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ABSTRACT 

Background: Cardiovascular disease remains the leading cause of mortality in patients with end-stage renal disease (ESRD), 

and carotid intima-media thickness (CIMT) has emerged as a non-invasive surrogate marker for subclinical atherosclerosis. In 

patients undergoing hemodialysis, chronic inflammation, metabolic abnormalities, and traditional risk factors may accelerate 

vascular changes. Early identification of such vascular alterations can guide timely interventions to reduce cardiovascular 

morbidity and mortality in this high-risk group. 

Objective: To evaluate carotid intima-media thickness in patients on maintenance hemodialysis and investigate its association 

with clinical and biochemical parameters. 

Methods: This cross-sectional study was conducted over six months at the Department of Nephrology, Combined Military 

Hospital, Multan. A total of 145 adult patients with ESRD undergoing hemodialysis for at least three months were enrolled. 

Patients with acute infections, inflammatory conditions, recent carotid surgery, or incomplete data were excluded. 

Demographic, clinical, and biochemical data were collected through structured questionnaires and laboratory assessments. 

CIMT was measured bilaterally at three predefined carotid artery sites using a GE Voluson E6 ultrasound machine. Data 

analysis was performed using SPSS version 20, with significance set at p < 0.05. 

Results: Participants had a mean age of 46.3 ± 12.4 years, with 58.6% males. Hypertension (81.3%), lipid disorders (90.3%), 

and diabetes mellitus (52.4%) were prevalent. Elevated serum creatinine (6.8 ± 2.1 mg/dL), triglycerides (158 ± 82 mg/dL), 

and homocysteine (39.5 ± 28.4 μmol/L) were observed. Mean CIMT was 0.80 ± 0.15 mm (right) and 0.79 ± 0.14 mm (left), 

with increased CIMT (≥0.8 mm) seen in 72.4% and 69.0% of patients, respectively. CIMT was significantly correlated with 

age, CKD duration, dialysis time, hypertension, diabetes, lipid levels, creatinine, triglycerides, and homocysteine. 

Conclusion: There is a high burden of subclinical atherosclerosis among hemodialysis patients, as indicated by increased CIMT 

and its strong associations with modifiable and disease-specific risk factors. Addressing hypertension, diabetes, and 

dyslipidemia may be critical to reducing cardiovascular complications in this population. 

Keywords: Atherosclerosis, Carotid Intima-Media Thickness, Chronic Kidney Disease, Hemodialysis, Risk Factors, 

Ultrasonography, Vascular Stiffness. 
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INTRODUCTION 

Chronic kidney disease (CKD) remains a pressing global health concern, affecting approximately 10%–15% of the population worldwide 

and contributing substantially to morbidity and premature mortality (1). In Pakistan, the burden is even more pronounced, with an 

estimated 20 million individuals—roughly 12%–15% of the population—living with CKD (2). This high prevalence is largely driven 

by the increasing incidence of diabetes mellitus and hypertension, affecting 26.7% and 40% of the adult population respectively, along 

with factors such as late-stage diagnosis and inadequate access to healthcare services (3). As CKD progresses to end-stage renal disease 

(ESRD), hemodialysis becomes the principal mode of treatment. While life-sustaining, hemodialysis is often accompanied by significant 

cardiovascular complications, which remain the leading cause of death in this patient population, accounting for nearly 50% of all-cause 

mortality (4). Notably, patients with CKD are 10–20 times more likely to die from cardiovascular disease (CVD) than from the 

progression to ESRD itself (4,5). Among the many methods used to assess cardiovascular risk, carotid intima-media thickness (CIMT) 

has emerged as a valuable, non-invasive indicator of subclinical atherosclerosis and arterial stiffness. Multiple studies have demonstrated 

that CIMT values are significantly elevated in CKD patients when compared to healthy individuals, with some reporting increases of 

30%–50%, reflecting accelerated vascular aging and arterial rigidity (6,7). 

