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Abstract 
Introduction: Intima-media thickness (IMT) of the carotid artery is a widely accepted parameter for detection and quan-
tification of atherosclerosis. The aim of the study was the evaluation of the impact of changes of IMT on the mortality 
of patients on hemodialysis.
Methods: The study was organized as a prospective and observational one. Intima-media thickness was determined by 
ultrasound in 194 patients who were evaluated every year during a three-year period. We analyzed the mortality rate of 
patients on hemodialysis in relation to their biochemical parameters, demographic and anthropometric characteristics, 
type of dialysis, smoking habits and statin therapy.
Results: Female gender and hemodiafiltration emerged as good predictors of long-term survival. Baseline IMT values 
were significantly lower than those at the end of the second (p <0.001) and third years of the study (p <0.001). The 
baseline values positively correlated with uric acid levels (p =0.027) and body mass index (p =0.024), while at the end 
of the second year, IMT positively correlated with LDL-cholesterol (p =0.037) and triglyceride levels (p =0.018) and 
body mass index (p =0.045). Patients on hemodiafiltration had significantly higher values for erythrocytes (p =0.047), 
hemoglobin (p =0.005), creatinine (p =0.048), Kt/V (p =0.026), albumin (p =0.012), LDL-cholesterol (p <0.001), body 
mass index (p <0.001),and lower IMT values at the end of the first year (p =0.039), compared to patients on bicarbonate 
hemodialysis. Predictors of death were the duration of hemodialysis (p <0.001), and IMT at the end of the first (p =0.008) 
and second years of the study (p =0.005). 
Conclusion: Dynamic changes of IMT of the carotid arteries during the first two years were found in our study to be 
predictors of mortality in patients on hemodialysis. Hippokratia 2015; 19 (2):158-163. 
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Introduction
In patients with severe forms of kidney disease, vascular 

changes occur most frequently in the early course of the dis-
ease and increase with disease progression1. Patients on hemo-
dialysis (HD) have a higher risk of developing cardiovascular 
disease (CVD) and stroke, than the general population2,3.

Changes in artery wall structure due to atherogenesis 
are reflected primarily by the thickening of the intima 
media (IM). Epidemiological population studies have es-
tablished that IM thickness is a predictive morbidity risk 
factor in the general population. Moreover, these structural 
changes in the arterial wall are a reliable indicator of early 
atherosclerosis4-7. Consequently, measuring IM thickness 
of the carotid artery has been considered a generally ac-

cepted method for the detection and quantification of sub-
clinical forms of cardiovascular disease. This diagnostic 
procedure for recording the morphology of the carotid 
artery is technically feasible with almost no risk to the 
patient; it can quantify atherosclerosis and can be used in 
studies of short duration. Moreover, it is not expensive and 
can be used with minimal financial resources8-11.

The aim of this study was to determine the impact of 
dynamic changes of thickening IM of the carotid artery 
on the mortality of patients on HD.

Material and methods
Selection of patients

The survey was conducted at the Center of Nephrol-
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ogy and Dialysis, of the Clinical Center of Kragujevac, 
Serbia. In this prospective observational study, a total of 
194 patients were monitored for a 3-year-period by the 
standard team of physicians.

The patient selection criteria included HD treatment 
for at least three months, and clinical stability as indicated 
by the absence of complications requiring hospitalization 
during the previous six months. The exclusion criteria 
were: previous history of cardiovascular or cerebrovas-
cular complications, carotid artery surgery and chronic 
inflammation or cancer.

Most patients received HD for 10.5 to 12 hours per 
week, using commercially available dialysers for bicar-
bonate HD and hemodiafiltration (Fresenius Medical 
Care, Bad Homburg, Germany and Gambro AB, Lund, 
Sweden).

Biochemical tests
Blood samples were obtained in Vacutainer® tubes, 

in the middle of the week before dialysis. Plasma samples 
were stored at -20°C. Biochemical analyses were made 
using the flow cytometric method (Beckman Coulter 
Inc., Fullerton, CA, USA) or spectrophotometrically on 
an ILAB-600 instrument (Diamond Diagnostics - 333 
Fiske Street Holliston, MA, USA) using original reagents. 
Low-density lipoprotein (LDL) was calculated using the 
Fridewold formula12. Serum iPTH was determined by 
radiometric immunoassay using a WIZARD® Gamma 
Counter (PerkinElmer, USA). Biochemical parameters 
represent average values of laboratory tests at the begin-
ning, the middle and the end of the study.

