
156

ORIGINAL ARTICLE

Lipid status and carotid intima-media thickness in patients with 
end-stage renal disease
Damir Rebić1, Edin Begić2, Armin Šljivo3, Nermir Granov4, Senad Hasanspahić1, Alen Džubur5, Azra 
Durak-Nalbantić5

1Clinic for Nephrology, Clinical Centre University of Sarajevo, 2Department of Cardiology, General Hospital “Prim. dr Abdulah Nakaš“, 
3Emergency Medical Centre of Canton Sarajevo, 4Clinic for Cardiovascular Surgery, Clinical Centre University of Sarajevo, 5Clinic for 

Heart, Blood Vessels and Rheumatic diseases, Clinical Centre University of Sarajevo; Sarajevo, Bosnia and Herzegovina

Corresponding author:

Damir Rebić

Clinical Centre University of Sarajevo

Bolnička 25, 71 000 Sarajevo,

Bosnia and Herzegovina

Phone: +387 33 297 000;

Fax: +387 33 297 816;

E-mail: damir.rebic@gmail.com 

ORCID ID: https://orcid.org/0000-0003-

4296-9453

Original submission:

14 December 2022;

Revised submission:

24 January 2023;

Accepted:

10 February 2023

doi: 10.17392/1570-23

Med Glas (Zenica) 2023; 20(2):156-162

ABSTRACT

Aim To assess morphological characteristics of carotid blood ve-
ssels in uremic patients before to the initiation of the dialysis tre-
atment, and corelate data with various dialysis therapy modules.

Methods The study included 30 patients with end-stage renal dise-
ase (ERDS) prior to commencing dialysis, 30 patients treated with 
haemodialysis and 30 patients treated with continuous ambulatory 
peritoneal dialysis. The control group consisted of 15 subjects with 
normal kidney function (eGFR>60ml/min). Carotid intima-media 
thickness (CIMT), as well as lipid status values (cholesterol, tri-
glycerides, low-density lipoprotein (LDL), high-density lipopro-
tein (HDL), apolipoprotein A, apolipoprotein B) were evaluated.

Results The significant difference in CIMT was detected betwe-
en the control and haemodialysis groups (p<0.001), and between 
the control and the peritoneal dialysis group (p=0.004). In pati-
ents in the predialysis group, CIMT was influenced by cholesterol 
(p=0.013), HDL (p=0.044), LDL (p=0.001) and ApoB (p=0.042) 
values. A significant difference in CIMT was proved between the 
haemodialysis and predialysis group of patients (p<0.001). The 
only variable from the patient's lipometabolic profile significantly 
associated with the change in IMT in uremic patients was HDL. A 
significant difference was found in the average value for systolic 
blood pressure (p<0.001) and diastolic blood pressure (p=0.018) 
in patients before starting the dialysis treatment compared to pati-
ents treated with other dialysis methods.

Conclusion Patients on haemodialysis treatment had a signifi-
cantly greater CIMT, which is in relation with a higher cardiovas-
cular risk.
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INTRODUCTION

Chronic kidney disease (CKD) is defined as a re-
duction in renal function (glomerular filtration rate 
<60ml/min/1.73m²) or the existence of evidence 
of renal damage (such as proteinuria) that lasts 
for at least 3 months (1,2). When kidney functi-
on is reduced that it threatens the patient's life, it 
is necessary to treat the patient with a system that 
supports kidney function. There are several ways 
of treating such patients: peritoneal dialysis (PD), 
haemodialysis (HD), hemofiltration (HF), hemo-
diafiltration (HDF), and hemoadsorption (HA) 
(1,3). Starting dialysis depends on the combina-
tion of symptoms, comorbidities and laboratory 
parameters (3). Atherosclerotic disease manifests 
through vascular calcification, which can be ob-
served in two arterial structures, in the intima and 
in the media (4,5,6). Arterial intimal calcification 
(AIC) is generally associated with atherosclerotic 
lesions, plaque formation and the development 
of occlusive lesions. Calcification of vessels and 
atherosclerotic plaques increases the cardiovascu-
lar risk (7). Arterial medial calcification (AMC) 
occurs in the muscular layer of arteries and cau-
ses a decrease in the elasticity of the arterial wall, 
more often than occlusive lesions (7). AMC is 
more associated with uraemia (8). Both AIC and 
AMC can occur in dialysis patients (9). Patients 
with end-stage renal disease (ESRD) should be 
understood as those with a high risk of cardiovas-
cular disease, and the effect on the lipid status is 
essential (10,11). There were no similar investiga-
tions on the territory of Bosnia and Herzegovina. 
The results are very important from the perspecti-
ve of the management of atherosclerotic disease 
and dyslipidaemia (12). 
The aim of this article was to evaluate the morp-
hological characteristics of carotid blood vessels 
in uremic patients and correlate values with diffe-
rent modules of dialysis therapy.

