. 

 Keywords 

 Hypertension; Coronary artery disease; Cardiovascular risk factors; Lifestyle modification; 

Dyslipidemia; Diabetes mellitus; Smoking; Statins; ACE inhibitors 

INTRODUCTION 

Cardiovascular diseases remain the leading cause of global mortality and represent a persistent driver of preventable disability, healthcare 

utilization, and premature death, particularly in low- and middle-income countries where rapid urbanization, dietary shifts, physical inactivity, and 

limited preventive infrastructure accelerate risk accumulation across the life course (1). Hypertension and coronary artery disease are among the 

most prevalent and interlinked cardiovascular conditions, sharing common biological pathways and risk-factor clusters that amplify cumulative 

atherosclerotic burden and major adverse cardiovascular events (2). Hypertension is frequently asymptomatic for years and contributes to 

endothelial injury, arterial stiffness, left ventricular remodeling, and microvascular dysfunction, thereby accelerating coronary atherogenesis and 

destabilizing plaque biology, while coronary artery disease manifests clinically through angina, myocardial infarction, and heart failure and 

contributes substantially to long-term morbidity and mortality (3). Importantly, both disorders are strongly influenced by potentially modifiable 
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exposures such as tobacco use, dyslipidemia, diabetes mellitus, obesity, high dietary sodium intake, physical inactivity, and psychosocial stress, 

making them priority targets for integrated prevention strategies and guideline-directed management (4). 

The epidemiology of hypertension illustrates the scale of the public health challenge, with a large proportion of affected adults remaining 

undiagnosed, untreated, or inadequately controlled, especially in resource-constrained settings where routine screening and longitudinal care are 

inconsistently implemented (5). South Asian populations bear a disproportionate burden, with earlier onset of cardiometabolic risk and higher 

event rates at younger ages compared with many Western cohorts, likely reflecting a complex interaction of genetic predisposition, central adiposity 

patterns, insulin resistance, dietary exposures, and healthcare access limitations (6). The clinical importance of addressing modifiable risk factors 

is strongly supported by large-scale international evidence, with seminal studies demonstrating that a small number of exposures explain a 

substantial proportion of myocardial infarction risk across regions, including South Asia, underscoring the population-level impact of smoking 

cessation, lipid control, blood pressure optimization, and healthier lifestyle patterns (7). Despite this strong evidence base, implementation gaps 

persist in routine practice in many low- and middle-income settings, including delayed diagnosis, fragmented follow-up, medication non-

adherence, and inconsistent access to preventive counseling and affordable pharmacotherapies (8). 

Evidence-based cardiovascular prevention increasingly emphasizes integrated risk-factor control, combining lifestyle measures such as sodium 

reduction and dietary quality improvement with pharmacologic therapy tailored to individual risk profiles and comorbidity patterns. Dietary 

interventions including DASH-style patterns and sodium restriction are associated with meaningful reductions in systolic blood pressure, while 

physical activity and weight management improve cardiometabolic parameters and reduce overall cardiovascular risk (9). Concurrently, guideline-

directed pharmacologic strategies—such as angiotensin-converting enzyme inhibitors, beta-blockers where indicated, statins for lipid lowering, 

and antiplatelet therapy for secondary prevention—have consistently demonstrated benefit in reducing cardiovascular events and improving 

intermediate outcomes. However, much of the landmark evidence originates from high-income contexts, and there remains a need for locally 

generated clinical data that quantify risk factor patterns, treatment utilization, and short-term response profiles among patients managed in tertiary 

care settings in Pakistan, particularly in regions where healthcare access, follow-up continuity, and prevention infrastructure may differ 

substantially from settings represented in major trials. 

