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Abstract 

Carotid Intima-Media Thickness (CIMT) is a reliable surrogate marker for atherosclerosis and can predict future 
cardiovascular events. The study assessed CIMT in hypertensive adults living in Port Harcourt to understand vascular 
wall changes linked to hypertension. CIMT was measured in 111 hypertensive and 111 non-hypertensive adults using 
B-mode ultrasound high-frequency linear probe (7–12 MHz), following Mannheim CIMT Consensus Guidelines.
Measurements were taken bilaterally from the common carotid artery (10 mm before bifurcation), focusing on the far
wall, and mean CIMT values were calculated. Hypertensive patients showed significantly higher CIMT values (right, left,
and mean) compared to non-hypertensive individuals (p < 0.05) Hypertension was more common in older individuals
and those with a higher BMI. Age and duration of hypertension had positive correlations with CIMT. BMI showed a weak
negative correlation, and only age was statistically significant. Hypertensive adults have increased CIMT, indicating
higher risk of subclinical atherosclerosis. The study supports incorporating sonographic CIMT assessment into
cardiovascular risk evaluation and preventive healthcare strategies in Nigeria.
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1. Introduction

Cardiovascular diseases (CVDs) are a leading cause of death globally, and hypertension remains one of the most 
significant modifiable risk factors contributing to this burden [1]. The cardiovascular system consists of the heart, blood 
vessels, and blood, functioning together to deliver oxygen and nutrients while removing metabolic waste [2]. The heart’s 
chambers, valves, coronary arteries, and conduction system maintain effective circulation and electrical activity 
essential for life. Cardiovascular diseases (CVDs) arise when structural or functional abnormalities—such as 
atherosclerosis, hypertension, valvular defects, or myocardial damage—impair this system [3]. 

Pathologically, CVDs commonly involve endothelial dysfunction, plaque formation, vascular inflammation, myocardial 
ischemia, and cardiac remodeling [4]. The pathophysiology includes progressive narrowing of vessels, impaired 
myocardial perfusion, increased afterload, and neurohormonal activation, ultimately leading to complications like heart 
failure, arrhythmia, and infarction [5]. These interconnected processes explain the chronic and progressive nature of 
most cardiovascular diseases. 
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In Nigeria, the prevalence of hypertension has been on the rise, particularly in urban centers such as Port Harcourt. This 
increase is attributed to urbanization, dietary transitions, sedentary lifestyles, and other socio-economic factors. 
Hypertension is a silent killer, often asymptomatic until severe complications such as stroke or myocardial infarction 
occur, underscoring the need for early detection and risk assessment strategies [6]. 

One such strategy involves the evaluation of carotid intima-media thickness (CIMT), which measures the thickness of 
the innermost layers of the carotid artery. Carotid intima-media thickness is typically measured using B-mode 
ultrasonography, which provides high-resolution images of the carotid artery walls. This method is non-invasive and 
allows for repeated use without exposing patients to ionizing radiation [7]. Measurements are generally taken 1 cm 
proximal to the carotid bifurcation on both the left and right sides of the neck. Equipment used for CIMT assessment 
includes ultrasound machines equipped with high-frequency linear transducers (usually 7.5–10 MHz). In Nigerian 
settings, devices such as the GE Logic 5 and Ultrasonic Sonia SP have been utilized effectively for this purpose [8]. This 
assessment provides critical insights into the structural changes in the arterial walls, particularly among individuals 
with cardiovascular risk factors such as hypertension [9]. 

Risk factors contributing to increased CIMT include aging, male gender, smoking, hyperlipidemia, diabetes mellitus, 
obesity, and lack of physical activity [10]. In urban Nigerian populations, these risk factors are becoming increasingly 
prevalent due to lifestyle changes and limited access to preventive healthcare services. As such, the burden of 
atherosclerosis and related cardiovascular complications is expected to rise unless proactive measures are taken. 