The pathophysiological mechanisms underlying increased CIMT in CKD are complex and multifactorial. Uremia-induced systemic 

inflammation and oxidative stress have been identified as central contributors to endothelial injury and vascular remodeling (8). Mineral 

and bone disorders, commonly seen in CKD, further exacerbate vascular pathology through imbalances in calcium, phosphate, and 

parathyroid hormone levels—key drivers of arterial calcification and reduced vascular compliance (9). Moreover, the hemodialysis 

process itself imposes recurrent hemodynamic stress, perpetuating a cycle of inflammation, endothelial dysfunction, and oxidative 

damage, all of which may accelerate vascular changes (10). Biochemical markers such as elevated serum phosphate, parathyroid 

hormone (PTH), and C-reactive protein (CRP) have been consistently linked with increased CIMT in CKD populations. Clinical factors 

including the duration of dialysis, presence of diabetes, and hypertension also demonstrate significant associations with vascular 

thickening and stiffness (11). Despite growing recognition of these associations, there remains a need to deepen understanding of how 

biochemical and clinical parameters interact to influence vascular health in hemodialysis patients. Given the high cardiovascular risk 

burden among individuals receiving hemodialysis, and the prognostic potential of CIMT as a marker of subclinical vascular disease, it 

becomes imperative to explore these relationships more thoroughly. Therefore, the present study aims to evaluate carotid intima-media 

thickness in patients undergoing maintenance hemodialysis and to investigate its correlation with selected biochemical and clinical 

indicators. 

METHODS 

A cross-sectional study was conducted over a period of six months at the Department of Nephrology, Combined Military Hospital 

(CMH) Multan, to assess carotid intima-media thickness (CIMT) and its association with clinical and biochemical parameters among 

patients undergoing maintenance hemodialysis for end-stage renal disease (ESRD). The target population comprised adult ESRD 

patients receiving routine hemodialysis at the facility. Participation in the study was voluntary, and only patients who provided written 

informed consent were included, ensuring adherence to ethical standards. The study protocol was reviewed and approved by the 

institutional research and ethical committee. Participants were selected through non-probability consecutive sampling. Inclusion criteria 

required patients to be 18 years or older, diagnosed with ESRD, and undergoing regular hemodialysis for a minimum of three months. 

To maintain data quality and avoid confounding, individuals were excluded if they had active infections, recent inflammatory conditions, 

malignancies, a history of carotid artery surgery, or significant carotid stenosis. Pregnant women and patients with incomplete clinical 

or biochemical data were also excluded. The sample size was calculated using an online sample size calculator, based on a reported 

CKD prevalence of 10.5% among Pakistani adults, applying a 95% confidence interval (Z = 1.96) and a 5% margin of error. This resulted 

in a minimum sample size requirement of 145 patients (12). Demographic and clinical information, including age, sex, residential 

location, dialysis center, smoking status, and history of comorbidities such as hypertension, diabetes, and cardiovascular diseases, was 

collected using a structured questionnaire administered by trained personnel. Prior to the initiation of dialysis sessions, fasting blood 

samples were obtained by qualified healthcare staff. These samples were analyzed in a standardized hospital laboratory setting for 



Volume 3 Issue 4: CIMT and Risk Factors in Hemodialysis 
Pasha MS et al.  

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation.                 562 

biochemical markers, including serum calcium, phosphate, magnesium, parathyroid hormone (PTH), vitamin D3, total cholesterol, 

triglycerides, creatinine, blood urea nitrogen (BUN), and albumin levels. All biochemical assays were conducted using calibrated 

equipment under uniform procedural protocols to ensure precision and inter-sample consistency. 

Following the laboratory assessments, participants were referred to the hospital’s radiology department for CIMT evaluation. Each 

patient was asked to rest quietly for 15 minutes to minimize stress-induced hemodynamic variability. They were then positioned supine 

with the head gently extended and turned contralaterally. A single experienced radiologist performed all CIMT measurements using a 

GE Voluson E6 ultrasound system equipped with a 12 MHz high-resolution linear array transducer. The bilateral carotid arteries were 

scanned at three predefined anatomical sites: 1.5 cm distal to the bifurcation of the common carotid artery, the carotid bifurcation, and 

the proximal internal carotid artery. Areas with visible plaques were avoided to ensure measurement validity. For each side, three 

readings were taken, and the average was computed; the higher of the two side-specific averages was used for further statistical analysis. 

Statistical analysis was carried out using SPSS software version 20. Quantitative data were expressed as mean ± standard deviation. 

Independent samples t-tests were applied to compare mean CIMT values across binary categorical variables, whereas one-way analysis 

of variance (ANOVA) was employed for comparisons among groups with more than two categories. Bivariate correlation analyses 

assessed associations between CIMT and continuous variables. Additionally, a univariate general linear model (GLM) was used to 

evaluate the combined effects of both categorical and continuous variables on CIMT, allowing for interaction analysis. A significance 

threshold of p < 0.05 was applied, and findings were presented using appropriate tables and graphical formats to facilitate interpretation. 