Clinical, demographic and anthropometrical parameters
The age, sex and duration of HD expressed in months, 

were registered for all patients. The type of HD (bicar-
bonate/hemodiafiltration), the history of smoking habits 
and statin therapy were recorded. Adequacy of HD was 
calculated by the urea kinetic model Kt/V, according to 
the formula of Daugirdas13.

Ultrasonography of the carotid arteries
Artery imaging was done on a SHIMADZU SDU-

2200 instrument (Tokyo, Japan), using a 7.5 MHz high-
resolution linear phased array, color imaging transducer. 
Wall thickness was not determined at the plaque contain-
ing sites. Standard measurements were made two cm 
above and below the carotid bifurcation, with three mea-
surements on each side. IMT was derived as the mean 
of these six measurements14. Ultrasound measurements 
of IMT were performed at baseline (IMT0), and at the 
end of the first (IMT1), second (IMT2) and third years of 
observation (IMT3).

Statistics
Descriptive statistical parameters included mean, 

median and standard deviation (SD). The continuous 
variables were compared using either Student’s t-test 
(for normal distribution) or the Mann-Whitney test (for 

non-normal distribution). The Wilcoxon rank sum test 
was deployed to estimate the statistical significance of 
the changes in IMT. Variables differing at a probability 
level of p<0.05 were included in Pearson’s correlation 
and multiple linear regression analysis, to determine the 
relationship between the predictors and the survival rate 
(dependent variable). The Cox regression model was 
used for survival analysis and Kaplan-Meier analysis to 
determine the cumulative survival rates. The criterion for 
statistical significance was set at p <0.05. The statisti-
cal analysis was made using SPSS version 22.0 (SPSS 
Inc., Chicago, IL, USA) and INSTAT software programs 
(GraphPad Software Inc., La Jolla, CA, USA).

Results
Out of a total of 194 patients with mean age 59 ± 11.2 

years, 130 (67%) were men and 64 (33%) women. The 
average duration of HD was 94 ± 64 months. A total of 
139 (71.6%) patients were active, or former smokers, and 
34 (17.5%) received statin therapy. Less than two-thirds 
of the patients received bicarbonate HD while the rest 
were treated by hemodiafiltration (40%). The average 
value of IMT0 was 0.89 ± 0.19 mm, increasing to 0.93 
± 0.20 mm at the end of the first year, 1.06 ± 0.17 mm at 
the end of the second year and 1.12 ± 0.21 mm at the end 
of the study. Of note, 117 patients (60.3%) died during 
the three years of observation, most of them [67 patients 
(57%)] as a result of a cardiovascular event (Table 1).

A statistically significant, moderate-range correlation 
(r =0.365, p =0.02) was found between IMT0 and uric 
acid levels; an inverse, statistically significant, but weak 
correlation (r =-0.270, p =0.025) was observed between 
IMT0 and BMI. IMT1 values positively correlated with 
circulating uric acid concentration (r =0.342, p =0.027), 
while IMT2 was associated with LDL-cholesterol (r 
=0.605, p =0.037) and triglyceride levels (r =0.693, p 
=0.018) (Table 2). 

Variables significant at p <0.05 were included in the 
multiple linear regression model to determine the rela-
tionship between these predictors and the duration of 
survival (dependent variable). The multiple linear regres-
sion model was not statistically significant (F =0.870; p 
=0.594).

The patients treated by hemodiafiltration were signif-
icantly younger (p <0.001), with a longer duration of HD 
(p =0.006), compared to patients receiving bicarbonate 
HD. The patients treated by hemodiafiltration had signifi-
cantly higher value erythrocyte (p =0.047), hemoglobin 
(p =0.005), creatinine (p = 0.048), Kt/V (p =0.026), al-
bumin (p =0.012) and LDL levels (p <0.001), as well as 
BMI (p <0.01), and lower average values of IMT1 (p = 
0.039), compared to patients receiving bicarbonate HD 
(Table 3).

