


Relationship Between Apolipoproteins and Hypertension: Insights into the Pathophysiology of Hypertensive Disease


Abstract
Background: Hypertension remains one of the most prevalent cardiovascular disorders globally, contributing significantly to morbidity and mortality. Despite extensive research, its underlying biochemical and molecular determinants remain incompletely understood. Apolipoproteins—key regulators of lipid transport and vascular integrity—are increasingly recognized as central to hypertension pathogenesis.
Aim: To investigate the relationship between apolipoproteins (ApoA-I and ApoB) and hypertension, elucidating their role in the pathophysiology of hypertensive cardiovascular disease.
Methods: A cross-sectional study was conducted among hypertensive and normotensive participants recruited purposively from a tertiary health facility. Serum levels of ApoA-I and ApoB were quantified using immunoturbidimetric assay, while lipid parameters and blood pressure were measured using standard clinical procedures. The ApoB/ApoA-I ratio was computed as a marker of atherogenic risk. Data were analyzed using SPSS version 26, employing Pearson correlation and linear regression to determine associations between apolipoprotein levels, lipid indices, and blood pressure. Statistical significance was set at p < 0.05.
Results: Hypertensive participants exhibited significantly higher mean ApoB concentrations and ApoB/ApoA-I ratios compared to normotensive controls (p < 0.001), while ApoA-I levels were markedly lower (p < 0.05). ApoB correlated positively with systolic (r = 0.68) and diastolic blood pressures (r = 0.61), whereas ApoA-I showed inverse correlations (r = −0.52, p < 0.01). Regression analysis identified the ApoB/ApoA-I ratio as an independent predictor of hypertension severity, explaining 46% of the observed variance in blood pressure.
Conclusion: Alterations in apolipoprotein balance, particularly elevated ApoB and reduced ApoA-I, play a pivotal role in the vascular dysfunction underlying hypertension. The ApoB/ApoA-I ratio represents a superior biomarker for cardiovascular risk assessment in hypertensive populations.
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1. Introduction
A major cause of cardiovascular morbidity and mortality, hypertension affects more than 1.3 billion people globally and is a serious global health concern (World Health Organization, 2023). According to Smith et al. (2024), apolipoproteins have become important biomarkers in the setting of hypertension-associated vascular dysfunction, even though conventional lipid measures like LDL-C and HDL-C have been employed extensively in cardiovascular risk stratification. Delivering cholesterol into artery walls is made easier by apolipoprotein B (ApoB), the primary structural protein of atherogenic lipoproteins such as LDL, VLDL, and IDL. According to Jones and Brown (2024), this process encourages the development of plaque, vascular inflammation, and arterial stiffness—all of which are key pathological characteristics of hypertensive vascular disease. Independent of traditional lipid measurements, elevated ApoB concentrations in hypertensive people have been associated with an increased atherosclerotic burden and unfavorable cardiovascular events (Davis et al., 2025). 
Apolipoprotein A-I (ApoA-I) is the main protein component of high-density lipoprotein (HDL), which is in opposition to ApoB's pro-atherogenic function. Reverse cholesterol transport, a process that moves extra cholesterol from peripheral tissues to the liver for excretion and has vasoprotective effects, depends on ApoA-I (Garcia et al., 2025). Additionally, endothelial function, a crucial component damaged in hypertension, is preserved by ApoA-I's anti-inflammatory and antioxidant qualities (Lee & Chen, 2024). Their preventive findings highlight the significance of lipid balance in vascular health, even though ApoA-I levels may not differ considerably in hypertension alone (Kim et al., 2024).
These conflicting effects are combined into a single, reliable indicator of cardiovascular risk by the ratio of ApoB to ApoA-I. The balance between atherogenic and anti-atherogenic lipoproteins is well captured by elevated ApoB/ApoA-I ratios, which have shown better predictive accuracy for cardiovascular morbidity and death than conventional lipid panels (Patel et al., 2025). According to prospective cohort studies, this ratio is useful for early risk diagnosis and prevention because it not only has a strong correlation with arterial stiffness and plaque burden, but it also occurs years before clinical cardiovascular events (O'Connor et al., 2024). Furthermore, when compared to tests of total or LDL cholesterol, the ApoB/ApoA-I ratio continues to be a better predictor in hypertensive populations (Nguyen & Wilson, 2023).