Previous studies conducted in other parts of Nigeria have demonstrated a significant increase in CIMT among 
hypertensive individuals, highlighting the impact of chronic conditions on arterial wall thickness [9, 11].  

Although there is no single gold standard for the assessment of subclinical atherosclerosis, B-mode ultrasonography of 
CIMT is widely accepted due to its practicality, accuracy, and cost-effectiveness. It is endorsed by various professional 
bodies and continues to be an essential tool in both clinical evaluation and research settings [10]. 

The sonographic evaluation of carotid intima-media thickness among hypertensive adults in Port Harcourt is both 
timely and essential. This study has the potential to provide crucial data on the burden of subclinical atherosclerosis 
within this population. By establishing region-specific normative CIMT values and correlating them with hypertension, 
the research will contribute to better cardiovascular risk assessment and ultimately improve health outcomes in the 
region. 

Despite its clinical relevance, there is limited data on CIMT values among hypertensive adults in Port Harcourt. This 
presents a research gap, as the absence of localized normative data limits the ability of clinicians to interpret CIMT 
values accurately within the context of the local population. Additionally, variability in CIMT measurements based on 
ethnicity, age, and other demographic factors emphasizes the importance of conducting region-specific studies. 
Understanding the typical CIMT values in hypertensive patients in Port Harcourt will help improve diagnostic precision 
and enhance cardiovascular risk stratification. 

2.  Material and Methods  

2.1. Research Design 

This study adopted a cross-sectional, analytical research design to assess the carotid intima-media thickness among 
hypertensive and non-hypertensive adults in Port Harcourt Metropolis using ultrasonography. A cross-sectional 
analytical research design is a type of study where data is collected from a sub-set of an entire population at a single 
point in time to determine the characteristics of the entire population. This design is appropriate because it allows for 
the comparison of CIMT between hypertensive and non-hypertensive individuals at a specific point in time. It also 
enables the analysis of associations between CIMT and cardiovascular risk factors such as age, body mass index (BMI), 
and lipid profile. 

2.2. Study Area 

The study was conducted in 4 medical diagnostic facilities: Real Time Medical Diagnostics, Orange Medical Diagnostics, 
Olive Tree Diagnostics and Twin Medical Diagnostics; all located in Port Harcourt Metropolis, Rivers State, Nigeria. Port 
Harcourt is a major urban center with a high prevalence of hypertension and cardiovascular diseases due to 
urbanization, lifestyle factors, and limited access to preventive healthcare services. The diagnostic centers selected for 
the study have functional ultrasound facilities. 
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3. Study Population 

The study population comprised of hypertensive adults who attended one of the 4 medical diagnostic facilities. A control 
group of non-hypertensive adults was also included for comparative analysis from the diagnostic centres. 

3.1. Inclusion Criteria 

• The test group included adults aged 18 years and above diagnosed with hypertension (SBP ≥140 mmHg and/or 
DBP ≥90 mmHg). Early onset of hypertension often begins at 30 years [12]. 

• The Control group included people of 18 years and above with medically confirmed evidence of no 
hypertension. 

• Patients who agreed and signed provided informed consent to participate in the study. 
• Patients with no prior history of stroke, myocardial infarction. 

3.2. Exclusion Criteria 

• Non-hypertensive adults are excluded from the test group  
• Hypertensive patients are excluded from the control group. 
• Subjects for investigation other than cardiovascular system are excluded.  
• Patients with incomplete clinical data or unwillingness to undergo ultrasound assessment. 

3.3. Sample Size and parameters required for measurements 

The study included 111 hypertensive patients (60 female and 51 male) and 111 non-hypertensive patients (58 female 
and 53 male), from the 4 privately owned medical diagnostic facilities in Port Harcourt, Nigeria. 

