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ABSTRACT 
Objectives: The aortic stiffness index beta (ASI-β), calculated non-invasively with the pressure change caused 
by arterial strain and volume changes on echocardiography, shows a strong correlation with invasive measure-
ments of arterial stiffness. The aim of this study was to compare arterial stiffness and distensibility between 
peritoneal dialysis and hemodialysis and patients in renal replacement therapy (RRT). 
Methods: 108 consecutive patients under RRT (peritoneal dialysis and hemodialysis) were analyzed in cross-
sectional and observational study design. The aortic stiffness index beta (ASI-β) was calculated for each group.  
Results: The mean age of the patients in the study was 58.2 ± 11.1 years, and 49 (45.4%) of the patients were 
female and 59 (54.6%) were male. Age, gender, comorbid rates, and levels of blood pressure and heart rate did 
not differ between the peritoneal dialysis and hemodialysis groups. Blood pressure levels and heart rate. Mean 
aortic strain (5.6 ± 1.9 vs. 9.4 ± 2.8, p < 0.001) and median distensibility (1.5 vs. 2.9 cm, p < 0.001) were lower 
in the peritoneal dialysis group than the hemodialysis group, while median ASI-β (11.6 vs. 6.2, p < 0.001) and 
mean E/e’ (10.6 ± 2.9 vs. 9.2 ± 2.3, p = 0.006) were higher in the peritoneal dialysis group. The rate of con-
centric hypertrophy was higher in the peritoneal dialysis group (47.5% vs. 23.5%, p = 0.005). 
Conclusions: Peritoneal dialysis patients have higher arterial stiffness and lower distensibility levels compared 
to hemodialysis patients. Therefore, patients with peritoneal dialysis may be more prone to diastolic dysfunc-
tion, cardiovascular disease, and events. 
Keywords: Aortic stiffness index, renal replacement therapy, cardiovascular disease, peritoneal dialysis, he-
modialysis 
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Patients with end-stage renal disease (ESRD) are 
predisposed to cardiovascular disease such as left 

ventricular hypertrophy, heart failure, and acute my-
ocardial infarction [1]. Traditional cardiovascular risk 
factors like advanced age, diabetes mellitus, smoking, 

hypertension, dyslipidemia, ventricular hypertrophy, 
and physical inactivity are common in these patients. 
ESRD also increases the risk of developing coronary 
heart disease. Moreover, accelerated atherosclerosis 
may contribute to the pathophysiology of ESRD [2].  
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      Arterial stiffness is an important predictor of ath-
erosclerosis, cardiovascular diseases and events [3]. 
Considered the gold standard, pulse wave velocity 
(PWV) is a non-invasive, reproducible and simple 
method of assessing arterial stiffness. [4]. It has been 
reported that arterial stiffness is increased in patients 
with renal failure [5]. The type of dialysis has different 
effects on the cardiovascular system. Peritoneal dial-
ysis (PD) may accelerate atherosclerosis and increase 
the risk of cardiovascular disease or events because it 
is associated with the accumulation of excess volume 
in the body [6]. Previous studies have provided con-
flicting results that arterial stiffness measured by PWC 
is similar, low, or high in PD and hemodialysis (HD) 
patients [7]. There is therefore a need for further re-
search into the impacts of the dialysis type used on ar-
terial stiffness.  
      The aortic stiffness index beta (ASI-β), calculated 
in a non-invasive way with the change in pressure 
caused by arterial strain and volume changes on 
echocardiography, is highly correlated with invasive 
arterial stiffness measures [8]. Increased ASI-β has 
been demonstrated to be an indicator of cardiovascular 
morbidity and mortality in patients with PD. [9]. The 
aim of this study was to compare arterial stiffness and 
distensibility between HD and PD and patients on 
renal replacement therapy. 
 
 
METHODS 
 
Study Population  
The present study analyzed a total of 108 patients who 
were receiving renal replacement therapy at the 
Nephrology Clinic of a tertiary referral hospital and 
who presented to the Cardiology Clinic for various 
reasons were evaluated in cross-sectional design. The 
patients with previous coronary heart disease, myocar-
dial infarction, heart failure, rheumatic diseases, 
asthma, pulmonary embolism, inflammatory disease, 
peripheral artery disease, chronic obstructive pul-
monary disease, cerebrovascular disease, liver dis-
eases and cancer were excluded from the study.  
      Informed consent was obtained from the subjects 
and the study protocol was approved by the local 
ethics committee of the institute (Decision No: 2022-
17/9). The study protocol conforms to the tenets of the 
Declaration of Helsinki.  

      Demographic, laboratory and echocardiographic 
data were collected from all patients. Hypertension 
was defined as blood pressure > 140/90 mmHg in re-
peated measurements or use of antihypertensive med-
ication, and diabetes mellitus was defined as fasting 
plasma glucose ≥ 126 mg/dL or use of antidiabetic 
medication.  
 