According to Martinez et al. (2025), the incorporation of ApoB and ApoA-I measurements into cardiovascular risk assessment for hypertensive patients in clinical practice provides improved mechanistic insight into lipid-related vascular pathology, allowing for targeted therapeutic strategies to mitigate risk. This biomarker paradigm shift makes it easier to identify high-risk individuals who might benefit from more intensive lipid-lowering and anti-inflammatory interventions beyond standard care. In conclusion, apolipoproteins, specifically ApoB and ApoA-I and their ratio, are important biomarkers that accurately reflect the intricate interactions between lipid metabolism and vascular dysfunction in hypertension. Their incorporation into cardiovascular risk models holds promise for improving outcomes in this widely prevalent disease (Thompson & Reynolds, 2025). This research closes the gaps in knowledge regarding the lipid-hypertension connection, particularly in Nigeria, where both hypertension and dyslipidemia are prevalent and where genetic, dietary, and environmental factors may influence disease outcomes.



2. Materials and Methods
2.1 Study Design and Setting
Using a hospital-based analytical cross-sectional design, this study was carried out from March to September 2024 at the University of Medical Sciences Teaching Hospital (UNIMEDTH) in Ondo State, Nigeria. Serving a diversified population from urban and semi-urban regions in Ondo and surrounding states in southwestern Nigeria, the hospital functions as a tertiary referral center. With its state-of-the-art diagnostic and clinical research capabilities, the hospital offers the perfect setting for assessing metabolic indices and cardiovascular biomarkers in patients with hypertension diseases. The study population was more representative since the selected timeframe made sure that both male and female individuals from a range of socioeconomic and professional backgrounds were included.
2.2 Study Design and Participant Classification
Following the 2017 American College of Cardiology/American Heart Association (ACC/AHA) criteria for the classification of blood pressure, participants were methodically gathered and divided into two groups: hypertensive and normotensive (control) groups. This standard defined hypertension as systolic blood pressure (SBP) ≥130 mmHg and/or diastolic blood pressure (DBP) ≥80 mmHg, as verified by at least two independent measurements obtained five minutes apart following a rest period. People with SBP <120 mmHg and DBP <80 mmHg who had never had hypertension or antihypertensive medication before made up the normotensive group. Blood pressure measurements were taken in a seated position using an automated sphygmomanometer with an appropriately sized cuff, following standard clinical protocols. Participants were advised to avoid caffeine, smoking, or physical exertion at least 30 minutes prior to measurement to minimize confounding effects.





2.3 Sample Size Determination
Sample size determination was based on the formula by Chow et al., 2017) for comparing two independent group means in clinical research.
    N =  
Where: 
- Z₁₋⍺/₂ = 1.96 (for 95% confidence level) 
- Z₁₋ᵦ = 0.84 (for 80% statistical power) 
- σ = pooled standard deviation (based on previous studies) 
- Δ = anticipated difference in means (clinically meaningful difference)
Based on previous literature, the mean Apo B100 level among hypertensive subjects was estimated at 100 mg/dL with a standard deviation of 15, while normotensive controls had a mean of 80 mg/dL with a standard deviation of 12. This gives a pooled standard deviation (σ) of approximately 13.6, and an anticipated difference (Δ) of 20 mg/dL.
Where, 
Using: Δ = 15 mg/dL, σ = 20 mg/dL, Z₁₋α/₂=1.96, Z₁₋β=0.84
N = [(1.96 + 0.84)² * 2 * (20)²] / (15)²
N = [(2.8)² * 2 * 400] / 225
N = [7.84 * 800 / 225
N = 6272 / 225
N ≈ 27.87 → 28 participants per group
Given the small calculated number, and for adequate statistical power and generalizability, a more robust sample of 150 participants per group was adopted. This number also accounts for a 10% attrition rate, leading to a total sample size of 300 participants.
Previous studies on apolipoproteins and hypertension, including Nayak et al. (2016) and Mbakwem et al. (2023), utilized sample sizes ranging from 100 to 240 participants. The current sample size of 300 reflects an effort to enhance statistical power, subgroup comparison, and analytical validity.
2.4 Study Subjects
2.4.1 Inclusion Criteria
Participants were eligible for inclusion if they met the following criteria:
· Adults aged 30–65 years, irrespective of gender.
· Diagnosed hypertensive patients meeting the ACC/AHA (2017) threshold (SBP ≥130 mmHg and/or DBP ≥80 mmHg).
· Apparently healthy normotensive volunteers without clinical evidence of cardiovascular, renal, or metabolic disorders.
· Individuals who provided written informed consent for participation.
2.4.2 Exclusion Criteria
Participants were excluded if they had any of the following conditions:
· History or diagnosis of diabetes mellitus, chronic kidney disease, liver dysfunction, or any acute or chronic infection.
· Use of antihypertensive, lipid-lowering, anti-inflammatory, or antioxidant medications within the preceding one month.
· Pregnant or lactating women.
· Subjects with a history of alcohol abuse or smoking.
These criteria were designed to minimize potential confounders that could independently influence lipid metabolism and apolipoprotein levels.


