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Purpose: The aim of this study was to analyze the association of the carotid intima-media 

thickness (CIMT) with various parameters in patients on maintenance hemodialysis (mHD).

Methods: A cross-sectional study was conducted, enrolling 68 subjects (41 men, 27 women) 

on mHD in the Hemodialysis Unit, Sanglah Hospital, Denpasar, Indonesia. CIMT was 

measured with B-mode ultrasonography using a USG Sonoace 8000 and a 7.5 MHz linear 

transducer.

Results: CIMT was higher in subjects with cardiovascular disease (CVD) compared with those 

without CVD (0.6494 vs 0.7288 mm; P=0.026), and in men compared with women (0.7056 vs 

0.6141 mm; P=0.003). CIMT was correlated with age (R=0.607; P<0.001), plasma albumin 

(R=−0.291, P=0.016), serum phosphate (R=−0.294, P=0.015), calcium-phosphate product 

(R=−0.284, P=0.011), and plasma high-sensitivity C-reactive protein (R=0.279, P=0.030). 

However, after multiple linear regression testing, only age consistently had a role in determining 

the CIMT value (β=0.452, P<0.001).

Conclusion: Subjects with CVD have higher CIMT than those without CVD and men had 

higher CIMT than women. In addition, older age, higher high-sensitivity C-reactive protein, and 

lower albumin, phosphate, and calcium-phosphate product levels were correlated with higher 

CIMT. Age was the most important marker for CIMT in subjects on mHD.
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Introduction
Cardiovascular disease (CVD) remains the leading cause of morbidity and mortality 

in most countries worldwide. Meanwhile, chronic kidney disease (CKD) is recognized 

as a health concern globally and causes increased number of death as well as health 

care expenditure. CKD itself is an independent risk factor for CVD; both traditional 

and nontraditional risk factors for CVD exist in CKD patients.1 In review articles on 

CVD in patients with CKD, Wright and Hutchison2 and Ritz and Bommer3 stated that 

patients with CKD or on hemodialysis (HD) have markedly reduced life expectancy due 

to higher mortality from CVD compared with those with normal kidney function. Fur-

thermore, they noted that CVD and CKD are linked by common risk factors or etiology 

and together lead to a poor prognosis. Atherosclerosis and vascular calcification were 

more prevalent in patients on dialysis than in controls.4 In the Cardiovascular Outcomes 

Registry in Dialysis Patients (CORDIAL) study, the prevalence of cardiovascular risk 

factors in HD patients was 87.5% for hypertension, 84.7% for dyslipidemia, 73.1% 

for sedentary lifestyle, 53.7% for tobacco use, and 35.8% for diabetes.5
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Carotid intima-media thickness (CIMT) is associated with 

several risk factors for CVD. It has been suggested to be an 

important marker of atherosclerotic vascular disease and is 

predictive of cardiovascular events in the future independent 

of age, gender, and risk factors for CVD.6 CIMT testing is a 

safe, noninvasive, and cost-effective method to detect early 

CVD.7 CIMT increases with advancing coronary artery dis-

ease; patients with mean CIMT over 1.15 mm have a 94% 

likelihood of having coronary artery disease.8 Although many 

studies have shown that changes in CIMT predict future 

cardiovascular events, the value of CIMT testing in CVD 

risk assessment is still vigorously debated.9

CIMT is related to several traditional and nontraditional 

risk factors for CVD in patients with CKD, both in non-HD 

and in maintenance HD (mHD).10 Carotid atherosclerosis is 

associated with inflammation, malnutrition (hypoalbumin-

emia), and intracellular adhesion molecule-1 in patients on 

ambulatory peritoneal dialysis (PD).11 In CKD patients, CIMT 

examination can be used as a surrogate measure to assess the 

incidence and severity of arterial medial calcification.12 CIMT 

is a strong predictor of CVD in Chinese predialysis patients and 

may be useful for risk stratification in this group of patients.13

Since the pathogenesis of the diseases is influenced by 

genetic or ethnicity and environmental factors, and there 

are no data on CIMT in patients with CKD in Indonesia, we 

conducted this study. In this study, we analyzed the associa-

tions between several clinical and biochemical parameters 

as risk factors for CVD and CIMT in patients with mHD.