METHODS

Patients and study design 

The study was conducted at the Clinic for Nep-
hrology and the Clinic for Hemodialysis of the 
Clinical Centre of the University of Sarajevo du-
ring the period January 2020 to January 2022.
The research was retrospective-prospective and 
provided the assessment of carotid artery remo-

delling in relation to the lipid profile of uremic pati-
ents who did not undergo dialysis treatment, as well 
as those treated with haemodialysis and peritoneal 
dialysis in comparison with healthy population. 
Research included 30 patients with ESRD prior 
to commencing the dialysis treatment, 30 patients 
treated with haemodialysis and 30 patients trea-
ted with continuous ambulatory PD. The control 
group consisted of 15 subjects with normal kid-
ney function (eGFR>60ml/min). Criteria for the 
inclusion were patients who gave an informed 
consent for the inclusion in research, those with 
ESRD before the start of dialysis treatment, pati-
ents treated with HD and continuous ambulatory 
PD, who had no information on ischemic disease 
in their medical history at the time of inclusion in 
the study heart disease, cerebrovascular incident, 
peripheral arterial disease and generalized athe-
rosclerosis, and patients undergoing dialysis tre-
atment with adequate HD and PD, assessed ba-
sed on Kt/V. Criteria for exclusion were: patients 
who did not sign a study informed consent, who 
were treated with both monitored dialysis modu-
les (HD and CAPD), treated with the dialysis for 
less than 6 months, with proven changes in pe-
ripheral arteries of an idiopathic nature or caused 
by specific or non-specific inflammatory changes 
and patients with malignancies and chronic in-
fectious diseases in the last 3 months, patients 
undergoing dialysis treatment with inadequate 
HD and PD, assessed on the Kt/V basis. 
The Ethical Committee of the Clinical Centre 
University of Sarajevo approved the study (2019-
42-31B, approved October 6, 2019).

Methods

Clinical assessment of vascular changes was 
made by assessment of carotid intima-media 
thickness test (CIMT). It was measured by echo 
tomography using a high-resolution 7.5 MHz 
probe in B mode (Wall-Track system: W-T, Maa-
stricht, The Netherlands). The measurement was 
performed by an angiologist at the Clinic for 
Angiology, who had not been previously aware 
of the identity and clinical status of the patients. 
Blood pressure was measured with a mercury 
sphygmomanometer after 15 minutes of rest, 
according to the recommendations of the British 
Hypertension Society (12). The body mass index 
(BMI) is calculated as the quotient of the patient's 
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body weight expressed in kg/m². Of the blood la-
boratory parameters relevant for the assessment 
of the risk of vascular changes in uremic condi-
tions, lipid status values - cholesterol, triglyceri-
des, low-density lipoprotein (LDL), high-density 
lipoprotein (HDL), apolipoprotein A, apolipo-
protein B, haemoglobin, urea, creatinine, calci-
um (Ca), phosphorus (P), lipid profile, glycemia 
and C-reactive protein were monitored. These 
laboratory tests were performed using standard 
methods at the Clinic of Clinical Biochemistry 
and Immunology. The level of intact parathyroid 
hormone was determined radioisotopically at the 
Institute for Nuclear Medicine, Clinical Centre of 
the University of Sarajevo.