RESULTS 

The study included 145 patients with end-stage renal disease undergoing hemodialysis. The mean duration of CKD among participants 

was 4.8 ± 2.0 years, and 34.5% had been on dialysis for over 12 months. The sample showed a predominance of middle-aged (31.0%) 

and older adults (34.5%), with males comprising 58.6% of the population. Urban residents accounted for 65.5%. The majority of patients 

had a normal BMI (55.2%), while 34.4% were classified as overweight or obese. Active smoking was reported in 24.1% of cases. 

Common comorbidities included hypertension (81.3%), lipid disorders (90.3%), diabetes mellitus (52.4%), coronary artery disease 

(19.3%), and hyperuricemia (42.8%). The biochemical analysis revealed notable abnormalities. Mean hemoglobin was 10.9 ± 1.5 g/dL, 

indicating anemia across the sample. Serum creatinine was markedly elevated at 6.8 ± 2.1 mg/dL. Hyperphosphatemia was present, with 

a mean phosphorus level of 5.2 ± 1.4 mg/dL. Lipid profiling showed elevated triglycerides (158 ± 82 mg/dL), while HDL was within 

normal limits (86 ± 24 mg/dL). Vitamin D deficiency was observed, with mean levels of 38 ± 14 nmol/L. Inflammatory markers such 

as CRP (10.2 ± 14.3 mg/L) and fibrinogen (290 ± 78 mg/dL) were elevated, indicating a pro-inflammatory state. Parathyroid hormone 

was also significantly raised (24.7 ± 35.3 pmol/L), suggestive of secondary hyperparathyroidism. 

Carotid intima-media thickness measurements showed mean values of 0.80 ± 0.15 mm on the right and 0.79 ± 0.14 mm on the left, both 

within the reference range (0.6–1.0 mm). The carotid bifurcation consistently exhibited the highest CIMT readings bilaterally. Increased 

CIMT (≥0.8 mm) was detected in 72.4% of patients on the right side and 69.0% on the left, demonstrating a high prevalence of subclinical 

atherosclerosis. Correlation analysis revealed that CIMT was strongly and positively associated with age (r = 0.62, p < 0.001), duration 

of CKD (r = 0.55, p < 0.001), and time on dialysis (r = 0.50, p < 0.001). Among clinical conditions, hypertension (r = 0.42, p < 0.001), 

diabetes (r = 0.38, p < 0.001), lipid disorders (r = 0.47, p < 0.001), and coronary artery disease (r = 0.40, p < 0.001) all showed significant 

positive associations with CIMT. Biochemical markers such as serum creatinine (r = 0.50, p < 0.001), triglycerides (r = 0.48, p < 0.001), 

homocysteine (r = 0.55, p < 0.001), CRP (r = 0.50, p < 0.001), and fibrinogen (r = 0.45, p < 0.001) demonstrated strong correlations 

with CIMT. In contrast, hemoglobin (r = -0.25, p = 0.015), HDL (r = -0.22, p = 0.020), and vitamin D (r = -0.30, p = 0.004) were 

inversely associated with CIMT, suggesting protective roles. 

 

Table 1: Demographic and clinical characteristics of the study sample (n=145) 

Variable n (%) / Mean ± SD 

Age Distribution (years) 

Young Adults (18–30) 25 (17.2) 

Middle-Aged (31–45) 45 (31.0) 

Older Adults (46–60) 50 (34.5) 

Seniors (>60) 25 (17.2) 
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Variable n (%) / Mean ± SD 

Gender 

Male 85 (58.6) 

Female  60 (41.4) 

Residential Area 

Urban Residents 95 (65.5) 

Rural Residents 50 (34.5) 

CKD Duration (years) 4.8 ± 2.0 

Time on Dialysis (months) 

<6 Months 40 (27.6) 

6–12 Months 55 (37.9) 

>12 Months 50 (34.5) 

Body Mass Index (BMI) 

Low Weight (<18.5 kg/m²) 15 (10.3) 

Normal Range (18.5–24.9 kg/m²) 80 (55.2) 

Elevated BMI (25–29.9 kg/m²) 35 (24.1) 

Obese (≥30 kg/m²) 15 (10.3) 

Smoking Habits 

Active Smokers 35 (24.1) 

Non-Smokers 110 (75.9) 

Health Conditions 

Hypertensive 61 (81.3) 

Diabetic Patients 38 (52.4) 

Lipid Disorders 66 (90.3) 

Increased Uric Acid 31 (42.8) 

Heart Disease 9 (12.4) 

Coronary Artery Disease 28 (19.3) 

 

Table 2: Biochemical Parameters of the Study Participants (n=145) 

