


Assessment of Endothelial Cell Adhesion Molecules in Hypertensive Patients in Port Harcourt

ABSTRACT
Hypertension is a leading cardiovascular risk factor associated with significant morbidity and mortality worldwide. A major contributor to hypertension-related vascular complications is endothelial dysfunction, characterized by increased expression of adhesion molecules such as Intercellular Adhesion Molecule-1 (ICAM-1) and Vascular Cell Adhesion Molecule-1 (VCAM-1). Elevated levels of these molecules have been implicated in vascular inflammation, leukocyte recruitment, and atherosclerosis, making them potential biomarkers of endothelial activation. This study assessed serum levels of ICAM-1 and VCAM-1 in hypertensive patients compared with non-hypertensive controls in Port Harcourt, Nigeria. A cross-sectional comparative study was conducted among 200 participants comprising 100 hypertensive patients and 100 non-hypertensive controls. Five milliliters of venous blood was collected, and serum levels of ICAM-1 and VCAM-1 were determined using enzyme-linked immunosorbent assay (ELISA). Data were analyzed with SPSS version 23.0, and results were expressed as mean ± SEM. Independent Student’s t-test was used to compare means, with significance set at p < 0.05. Hypertensive subjects demonstrated significantly elevated ICAM-1 (621.11 ± 3.703 ng/mL) and VCAM-1 (166.52 ± 2.431 ng/mL) compared with controls (503.82 ± 2.617 ng/mL and 122.61 ± 2.152 ng/mL, respectively; p < 0.0001). No significant differences were observed between males and females (p > 0.05). Similarly, treated hypertensive patients showed slightly lower ICAM-1 and VCAM-1 levels compared with untreated counterparts, though not statistically significant. The findings confirm that hypertension is associated with endothelial activation, as reflected by elevated adhesion molecule levels. Therefore, routine assessment of ICAM-1 and VCAM-1 may provide valuable prognostic information in hypertensive patients. 
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1.0	INTRODUCTION
Hypertension, also referred to as systemic arterial hypertension, is a chronic condition characterized by persistently elevated blood pressure in the systemic circulation. It remains one of the most common cardiovascular risk factors globally, contributing substantially to morbidity and mortality through its association with stroke, myocardial infarction, heart failure, and renal impairment (Whelton et al., 2018; WHO, 2023). The pathophysiological basis of hypertension extends beyond elevated pressure alone; endothelial dysfunction has been identified as a critical mediator of vascular complications (Oparil et al., 2018).
Endothelial cells line the interior surface of blood vessels and play a key role in maintaining vascular homeostasis through regulation of vasomotor tone, coagulation, and immune interactions. In hypertension, increased shear stress and oxidative injury disrupt endothelial integrity, promoting a pro-inflammatory and pro-thrombotic state (Gimbrone & García-Cardeña, 2016). One hallmark of this dysfunction is the abnormal expression of cell adhesion molecules (CAMs), particularly Intercellular Adhesion Molecule-1 (ICAM-1) and Vascular Cell Adhesion Molecule-1 (VCAM-1).
CAMs are transmembrane glycoproteins that mediate interactions between circulating leukocytes, platelets, and the vascular endothelium (Vestweber, 2015). Under physiological conditions, their expression is minimal. However, in pathological states such as hypertension, their expression is markedly upregulated, facilitating leukocyte recruitment, adhesion, and transmigration into the vascular wall (Celli et al., 2006). This process promotes vascular inflammation, intimal thickening, and ultimately atherosclerosis (Cybulsky et al., 2004). Elevated levels of soluble ICAM-1 and VCAM-1 in circulation have therefore been proposed as biomarkers of endothelial activation and predictors of cardiovascular risk (Kansas, 1996).
Despite the global evidence linking hypertension with increased CAM expression, there is limited literature from sub-Saharan Africa, including Nigeria, where the prevalence of hypertension is rising at alarming rates (Mills, 2016). Understanding endothelial responses in this population is critical, given the unique interplay of genetic, dietary, and environmental factors that shape disease outcomes.
This study therefore investigated serum levels of ICAM-1 and VCAM-1 among hypertensive and non-hypertensive individuals in Port Harcourt, Nigeria. By assessing these endothelial adhesion molecules, the research aimed to provide insights into vascular dysfunction associated with hypertension and its potential role in cardiovascular disease risk stratification in the local population.
2.0	METHODOLOGY
2.1	Study Area and Design
This study was conducted in Port Harcourt, Rivers State, Nigeria, a metropolitan city in the Niger Delta region known for its diverse population and increasing burden of non-communicable diseases. A cross-sectional comparative design was employed to assess endothelial adhesion molecules (ICAM-1 and VCAM-1) among hypertensive and non-hypertensive individuals.
2.2	Study Population and Sample Size
A total of 200 participants were recruited, comprising 100 known hypertensive patients attending the Rivers State University Teaching Hospital (RSUTH) and 100 apparently healthy non-hypertensive controls. The sample size was determined using G*Power version 3.1.9.2 at 90% power, effect size of 0.5, and probability error of 0.05, yielding a minimum of 172 participants; however, this was increased to 200 to improve statistical robustness. Participants were adults aged between 20–79 years, with an equal representation of males and females in both groups.
2.3	Eligibility Criteria
The study population was selected using clear inclusion and exclusion criteria. Eligible participants included individuals with a confirmed diagnosis of hypertension, serving as the test group, and apparently healthy individuals with normal blood pressure readings as controls. Only those who provided written informed consent were enrolled. Exclusion criteria comprised comorbidities such as diabetes mellitus, chronic kidney disease, or cardiovascular disease, pregnancy, current infection or inflammatory disease, and refusal to provide informed consent.