The Wilcoxon rank test showed significantly lower 
IMT1 than IMT2 values (z =-4.321, p <0.001). The dif-
ference between IMT2 and IMT3 was not statistically 
significant (z =-1.865, p =0062). On the other hand, the 
difference between IMT1 and IMT3 value was signifi-
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cant (z =-3.587, p <0.001).
Survival time was significantly shorter in male (95% 

CI: 40.01-56.41) than for female patients (95% CI: 52.74-
74.13), p <0.05 (Figure 1). 

The bicarbonate dialysis patients (95% CI: 33.41-
48.12) had a higher mortality rate when compared to 
patients on hemodiafiltration (95% CI: 73.09-84.56), p 
<0.001 (Figure 2).

Discussion
It is generally accepted1 that patients on HD have 

10-20 times higher risk for cardiovascular disease and 
5-10 fold higher incidence of stroke. These result from 
an atherogenic process, caused by a variety of metabolic 
disbalances, and can only partly be explained by the well-
known reasons connected with the final stage of renal 
failure or the treatment method15. Some authors suggest 
that HD treatment leads to induction of the complement 

Table 1: Basic demographic, anthropometric and clinical characteristics of the 194 patients on hemodialysis that were 
prospectively monitored for a 3-year-period.

Parameters
Total number of patients

n = 194
Age [(months), (mean ± SD)] 59 ± 11.2

Gender (M/F) 130/64
Duration of HD [(months), (mean ± SD)] 94 ± 64
BMI (kg/m2) 21 ± 5
Smoking history (yes/no) 139/55
Statin therapy (yes/no) 34/160
Type of HD (bicarbonate/hemodiafiltration) 116/78
IM thickness (mean ± SD)

IMT0 0.89 ± 0.19

IMT1 0.93 ± 0.20

IMT2 1.06 ± 0.17

IMT3 1.12 ± 0.21
Exitus letalis (n/%) 117/60.3

Cause of death (n/%)

Cardiovascular diseases 67/57.2

Infectious disease (sepsis) 19/16.3

Diabetes mellitus complication 13/11.1

Malignant diseases 18/15.4

SD: standard deviation, M: male, F: female, n: number, BMI: body mass index, IM: intima media, IM0: baseline value for IM thickness, IM1: 
IM at the end of the first year of study, IM2: IM thickness in the middle of the study, IM3: final IM thickness, HD: hemodialysis.

Table 2: Correlation of intima media thickness of the carotid artery, biochemical and clinical parameters, performed at base-
line and at the end of the first, second and third years of observation.

Correlation P HDL Ur. acid LDL PTH Urea Creat Glyc Choles Trigl BMI Ca x P

IM0
r -0.089 0.192 -0.365 -0.012 0.039 0.033 -0.104 -0.101 0.071 -0.200 -0.270 0.070
p 0.634 0.236 0.02* 0.950 0.753 0.792 0.402 0.417 0.665 0.216 0.025* 0.579
n 30 30 30 30 30 30 30 30 30 30 30 30

IM1
r 0.069 0.172 0.342 0.023 0.028 0.002 -0.175 -0.086 0.070 -0.186 0.266 0.047
p 0.576 0.277 0.027* 0.896 0.818 0.988 0.147 0.480 0.660 0.237 0.024* 0.699
n 194 97 97 90 194 194 190 190 97 97 194 194

IM2
r -0.089 0.177 -0.159 0.605 0.132 0.110 -0.074 -0.059 -0.454 0.693 0.319 0.026
p 0.588 0.602 0.640 0.037* 0.430 0.505 0.653 0.722 0.161 0.018* 0.045* 0.860
n 40 40 40 40 40 40 40 40 40 40 40 40

IM3
r -0.089 0.273 0.184 0.079 0.324 0.009 0.032
p 0.634 0.152 0.322 0.673 0.075 0.964 0.829
n 33 33 33 33 33 33 33