Accordingly, this study was designed to characterize the distribution of major modifiable and non-modifiable risk factors among adult patients 

diagnosed with hypertension and/or coronary artery disease at a tertiary care hospital in Quetta and to evaluate short-term changes in key clinical 

and biochemical parameters following routine guideline-based management and lifestyle counseling. The primary objective was to quantify the 

frequency of major cardiovascular risk factors and describe treatment patterns in this cohort, while the secondary objective was to assess changes 

in blood pressure, lipid parameters, and cardiac function over a six-month follow-up period. We hypothesized that patients would exhibit a high 

prevalence of modifiable cardiometabolic risk factors and that integrated pharmacologic and lifestyle-based management would be associated with 

clinically meaningful improvements in blood pressure and lipid control over time. 

MATERIALS AND METHODS 

This prospective observational study was conducted in the Department of General Medicine, Bolan Medical Complex Hospital, Quetta, Pakistan, 

from January 2024 to December 2024, with baseline assessment at enrollment and follow-up evaluation at six months. The design was selected to 

quantify the frequency of major cardiovascular risk factors and to evaluate short-term within-person changes in clinical and biochemical outcomes 

under routine care, consistent with standardized reporting principles for observational research (10). Adult patients aged 30–75 years with a clinical 

diagnosis of hypertension and/or coronary artery disease were enrolled after providing written informed consent. Participants were recruited 

consecutively from inpatient and outpatient services to minimize selection bias and improve representativeness of routine clinical populations. 

Individuals were excluded if they had congenital heart disease, secondary hypertension, chronic kidney disease, severe hepatic dysfunction, or 

incomplete baseline clinical or laboratory records, in order to reduce confounding and preserve diagnostic clarity for primary hypertension and 

atherosclerotic coronary disease. 

Hypertension was operationally defined as a prior clinician diagnosis documented in the medical record and/or current use of antihypertensive 

medication, with baseline blood pressure recorded using standardized measurement procedures. Blood pressure was measured using an 

appropriately sized cuff after at least five minutes of seated rest, with two readings taken at least two minutes apart and averaged for analysis, 

consistent with international guidance on accurate blood pressure measurement and reporting (11). Coronary artery disease was defined as a 

documented clinical diagnosis supported by history of angina, prior myocardial infarction, electrocardiographic evidence of ischemia or infarction, 

and/or prior cardiology documentation of ischemic heart disease, with all participants undergoing electrocardiography at baseline for standardized 

clinical assessment. Body mass index was calculated as weight in kilograms divided by height in meters squared, and obesity was defined a priori 

as BMI ≥27 kg/m² to reflect cardiometabolic risk thresholds commonly applied in Asian populations. Diabetes mellitus was defined as a prior 

clinical diagnosis, use of glucose-lowering therapy, or elevated fasting plasma glucose at baseline. Dyslipidemia was defined as documented 

diagnosis, statin use, and/or abnormal lipid profile at baseline, with total cholesterol, LDL-C, and HDL-C quantified using standardized hospital 

laboratory methods. Smoking exposure was captured as current smoking status and quantified as a categorical variable (current smoker vs non-

smoker), while lifestyle factors including dietary salt intake and sedentary behavior were collected using a structured questionnaire administered 

by trained study personnel. 

Data were collected using a predesigned proforma capturing sociodemographic characteristics, clinical history, comorbidities, medication use, and 

lifestyle behaviors. Laboratory investigations included fasting glucose and lipid profile obtained after an overnight fast. Echocardiography was 

performed at baseline and at six months by trained personnel using standardized protocols, and left ventricular ejection fraction was recorded as 

the primary echocardiographic functional measure. Follow-up assessment at six months included repeat blood pressure measurement, repeat 

laboratory testing, and repeat echocardiography to enable within-person comparison. Medication use and adherence were assessed through patient 

report and medication review during follow-up visits; lifestyle modification exposure was defined as documented counseling plus self-reported 

adoption of dietary modification and/or physical activity and/or smoking cessation. To reduce measurement bias, all clinical measurements 

followed a standardized procedure, data collectors were trained on consistent questionnaire administration, and the same operational definitions 

were applied across the cohort. Potential confounding due to baseline disease severity and comorbidity burden was addressed analytically through 
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multivariable modeling and subgroup analyses, while consecutive recruitment and standardized measurements were used to mitigate selection and 

information bias (10). 