2.4	Ethical Consideration
Ethical clearance was obtained from the Ethics Committee of Rivers State University Teaching Hospital (RSUTH). Informed consent was obtained from all participants prior to enrolment. Confidentiality of data was strictly maintained.
2.5	Sample Collection
Five milliliters (5 mL) of venous blood was collected aseptically from each participant into plain tubes. Samples were allowed to clot and then centrifuged at 3000 rpm for 10 minutes to separate serum. Serum aliquots were stored at –20°C until analysis.
2.6	Laboratory Analysis of Adhesion Molecules
The concentrations of serum Intercellular Adhesion Molecule-1 (ICAM-1) and Vascular Cell Adhesion Molecule-1 (VCAM-1) were determined using enzyme-linked immunosorbent assay (ELISA) kits following manufacturer protocols. The absorbance was read using a microplate reader at 450 nm, and concentrations were extrapolated from standard curves.
2.7	Data Analysis
Data were analyzed using Statistical Package for Social Sciences (SPSS) version 23.0. Results were expressed as mean ± standard error of mean (SEM). Comparison of means between hypertensive and non-hypertensive groups was performed using the independent Student’s t-test. Gender-based and treatment-based subgroup analyses were also conducted. Statistical significance was set at p < 0.05.





3.0	RESULTS
3.1	Comparison of ICAM-1 and VCAM-1 between Hypertensive and Non-Hypertensive Subjects
Table 1 presents the serum concentrations of ICAM-1 and VCAM-1 in hypertensive patients compared with non-hypertensive controls. The results show a significant elevation of both adhesion molecules in hypertensive individuals.
Table 1: Comparison of Cell Adhesion Molecules (ICAM-1 and VCAM-1) between Hypertensive and Non-Hypertensive Subjects
	Parameter
	Hypertensive Subjects (n = 100)
	Non-Hypertensive Subjects (n = 100)
	p-value

	ICAM-1 (ng/mL)
	621.11 ± 3.703
	503.82 ± 2.617
	<0.0001*

	VCAM-1 (ng/mL)
	166.52 ± 2.431
	122.61 ± 2.152
	<0.0001*


*Statistically significant at p < 0.05
3.2	Gender-Based Comparison of ICAM-1 and VCAM-1 among Hypertensive Subjects
Table 2 compares ICAM-1 and VCAM-1 levels between male and female hypertensive participants. Both adhesion molecules were elevated across genders, with no significant differences observed.
Table 2: Comparison of Cell Adhesion Molecules (ICAM-1 and VCAM-1) among Hypertensive Subjects Based on Gender
	Parameter
	Male Hypertensives (n = 50)
	Female Hypertensives (n = 50)
	p-value

	ICAM-1 (ng/mL)
	622.18 ± 4.312
	620.04 ± 3.217
	0.67 (NS)

	VCAM-1 (ng/mL)
	165.83 ± 2.611
	167.20 ± 2.241
	0.52 (NS)


NS = Not significant

3.3	Comparison of ICAM-1 and VCAM-1 in Hypertensive Subjects with or without Treatment
Table 3 shows adhesion molecule levels in hypertensive patients receiving anti-hypertensive therapy compared with untreated counterparts. Both groups demonstrated elevated ICAM-1 and VCAM-1 concentrations, although slightly higher values were noted among untreated patients.
Table 3: Comparison of Cell Adhesion Molecules (ICAM-1 and VCAM-1) in Hypertensive Subjects with or without Treatment
	Parameter
	Treated Hypertensives (n = 60)
	Untreated Hypertensives (n = 40)
	p-value

	ICAM-1 (ng/mL)
	619.12 ± 3.521
	623.45 ± 4.101
	0.23 (NS)

	VCAM-1 (ng/mL)
	165.20 ± 2.320
	167.91 ± 2.513
	0.19 (NS)


