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Background: To evaluate atherosclerotic changes in carotid arteries (CCA) in uremic patients before and after 18 months of continuous
ambulatory peritoneal dialysis (CAPD) treatment, and to evaluate the impact of dyslipidemia and CAPD treatment on vascular remodeling.

Materials and Methods: We conducted a longitudinal, prospective study during 2020 and 2021 at the Clinic for Nephrology, Clinical Center
University of Sarajevo. Patients with end-stage renal disease were included and were followed during 18 months of CAPD treatment. All
patients were treated using commercially prepared biocompatible balanced dialysis solutions. Carotid intima-media thickness (IMT) and
atherosclerotic plaques on the common carotid artery (CCA) were measured by echotomography.

Results: A total of 50 patients were included and were followed during 18 months of CAPD treatment. Lipid values in the serum of patients
with CAPD were significantly lower after 18 months of CAPD treatment compared to the values before treatment, while the value of high-
density lipoprotein (HDL) was significantly increased after 18 months of CAPD treatment. The values of IMT and the diameter of the CCA
compared to the basal values were significantly lower (P < 0.001).

Conclusion: We demonstrated significantly lower lipid values and higher HDL levels following CAPD treatment. Correct selection of the
targeted pharmacological intervention can substantially impact the regression of vascular changes in patients on peritoneal dialysis.
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INTRODUCTlON CVD owing to the deleterious effects of uremic toxins on the
structure and function of arteries.*>! With a mortality rate that
is 10-30 times greater than the general population, CVD are

end-stage renal disease (ESRD) when they are included in ¢ major cause of death in patients with ESRD and CKD with
treatment with renal replacement therapy, but they can also dialysis treatment. 17

develop during treatment with chronic dialysis, indicating

the importance of assessment and timely action to modify the ~ Dyslipidemia is a risk factor for CVD both in the overal
variable risk factors of CVD.[12) population and dialysis patients.”® Besides the traditional risk

factors for atherosclerosis, in recent years, new non-traditional,
uremia-related risk factors have been elucidated, which play an

Cardiovascular diseases (CVD) present a big concern in

The prevalence of CKD is increasing globally, ranging
between 8% and 16%, and it is associated with atheromatous
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important role in the development of early onset atherosclerosis
in the process of chronic kidney failure.”? Several observational
studies have shown that total cholesterol and low-density
lipoprotein (LDL) values are some of the most important
independent factors of CVD and mortality.’® Atherosclerosis
contributes to a significant increase in CVD and mortality
in patients on peritoneal dialysis (PD), the most common
causes being myocardial infarction, cardiac failure, stroke, and
sudden cardiac death.l'""] The increased CV burden in CKD
may be mediated by mechanisms other than atherosclerosis,
such as arterial media calcification or stiffening.' Changes
in the vascular system in uremic patients are attributed to the
synergistic action of numerous factors, such as prothrombotic
factors, dyslipidemia, anemia, hypertension, increased
oxidative stress, disruption of the synthesis of parathormone
(PTH), homocysteine, and nitric oxide, abnormalities of
endothelial function, which leads to remodeling of the vascular
System.[4’5’l3’]4]

High serum levels of indoles, phenols, and hippurates have
been correlated with parameters of endothelial damage
involved in carotid artery intima-media thickening and arterial
stiffness.)

Malnutrition and cardiovascular complications are more often
inuremic patients.[) Furthermore, vascular calcification, as an
integral element of the atherosclerosis process, is a commonly
found complication in dialyzed patients and is associated with
mineral and bone disorders, given that normal endothelium
function is hampered by uremic toxins as well as by high
inorganic phosphate levels.”!>:1

Evidence illustrates that carotid intima-media thickness
(CIMT) is an early marker of atherosclerosis that carries
prognostic value and is increased in PD patients.[!1!7:18]
In addition to being utilized as a risk assessment tool
and a predictor of future cardiovascular events providing
consistent and reliable information, it can also help assess the
effectiveness of interventional therapy.['!:1*!

Patients with impaired renal function have significant changes
in lipoprotein metabolism whose exact role in the pathogenesis
of atherosclerosis in these patients is still controversial.l>”
No research has dealt with the issue of atherosclerosis in
PD patients on the soil of Bosnia and Herzegovina thus
far. The clinician’s goal is to prevent the progression of the
atherosclerotic process in patients with ESRD. The aim of
this study is to evaluate atherosclerotic changes in carotid
arteries (CCA) in uremic patients before inclusion and after
18 months of continuous ambulatory peritoneal dialysis
(CAPD) treatment and to evaluate the impact of dyslipidemia
and CAPD treatment on vascular remodeling, based on CIMT
assessment.