Methods
A cross-sectional study was conducted during May and June 

2016 in the Hemodialysis Unit, Sanglah Hospital, Denpasar, 

Indonesia. All eligible subjects (aged 26–80 years) on the 

period were included in this study. Sixty-eight subjects under-

going mHD for any underlying disease who met the criteria 

of this study were enrolled. Subjects with mHD were defined 

by subjects who were undergoing HD twice a week for 4.5 

hours per HD for at least 3 months. Subjects with malignancy, 

severe anemia (hemoglobin <6 mg/dL), cigarette smoking, 

systemic lupus erythematosus, acute infection, liver function 

abnormality, or long-term steroid therapy, which influence 

the study parameters, were excluded.

Several clinical and biochemical parameters, including 

age, gender, body mass index, waist circumference, blood 

pressure, duration on HD, history of diabetes, coronary heart 

disease (CHD), stroke, peripheral arterial disease (PAD), 

statin use, complete blood count, lipid profile, total calcium 

and phosphate serum, calcium-phosphate product, albumin 

plasma, IL-6, high-sensitivity C-reactive protein (hs-CRP), 

and CIMT were recorded and measured.

Diagnosis of diabetes (defined by Criteria of American 

Diabetes Association14 by endocrinologist), CHD (defined 

by cardiologist based on guidelines of American College of 

Cardiology Foundation/American Heart Association Task 

Force on Practice Guidelines, and the American College 

of Physicians, American Association for Thoracic Surgery, 

Preventive Cardiovascular Nurses Association, Society for 

Cardiovascular Angiography and Interventions, and Society 

of Thoracic Surgeons),15 stroke (defined by neurologist based 

on Guideline for Healthcare Professionals from the American 

Heart Association/American Stroke Association),16 PAD was 

defined if ankle–brachial index was <0.9, and statin use was 

drawn from medical record. Subjects with CHD, and/or stroke 

and/or PAD were grouped into subjects with CVD.

Complete blood count was measured by flow cytometry 

method (Cell-Dyn RUBY), plasma cholesterol was measured 

by homogenous enzymatic colorimetric assay (Cobas c501), 

plasma triglyceride was measured by enzymatic calorimetric 

test (Cobas c501), serum calcium was measured by spectro-

photometry (Cobas c501), and phosphate was measured by 

Molybdate UV (Cobas c501). Calcium-phosphate product was 

calculated by multiplying calcium and phosphate levels (mg2/

dL).2 Albumin-adjusted (corrected) calcium was calculated by 

formula: (0.8 × [4-patient’s albumin g/dL]+ serum total calcium 

level in mg/dL). Plasma albumin was measured by colorimet-

ric assay (Cobas c501). IL-6 level was measured using the 

human IL-6 immunoassay method (Quantikine® HS Elisa kit 

; R&D Systems, Inc., Minneapolis, MN, USA). Plasma levels 

of hs-CRP were measured by the particle-enhanced immune-

turbidimetric method (Cobas c501; cardiac CRP [Latex] high 

sensitive; Hoffman-La Roche Ltd., Basel, Switzerland). The 

measurement method for CIMT was based on a standard proce-

dure described by several researchers.17–19 CIMT was evaluated 

by a consultant radiologist using B-mode ultrasonography with 

a USG Sonoace 8000 (Samsung Medison Co., Ltd., Seoul, 

Korea) and 7.5 MHz linear transducer. In this study, CIMT was 

measured at three points on each right and left carotid artery: 

at common carotid artery (1 cm from bifurcation), bifurcation, 

and internal carotid artery (1 cm from bifurcation). The mean 

CIMT was the sum of all values divided by six.

Data were expressed descriptively as in the baseline data, 

and the correlations between CIMT and all clinical and bio-

chemical parameters were analyzed by Pearson’s correlation 

test. Differences in mean CIMT between men and women, 

subjects with or without CVD, or in those with diabetes and 

statin use were analyzed by independent t-test; a multiple 
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linear regression test was used to analyze the roles of several 

parameters in determining the CIMT value. In all statistical 

analyses, values of P<0.005 were considered to indicate 

significant difference or correlation between mean values.