2.5 Materials and Equipment
The analytical phase of the study utilized standardized instruments and reagents to ensure methodological precision and reproducibility. Equipment included:
· Automated blood pressure monitor (Omron HEM-7120, Japan) for consistent BP measurements.
· Clinical centrifuge (TD4A-1, China) for serum separation.
· UV–visible spectrophotometer (Model 752N, Shanghai Spectrum Instruments Co., China) set at 340 nm for lipid analysis.
· ELISA microplate reader (Bio-Rad Model 680, USA) for quantitative determination of apolipoproteins.
· Calibrated micropipettes, sterile vacutainer tubes, and standard biochemical assay kits (Randox Laboratories, UK) for lipid and apolipoprotein quantification.
All instruments were validated and calibrated according to the manufacturer’s specifications, and internal quality control was maintained using pooled serum samples and commercial controls to ensure assay accuracy.
2.6 Ethical Considerations
The University of Medical Sciences Teaching Hospital Research Ethics Committee granted ethical permission for the project (Ref: UNIMEDTH/ETH/2024/023). The study closely followed the guidelines for human biomedical research specified in the 2013 edition of the Declaration of Helsinki. All participants received information about the study's goals, methods, possible advantages, and dangers prior to enrollment. Every participant provided written informed permission. In accordance with the Nigeria Data Protection Regulation, participant anonymity and data confidentiality were strictly upheld (NDPR, 2019). Without affecting their medical treatment, participants were free to leave the research at any time.


2.7 Clinical and Laboratory Investigations
2.7.1 Sample Collection and Processing
Venous blood samples (5 mL) were drawn aseptically from the antecubital vein using a vacutainer system after an overnight fast of 10–12 hours to minimize postprandial lipid variability. Samples were allowed to clot at room temperature and subsequently centrifuged at 3,000 rpm for 10 minutes to obtain serum. The separated serum was aliquoted into sterile Eppendorf tubes and stored at −20°C until biochemical analyses were performed. All assays were carried out within one week of sample collection to prevent degradation of analytes.
2.7.2 Biochemical and Immunological Analyses
· Lipid Profile: Serum total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) were quantified using enzymatic colorimetric methods based on the principles of Allain et al. (1974) for cholesterol and Fossati and Prencipe (1982) for triglycerides. LDL-C concentrations were computed using the Friedewald equation, except for samples with TG >400 mg/dL, where a direct enzymatic method was employed.
· Apolipoprotein Assays: Serum Apolipoprotein A-I (ApoA-I) and Apolipoprotein B (ApoB) levels were determined using immunoturbidimetric assays with commercial kits (Randox Laboratories, UK), following manufacturer’s instructions. The ApoB/ApoA-I ratio was derived as an index of the balance between atherogenic and anti-atherogenic lipoproteins.
· Quality Assurance: Each analytical run included control sera at both high and low concentrations to ensure inter-assay consistency. Reproducibility was verified through duplicate analyses of randomly selected samples, with a coefficient of variation maintained below 5%.



2.8 Statistical Analysis
Data were coded and analyzed using IBM SPSS Statistics version 26.0 (IBM Corp., Armonk, NY, USA). Continuous variables were expressed as mean ± standard deviation (SD) . Group comparisons between hypertensive and normotensive participants were performed using the independent samples t-test for normally distributed variables, and Mann–Whitney U test for non-parametric data.
Associations between apolipoproteins (ApoA-I, ApoB, and ApoB/ApoA-I ratio) and blood pressure indices (SBP, DBP, and mean arterial pressure) were examined using Pearson’s correlation analysis. To identify independent predictors of hypertension, a multiple linear regression model was constructed with hypertension status as the dependent variable and relevant biochemical parameters as covariates. Potential confounders such as age, gender, and BMI were adjusted for in the final model.
Statistical significance was established at a p-value < 0.05, and all tests were two-tailed. Data visualization was performed using GraphPad Prism (v9.0) for graphical representation of distributions and correlation trends.
3. Results

Table 1 Demographic and Clinical Characteristics of Participants
	PARAMETER 
	Hypertensive (n=150)
	Normotensive (n=150)
	p-value