Laboratory Measurements 
      Blood samples were taken from all patients in the 
morning after an overnight fast. The levels of hemo-
globin (photometrically), platelets (impedance 
method), highly sensitive C-reactive protein (hs-CRP) 
(immunoturbidimetric method) were determined. 
Lipid panels [triglycerides, total cholesterol (enzy-
matic colorimetric method), high-density lipoprotein 
(HDL) (homogeneous enzymatic colorimetric 
method)] and complete blood counts were measured 
using a Beckman Coulter LH 780 device (Mervue, 
Galway, Ireland). Low-density lipoprotein (LDL) lev-
els were calculated using the Friedewald formula.  
 
Echocardiography Measurements  
      Echocardiographic data were obtained by an ex-
perienced cardiologist using the Vivid S5-dimensional 
cardiovascular ultrasound system (General Electric 
Vingmed, Horten, Norway). Standard American Soci-
ety of Echocardiography guidelines for images and 
techniques were followed. ASI-β was used as a sub-
stitute indicator of arterial stiffness and calculated in 
the following way: 
 
      ASI-β = ln (SBP/DBP)/[(Asd-Add)/Add] 
      (ASI-β = Aortic Stiffness Index beta, ln = Loga-
rithm Natural BP, SBP = Systolic Blood Pressure, 
DBP = Diastolic Blood Pressure, Asd = Asending 
Aorta Systolic Diameter, Add = Asending Aorta Dias-
tolic Diameter) 
 
Statistical Analysis  
      The Kolmogorov-Smirnov test was used to assess 
the normality of the numerical data. According to the 
distribution pattern, continuous variables were pre-
sented as mean ± standard deviation or median with 
quartiles (Q1-Q3), and Student's T-test or Mann-Whit-
ney U-test was used for comparisons between groups. 
Categorical variables were expressed as numbers and 
percentages, and comparisons between groups were 
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assessed using chi-squared and Fisher exact tests. 
Pearson and Spearman correlation analyses were used 
for the relationship between ASI-β and numerical data. 
A p value < 0.05 was considered to be statistically sig-
nificant. All statistical analyses were carried out using 
IBM SPSS Statistics for Windows 20.0 (IBM Corp., 
Armonk, NY, USA). 
 
 
RESULTS 
 
A total of 108 consecutive patients were analyzed in 
the study, including 49 (45.4%) females and 59 

(54.6%) males with the mean age of 58.2 ± 11.1 years. 
Demographic characteristics did not differ between the 
PD and HD groups. The rate of spironolactone user 
was higher in the PD group, for other drug users, there 
were no significant differences between the groups. 
Blood pressure levels and heart rate were similar be-
tween groups. The detailed demographic and clinical 
data of the patients were presented in Table 1.  
      Mean LDL (158.1 ± 19.8 vs. 147.5 ± 25.5 mg/dL, 
p = 0.026) and median triglyceride (220 vs 1975 
mg/dL, p = 0.045) was higher in PD group than the 
HD group. Other laboratory results did not differ sig-
nificantly among the groups (Table 2).  
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      Mean left ventricle (LV) end diastolic volume, 
mean LV end systolic volume, mean LV diastolic di-
ameter and mean LV systolic diameter levels were 
lower in the PD group, while mean interventricular 
septum diameter and mean posterior wall diameter 
levels was higher. Mean aortic strain (5.6 ± 1.9 vs. 9.4 
± 2.8, p < 0.001) and median distensibility (1.5 vs. 2.9 
cm, p < 0.001) were lower in the PD group than the 
HD group, while median ASI-β (11.6 vs. 6.2, p < 
0.001) and mean E/e’ (10.6 ± 2.9 vs. 9.2 ± 2.3, p = 
0.006) were higher in the PD group. The rate of con-
centric hypertrophy was higher in the PD group 
(47.5% vs. 23.5%, p = 0.005) (Table 3). 
 
 
DISCUSSION 
 
This study of dialysis patients without known CAD 
has demonstrated that ASI-β levels, reflecting arterial 

stiffness, were significantly higher in patients with PD 
compared to patients with HD. This also provided new 
insights, as this is the first study comparing ASI-β as 
a surrogate of arterial stiffness in patients with PD and 
HD. ASI-β offer different implications that may allow 
it to be used as a potential screening tool for high-risk 
dialysis patients at risk for cardiovascular disease and 
events.  
      Approximately 40% of dialysis patients have car-
diovascular disease prior to dialysis, and CAD ac-
counts for the majority of hospitalizations for 
cardiovascular reasons in these patients [10]. An ac-
celerated atherosclerosis process caused by mecha-
nisms such as increased inflammation, oxidative 
stress, sympathetic activation, and endothelial dys-
function associated with ESRD plays a role in the 
pathophysiology [2]. Arterial stiffness, an important 
predictor of both atherosclerosis and cardiovascular 
events, physiologically increases with age and in-
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travascular pressure [8]. On the other hand, arterial 
stiffness is affected by the course of diseases like dia-
betes mellitus, hypertension, and ESRD, which plays 
a role in accelerating atherosclerosis [11]. However, 
the question of which type of dialysis leads to athero-