MarteriaLs AND METHODS

In this longitudinal prospective study conducted during 2020
and 2021, at Clinic for Nephrology, Clinical Center University
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of Sarajevo, 50 patients with ESRD were included and were
followed during 18 months of CAPD treatment. All patients
were treated using commercially prepared biocompatible
balanced dialysis solutions.

Carotid intima-media thickness and atherosclerotic plaques
on the common carotid artery (CCA) were measured by
echotomography using a high-resolution 7.5 MHz probe in
B mode (General Electric, Boston, Massachusetts, United
States of America). Carotid intima-media thickness CCA
measurements were performed at a distance of 20 mm from
the bifurcation in a plaque-free area. Three measurements were
performed on the left and right CCA, and the mean values
were used to estimate the CCA plaque score. The diameter of
the CCA was measured as the intraluminal distance between
the adventitia of the opposite walls of the artery at the end
of the diastole.’% Levels of cholesterol, triglycerides, high-
density lipoprotein (HDL), LDL, lipoprotein (a) (Lp(a)),
apolipoprotein B (Apo B), apolipoprotein Al (ApoA-I),
body mass index, haemoglobin, C-reactive protein, calcium,
phosphorate, calcium x phosphate (CaxP), PTH, albumin, Kt/
Vurea (Kt/V - K —dialyzer clearance of urea - t—dialysis time
-V — volume of distribution of urea), and protein equivalent
of total nitrogen appearance were monitored on inclusion
examination and after 18 months of CAPD treatment.

Statistical analysis

Statistical analysis was performed by Statistical Package for
27 Social Sciences (SPSS) version 22.0. Data were evaluated
by standard statistical procedures and presented in tables. The
p<0.05 is considered as statistically significant.

ResuLts

The most common kidney disease that led to ESRD was
diabetic nephropathy (48%) [Table 1]. The average age
of subjects treated with CAPD was 60.5 years, and the
gender structure of subjects was equally represented. The
representation of patients with type 2 diabetes is 52%.

Lipid values in the serum of patients with CAPD were
significantly lower after 18 months of CAPD treatment
compared to the values before treatment, while the value
of HDL was significantly increased after 18 months of
CAPD treatment. The values of IMT and the diameter of the

Table 1: Demographic data of patients

Kidney disease Clinical characteristics

Diabetic nephropathy 24 (48%) Age (years) 60.5 (26-76)

Nephroangiosclerosis 7 (14%) Gender (male) 25 (50%)

Pyelonephritis 9 (18%) Diabetes 26 (52%)
mellitus type 2

Glomerulonephritis 7 (14%) Smoking (yes) 18 (45%)

Reflux nephropathy 2 (4%)

Polycystic kidney 1 (2%)

disease

Data are presented as mean value, range, or absolute numbers (percentage)
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CCA compared to the basal values were significantly lower
(P <0.001), which was accompanied by a significant increase
in the weekly Kt/V of urea and the rate of protein degradation
[Table 2].

Assignificant increase in the number of patients without verified
atherosclerotic plaques on CCA was observed at the end of
the follow-up period compared to baseline values (26% vs.
44%). Proatherogenic lipid fractions before dialysis treatment
positively correlated with CCA IMT and plaque score. After
18 months of CAPD treatment, HDL and ApoA-I levels were
negatively correlated with CCA diameter, IMT, and plaque
score, while cholesterol, LDL, Lp(a), and Apo B showed
a significant positive correlation with the mentioned CCA
parameters [Table 3]. An independent negative predictor of
CCA diameter after 18 months of CAPD treatment was serum
albumin, and LDL and age were positive predictors [Table 4].
The regression analysis model determined that HDL was in an
independent negative, and CRP, CaxP, and LDL in a positive

relationship with IMT CCA after 18 months of CAPD treatment
[Table 5].

Discussion

Renal function is linked to an increase in CIMT as a result of
the altered lipid metabolism and the inflammation induced by
uremic toxins in PD patients.['”) It should be emphasized that,
in patients treated with CAPD, several other factors specific
to this type of dialysis can affect the level of serum lipids,
especially secondary hyperparathyroidism, insulin resistance,
peritoneal absorption of glucose, and finally, the etiology of the
kidney disease itself, all of which further stimulate oxidative
stress and systemic inflammation, leading to endothelial
dysfunction, atherosclerosis, and ultimately, cardiovascular
death.[*'" Continuous ambulatory peritoneal dialysis itself
is associated with a relatively more atherogenic lipid profile
compared to the general population, as well as patients on
hemodialysis.