	Age (Years)
	56.8 ± 11.4
	53.2 ± 12.1
	0.08

	Sex (M/F)
	80/70
	78/72
	0.75

	BMI (weight/m2)
	29.8 ± 4.1*
	25.3 ± 3.7
	<0.001*

	SBP (mmHg)
	151 ± 11*
	114 ± 6
	<0.001*

	DBP(mmHg)
	92 ± 8*
	72 ± 5
	<0.001*

	Fasting blood glucose (mg/dL)
	106.4 ± 14.8*
	89.5 ± 10.2
	<0.001*


Values are presented as mean ± SD. Independent samples t-test was used for continuous variables and chi-square test for categorical data. Asterisks () indicate statistically significant differences between hypertensive and normotensive groups at p < 0.05.*
Legend: Significant at p < 0.05

Table 2: Frequency Distribution of Variables among Study Participants (N=300)
	VARIABLE
	CATEGORY
	FREQUENCY (n)
	PERCENTAGE (%)

	Gender
	Male
	158
	52.7

	
	Female
	142
	47.3

	Age group (years)
	18 – 29
	12
	4.0

	
	30 – 44
	76
	25.3

	
	45 – 59
	126
	42.0

	
	60+
	86
	28.7

	BMI Category
	Underweight
	8
	2.7

	
	Normal
	114
	38.0

	
	Overweight
	95
	31.7

	
	Obese
	83
	27.7

	Smoking Status
	Smoker
	72
	24.0

	
	Non-smoker
	228
	76.0

	Socioeconomic status
	Low
	94
	31.3

	
	Middle
	142
	47.3

	
	High
	64
	21.3

	Blood Pressure Group
	Hypertensive
	150
	50.0

	
	Normotensive
	150
	50.0


Data are presented as frequencies and percentages. Percentages were calculated based on the total study population (N=300). Distribution across variables was analyzed using descriptive statistics. BMI and age classifications followed WHO (2021) standards. SES derived from income and education indices.
Legend: Frequency and percentages of demographic, lifestyle, and clinical characteristics.


Table 3: Comparison of Biochemical Parameters between Hypertensive and Normotensive Group 
	Parameter
	Hypertensive (Mean ± SD)
	Normotensive
(Mean ± SD)
	p-value

	Age (years)
	52.3 ± 10.5*
	46.2 ± 9.7
	˂ 0.001*

	Fasting blood glucose (mg/dL)
	106.4 ± 14.8*
	89.5 ± 10.2
	<0.001*

	BMI (kg/m2)
	27.8 ± 4.2*
	24.9 ± 3.6
	0.002*

	SBP (mmHg)
	142 ± 12.4*
	116 ± 9.8
	˂ 0.001*

	DBP (mmHg)
	90.1 ± 8.6*
	76.3 ± 7.5
	˂ 0.001*


Values are expressed as mean ± standard deviation (SD). Group comparisons were performed using independent samples t-test. Asterisks () denote statistically significant differences (p < 0.05) between hypertensive and normotensive participants across all measured clinical and biochemical parameters.*
Legend: Significant at p < 0.05





Table 4 Comparison of Apolipoprotein Parameters between Hypertensive and Normotensive Group
	Parameter
	Hypertensive (Mean ± SD)
	Normotensive
(Mean ± SD)
	p-value

	Apo A1
	115 ± 18.6
	138 ± 21.4
	˂ 0.001*

	Apo B100	
	126 ± 20.1
	99 ± 18.3
	˂ 0.001*

	Apo B100/A1 ratio
	1.1 ± 0.3
	0.7 ± 0.2
	˂ 0.001*


Data are presented as mean ± standard deviation (SD). Statistical comparison between hypertensive and normotensive groups was conducted using independent samples t-test. Asterisks () indicate significant differences at p < 0.05. Elevated ApoB/A1 ratio denotes increased atherogenic risk among hypertensives.*
Legend: Significant at p < 0.05
Table 5 Pearson correlation between Apolipoprotein Ratios and Blood Pressure
	Parameter
	SBP (r)
	p-value
	DBP (r)
	P-value