Demographic and clinical information was obtained from patients request forms, which included patient’s age, gender, 
duration of hypertension, body mass index (BMI), blood pressure levels 

3.4. Sonographic Measurement of CIMT 

CIMT was measured using Mindray DP-10 2022-10-22, a B-mode ultrasound scanner with a high-frequency linear probe 
(7–12 MHz). The procedure followed the Mannheim CIMT Consensus Guidelines [9], which include: 

• Measurements were taken from the common carotid artery (CCA), 10mm proximal to the carotid bifurcation. 
• The intima-media thickness of the far wall of the artery was recorded. 
• Measurements were taken bilaterally (both left and right carotid arteries), and the mean CIMT value was 

calculated. 
• All ultrasound assessments were conducted by certified sonographers to ensure accuracy and consistency. 
• An illustration of the measurements is shown in Figure 1 [13]  

 

Figure 1 Diagrammatic representation of how CIMT is measured [13] 
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4. Data Analysis 

Collected data were analyzed using Statistical Package for the Social Sciences (SPSS) version 26.0. The analysis included: 
Descriptive Statistics (Mean, standard deviation, and frequency distribution of participant characteristics (age, BMI, 
CIMT values)); Comparative Analysis: 

(Independent t-test was used to compare mean CIMT values between hypertensive and non-hypertensive groups); 
Correlation Analysis: (Pearson’s correlation was used to assess the relationship between CIMT and biophysical 
parameters).   

to identify independent predictors of increased CIMT among hypertensive patients. Statistical significance was set at p 
< 0.05. 

4.1. Ethical Consideration 

This study adhered to ethical guidelines for research involving human participants. 

Hence, ethical clearance was obtained from Health Research Ethics Committee, Rivers State Hospitals Management 
Board. No: RSHMB/RSHREC/2025/137. Permission was also gotten from the Head of Departments of the selected 
centers, to use their facilities for the research. 

Participants were provided with detailed information about the study. Written informed consent was obtained before 
participation. All personal data were kept confidential and stored securely. 

Data were anonymized to protect participant identity. The study poses minimal risk to participants as CIMT 
measurement is non-invasive. Participants found to have significantly increased CIMT were referred for further medical 
evaluation. 

5. Results 

 

Figure 2 A Histogram Chart Showing Gender representation of the hypertensive patients and the Control  

The bar chart above shows the gender distribution among hypertensive and non-hypertensive participants. There were 
60 female hypertensive patients and 51 male hypertensive patients; there were also 58 female non-hypertensive 
patients and 53 male non-hypertensive patients. Both groups demonstrate a relatively balanced representation of males 
and females, although slight differences exist (Figure 2). 



International Journal of Science and Research Archive, 2025, 17(03), 990-999 

994 

 

Figure 3 A histogram showing the Age ranges of the hypertensive patients and the control 

The bar chart above illustrates the age distribution of hypertensive and non-hypertensive participants. Hypertensive 
individuals were more frequently observed in the age category 50-59 years, while majority of patients in the study that 
were non-hypertensive were within the age group of 60-69 years (Figure 3). 

Table 1A Descriptive Analysis of Age, BMI, and Duration of non-hypertensive patients 

Variable Mean ±SD Median Mode 25th Percentile 75th Percentile 

Age 55.59 ± 14.56 57.0 68 42.5 68.0 

BMI 27.71 ± 4.04 28.0 25.3 25.6 30.65 

 

Table 1B Descriptive Analysis of Age, BMI, and Duration of hypertensive patients 

Variable Mean ±SD Median Mode 25th Percentile 75th Percentile 

Age 53.53 ± 14.42 53.0 53 42.0 66.5 

BMI 27.59 ± 4.01 27.3 24.5 24.9 30.6 

Duration of Hypertension (Years) 11.06 ± 5.64 11.0 15.0 6.0 15.5 

The table above shows that for the non-hypertensive patients; the mean age was 55.59 ± 14.56 and a mean BMI of 27.71 
± 4.04 (Table 1a). For Hypertensive patients, the mean age was 53.53 ± 14.42, the mean BMI was 27.59 ± 4.01 and the 
mean years for duration of hypertension was 11.06 ± 5.64 (Table 1b). 