NS = Not significant

4.0	DISCUSSION
The present study evaluated serum concentrations of intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) among hypertensive and non-hypertensive individuals in Port Harcourt, Nigeria. The results demonstrated significantly elevated levels of both adhesion molecules in hypertensive participants compared with normotensive controls, consistent with the established role of endothelial activation in hypertension-related vascular pathology.
Hypertension is known to exert mechanical stress on the vascular endothelium, disrupting its barrier function and shifting it toward a pro-inflammatory phenotype (Gimbrone & García-Cardeña, 2016). One hallmark of this dysfunction is the upregulation of endothelial adhesion molecules, particularly ICAM-1 and VCAM-1, which mediate leukocyte tethering, adhesion, and transmigration into the vascular wall (Vestweber, 2015). The significantly higher serum concentrations of these molecules observed in hypertensive individuals in this study highlight their role as biomarkers of vascular inflammation and endothelial dysfunction in this population.
These findings corroborate previous studies. Celli et al. (2006) reported that increased expression of CAMs is an early event in the pathogenesis of atherosclerosis. Similarly, Cybulsky et al. (2004) emphasized that ICAM-1 and VCAM-1 facilitate leukocyte infiltration, oxidative modification of lipids, and foam cell formation, ultimately accelerating plaque development. Thus, the elevated adhesion molecule levels among hypertensive patients in this study may reflect not only endothelial stress but also heightened risk of atherosclerotic cardiovascular disease.
Interestingly, no significant differences were observed in adhesion molecule levels between male and female hypertensive participants. This aligns with studies suggesting that while sex hormones influence vascular tone and endothelial physiology, hypertension exerts a more dominant effect on endothelial activation (Yang et al., 2006). The comparable ICAM-1 and VCAM-1 levels in both sexes suggest that the inflammatory and adhesive response of the endothelium to hypertension is gender-independent in this study population. However, some studies have reported subtle variations in endothelial biomarkers linked to the vasoprotective effects of estrogen, particularly in premenopausal women (Miller & Vasan, 2017). The absence of significant gender differences in this cohort may reflect the relatively older age of participants or the overwhelming effect of chronic hypertension on endothelial function.
Hypertensive participants receiving treatment demonstrated slightly lower adhesion molecule levels compared with untreated individuals, although the difference was not statistically significant. This trend suggests that antihypertensive therapy may partially mitigate endothelial activation, but not completely normalize it. Previous reports have shown variable effects of antihypertensive agents on endothelial biomarkers. For example, angiotensin-converting enzyme inhibitors and angiotensin receptor blockers have been reported to reduce ICAM-1 and VCAM-1 levels by lowering vascular oxidative stress and inflammatory signaling (Schiffrin, 2010). Calcium channel blockers and diuretics, in contrast, exert less consistent effects on CAMs. The non-significant differences observed in this study may therefore be attributable to heterogeneity in drug classes, treatment duration, or adherence among patients.
These findings emphasize that while pharmacological treatment controls blood pressure, endothelial dysfunction may persist, highlighting the need for adjunctive therapies targeting vascular inflammation and oxidative stress.
The elevated ICAM-1 and VCAM-1 levels in hypertensive individuals highlight the central role of endothelial activation in the progression of hypertensive vascular disease. Persistent overexpression of these adhesion molecules fosters chronic vascular inflammation, contributing to arterial stiffness, plaque formation, and end-organ damage. Importantly, soluble ICAM-1 and VCAM-1 have been recognized as independent predictors of cardiovascular events (Blankenberg et al., 2003). Monitoring these biomarkers in hypertensive patients could therefore provide valuable prognostic information and aid in stratifying cardiovascular risk beyond conventional parameters such as blood pressure readings alone. In sub-Saharan Africa, where the burden of hypertension is rising but routine biomarker-based monitoring remains rare, these findings highlight the potential clinical utility of adhesion molecule assessment in early detection of vascular complications. This could inform more aggressive interventions in high-risk patients, including stricter blood pressure control, lifestyle modification, and possible use of anti-inflammatory or antioxidant therapies.
The results of this study are consistent with international findings linking hypertension with elevated adhesion molecule levels. A study by Jang et al. (2012) in South Korea demonstrated significantly higher ICAM-1 levels in hypertensive patients compared to normotensive controls, while Malik et al. (2019) reported elevated VCAM-1 concentrations among hypertensive cohorts in India. These studies, together with the current findings in Port Harcourt, reinforce the global relevance of CAMs as markers of endothelial dysfunction in hypertension. However, differences in baseline values across populations have been observed, likely due to genetic, dietary, and environmental factors. For instance, higher baseline CAM levels have been reported in African and African-American populations, possibly reflecting increased susceptibility to vascular inflammation (Mills, 2016). The relatively high ICAM-1 and VCAM-1 concentrations in the hypertensive group in this study may therefore be influenced by population-specific factors in addition to hypertension itself.

5.0	CONCLUSION
This study demonstrated that hypertensive patients in Port Harcourt exhibit significantly elevated serum levels of ICAM-1 and VCAM-1 compared with non-hypertensive controls. These findings indicate persistent endothelial activation and dysfunction in hypertension, irrespective of gender or treatment status. The results reinforce the role of adhesion molecules as biomarkers of vascular inflammation and suggest their potential utility in identifying individuals at heightened risk of cardiovascular complications.
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