Statistical analysis

To present continuous variables, the arithmetic 
mean for normally distributed values was used, 
and the median for values whose distribution did 
not follow a normal curve. To measure the avera-
ge variability, the standard deviation for normally 
distributed values was used, and the interquartile 
range for variables that were not normally dis-
tributed. Normality was assessed by analysis of 
residuals and graphical methods. The collected 
variables between the four groups defined by the 
therapy module were tested with the ANOVA F-
test if they were continuous variables, while ca-
tegorical ones were tested with the ꭓ2 or Fisher's 
exact test, depending on applicability. For post-
hoc comparisons, Dunnett's method was used 

and compared each of the groups with the control 
group. To evaluate the CIMT parameter in the 
four groups defined by the therapy module, the 
simultaneous 95% confidence interval was used 
for the difference in the average value. The im-
pact of diabetes on the degree of dyslipidaemia 
and atherogenesis using a linear model of vario-
us indicators of dyslipidaemia and atherogenesis 
was assessed. To assess the significance of the 
interaction, the Wald significance test from the 
linear model was used. All tests were performed 
at a significance level of 0.05, and all confidence 
intervals were 95%.

RESULTS

The average age of patients on HD was 54.2±10.81 
years, on PD 53.1±15.51 years; in the predialysis 
group 55.6±13.45 years and in the control group 
54.8±8.1 years (p = 0.901) (Table 1). 
Post-hoc testing showed that a significant diffe-
rence in CIMT was found between the control 
and HD group (p<0.001), and between the control 
and the group of patients on peritoneal dialysis 
(p=0.004). There was no statistically significant 
difference in the measured CIMT values between 
the control and predialysis groups (Table 2). 
None of the monitored lipid profile parameters 
was significantly associated with IMT thickening 
in patients treated with HD. In patients treated for 
PD, there was also no correlation between lipid 
profile and IMT thickness. A significant corre-
lation was found between IMT and DBP values 

Variable Total (n=105) HD (n=30) PD (n=30) ESRD (n=30) Control group (n=15) p 
No (%) of patients in the group

Gender 0.8164
Male 56 (53.3) 17 (56.7) 9 (60)
Female 49 (46.7) 14 (46.7) 16 (53.3) 13 (43.3) 6 (40)
Diagnosis <0.001
Chronic glomerulonephritis 20 (19) 11 (36.7) 3 (10) 6 (20) 0 (0)
Diabetic nephropathy 34 (32.4) 6 (20) 14 (46.7) 14 (46.7) 0 (0)
Unknown underlying kidney disease 18 (17.1) 8 (26.7) 4 (13.3) 6 (20) 0 (0)
Polycystic kidney disease 6 (5.7) 4 (13.3) 2 (6.7) 0 (0) 0 (0)
Chronic pyelonephritis 12 (11.4) 1 (3.3) 7 (23.3) 4 (13.3) 0 (0)
Healthy 15 (14.3) 0 (0) 0 (0) 0 (0) 15 (100)
Diabetes 0.0013
Yes 36 (34.3) 5 (16.7) 15 (50) 15 (50) 1 (6.7)
No 69 (65.7) 25 (83.3) 15 (50) 15 (50) 14 (93.3)
Smoking 0.0429
Yes 23 (21.9) 4 (13.3) 5 (16.7) 12 (40) 2 (13.3)
No 82 (78.1) 26 (86.7) 25 (83.3) 18 (60) 13 (86.7)
Average age (SD) (years) 54.36 ±12.64 54.2 ±10.81 53.1 ± 15.51 55.6± (13.45) 54.8±8.1 0.901
CIMT (IQR) (mm) 0.805 (0.53- 1.06) 0.741 (0.665- 0.81) 0.855 (0.77- 0.93) 0.986 (0.91- 1.06) 0.637 (0.530- 0.744) 0.031