Table 2 Mean presentation of the CIMT between hypertensive patients and the control (non-hypertensive) 

Factor  N Minimum CIMT Maximum CIMT Mean ± SD 

Hypertensive 111 0.98 1.1 1.05 ± 0.1 

Non-hypertensive 111 0.75 0.85 0.81 ± 0.08 

The table above shows that the CIMT of hypertensive patients is higher than that of non-hypertensive patients. The t-value is 3.07289. The p-value 
is 0.0916. The result is not significant at p < 0.05 (Table 2) 
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Table 3 Distribution showing mean CIMT between the right and left artery  

Factor  N Minimum CIMT Maximum CIMT Mean ± SD 

Right CIMT of hypertensive patients 111 0.93 1.16 1.04 ± 0.16 

Left CIMT of hypertensive patients 111 0.98 1.12 1.05 ± 0.13 

Right CIMT of Control 111 0.74 0.89 0.82 ± 0.12 

Left CIMT of Control 111 0.71 0.87 0.8 ± 0.12 

The table above shows that the right CIMT was higher than the left CIMT both in hypertensive patients and the control 
group. The two-tailed P value equals 0.0406 (Table 3). 

Table 4 Comparative Analysis of CIMT Between hypertensive and non-hypertensive Patients 

Variable t-value p-value Interpretation 

CIMT Right (mm) 13.35 0.0000 Significant difference 

CIMT Left (mm) 14.38 0.0000 Significant difference 

CIMT Mean (mm) 19.92 0.0000 Significant difference 

Independent t-test results show statistically significant differences in right, left, and mean CIMT values between 
hypertensive and non-hypertensive patients (p < 0.05). Hypertensive patients consistently demonstrated higher CIMT 
values, indicating more pronounced arterial wall thickening compared to non-hypertensive participants (Table 4). 

Table 5 Correlation Analysis of CIMT with Duration of hypertension 

Variable Pair Correlation (r) p-value Interpretation 

Duration of hypertension Versus CIMT right (mm) 0.06 0.5609 Not significant 

Duration of hypertension Versus CIMT left (mm) -0.13 0.1856 Not significant 

Duration of hypertension Versus CIMT mean (mm) -0.05 0.5700 Not significant 

These correlations were statistically insignificant (p < 0.05), suggesting that longer duration of hypertension is not 
directly associated with greater carotid wall thickening. The correlation analysis showed no association for the right, 
left, and mean CIMT measurements (Table 5). 

 Table 6 Correlation Analysis of Mean CIMT with Age and BMI 

Variable Pair Correlation (r) p-value Interpretation 

Age versus CIMT mean (mm) 0.22 0.0185 Significant positive correlation 

BMI versus CIMT mean (mm) -0.07 0.4710 Not significant 

The correlation analysis indicates that there is a significantly positive correlation between age and mean CIMT. There 
was also poor but insignificantly negative correlation between CIMT and BMI (p < 0.05) (Table 6). 

6. Discussion 

6.1. Gender distribution 

The analysis of gender distribution revealed that both hypertensive and non-hypertensive groups included males and 
females, with slight variations in proportions having more females than males in both groups. This finding has important 
implications in cardiovascular research, as gender has been identified as a significant determinant of cardiovascular 
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risk and vascular remodeling. Several studies have demonstrated that males are generally at a higher risk of developing 
increased carotid intima-media thickness (CIMT) compared to females, particularly in hypertensive populations. For 
instance, Lorenz et al [14] reported that male gender was associated with higher CIMT progression rates, likely due to 
hormonal and lifestyle differences. Similarly, Okeahialam et al [15] in Nigeria found that hypertensive males showed 
greater CIMT values compared to their female counterparts. The findings of the present analysis, which show that both 
genders are well represented in the sample, agree with studies that emphasize the necessity of including both males 
and females when evaluating cardiovascular risk factors. However, while some literature highlights a pronounced male 
predominance in hypertensive complications, the slight dominance of females observed here may reflect increasing 
exposure of women to cardiovascular risk factors due to urbanization and lifestyle changes, consistent with 
observations from Giardina et al [16]. 