Ethical approval and consent to 
participate
The study was approved by the Ethical Committee of the Fac-

ulty of Medicine, Udayana University and Sanglah Hospital 

(no. 561/UN.14.2/Litbang/2016), and it was authorized by the 

Director of Sanglah Hospital on 8 April, 2016 (no. LB.02.01./

II.C5.D11/6327/2016). All subjects were given information 

regarding this study and signed the informed consent. This study 

was conducted in accordance with the Declaration of Helsinki.

Results
This cross-sectional study enrolled 68 subjects on mHD, 41 

men and 27 women, with an age range of 26–80 (mean 56.28) 

years. Parameters including history of CVD, clinical and 

biochemical parameters, and CIMT were measured and ana-

lyzed. Baseline data for all subjects are shown in Table 1. Men 

had significantly higher mean CIMT compared with women 

(0.7056±0.1236 mm vs 0.6141±0.1167 mm, P=0.003), and 

subjects with CVD had higher CIMT values than those with-

out CVD (0.7288±0.1152 mm vs 0.6494±0.1272, P=0.026); 

there were no significant differences in mean CIMT between 

subjects with diabetes and statin use and those without 

(0.6863±0.1131 vs 0.6640±0.1131, P=0.549; 0.6633±0.1130 

vs 0.6698±0.1304, P=0.907, respectively; Table 2). The cor-

relation test showed that age and hs-CRP were positively cor-

related with CIMT (R=0.607, P<0.001; R=0.239, P=0.030, 

respectively), while albumin plasma, phosphate serum, and 

calcium-phosphate product were negatively correlated with 

CIMT (R=−0.291, P=0.016; R=−0.294, P=0.015; R=−0.284, 

P=0.019, respectively). The strongest correlation was 

between age and CIMT (Table 3; Figure 1). In the multiple 

linear regression analysis, only age consistently had a role in 

determining the CIMT value (β=0.452, P<0.001; Table 4).

Discussion
In this study, subjects on mHD with CVD were shown to have 

higher mean CIMT value than those without CVD. CIMT has 

been found to be higher in patients with end-stage renal dis-

ease than in healthy controls.20 In our study, men had higher 

CIMT values compared to women. In general, men have a 

higher prevalence of CVD than women of similar age. One 

study of an Iranian population by Pourafkari et al found that 

the mean CIMT in men was higher than that in women,21 and 

several studies have reported similar results.22,23

Inflammation has an important role in the mechanism of 

atherosclerosis. Some inflammatory markers such as IL-6 

and hs-CRP are well-known risk factors for atherosclerotic 

vascular diseases.24 In this study, we found that levels of hs-

CRP, but not IL-6, were associated with CIMT. IL-6 level in 

blood likely does not reflect the action in general, because 

it also acts as paracrine. Levels of CRP have been found to 

be higher in CKD patients on mHD and PD compared with 

healthy controls (9.2, 8.37, and 3.89 g/L, respectively).25 

Age is an important risk factor for atherosclerotic CVD. In 

our study, age had the strongest correlation with CIMT and 

Table 1 Baseline data of patients (N=68)

Parameters Frequency or Mean 
± SD

Gender

Male/female 41/27
Diabetes 16/68 (23.52%)
CVD 17/68 (25.00%)
CHD 10/68 (14.70%)
Stroke 9/68 (13.23%)
PAD 2/68 (2.94%)
Statin user 6/68 (8.82%)
Age (years) 56.28±11.794
Duration on HD (months) 50.46±32.35
Systolic blood pressure (mmHg)

Standing 148.58±24.49
Sitting 148.60±24.55
Lying 148.68±24.24

Diastolic blood pressure (mmHg)
Standing 85.22±11.85
Sitting 85.29±12.02
Lying 86.32±10.49