IM: intima media, IM0: baseline value for IM thickness, IM: IM at the end of the first year of study, IM2: IM thickness in the middle of the study, 
IM3: final IM thickness, P: inorganic phosphorus, HDL: high density cholesterol, Ur. acid: uric acid, LDL: low density cholesterol, PTH: parathor-
mone, Creat: creatinine, Glyc: glycemia, Choles: cholesterol, Trigl: triglycerides, BMI: body mass index, Ca x P, product of Ca and P, *statistically 
significant parameters, n: number.
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system and increased levels of proinflammatory cytok-
ines, which can stimulate atherogenesis. On the other 
hand, hemodiafiltration might be a way to reduce inflam-
mation in chronic HD patients, although the findings 
of certain studies16 do not support a protective role for 
hemodiafiltration in regard to inflammation. However, 
studies based on sophisticated parameters of endothelial 
dysfunction have clearly shown a reduction of inflam-
matory process and better preservation of the endothelial 
function as compared with HD17. The field of atherogen-
esis events in chronic uremia is even more focused on 
metabolic changes, in response to major injury of the en-
dothelial and smooth muscle cells of the arterial walls18,19. 
The results of many clinical investigations14, including 
our previous research14, have shown that measuring the 
thickness of the IM is useful for the noninvasive assess-
ment of cardiovascular risk. Brzosko et al20 and Kablak-
Ziembicka et al21 found greater thickness of IM in men, 
which was confirmed in the current study. 

As shown by the results of the Cox regression model, 

male gender was related to a shorter life expectancy, al-
though other authors have reported different findings22. 
Survival of our patients on hemodiafiltration was signifi-
cantly longer than those who were given bicarbonate HD, 
which is consistent with the results from recent clinical 
trials. This is probably due to the enhanced clearance of 
small and medium-sized molecules, improved hemody-
namic stability and reduced activation of the complement 
system during hemodiafiltration23-27. 

The CONTRAST study28 indicated an influence of 
hemodiafiltration on IM thickness of the carotid arteries. 
This effect improves the biocompatibility of the dialysis 
system and reduces its inflammatory impact, and this is 
reflected by a lessening of the atherogenic profile, which 
ultimately reduces the possibility of progressive thicken-
ing of the carotid artery IM. 

Many studies have indicated that uric acid may be 
a relevant parameter and an independent risk factor for 
CVD, but the mechanism remains unclear. It is assumed 
that endothelial dysfunction could predispose to oxida-

Table 3: Examined parameters of the 194 patients on hemodialysis, according to type of hemodialysis.

Variables
Type of hemodialysis

pBicarbonate hemodialysis Hemodiafiltration 
Mean SD Med Min-Max Mean SD Med Min-Max

Age 62.4 11.3 62.0 36-86 54.7 9.3 56.5 28-74 <0.01*
Duration of 
hemodialysis 81.2 58.8 69.5 8-300 112.3 67.9 92.0 18-299 <0.01*

IM0 0.9 0.2 0.9 0.6-1.5 0.8 0.2 0.8 0.6-1.3 0.053
IM1 1.0 0.2 0.9 0.6-1.5 0.9 0.2 0.9 0.6-1.4 0.039*
IM2 1.1 0.2 1.1 0.8-1.4 1.0 0.2 1.0 0.7-1.3 0.060
IM3 1.2 0.2 1.3 0.8-1.5 1.1 0.2 1.1 0.7-1.4 0.070
Leukocytes 6.9 2.2 6.6 2.9-19.6 6.7 2.0 6.5 2.4-12.9 0.467
Erythrocytes 3.1 0.5 3.2 1.3-4.5 3.2 0.5 3.2 2.3-4.5 0.047*
Hemoglobin 98.2 14.8 101.0 46-135 104.2 12.8 104.0 70-138 <0.01*
Urea 24.3 6.6 24.0 10.6-45.6 22.6 5.1 22.8 12.0-33.7 0.056
Creatinine 887.9 223.4 886.0 356-1564 958.3 254.9 951.0 354-1683 0.048*
Kt/V 1.0 0.2 1.0 0.7-1.6 1.1 0.2 1.0 0.8-1.6 0.026*
Glycemia 6.4 2.2 6.0 2.8-19.4 6.5 3.3 5.5 3.7-26.6 0.163
Total cholesterol 4.3 1.2 4.2 1.7-6.6 4.5 1.3 4.6 2.8-5.9 0.813
Triglycerides 2.0 1.3 1.7 0.5-7.1 2.0 1.1 2.2 0.8-3.0 0.898
Total protein 67.0 6.3 67.0 48-88 66.3 5.5 66.5 46-80 0.277
Albumin 38.2 4.2 38.5 24-50 40.6 5.3 40.0 26-67 0.012*
Na 139.7 3.5 140.0 131-149 139.7 3.3 140.0 128-152 0.958
K 5.2 0.7 5.2 3.1-7.3 5.2 0.7 5.2 3.9-7.6 0.976
Ca 2.3 0.2 2.3 1.7-2.8 2.4 0.2 2.4 2.0-3.0 0.368
P 1.5 0.6 1.5 0.6-4.7 1.7 0.6 1.5 0.4-3.2 0.086
HDL 1.0 0.2 1.0 0.5-1.5 1.0 0.1 1.0 0.9-1.1 0.80
Uric Acid 344.3 98 350.5 3.0-573.0 356.8 71.3 327.5 310-462 0.807
LDL 3.5 1.9 2.7 0.8-7.4 7.0 1.1 6.6 6.3-8.9 <0.001*
PTH 358.8 438.5 193.0 2.4-2908.0 509.0 598.8 206.0 1.6-2138.0 0.164
Ca x P 9.7 64.0 3.3 1.3-675.0 3.8 1.4 3.5 1.0-7.6 0.140
BMI 20.6 4.4 20.0 14.0-34.8 24.0 5.6 24.0 15.1-42.0 <0.001*