Table 2: Clinical and biochemical parameters of the patients during the follow-up period

Parameter Basal After 18 months P

Cholesterol (mmol/L) 6.5£1.6 5.5+1.3 <0.01
Triglycerides (mmol/L) 2.4+1.3 2.0+2.5 <0.05
High-density lipoprotein (HDL) cholesterol (mmol/L) 1.0+0.3 1.4+0.3 <0.001
Low-density lipoprotein (HDL) cholesterol (mmol/L) 4.7+1.4 3.6+0.8 <0.001
Lipoprotein (a) (g/L) 0.5+0.2 0.3+0.1 <0.001
Apolipoprotein B (Apo B) (g/L) 1.3+0.4 1.240.3 <0.001
Apolipoprotein Al (ApoA-I) (g/L) 1.4+0.4 1.840.3 <0.001
Body Mass Index (kg/m?) 25.943.7 25.742.2 NS

C-reactive protein (mg/L) 11.1 (6.1-16.4) 4.5(2.8-7.7) <0.001
Calcium (mmol/L) 2.2+0.2 2.3+0.1 NS

Phosphor (mmol/L) 1.8+0.3 1.6+0.2 <0.01
calcium x phosphate (CaxP) (mmol/L) 3.9+0.6 3.6+£0.5 <0.01
Paratahormone (pg/ml) 225.5(97.8-387) 200.0 (100.0-410) NS

Albumin (g/L) 30.9£2.6 31.5+2.0 <0.01
Kt/Vurea 1.8+0.6 2.1x1.6 <0.05
protein equivalent of total nitrogen appearance 0.98+0.13 1.11£0.1 <0.001
Carotid intima-media thickness (IMT) 0.73 (0.6-0.9) 0.70 (0.5-0.8) <0.05
Carotid diameter (mm) 5.8(5.2-6.4) 5.00 (4.9-5.4) <0.001
Plaque score 4.15(4.2-5.4) 3.95(2.9-5.1) <0.05

Data are presented as mean+standard deviation and as median and interquartile range

Table 3: Relationship between lipid profile and carotid artery parameters during the follow-up period

Basal After 18 months
Carotid intima-media  Carotid Plaque Carotid intima-media  Carotid  Plaque
thickness (IMT) diameter  score thickness (IMT) diameter  score
Cholesterol (mmol/L) 0,47%%* 0,26 0,51%* 0,42%* 0,74%%* 0,64%%*
Triglycerides (mmol/L) 0,44+ 0,14 0,31* -0,03 0,03 0,1
High-density lipoprotein (HDL) cholesterol (mmol/L) -0,05 -0,01 -0,05 -0,34* -0,58%** -0,64%*
Low-density lipoprotein (LDL) cholesterol (mmol/L) 0,5%%* 0,32%* 0,54%%* 0,35% 0,58%%* 0,71%%*
Apolipoprotein B (Apo B) (g/L) 0,486** 0,16 0,494%* 0,281%* 0,262 0,447%*
Apolipoprotein Al (ApoA-I) (/L) 0,198 0,054 -0,03 -0,41%% -0,445%%  -0,701%*
Lipoprotein (a) (/L) 0,437%* 0371%%  0,496%* 0,322% 0,583%*%  (,704%*

*P<0.05; **P<0.001
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Table 4: Independent predictors of carotid artery diameter after 18 months of continuous ambulatory peritoneal dialysis

treatment

Model B Standard P Exp (B) 95.0% confidence interval for Exp (B)
error Lower limit Upper limit

Albumin (g/L) -1111 0.459 0.015 0.329 0.134 0.809

Haemoglobin (g/L) -0.155 0.074 0.037 0.857 0.741 0.991

Low-density lipoprotein (LDL) cholesterol (mmol/L) 1.402 0.652 0.032 4.063 1.131 14.591