6.2. Age distribution  

The distribution of participants across age groups reveals that hypertension is more prevalent among older adults, 
consistent with global and Nigerian epidemiological data. Hypertensive participants were concentrated in the 50–79 
years age range, indicating the strong association between aging and vascular remodeling, but does not mean that for 
this study CIMT values in the age group. This finding aligns with the reports of Polak et al [17], who demonstrated that 
age is a strong determinant of carotid intima-media thickness (CIMT) progression. Similarly, Mancia et al [18] 
emphasized that cumulative exposure to elevated blood pressure accelerates vascular aging, leading to arterial wall 
thickening. Comparatively, non-hypertensive individuals in this study were more evenly distributed across younger age 
groups, suggesting that the onset of hypertension tends to manifest later in adulthood. This agrees with the findings of 
Higashi et al [19], who reported that the prevalence of hypertension increases significantly with age due to endothelial 
dysfunction and arterial stiffness. In Nigeria, Akinyemi et al [20] reported that the burden of stroke and cardiovascular 
complications is highest among older hypertensive adults, underscoring the need for early detection and control of 
blood pressure. The current study’s findings agree with these observations, supporting the hypothesis that age is a 
critical factor influencing hypertension and its vascular consequences in Port Harcourt metropolis. 

6.3. Age and BMI in both groups 

The inclusion of standard deviations alongside means provides a deeper understanding of the variability within the 
studied groups. Hypertensive participants had higher mean ages and BMI values with notable standard deviations, 
reflecting both the central tendency and spread of these variables. This highlights that while the average hypertensive 
patient is older and heavier, there is still a wide range of variation within the group. According to Whelton et al [21], 
such variability is expected due to differences in lifestyle, genetics, and healthcare access. The duration of hypertension 
also displayed high variability, with a wide interquartile range, consistent with findings by Mancia et al [18], who noted 
that chronic hypertension progression differs significantly between patients. This emphasizes the importance of 
individualized management approaches. Furthermore, Higashi et al [19] confirmed that prolonged hypertension 
duration correlates with greater vascular changes, reinforcing the implications of variability observed in this study. 
Non-hypertensive participants displayed lower means and narrower standard deviations in both age and BMI, aligning 
with epidemiological data that younger, leaner adults are less likely to develop hypertension (Polak et al [17]). This 
comparative stability underscores the protective effect of youth and normal body weight. Overall, these findings agree 
with prior studies, emphasizing the significant roles of age, BMI, and duration of hypertension in cardiovascular risk, 
while also acknowledging the variability captured by standard deviations as critical for accurate interpretation of 
patient populations. 

6.4. CIMT in hypertensive and non-hypertensive individuals 

The findings confirm that hypertensive individuals exhibit greater carotid intima-media thickness (CIMT) compared to 
their non-hypertensive counterparts. Both right and left CIMT values were elevated in hypertensive patients, consistent 
with previous studies such as Umeh et al [11] and Okeahialam et al [15], who demonstrated that hypertension is 
strongly associated with arterial wall thickening in Nigerian populations. The variability captured by the standard 
deviations highlights the heterogeneity of CIMT progression, which may be influenced by age, BMI, and duration of 
hypertension. This aligns with Lorenz et al [14], who reported that each 0.1 mm increase in CIMT corresponds to a 
significant increase in cardiovascular event risk. Comparatively, non-hypertensive participants showed lower CIMT 
values, generally within normal reference ranges, confirming observations by Stein et al [22] that CIMT serves as a 
reliable marker for subclinical atherosclerosis primarily in individuals with established risk factors. 