Body mass index (kg/m2) 22.21±4.28
Waist circumference (cm) 85.13±12.43
Hemoglobin (g/dL) 9.87±1.66
White blood cells (103/mm3) 7.65±2.07
Neutrophils (103/mm3) 4.87±1.59
Lymphocytes (103/mm3) 1.60±0.65
Monocytes (103/mm3) 0.56±0.18
Total cholesterol (mg/dL) 164.24±38.61
LDL cholesterol (mg/dL) 104.73±33.70
HDL cholesterol (mg/dL) 39.36±13.45
Triglycerides (mg/dL) 156.36±90.38
Albumin plasma (g/dL) 4.03±0.36
Calcium (mg/dL) 9.01±0.66
Albumin-adjusted calcium (mg/dL) 8.98±0.70
Phosphate (mg/dL) 9.01±0.66
Calcium-phosphate product (mg2/dL2) 51.15±18.64
IL-6 serum (pg/mL) 5.09±3.36
hs-CRP serum (mg/L) 8.95±28.45
CIMT (mm) 0.67±0.13

Abbreviations: CHD, coronary heart disease; CIMT, carotid intima-media 
thickness; CVD, cardiovascular disease; HD, hemodialysis; HDL, high-density 
lipoprotein; hs-CRP, high-sensitivity C-reactive protein; LDL, low-density 
lipoprotein; PAD, peripheral arterial disease.
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was one of the most consistent markers for CIMT. Older 

patients (over 60 years) had higher CIMT compared with 

the younger (20–29 years) group (0.305 mm vs 0.645 mm).21 

A cohort study enrolling 2,580 subjects found an increased 

CIMT reference range within different age strata.26 In addi-

tion, CIMT was found to increase with age and low-density 

lipoprotein level, whereas it decreased with high-density 

lipoprotein levels and was lower in White individuals.27 In a 

study on association of CIMT and inflammation and tradi-

tional cardiovascular risk factors in nondialysis-dependent 

patients with CKD, CIMT was found to be correlated with 

age (R=0.538, P<0.001), waist circumference (R=0.235, 

P=0.016), CRP (R=0.191, P=0.035), and SBP (R=0.181, 

P=0.048). According to multiple regression analysis, the 

independent determinants of CIMT were age (β=0.512, 

P<0.001) and CRP levels (β=0.159, P=0.041).22 In mHD 

patients, CIMT was positively correlated with age (R=0.247, 

P=0.032) and other traditional risk factors (SBP, mean arterial 

blood pressure, and pulse rate).10 In this study, our bivariate 

analysis showed that age and levels of hs-CRP, albumin, phos-

phate, and calcium-phosphate products were correlated with 

CIMT, but after analysis by the multiple regression test, only 

age consistently influenced the CIMT value. The findings of 

our study are similar to those of other studies showing that 

age is the strongest marker of CIMT in CKD.

Albuminuria is an important risk factor for CVD and leads 

to an increase in all-cause mortality in patients with diabetes 

or hypertension, and in the general population.1 Low levels 

of plasma albumin are related to severe albuminuria and/

or malnutrition in patients with CKD. In this study, serum 

Table 2 Mean CIMT by gender and clinical status

Parameters Mean ± SD P-value

Gender
Male 0.7056±0.1236 0.003*
Female 0.6141±0.1167

CVD
No 0.6494±0.1272 0.026*
Yes 0.7288±0.1152

Diabetes
No 0.6640±0.1131 0.549
Yes 0.6863±0.1131

Statins user
No 0.6698±0.1304 0.907
Yes 0.6633±0.1130

Note: *Statistically significant.
Abbreviations: CIMT, carotid intima-media thickness, CVD, cardiovascular 
disease.

Table 3 Correlation of CIMT and clinical parameters

Parameters CIMT (mm)

R-value P-value

Age (years) 0.607 <0.001*
Duration on HD (months) −0.133 0.280
Systolic blood pressure (mmHg)

Standing −0.019 0.880
Sitting −0.031 0.804
Lying −0.008 0.948

Diastolic blood pressure (mmHg)
Standing −0.171 0.166
Sitting −0.170 0.167
Lying −0.146 0.234

Body mass index (kg/m2) 0.200 0.102
Waist circumference (cm) 0.175 0.153
Hemoglobin (g/dL) 0.096 0.437
White blood cells (103/mm3) 0.025 0.840
Neutrophils (103/mm3) −0.006 0.593
Lymphocytes (103/mm3) 0.010 0.934
Monocytes (103/mm3) 0.045 0.716
Total cholesterol (mg/dL) −0.193 0.115
LDL cholesterol (mg/dL) −0.154 0.210
HDL cholesterol (mg/dL) −0.042 0.734
Triglycerides (mg/dL) −0.206 0.091
Albumin plasma (g/dL) −0.291 0.016*
Calcium serum (mg/dL) −0.035 0.777
Albumin-adjusted calcium (mg/dL) 0.086 0.487
Phosphate serum (mg/dL) −0.294 0.015*
Calcium-phosphate product (mg2/dL2) −0.284 0.019*
IL-6 serum (pg/mL) 0.095 0.458
hs-CRP serum (mg/L) 0.279 0.030*