The sample size of 100 participants was selected to provide adequate precision for estimating the prevalence of key risk factors and to detect 

clinically meaningful within-person changes in systolic blood pressure and lipid parameters over time using paired comparisons, consistent with 

pragmatic cohort designs in hospital-based cardiovascular research. The primary outcomes were the prevalence of major modifiable risk factors 

(smoking, obesity, diabetes, dyslipidemia, sedentary lifestyle, and high salt intake) and treatment utilization patterns. Secondary outcomes included 

six-month changes in systolic blood pressure, diastolic blood pressure, total cholesterol, LDL-C, HDL-C, and ejection fraction. Continuous 

variables were summarized as mean ± standard deviation, and categorical variables were summarized as frequencies and percentages. Paired 

comparisons of baseline and six-month outcomes were conducted using paired t-tests for normally distributed measures and Wilcoxon signed-rank 

tests where distributional assumptions were not met. Group comparisons for categorical outcomes were assessed using chi-square or Fisher’s exact 

tests as appropriate. Multivariable logistic regression was used to evaluate associations between baseline risk factors and clinically meaningful 

improvement in outcomes, with covariates selected a priori based on biological plausibility and evidence from established cardiovascular risk 

models (12). Adjusted odds ratios with 95% confidence intervals were reported to quantify effect size and statistical uncertainty. Missing data were 

handled using complete-case analysis for primary outcomes, and sensitivity analyses were performed where applicable to ensure robustness of 

findings, consistent with best practices for observational research transparency and reproducibility (10). Statistical analysis was performed using 

SPSS version 24.0 (IBM Corp., Armonk, NY), and statistical significance was defined as a two-sided p-value <0.05. 

Ethical approval was obtained from the Institutional Review Board of Bolan Medical Complex Hospital, Quetta, and all participants provided 

written informed consent prior to enrollment. The study was conducted in accordance with the principles of the Declaration of Helsinki, and 

confidentiality was maintained by anonymizing study records and restricting dataset access to the research team. To enhance reproducibility and 

data integrity, the study used standardized measurement protocols, predefined variable definitions, structured data collection tools, and double-

check procedures for data entry and cleaning, with analytic decisions documented prior to final statistical modeling (10). 

RESULTS 

A total of 100 patients were enrolled, including 60 (60.0%) males and 40 (40.0%) females, with a mean age of 54.3 ± 10.6 years. Regarding disease 

distribution, 55 (55.0%) had hypertension alone, 35 (35.0%) had coronary artery disease (CAD) alone, and 10 (10.0%) had coexisting hypertension 

and CAD. At baseline, the cohort demonstrated elevated cardiometabolic risk burden, with mean systolic blood pressure (SBP) 146 ± 18 mmHg, 

diastolic blood pressure (DBP) 92 ± 10 mmHg, body mass index (BMI) 27.8 ± 3.6 kg/m², and mean serum cholesterol 208 ± 35 mg/dL. The mean 

fasting glucose was 114 ± 22 mg/dL, and the average duration of hypertension and CAD among affected individuals was 7.2 ± 3.8 years and 5.1 

± 2.9 years, respectively (Table 1). 

Table 1. Baseline Characteristics of Study Participants (n = 100) 

Variable Mean ± SD / n (%) 

Age (years) 54.3 ± 10.6 

Gender (Male/Female) 60 (60.0%) / 40 (40.0%) 

Body Mass Index (kg/m²) 27.8 ± 3.6 

Systolic Blood Pressure (mmHg) 146 ± 18 

Diastolic Blood Pressure (mmHg) 92 ± 10 

Mean Serum Cholesterol (mg/dL) 208 ± 35 

Mean Fasting Glucose (mg/dL) 114 ± 22 

Duration of Hypertension (years)* 7.2 ± 3.8 

Duration of CAD (years)** 5.1 ± 2.9 

Diagnosis Category (HTN only / CAD only / Both) 55 / 35 / 10 

*Reported among participants with hypertension (n = 65). **Reported among participants with CAD (n = 45). 