The results of the independent t-tests demonstrate significant differences in CIMT values between hypertensive and 
non-hypertensive individuals, supporting the hypothesis that hypertension is associated with vascular remodeling and 
arterial wall thickening. This finding aligns with Okeahialam et al [15], who reported that hypertensive Nigerians had 
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significantly greater CIMT compared to normotensive controls. These results also corroborate findings from Umeh et al 
[11], who demonstrated elevated CIMT values in hypertensive patients in Ibadan, Nigeria. Furthermore, Lorenz et al 
[14] in their meta-analysis emphasized that CIMT serves as a strong predictor of future cardiovascular events, and 
hypertensive populations typically exhibit higher values compared to normotensive populations. The present study's 
findings are also consistent with Stein et al [22], who noted that CIMT measurement is a reliable, non-invasive tool for 
detecting subclinical atherosclerosis, particularly in populations with known risk factors such as hypertension. Overall, 
these results reinforce the clinical value of CIMT in risk.  

6.5. Correlation of CIMT with duration of hypertension 

The results show that the longer an individual has hypertension, the greater their carotid intima-media thickness 
(CIMT), however, this was statistically insignificant so can be due to chance. This reflects the cumulative effect of 
prolonged high blood pressure on vascular remodeling and arterial wall changes. Mancia et al [18] emphasized that 
chronic hypertension leads to progressive endothelial dysfunction, vascular stiffening, and intimal thickening. Similarly, 
Higashi et al [19] found that prolonged exposure to hypertension significantly increases the risk of subclinical 
atherosclerosis. These findings are also supported by Okeahialam et al [15], who demonstrated that hypertensive 
patients with longer disease history showed higher CIMT values compared to those with shorter durations. The present 
study’s results are therefore consistent with regional and international evidence, highlighting the importance of early 
detection and management of hypertension to prevent vascular complications. 

6.6. Correlation of CIMT with age and BMI 

This analysis confirms that while age is significant predictor of carotid intima-media thickness (CIMT), BMI was not. 
Older participants had higher CIMT values, consistent with Polak et al [17], who reported that vascular aging contributes 
to progressive arterial wall thickening. Similarly, Lorenz et al [14] demonstrated that CIMT increases steadily with age 
and serves as a predictor of cardiovascular risk. BMI had a poor negative correlation with CIMT, suggesting that 
overweight and obesity contribute to vascular changes but not significantly. This finding supports Whelton et al [21], 
who noted obesity as a major risk factor for hypertension and cardiovascular disease, as well as Stein et al [22], who 
emphasized that increased adiposity accelerates vascular remodeling. These findings align with global and regional 
literature, reinforcing the role of age and BMI in the pathophysiology of hypertension and subclinical atherosclerosis. 
Together, they highlight the need for lifestyle interventions targeting weight reduction and cardiovascular screening in 
older adults. 

7. Conclusion 

This study demonstrated that hypertensive adults in Port Harcourt metropolis have significantly increased carotid 
intima-media thickness compared to non-hypertensive individuals. Age, BMI, and duration of hypertension were 
strongly associated with CIMT, indicating their roles as independent predictors of subclinical atherosclerosis. These 
findings are consistent with both regional and international literature and highlight the importance of incorporating 
sonographic CIMT evaluation into cardiovascular risk stratification and preventive healthcare strategies in Nigeria.  

Limitations of the study 

• The study design limited causal inference, as associations between hypertension, age, BMI, and CIMT cannot 
confirm directionality. 

• Though adequate, a larger sample could provide more robust subgroup analyses (e.g., gender-specific 
correlations). 

• The study was restricted to Port Harcourt metropolis, which may not reflect CIMT variations across other 
Nigerian populations. 

• Potential confounding factors such as smoking, alcohol consumption, and lipid abnormalities were not 
extensively analyzed. 
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