Note: *Statistically significant.
Abbreviations: CIMT, carotid intima-media thickness; HD, hemodialysis; HDL, 
high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; LDL, low-
density lipoprotein.

Figure 1 Correlation between age and CIMT.
Abbreviation: CIMT, carotid intima-media thickness.
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albumin level was negatively correlated with the CIMT value. 

Subjects with lower plasma albumin levels in this study might 

have had more severe albuminuria or lower protein intake. A 

study by Helal et al showed that patients with CKD on HD 

and PD had lower levels of albumin compared with the control 

group (31.5, 28.83, and 46.7 mmol/L, respectively).25 Early 

disorders of mineral metabolism may occur in CKD. As the 

glomerular filtration rate value declines, there is a decrease in 

serum calcium levels and an increase in levels of parathyroid 

hormone and phosphate. High levels of serum phosphorus in 

patients with end-stage renal disease were found to be signifi-

cant and an independent risk factor of all-cause and cardio-

vascular mortality and vascular calcification.1,28 High serum 

phosphate is a significant and independent factor associated 

with advanced atherosclerosis in CKD patients with or without 

diabetes, in addition to advanced age.29 Calcium-phosphate 

products are also associated with an increased risk of cardio-

vascular morbidity and mortality in patients with CKD. The 

underlying pathogenesis of how increased serum phosphate 

and calcium-phosphate products cause CVD is not well estab-

lished.1,28 Potential mechanisms by which hyperphosphatemia 

has a direct effect on vascular calcification are suggested by 

modulation of key hormones fibroblast growth factor-23 and 

calcitriol.30 One study in mHD patients revealed that CIMT was 

positively correlated with serum phosphate (R=0.604, P<0.01) 

and calcium-phosphate product (R=0.048, P<0.01), and nega-

tively correlated with serum albumin (R=−0.292, P=0.011).10 

A study by Ishimura et al also showed that serum phosphate 

was positively correlated with CIMT in HD patients.31

Renal factors such as calcium-phosphate product and 

hyperphosphatemia are the important risk factors for CVD 

in CKD. This study found, by contrast, that serum phosphate 

and calcium-phosphate product were negatively correlated 

with CIMT. However, although both parameters showed 

weak correlation with CIMT, they had no role after analysis 

by multiple regression test. We do not yet have any reason-

Table 4 Role of various risk factors for CIMT

Model 1 Unstandardized coefficients Standardized coefficients 95% CI for B

B Std. error B t Sig.

Constant 0.342 0.232 1.472 3.749 0.147 –0.124 to 0.807
Age 0.006 0.002 0.452 0.156 <0.001* 0.003 to 0.009
Albumin 0.007 0.047 0.023 – 0.877 0.088 to 0.103
Phosphate –0.022 0.036 –0.370 0.608 0.546 0.095 to 0.051
Calcium-phosphate product 0.002 0.004 0.273 0.455 0.651 0.006 to 0.010
hs-CRP 0.001 0.001 0.212 1.536 0.130 0.000 to 0.002

Note: *Statistically significant.
Abbreviations: CIMT, carotid intima-media thickness; hs-CRP, high-sensitivity C-reactive protein.

able explanation for this finding. Only age was consistent as 

a marker for CIMT in this study. A limitation of this study 

was the fact that the data on coexisting diseases such as CVD 

(CHD, stroke, PAD) were based on medical records.

Conclusion
On the basis of the results of this study, it can be concluded 

that: 1) subjects with CVD have higher CIMT than those 

without CVD; 2) men have higher CIMT than women; 3) 

older age and higher hs-CRP, lower albumin and phosphate 

levels, and calcium-phosphate product are correlated with 

higher CIMT; and 4) age is the most important marker for 

CIMT in subjects on mHD.
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