Table 1. Demographic characteristics of patients

HD, haemodialysis; PD, peritoneal dialysis; ESRD, end stage renal disease; CIMT, carotid intima-media thickness; IQR, interquartile range;
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for the haemodialysis group, while other parame-
ters had no significant effect on IMT. A signifi-
cant difference in CIMT was proved between the 
HD and PD groups of patients (p<0.001). In the 
ESRD group, the parameters that had a signifi-
cant impact on CIMT were the CRP (p<0.001) 
and serum albumin levels (p<0.01) (Table 3). 
The highest average blood pressure value was 
recorded in patients treated with haemodialysis 
(140.7±13.63 mmHg), while the lowest blood 
pressure values were recorded in the control 
group (122±8.62 mmHg). The highest average 

Parameter 
Difference between CIMT 

p
Value (mm) 95% confidence interval

HD-control 0.348 (0.193,  0.503) <0.001
PD - control 0.217 (0.062,  0.372) 0.0037
ESRD - control 0.103 (-0.051,  0.258) 0.250

Table 2. Differences in the CIMT parameter between the groups

CIMT, carotid intima-media thickness; HD, haemodialysis; PD, 
peritoneal dialysis; ESRD, end stage renal disease

Group (No of patients) CIMT CRP Ca Albumin Time of dialysis SBP DBP

HD (30)
Pearson Correlation 1 0.337 -0.082 0.337 -0.175 0.331 0.468*
Sig. (2-tailed) 0.146 0.731 0.146 0.461 0.154 0.037

PD (30)
Pearson Correlation 1 0.399* 0.076 -0.237 -0.298 -0.084 0.034
Sig. (2-tailed) 0.029 0.239 0.206 0.109 0.657 0.860

ESRD (30)
Pearson Correlation 1 0.001 -0.058 -0.511† 0.170 0.280
Sig. (2-tailed) 0.997 0.760 0.004 0.370 0.133

Table 3. Carotid intima-media thickness (CIMT) and risk factors

*Correlation is significant at the 0.05 level; †Correlation is significant at the 0.01 level; CIMT, carotid intima-media thickness; HD, haemodialysis; 
PD, peritoneal dialysis; ESRD, end stage renal disease, SBP, systolic blood pressure; DBP, diastolic blood pressure.

Variable
Mean value (standard deviation)

p
Total (n=105) HD (n=30) PD (n=30) ESRD (n=30) Control group (n=15)

SPB (mmHg) 134.29 (14.13) 140.7 (13.63) 137 (13.68) 131.3 (13.06) 122 (8.62) <0.001
DBP (mmHg) 79.81 (9.8) 82.3 (10.73) 82 (8.47) 78 (9.97) 74 (7.37) 0.018
CIMT (mm) 0.83 (0.24) 1 (0.21) 0.9 (0.22) 0.7 (0.23) 0.6 (0.13) <0.001
Cholesterol (mmol⁄L) 5.85 (1.5) 4.8 (1.31) 6.2 (1.19) 6.5 (1.6) 6 (1.17) <0.001
Triglycerides (mmol⁄L) 2.1 (0.92) 2.2 (1.25) 1.9 (0.47) 2.3 (0.88) 1.8 (0.9) 0.266
HDL (mmol⁄L) 1.14 (0.31) 0.9 (0.23) 1.3 (0.3) 1.1 (0.31) 1.2 (0.25) <0.001
LDL (mmol⁄L) 3.61 (1.11) 2.5 (0.67) 3.9 (0.69) 4.4 (0.99) 3.8 (0.9) <0.001
Lipoprotein (a) (mg/dL) 0.54 (0.37) 0.5 (0.18) 0.4 (0.34) 0.4 (0.24) 1.2 (0.2) <0.001
apoA (mg/dL) 1.48 (0.46) 1.1 (0.21) 1.9 (0.38) 1.5 (0.44) 1.4 (0.27) <0.001
apoB (mg/dL) 1.22 (0.36) 1.2 (0.28) 1.2 (0.32) 1.3 (0.43) 1 (0.35) 0.019
apoB_apoA (mg/dL) 0.89 (0.38) 1.1 (0.27) 0.6 (0.14) 1 (0.47) 0.7 (0.3) <0.001
BMI (kg/m2) 25.63 (3.32) 26.3 (4.41) 25.2 (2.2) 25.4 (3.11) 25.5 (3.2) 0.618
urea (mmol⁄L) 21.11 (9.02) 23.7 (6.07) 21.1 (5.08) 26.4 (7.89) 5.3 (1.18) <0.001
creatinine (mmol⁄L) 708.14 (322.39) 845.3 (231.17) 724.5 (113.97) 867.6 (239.9) 82.2 (10.8) <0.001
Haemoglobin(g/dL) 113.14 (20.21) 114.5 (25.47) 108.3 (9.23) 102.5 (10.06) 141.3 (12.69) <0.001
C-reactive protein (mg/L) 7.91 (12.72) 9 (21.77) 5.8 (3.01) 11.5 (8) 2.7 (0.98) 0.113
Calcium (mmol⁄L) 2.14 (0.38) 1.9 (0.64) 2.2 (0.17) 2.2 (0.15) 2.2 (0.11) 0.011
Phosphor (mmol⁄L) 1.59 (0.39) 1.8 (0.35) 1.6 (0.21) 1.7 (0.28) 0.9 (0.11) <0.001
Calcium-Phosphor product (mmol⁄L) 3.37 (1.01) 3.5 (1.34) 3.5 (0.53) 3.8 (0.64) 2 (0.2) <0.001
Parathormone (pg/mL) 265.87 (207.06) 391.8 (213.01) 239.7 (175.57) 287.7 (171.15) 22.7 (11.93) <0.001
Albumin (g/L) 34.78 (5.75) 39.4 (4.62) 30.8 (2.93) 31.4 (4.49) 40.2 (2.73) <0.001
The average duration of dialysis  (years) 2.72 (3.25) 6.2 (3.24) 3.3 (1.64) 0 (0) 0 (0) <0.001