Biochemical Parameter Mean ± SD (Reference Range) 

Hemoglobin (g/dL) 10.9 ± 1.5 (Female: 12.0–15.8, Male: 13.3–16.2) 

Serum Creatinine (mg/dL) 6.8 ± 2.1 (0.8–1.2) 

Serum Calcium (mg/dL) 9.2 ± 0.8 (8.5–10.0) 

Serum Phosphorus (mg/dL) 5.2 ± 1.4 (3.5–5.5) 

Triglyceride Level (mg/dL) 158 ± 82 (<150) 

Total Cholesterol (mg/dL) 140 ± 30 (<200) 

High-Density Lipoprotein (HDL) (mg/dL) 86 ± 24 (>40) 

Low-Density Lipoprotein (LDL) (mg/dL) 28 ± 10 (<130) 

Parathyroid Hormone (pmol/L) 24.7 ± 35.3 (0.8–3.9) 

Serum Albumin (g/dL) 4.0 ± 0.6 (3.5–5.5) 

Uric Acid (mg/dL) 5.8 ± 1.0 (Female: 2.5–6.0, Male: 3.1–7.5) 

Homocysteine Level (μmol/L) 39.5 ± 28.4 (0–50) 

C-Reactive Protein (CRP) (mg/L) 10.2 ± 14.3 (<5) 

Fibrinogen Concentration (mg/dL) 290 ± 78 (50–400) 

Vitamin D Levels (nmol/L) 38 ± 14 (50–125) 
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Table 3: Correlation of mean CIMT with demographic, clinical and biochemical characteristics of the study sample 

Variable Descriptive 

Statistics 

Pearson Correlation Coefficient 

(r) 

95% CI p-value 

Demographic Characteristics 

Age (years) 46.3 ± 12.4 0.62 0.49 to 0.72 <0.001 

Gender (Male %) 58.6% Male 0.18 0.02 to 0.34 0.045 

Residential Area (Urban %) 65.5% Urban 0.10 -0.06 to 0.26 0.210 

Clinical Characteristics 

CKD Duration (years) 4.8 ± 2.0 0.55 0.42 to 0.66 <0.001 

Time on Dialysis (months) 9.5 ± 4.2 0.50 0.36 to 0.62 <0.001 

BMI (kg/m²) 24.3 ± 3.8 0.30 0.14 to 0.45 0.002 

Smoking Habits (Active %) 24.1% Active 

Smokers 

0.28 0.12 to 0.43 0.010 

Hypertension (Yes %) 81.3% 0.42 0.27 to 0.56 <0.001 

Diabetes Mellitus (Yes %) 52.4% 0.38 0.22 to 0.52 <0.001 

Lipid Disorders (Yes %) 90.3% 0.47 0.33 to 0.60 <0.001 

Increased Uric Acid (Yes %) 42.8% 0.35 0.19 to 0.50 0.005 

Coronary Artery Disease (Yes 

%) 

19.3% 0.40 0.24 to 0.54 <0.001 

Biochemical Parameters 

Hemoglobin (g/dL) 10.9 ± 1.5 -0.25 -0.40 to -0.09 0.015 

Serum Creatinine (mg/dL) 6.8 ± 2.1 0.50 0.36 to 0.62 <0.001 

Serum Calcium (mg/dL) 9.2 ± 0.8 -0.18 -0.34 to -0.02 0.050 

Serum Phosphorus (mg/dL) 5.2 ± 1.4 0.33 0.17 to 0.48 0.008 

Triglyceride Level (mg/dL) 158 ± 82 0.48 0.34 to 0.61 <0.001 

Total Cholesterol (mg/dL) 140 ± 30 0.40 0.24 to 0.54 <0.001 

HDL (mg/dL) 86 ± 24 -0.22 -0.37 to -0.06 0.020 

LDL (mg/dL) 28 ± 10 0.35 0.19 to 0.50 0.005 

Parathyroid Hormone (pmol/L) 24.7 ± 35.3 0.25 0.09 to 0.40 0.012 

Serum Albumin (g/dL) 4.0 ± 0.6 -0.15 -0.30 to 0.01 0.090 

Uric Acid (mg/dL) 5.8 ± 1.0 0.30 0.14 to 0.45 0.003 

Homocysteine Level (μmol/L) 39.5 ± 28.4 0.55 0.42 to 0.66 <0.001 

C-Reactive Protein (CRP) 

(mg/L) 

10.2 ± 14.3 0.50 0.36 to 0.62 <0.001 

Fibrinogen Concentration 

(mg/dL) 