sclerosis or cardiovascular disease remains controver-
sial. Previous epidemiological studies reported that the 
rates of hypertension and diabetes mellitus were sim-
ilar in patients with HD and PD, whereas rate of CAD 
was lower in patients with PD and interestingly, PD 
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patients were associated with increased mortality [12, 
13]. In contrast, a recent epidemiological study by Sun 
et al. [14] matched PD and HD patients for age, sex, 
duration of dialysis treatment, and comorbid condi-
tions, and showed that PD was associated with lower 
cardiovascular events. These matching parameters 
play an important role in the acceleration of athero-
sclerosis, including arterial stiffness [15]. In the cur-
rent study, there was no significant difference in 
dialysis duration, as well as demographic and comor-
bid characteristics between PD and HD patients, but 
susceptibility to atherosclerosis trended toward PD.  
      The inconsistency observed in the epidemiological 
studies mentioned above was also present in the con-
flicting results of previous studies evaluating arterial 
stiffness in PD and HD patients [15-18]. In a study 
measuring PWV in vivo and epigastric artery stiffness 
in vitro, arterial stiffness was not significantly different 
in PD and HD patients [16]. In another study, PWV 
values measured in both the carotid-radial and dorsalis 
pedis arteries were not significantly different between 
PD and HD patients. [15]. Similar results were re-
ported in another study of PD and HD patients with 
similar age and comorbid conditions [17]. In contrast 
to these studies, increased carotid-femoral PWV has 
been shown to be associated with increased vascular 
endothelial dysfunction in PD patients [18]. Another 
study reported that arterial stiffness measured by 
brachial- ankle PWC was higher in HD patients [19]. 
This was supported by the results of a study of serial 
measurement of brachial- ankle PWV [20]. These in-
consistencies between studies may be related to dif-
ferences in dialysis treatment times between groups, 
different measurement methods such as carotid-
femoral PWV, carotid-radial PWV, OR brachial-ankle 
PWV, or high measurement values of diagnostic de-
vices [21].  
      In the current study, ASI-β levels were higher than 
the range of 4.2-5.3 previously reported only in PD 
patients [9, 22]. This may be related to the lower mean 
age range of previous studies. Compared to HD pa-
tients, PD patients had higher levels of ASI-β. The 
type of hemodialysis may contribute to the atheroscle-
rotic process by having different effects on the cardio-
vascular system. In the early years of treatment, PD, 
which offers advantages such as hemodynamic stabil-
ity, continuous ultrafiltration, and the absence of an 

arteriovenous fistula, may allow prolonged mainte-
nance of residual renal function and diuresis and better 
fluid and blood pressure control [23]. This is consis-
tent with study results showing no change in serial 
PWV measurements in PD patients over a 1-year fol-
low-up [24, 25]. In the following periods, with the de-
crease in peritoneal ultrafiltration capacity and 
residual diuresis, hypervolemia may develop and 
blood pressure control may deteriorate [23]. In addi-
tion, the presence of higher LDL and triglyceride lev-
els in patients with PD may lead to an exaggerated 
inflammatory response due to the accumulation of 
atherogenic lipids and uremic toxins associated with 
the biocompatibility of the peritoneal fluid [18]. This 
may lead to an acceleration of atherosclerosis and an 
increase in the risk of cardiovascular disease or events. 
[17].  
      The higher rate of LV concentric hypertrophy of 
PD patients was consistent with previous studies [26, 
27]. LV concentric hypertrophy associated with in-
creased arterial stiffness [28], has been associated with 
fluid overload in PD [29]. It has been suggested that 
higher LV myocardial index in PD patients may indi-
cate chronic hypervolemia, which may impair arterial 
distensibility function [30]. Consistent with this hy-
pothesis, PD patients had low distensibility levels. Vol-
ume status, blood pressure, and arterial 
stiffness/distensibility affect afterload and preload and 
decrease coronary perfusion. This may lead to dias-
tolic dysfunction [31]. The fact that the E/e' ratio, 
which is an indicator of diastolic dysfunction, was 
higher in PD patients supported the susceptibility of 
these patients to diastolic dysfunction.  
 
Limitations  
      The main limitation of this study was the small 
sample size and the single-center design of the study. 
Another important limitation was the lack of serial 
measurement parameters, especially arterial stiffness. 
This may limit the prognostic significance of changes 
in arterial stiffness in pre-dialysis patients for cardio-
vascular risk assessment. 
 
 
CONCLUSION 
 
PD patients have higher arterial stiffness and lower 
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distensibility levels compared to HD patients. There-
fore, patients with PD may be more prone to diastolic 
dysfunction, cardiovascular disease, and events 
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