IM: intima media, IM0: baseline value for IM thickness, IM1: IM at the end of the first year of study, IM2: IM thickness in the middle of the 
study, IM3: final IM thickness, Kt/V: adequacy hemodialysis, Na: sodium, K: potassium, Ca: calcium, P: inorganic phosphorus, HDL: high 
density cholesterol, LDL: low density cholesterol, PTH: parathormone, BMI: body mass index, Ca x P: product of Ca and P, *statistically 
significant difference.
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tive stress. A high concentration of uric acid in patients 
with arterial hypertension is considered to be an integral 
part of the complex biochemical changes that character-
ize the metabolic syndrome29. Our results, which showed 
a positive correlation between IM thickness of the carotid 
arteries and uric acid concentration, support the view 
that both these parameters should be included among the 
components of the metabolic syndrome. 

A potential explanation for the lack of effectiveness 
of statin therapy to reduce CVD in HD patients suggests 
that cholesterol does not have crucial atherogenic poten-
tial in this population30-33. Thus, results of the AURORA 
study34 showed that lowering the peripheral cholesterol 
level with statin therapy does not necessarily reduce car-
diovascular risk and this state is known as an inconsistent 
(or inverse) relationship between cholesterol concentra-
tion and outcomes in patients undergoing HD. However, 
hypertriglyceridemia is a major feature of uremic dyslipi-
demia, and many studies support the idea of the extreme 

atherogenic capacity of triglycerides and their contribu-
tion to atherosclerosis30-34. Our results showed a positive 
correlation between triglyceride concentrations and ca-
rotid artery IM thickness, confirming that triglycerides 
had a significant atherosclerotic capacity.

Progression of the mean IM thickness was more ap-
parent during the second year of our study than during 
the final year. Elevated levels of creatinine, albumin, 
LDL-cholesterol and BMI in hemodiafiltration patients, 
compared to those treated by bicarbonate dialysis, prob-
ably indicate the impact of favorable nutritional param-
eters - an important survival factor for patients on HD, as 
pointed out earlier35. The lower mortality and the reduced 
progression of IM thickness between the second and third 
year were probably due to the introduction of hemodiafil-
tration treatment, which may also significantly decelerate 
the course of atherogenesis.

Limitations
The present study has some limitations. Inclusion cri-

teria were very strict (aforementioned in the methodol-
ogy), thus limiting the size of the examined group. 

A comprehensive approach to the problem of athero-
sclerosis in HD patients requires further engagement with 
the aim of organizing a well-stratified study, with a larger 
number of respondents, especially through evaluation of 
survival rates of patients in relation to carotid artery IMT. 
Our results may represent a rational basis for a larger 
study aimed at assessing the clinical relevance and the 
impact of progressive thickening of the carotid artery IM 
on mortality of HD patients.

Conclusion
Women and patients on hemodiafiltration have a higher 
survival rate. Elevated concentrations of lipid fractions 
were positively correlated with carotid IMT. Dynamic 
changes in IMT characterized the patients who died dur-
ing our study. Thus, increasing IMT of carotid arteries, 
and duration of dialysis were significant predictors of 
mortality among patients in our study.
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