290 ± 78 0.45 0.30 to 0.58 <0.001 

Vitamin D Levels (nmol/L) 38 ± 14 -0.30 -0.45 to -0.14 0.004 
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DISCUSSION 

The present study aimed to evaluate carotid intima-media thickness (CIMT) in patients undergoing maintenance hemodialysis and to 

explore its association with key clinical and biochemical variables. The findings demonstrated elevated CIMT values in a majority of 

participants, with increased CIMT (≥0.8 mm) present in over 70% of the cohort on both sides. These results are in line with prior 

evidence indicating an elevated burden of subclinical atherosclerosis and cardiovascular risk among individuals with chronic kidney 

disease (CKD) undergoing dialysis (13,14). The observed mean CIMT values also fell within the upper range of what is considered 

normal, reflecting underlying vascular remodeling and accelerated arterial aging in this population. Age showed a strong and statistically 

significant correlation with CIMT, affirming the role of vascular aging in the pathogenesis of atherosclerosis in CKD. Similar 

associations were found with CKD duration and dialysis vintage, supporting the cumulative vascular stress hypothesis and the role of 

prolonged hemodynamic alterations, chronic inflammation, and oxidative stress in driving arterial wall changes over time (15-17). 

Clinical comorbidities including hypertension, diabetes mellitus, and dyslipidemia were also significantly associated with increased 

CIMT, consistent with their well-established roles in promoting endothelial dysfunction, vascular stiffness, and atherogenesis in CKD 

patients (18,19). The positive associations between biochemical markers such as serum creatinine, triglycerides, homocysteine, and 

CIMT further reinforced the interplay between metabolic dysregulation and vascular pathology. Notably, homocysteine showed a strong 

correlation with CIMT, which is consistent with its known role as a mediator of endothelial injury and vascular inflammation in renal 

disease populations (20,21). In contrast, inverse correlations were observed between CIMT and serum hemoglobin as well as vitamin D 

levels, indicating potential protective effects of anemia correction and vitamin D sufficiency on vascular health (20,22). Although serum 

albumin exhibited a weak negative correlation with CIMT, the lack of statistical significance may reflect the relatively stable nutritional 

status of the study participants, evidenced by a normal mean BMI, suggesting that inflammation rather than malnutrition may be the 

predominant contributor to vascular alterations in this cohort. 

The study adds valuable insight into the burden of vascular changes among Pakistani hemodialysis patients and highlights the utility of 

CIMT as a non-invasive surrogate marker for cardiovascular risk stratification in routine nephrology practice. One of the strengths of 

the study lies in the inclusion of a comprehensive panel of both clinical and biochemical parameters, along with standardized CIMT 

measurement protocols performed by a single experienced radiologist, which helped minimize measurement variability. However, 

several limitations merit consideration. The cross-sectional design precludes any inference of causality between risk factors and 

increased CIMT. The relatively modest sample size may have limited the statistical power to detect associations with weaker variables 

such as smoking and residence. Additionally, potential confounders such as physical activity, dietary intake, medication use, and dialysis 

adequacy were not captured, which could have influenced vascular outcomes. The study also did not perform multivariate regression 

analysis, which might have helped identify independent predictors of CIMT by controlling for interrelated variables. Despite these 

Figure 1 Key Correlations with Mean CIMT Figure 2 CIMT Classification Among Study Participants  



Volume 3 Issue 4: CIMT and Risk Factors in Hemodialysis 
Pasha MS et al.  

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation.                 566 

limitations, the findings underscore the high prevalence of subclinical atherosclerosis in hemodialysis patients and the importance of 

early identification of at-risk individuals through routine vascular screening. Future longitudinal studies with larger cohorts and more 

comprehensive data collection, including cardiovascular outcomes and therapeutic interventions, are warranted to establish predictive 

models and evaluate the impact of targeted interventions on vascular health in this vulnerable population. 

CONCLUSION 

The study concluded that carotid intima-media thickness (CIMT) is significantly associated with a range of clinical, biochemical, and 

demographic factors in patients undergoing maintenance hemodialysis. The observed correlations highlight the contribution of both 

traditional cardiovascular risk factors and CKD-specific metabolic disturbances to vascular changes in this population. The inverse 

relationships with hemoglobin and vitamin D levels further underscore the role of systemic inflammation, anemia, and nutritional 

deficiencies in vascular health. These findings reinforce the need for early identification and management of modifiable risk factors to 

mitigate cardiovascular complications and improve long-term outcomes in individuals receiving hemodialysis. 
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