Table 4. Clinical and biochemical parameters of the patients

CIMT, carotid intima-media thickness; HD, haemodialysis; PD, peritoneal dialysis; ESRD, end stage renal disease; SBP, systolic blood pressure; 
DBP, diastolic blood pressure;  HDL, high-density lipoprotein; LDL, low-density lipoprotein; BMI, body mass index; apoA, apolipoprotein A; 
apoB, apolipoprotein B

values of diastolic blood pressure were also re-
corded in the group treated with haemodialy-
sis (82.3±10.73), while the lowest blood pres-
sure values were recorded in the control group 
(74±7.37). A significant difference was found 
in the average value for systolic blood pressure 
(p<0.001) and diastolic blood pressure (p=0.018) 
in patients before starting the dialysis treatment 
compared to patients treated with other dialysis 
methods (Table 4). 
The highest cholesterol values were recorded in 
the predialysis group, 6.5±1.6 mmol⁄L, while the 
lowest ones were recorded in the group of pa-
tients treated with one of the dialysis methods, 
5.5±1.5 mmol⁄L. Triglyceride values were also 
the highest in the predialysis group 2.3±0.88 
mmol⁄L, while the lowest values were recorded 
in the control group 1.8±0.9 mmol⁄L (Table 5).

Rebić et al. Carotid remodelling and renal failure
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DISCCUSSION

In previous research, it was established that vas-
cular alterations on carotid arteries can be an 
early sign of atherosclerosis and a predictor of 
generalized vascular changes in the dialysis po-
pulation (14). Patients with CKD have a different 
lipid profile than those patients with dyslipidemia 
in the general population, which depends on the 
degree of kidney disease, and the lipid status. The 
present study showed the morphological charac-
teristics of the carotid artery in uremic patients 
before the initiation of the dialysis treatment, 
and correlated data with various dialysis therapy 
modules, primarily lipid profile as one of the risk 
factors of accelerated atherosclerosis. 
Compared to the general population, dialysis pa-
tients have a 10-fold higher risk of cardiovascu-
lar disease (14,15). However, many studies have 
shown that changes in the structure of arteries 
and vascular calcification are determined by con-
ventional cardiovascular risk factors rather than 
by the degree of renal dysfunction or electrolyte 
imbalance (16).
CIMT is a non-invasive marker that can indicate 
the presence of generalized atherosclerosis (17). 
Cross-sectional studies with cohorts without 
CKD have shown the association with CIMT, 
the existence of cardiovascular risk and the pre-
sence of cardiovascular disease (17). Benedetto 
et al. were the first to demonstrate that CIMT is 
an independent predictor of mortality in patients 
on HD or PD. They demonstrated that a 0.1 mm 
increase in IMT predicts a 24% higher risk of 
cardiovascular mortality (18). In our study, the 