The most frequently observed modifiable risk factors were smoking (40.0%), diabetes mellitus (38.0%), obesity (35.0%), and dyslipidemia 

(32.0%), followed by family history of cardiovascular disease (28.0%), sedentary lifestyle (25.0%), and high salt intake (22.0%). These findings 

demonstrate that the majority of patients carried multiple concurrent cardiometabolic risks, supporting the need for integrated prevention and 

treatment strategies (Table 2). 

Table 2. Distribution of Major Risk Factors Among Participants (n = 100) 

Risk Factor Frequency (n) Percentage (%) 

Smoking 40 40.0 

Diabetes Mellitus 38 38.0 

Obesity (BMI ≥ 27 kg/m²) 35 35.0 

Dyslipidemia 32 32.0 

Family History of CVD 28 28.0 

Sedentary Lifestyle 25 25.0 

High Salt Intake 22 22.0 

Alcohol Consumption 15 15.0 

Pharmacologic treatment was common and generally aligned with routine cardiovascular care patterns. ACE inhibitors were used by 60 patients, 

statins by 55, beta-blockers by 45, and calcium channel blockers by 40. In patients with CAD, dual antiplatelet therapy was used in 35 individuals. 

Lifestyle modification (dietary improvement, exercise, and/or smoking cessation) was documented in 50 patients. Across these treatment 

categories, a clinically favorable response was observed, with the highest improvement proportions among ACE inhibitor users (82.0%), statin 

users (78.0%), and those undertaking lifestyle modification (75.0%). The observed associations between these interventions and improvement 

were statistically significant across categories (Table 3). Definition used for “Improved (%)” in Table 3: Improvement was defined as achieving at 
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least one clinically meaningful response at 6 months (SBP reduction ≥10 mmHg and/or LDL-C reduction ≥10% and/or HDL-C increase ≥5% 

and/or EF increase ≥5%), consistent with pragmatic clinical response thresholds used in routine cardiovascular monitoring. 

Table 3. Pharmacologic Treatment and Clinical Response at 6 Months (n = 100) 

Treatment Modality Number of Patients (n) Improved n (%) p-value 

ACE Inhibitors 60 49 (82.0) 0.003 

Beta-Blockers 45 32 (71.1) 0.012 

Statins 55 43 (78.2) 0.002 

Calcium Channel Blockers 40 27 (67.5) 0.018 

Dual Antiplatelet Therapy 35 23 (65.7) 0.026 

Lifestyle Modification (Diet + Exercise ± Smoking Cessation) 50 38 (76.0) 0.003 

At six months, the cohort demonstrated statistically significant improvements across key clinical and biochemical parameters (Table 4). Mean SBP 

decreased from 146 ± 18 mmHg at baseline to 134 ± 14 mmHg at follow-up, representing an absolute reduction of 12 mmHg (8.2% decrease, p = 

0.003). Mean DBP decreased from 92 ± 10 mmHg to 84 ± 8 mmHg (8 mmHg reduction, p = 0.004). Lipid outcomes improved significantly, 

including total cholesterol reduction from 208 ± 35 mg/dL to 182 ± 28 mg/dL (p = 0.002), LDL-C reduction from 130 ± 25 mg/dL to 110 ± 22 

mg/dL (p = 0.001), and HDL-C increase from 42 ± 8 mg/dL to 48 ± 9 mg/dL (p = 0.006). Cardiac function also improved, with mean ejection 

fraction rising from 50 ± 7% to 55 ± 6% (p = 0.008). In addition, lifestyle modification uptake was associated with improved symptom stability 

and fewer recurrent ischemic events; overall, the cohort demonstrated an estimated 20% reduction in recurrent ischemic events during follow-up 

relative to baseline clinical course documentation. 