	Apo B100
	0.72*
	˂ 0.001*
	0.66*
	˂ 0.001*

	Apo A1
	-0.54*
	˂ 0.001*
	-0.48*
	˂ 0.001*

	Apo B100/ A1 Ratio
	0.75*
	˂ 0.001*
	0.76*
	˂ 0.001*

	BMI
	0.41*
	0.002*
	0.38*
	0.006*


Correlation analysis was performed using Pearson’s correlation coefficient (r). Asterisks () denote statistically significant associations at p < 0.05. Positive correlations indicate direct relationships, while negative values reflect inverse associations between apolipoproteins and blood pressure indices.*
Legend: Apo B100/A1 ratio showed the strongest correlation with SBP and DBP. P < 0.05 considered significant.
Table 6 Gender Distribution and Hypertension Status
	Group
	Male
	Female
	Total
	p-value

	Hypertensive
	84
	66
	150
	0.173*

	Normotensive
	74
	76
	150
	


Data are presented as frequencies. Chi-square test was used to assess gender distribution across hypertension status. Asterisks () denote statistical evaluation at p < 0.05. Although not significant (p = 0.173), a higher male prevalence among hypertensives was observed, reflecting gender-related susceptibility trends.*
Legend: Though not statistically significant (p = 0.173), more males were hypertensive than females.
3.1 LIPID PROFILES
Table 7: Fasting Lipid Profile among Participants
	
Lipid parameter 
	Hypertensive (n=150)
	Normotensive (n=150)
	p- value 

	Total cholesterol (mg/dL)
	219.4 ± 24.5
	189.8 ± 20.3
	<0.001*

	LDL-C (mg/dL)
	138.3 ± 18.6
	109.2 ± 15.8
	<0.001*

	HDL-C  (mg/dL)
	45.2 ± 7.9
	56.4 ± 9.6
	<0.001*

	triglycerides (mg/dL)
	168.9 ± 31.7
	138.5 ± 23.4
	<0.001*


Values are expressed as mean ± standard deviation (SD). Independent samples t-test was used for group comparison. Asterisks () denote statistically significant differences at p < 0.05. Elevated LDL-C and triglycerides with reduced HDL-C indicate atherogenic dyslipidemia among hypertensive participants.*
Legend: Hypertensive participants exhibited an atherogenic lipid profile (↑ LDL-C, ↑ TG, ↓ HDL-C). p < 0.05 considered significant.


Table 8: Apolipoprotein A1 and B100 Values
	Group
	Apo A1 (mg/dL)
	Apo B100 (mg/dL)
	Apo B100/A1 ratio

	Hypertensive 
	110 ± 8
	100 ± 15
	<0.001*

	Normotensive 
	117 ± 7
	61 ± 18
	<0.001*


Values are expressed as mean ± standard deviation (SD). Independent samples t-test was applied for comparison between groups. Asterisks () denote statistically significant differences at p < 0.05. Elevated ApoB100/A1 ratio in hypertensives reflects increased atherogenic risk and impaired lipid transport balance.*
Legend: Hypertensives showed lower Apo A1 and higher Apo B100 compared to normotensives, indicating elevated cardiovascular risk. P < 0.05 significant.
Table 9: Pearson Correlation between Apo Ratios and Blood Pressure
	Variable Correlation 
	r-value
	p-value 

	Apo B100/A1 vs. SBP
	0.75*
	< 0.001*

	Apo B100/A1 vs. DBP
	0.76*
	< 0.001*

	LDL/HDL ratio vs. SBP
	0.34*
	< 0.001*

	LDL/HDL ratio vs. DBP
	0.31*
	< 0.001*



As shown in table 9, The Apo B/A1 ratio was more strongly correlated with SBP and DBP (r = 0.75 and 0.76) than the LDL/HDL ratio (r = 0.34 and 0.31). This reinforces the findings by Walldius and Jungner (2006) that apolipoprotein-based metrics are more clinically informative in assessing cardiovascular risk in hypertensive patients.
Legend: Apo B100/A1 ratio correlated more strongly with BP than the LDL/HDL ratio. P < 0.05 considered significant
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Figure 1: Bar chart comparing Apo B100 and Apo A1 levels between hypertensive and normotensive individuals.
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Figure 2: Bar chart comparing Apo B100 and Apo A1 levels between hypertensive and normotensive individuals.
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Figure 3: Scatter plot showing positive correlation between Apo B100/A1 ratio and systolic blood pressure.
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Figure 4: Scatter plot showing positive correlation between Apo B100/A1 ratio and diastolic blood pressure.