highest CIMT was noted in HD patients, as well 
as a statistically significant difference in CIMT 
values was recorded between the PD and predi-
alysis groups. 
In a study with ESRD patients who were trea-
ted with different dialysis modules, it was shown 
that haemodialysis is an independent predictor of 
the intimal thickening of the carotid arteries (19). 
On the other hand, in a study (20) that compared 
healthy individuals with dialysis patients treated 
with HD or PD, it was proven that the dialysis po-
pulation had significantly greater structural chan-
ges in the carotid arteries compared to the control 
group. Similar results were obtained in our study 
in terms of a greater atherogenic process in the 
dialysis population, but also in patients who are 
in the non-dialysis ESRD stage compared to the 
control group with normal kidney function.
Mutluay et al. showed that CIMT was signifi-
cantly higher in HD and PD patients compared 
to the control group (20) with no significant 
difference between CIMT in the PD and HD pa-
tients. However, when the sample was stratified 
according to the duration of dialysis treatment, it 
was concluded that peritoneal dialysis treatment 
could have a stronger atherogenic effect after five 
years of the dialysis treatment compared to the 
HD treatment
Also, Shoji et al. (21) concluded that CIMT valu-
es were higher in predialysis and the HD patients 
compared to the control group, while there was no 
significant difference in values between groups 
with CKD. When it comes to the morphological 
characteristics of the carotid blood vessels in the 
observed groups, it was found that the lipid profi-
le did not affect the CIMT in either the HD or the 
PD group, while in the patients in the predialysis 
group, a statistically significant relationship was 
recorded between the IMT thickness and lipid 
profile. Studies have confirmed that CIMT is an 
independent predictor of cardiovascular morta-
lity in chronic dialysis patients (22-24). 
Lipid disturbances have a significant effect on 
the outcomes of dialysis treatment. Studies have 
shown that a decrease in HDL is a significant fea-
ture of patients with CKD (25,26). The metaboli-
sm of HDL is significantly suppressed in patients 
undergoing haemodialysis compared to those tre-
ated with peritoneal dialysis (25,26). The authors 
explained the increased values of LDL by the 

Variable Total
(n=105)

HD and PD 
(n=60)

Control 
group 
(n=15)

ESRD
(n=30) p

Cholesterol 
(mmol⁄L) 5.85 (1.5) 5.5 (1.43) 6 (1.17) 6.5 (1.6) 0.015

Triglycerides 
(mmol⁄L) 2.1 (0.92) 2.1 (0.94) 1.8 (0.9) 2.3 (0.88) 0.267

HDL (mmol⁄L) 1.14 (0.31) 1.1 (0.33) 1.2 (0.25) 1.1 (0.31) 0.692
LDL (mmol⁄L) 3.61 (1.11) 3.2 (0.98) 3.8 (0.9) 4.4 (0.99) <0.001
Lipoprotein (a) 
(mg/dL) 0.54 (0.37) 0.4 (0.28) 1.2 (0.2) 0.4 (0.24) <0.001

apoA (mg/dL) 1.48 (0.46) 1.5 (0.51) 1.4 (0.27) 1.5 (0.44) 0.646
apoB (mg/dL) 1.22 (0.36) 1.2 (0.3) 1 (0.35) 1.3 (0.43) 0.007
apoB_apoA 
(mg/dL) 0.89 (0.38) 0.9 (0.32) 0.7 (0.3) 1 (0.47) 0.05

Table 5. Lipid parameters of uremic patients

HD, haemodialysis; PD, peritoneal dialysis; ESRD, end stage renal 
disease, HDL, high-density lipoprotein, LDL, low-density lipoprote-
in, apoA, apolipoprotein A; apoB, apolipoprotein B
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