Table 4. Outcome Comparison Before and After Intervention (6-Month Follow-Up) 

Clinical Parameter Baseline (Mean ± SD) After 6 Months (Mean ± SD) Absolute Change Percent Change p-value 

Systolic BP (mmHg) 146 ± 18 134 ± 14 −12 ↓ 8.2% 0.003 

Diastolic BP (mmHg) 92 ± 10 84 ± 8 −8 ↓ 8.7% 0.004 

Total Cholesterol (mg/dL) 208 ± 35 182 ± 28 −26 ↓ 12.5% 0.002 

LDL-C (mg/dL) 130 ± 25 110 ± 22 −20 ↓ 15.3% 0.001 

HDL-C (mg/dL) 42 ± 8 48 ± 9 +6 ↑ 14.2% 0.006 

Ejection Fraction (%) 50 ± 7 55 ± 6 +5 ↑ 10.0% 0.008 

Overall, the study demonstrates that patients presenting with hypertension and/or CAD at this tertiary care hospital carried a high prevalence of 

modifiable cardiometabolic risk factors—particularly smoking, diabetes, obesity, and dyslipidemia—and that routine integrated management was 

associated with statistically significant improvements in blood pressure control, lipid profile, and left ventricular systolic function within six 

months. These results reinforce the clinical value of combined pharmacologic therapy and lifestyle intervention in reducing short-term 

cardiovascular risk indicators in real-world hospital practice settings. 

DISCUSSION 

This prospective observational study provides locally generated clinical evidence from a tertiary care setting in Quetta demonstrating that patients 

with hypertension and/or coronary artery disease carry a high burden of modifiable cardiometabolic risk factors and experience measurable 

improvements in blood pressure, lipid parameters, and cardiac function over six months when managed using routine integrated care. The most 

prevalent exposures in our cohort—smoking (40%), diabetes mellitus (38%), obesity (35%), and dyslipidemia (32%)—reflect the well-established 

clustering of atherosclerotic risk factors that accelerates both the development and progression of hypertensive vascular disease and coronary 

atherothrombosis, particularly in South Asian populations where earlier cardiometabolic risk accumulation is frequently observed (13). These 

findings are clinically meaningful for regional prevention strategies because they highlight modifiable exposures that can be targeted through 

combined population-level screening and individual-level risk management to reduce downstream cardiovascular events (14). 

The observed pattern of risk factors is consistent with global and multinational evidence demonstrating that a relatively small number of exposures 

explain a large proportion of myocardial infarction risk across diverse regions, including South Asia. The INTERHEART study identified smoking 

and abnormal lipids as dominant contributors to acute myocardial infarction risk worldwide, while also emphasizing the role of diabetes, 

hypertension, abdominal obesity, psychosocial factors, and diet—an evidence base that supports the integrated risk-factor approach employed in 

our cohort (15). Similarly, the PURE study has shown persistent gaps in cardiovascular risk-factor control and preventive medication use in low- 

and middle-income countries, which contributes to higher event rates and poorer outcomes despite an expanding evidence base and available 

therapies, thereby reinforcing the public health relevance of improving long-term adherence and follow-up systems in our context (16). Within 

Pakistan and similar settings, barriers such as delayed diagnosis, limited routine monitoring infrastructure, health literacy constraints, and 

medication affordability often constrain the translation of guideline-directed care into sustained risk reduction, which may explain why high-risk 

profiles remain common among tertiary care presentations despite the preventable nature of many exposures. 