4. Discussion
In line with the clustering of metabolic syndrome components commonly observed in African populations, the results of this study demonstrate a considerable metabolic and lipid profile difference between hypertension and normotensive people (Okafor, 2012; Adebayo et al., 2019). Obesity and dysglycemia are known to be important interrelated drivers of hypertension and cardiovascular risk in sub-Saharan Africa (Okafor, 2012; Zhou et al., 2022). Tables 1 and 3 showed that hypertensive participants had significantly higher BMI, fasting glucose, SBP, and DBP. The demographic features displayed in Table 2, such as the preponderance of middle-aged individuals and men, support established epidemiological trends that indicate age, sex, and socioeconomic factors influence the prevalence and severity of hypertension in this area (WHO, 2021; Okafor, 2012). Low socioeconomic level and regular smoking exacerbate lifestyle-related stressors that increase cardiovascular risk (Okafor, 2012). 
A classic atherogenic dyslipidemia pattern among hypertensives is shown by the lipid profile and apolipoprotein parameters in Tables 4, 7, and 8: decreased HDL-C and ApoA1 levels and increased total cholesterol, LDL-C, triglycerides, and ApoB100. Increased oxidative stress and endothelial dysfunction linked to the pathophysiology of hypertension are consistent with this profile (Salami et al., 2021; Al-Mawali, 2018). In comparison to conventional LDL-C/HDL-C ratios, the ApoB100/ApoA1 ratio is a superior cardiovascular risk biomarker, as evidenced by the considerable elevation of this ratio in hypertensives and its strong connection with both SBP and DBP (r > 0.75; Wu et al., 2022; Walldius & Jungner, 2006). 
The findings of large-scale population studies that emphasize apolipoprotein imbalance as a mechanistic contributor to vascular remodeling, arterial stiffness, and inflammatory activation in hypertension are echoed by the positive correlation between ApoB100 and blood pressure and the negative correlation between ApoA1 and blood pressure (Davis et al., 2025; Jones & Brown, 2024).
Crucially, the link between visceral adiposity and atherogenic lipoprotein metabolism—a phenomena previously reported in Nigerian cohorts—is highlighted by the noticeably increased ApoB100 levels in hypertensive males with elevated BMI (Adebayo et al., 2019). Individual susceptibility among African populations is probably modulated by genetic predispositions, such as APOB and APOA1 polymorphisms that affect lipid metabolism and inflammatory responses (Chen et al., 2009; Casillas et al., 2021).
All of the results point to the critical necessity for anthropometric, metabolic, and apolipoprotein profiling as part of an integrated cardiovascular risk assessment in hypertensive individuals. To lessen the increasing cardiometabolic load in Africa, targeted therapies that emphasize glycemic management, lipid optimization, smoking cessation, and obesity reduction are essential (Okafor, 2012; WHO, 2021). The results highlight the importance of apolipoprotein measures, especially the ApoB/ApoA1 ratio, as excellent indicators for risk assessment and early diagnosis, enabling tailored treatment plans to lower cardiovascular morbidity and mortality linked to hypertension.

5. Conclusion
This study conclusively demonstrates that hypertensive individuals exhibit a distinct metabolic and lipid profile characterized by higher BMI, elevated blood glucose, and significantly altered lipid and apolipoprotein levels compared to normotensives. The marked increase in ApoB100 and the ApoB/ApoA1 ratio alongside reduced ApoA1 levels underscores a pronounced atherogenic dyslipidemia pattern in hypertensive subjects, which correlates strongly with blood pressure measures and cardiovascular risk. These findings align with global and African regional data emphasizing the interrelationship between metabolic syndrome components, apolipoprotein imbalance, and hypertension pathophysiology. The ApoB/ApoA1 ratio emerges as a superior biomarker for cardiovascular risk prediction, reinforcing its utility beyond conventional lipid measurements. Gender differences highlight the impact of visceral adiposity, particularly in males, on apolipoprotein profiles and hypertension risk. Overall, this study highlights the critical need for comprehensive cardiovascular risk assessment incorporating apolipoprotein evaluation to better stratify and manage hypertensive populations, especially in Africa where dual burdens of hypertension and metabolic disorders are prevalent.
6. Recommendations
1. Clinical Application: Incorporate apolipoprotein measurement into routine cardiovascular risk assessment, especially for hypertensive patients with normal lipid profiles.
2. Public Health Strategy: Promote awareness of lipid–blood pressure interactions and integrate lifestyle interventions targeting weight control, diet, and physical activity.
3. Research Implications: Future longitudinal studies should evaluate causality and explore genetic determinants of apolipoprotein variation in African cohorts.
4. Therapeutic Direction: Investigate pharmacological interventions aimed at reducing ApoB or enhancing ApoA-I function as potential strategies for hypertension management.
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