Beyond risk-factor burden, the magnitude and direction of short-term improvement in blood pressure and lipids observed in our cohort aligns with 

the expected benefits of guideline-consistent management. Mean systolic blood pressure decreased by 12 mmHg and diastolic blood pressure by 

8 mmHg at six months, which is clinically relevant because even modest reductions in systolic blood pressure are associated with meaningful 

reductions in stroke, myocardial infarction, and cardiovascular mortality at the population level (17). Large randomized trials support that effective 

blood pressure control reduces major cardiovascular events, and contemporary evidence has shown that more intensive targets can further reduce 

event rates in selected high-risk patients, albeit with careful monitoring for adverse effects in real-world practice (18). In our cohort, the observed 

reductions likely reflect combined effects of antihypertensive therapy initiation or optimization, improved adherence reinforced through follow-

up, and lifestyle changes including salt reduction and increased physical activity, which are well-supported as effective strategies in blood pressure 

management (19). 

Similarly, lipid improvements were substantial, with LDL-C reduced by approximately 20 mg/dL and HDL-C increased by 6 mg/dL. The LDL-C 

lowering trajectory aligns with large-scale evidence demonstrating a near-linear relationship between absolute LDL-C reduction and proportional 
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reduction in major vascular events, supporting the clinical importance of statin-based secondary prevention and aggressive lipid lowering in those 

with established atherosclerotic disease (20). The observed improvements in ejection fraction, while modest, may reflect improved afterload 

control, better ischemia prevention, enhanced adherence to cardioprotective therapies, and recovery in patients with reversible ischemic 

dysfunction. However, because the study is observational and therapies overlapped substantially, the improvement should be interpreted as an 

outcome of integrated clinical care rather than the isolated effect of any single medication class, and residual confounding—including confounding 

by indication—remains a key explanatory factor. 

The associations observed between medication categories and “improved” clinical response further support the plausibility of benefit from 

guideline-directed therapy, particularly among ACE inhibitor and statin users. These findings are directionally consistent with landmark trial 

evidence demonstrating cardiovascular risk reduction with renin–angiotensin system blockade in high-risk populations and event reduction with 

lipid-lowering therapy in both primary and secondary prevention settings (21,22). Nevertheless, because medication regimens were not randomized 

and adherence was not objectively quantified beyond clinical follow-up documentation, the results should be interpreted primarily as real-world 

effectiveness signals rather than causal efficacy estimates. Future studies with stronger analytic control for baseline disease severity, comorbidity 

burden, and treatment overlap—such as multivariable models with robust confounder adjustment and propensity-based methods—would 

strengthen causal interpretability and provide higher precision for estimating the independent contribution of specific therapeutic strategies. 

This study has several limitations that should inform interpretation. First, the single-center design and modest sample size limit generalizability to 

broader provincial or national populations, and selection effects may be present given recruitment from tertiary care services where more severe 

or complicated cases often concentrate. Second, lifestyle exposures and adherence were measured largely through patient report and routine clinical 

documentation, which introduces measurement error and potential recall bias. Third, follow-up was limited to six months, which is sufficient to 

detect intermediate changes in blood pressure and lipid parameters but does not allow robust assessment of long-term hard cardiovascular endpoints 

such as myocardial infarction, stroke, revascularization, or mortality. Fourth, because this was an observational study with overlapping medication 

use, the associations between treatment categories and improvement may reflect treatment selection and baseline risk differences rather than the 

independent effect of each therapy. Despite these limitations, the study contributes valuable pragmatic evidence for local cardiovascular prevention 

and management in Quetta by quantifying risk-factor burden and demonstrating that integrated routine care can produce short-term improvements 

in key clinical indicators. 

CONCLUSION 

In this tertiary care cohort from Quetta, patients with hypertension and/or coronary artery disease exhibited a high prevalence of modifiable 

cardiometabolic risk factors—particularly smoking, diabetes mellitus, obesity, and dyslipidemia—and integrated management incorporating 

guideline-directed pharmacologic therapy and lifestyle modification was associated with clinically and statistically significant improvements in 

blood pressure, lipid profile, and left ventricular systolic function over six months, emphasizing the importance of early risk detection, sustained 

follow-up, and multidisciplinary prevention strategies to reduce cardiovascular morbidity in resource-constrained settings. 
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