Age 0.171 0.078 0.029 1.186 1.018 1.383

Table 5: Independent predictors of carotid intima-media thickness after 18 months of continuous ambulatory peritoneal

dialysis treatment

Model Unstandardized coefficients Standardized coefficients t P

B Standard error Beta
C-reactive protein (mg/L) 0.142 0.031 0.423 4.615 <0.001
High-density lipoprotein (HDL) cholesterol (mmol/L) -0.462 0.111 -0.379 -4.154 <0.001
Low-density lipoprotein (LDL) cholesterol (mmol/L) 0.409 0.133 0.387 3.080 0.004
Lipoprotein (a) (g/L) 1.604 0.011 0.489 5.066 0.048
Calcium x phosphate (CaxP) (mmol/L) 0.084 0.021 0.349 4.034 <0.001

In this study, dyslipidemia in our subjects was permanently
present but significantly less compared to the period before
dialysis treatment. Changes in the metabolism of lipoprotein
fractions were also observed (after 18 months of CAPD
treatment, a drop in Lp(a), slightly lower Apo B values, and
an increase in ApoA-1 and HDL values). Similar results
were published by other authors.?!! Studies based on CCA
ultrasonography have established the existence of significant
atherosclerotic arterial damage in patients with ESRD. Blacher
et al. found that the internal diameter of the CCA in patients
with impaired renal function is a marker of arterial stiffness and
an independent predictor of total mortality.?? Benedetto et al.
also indicated that the rigidity of the CCA wall has a primary
negative effect on the entire vascular system.>® Through the
conducted research, we determined that the average IMT of the
CCA before the start of PD treatment was 0.73 mm. Stompor
et al. found that the average IMT in patients treated for PD
was 0.75 + 0.17 mm.?* The results of the Italian authors!*
indicate that, in patients with terminal kidney disease treated
with dialysis (HDL, PD), the average diameter of the CCA
is 6.86 mm, which is more than in our subjects, in whom we
found an inner diameter of the CCA of 5.8 mm, basal. The
same authors did not determine the presence of atherosclerotic
plaques in 26 subjects (25%), and 25% of subjects had four or
more plaques. In our study, which differed in the number
of subjects but also in the fact that basal parameters were
measured before inclusion in the PD treatment program, we
verified 26% of patients without plaques, 64% of subjects with
one—four plaques, while four or more atherosclerotic plaques
were found in 10% of patients. The basal CCA plaque score
was 4.15. After 18 months of follow-up, the average IMT
of the CCA was 0.7 mm, with a significant reduction in the
diameter of the CCA. The plaque score was slightly lower
at the end of the follow-up; it was 3.95. The proportion of
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patients without verified atherosclerotic plaques on CCA after
18 months of PD treatment is significantly higher compared to
the baseline findings (26% vs. 44%). In the study by Benedetto
et al., the second measurement of the CCA diameter after 12
months of PD treatment showed a statistically insignificant
smaller CCA diameter compared to the initial values (6.88
vs. 6.86 mm).[?*! Caliskan et al. determined that the average
IMT of the CCA was 1.05 mm after the inclusion of TBZ
patients in the PD treatment program,* while Stompor ef al.
found significantly lower IMT after a one-year PD treatment
(0.66 vs. 0.75 mm), with a smaller number of subjects with
atherosclerotic plaques on CCA (59.6 vs. 40.4 %).4 At the
beginning of the study, a positive correlation was verified
between all atherogenic lipoprotein fractions, on one hand,
and CCA IMT and plaque score, on the other hand, while CCA
diameter positively correlated with LDL and Lp(a) levels.
After 18 months of PD treatment, IMT, CCA diameter, and
plaque score were negatively correlated with serum levels
of HDL and ApoA-1, and significantly positively correlated
with total cholesterol, LDL, Apo B, and Lp(a). Due to
substantial protein losses, patients on PD have higher Lp(a)
levels.l'™ In particular, the Apo B/Apo Al ratio is a marker
of atherogenicity, and a higher ratio, defined by the thickness
of carotid arteries, indicates atherosclerotic progression.
271 Even amidst conflicting evidence of lipid effects on the
prognosis of patients on PD, the longitudinal cohort study
by Zhan et al. revealed substantial correlations between the
Apo B/ApoA-1 ratio, cardiovascular events, and all-cause
mortality in this population.?”? Moreover, it has been suggested
that in uremic patients, Lp(a), apolipoprotein E, and Apo
B undergo modifications and are consequently linked to
cardiovascular events.” Likewise, high Apo B levels as a
result of overproduction in PD patients have been significantly
correlated with CIMT values and vascular stiffness.[”)
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In a study by Prichard et al., 20-40% of CAPD patients
had elevated levels of total cholesterol and LDL.*¥ Sevinc
et al. suggested a positive linear relation between CIMT and
synergistic effect of the traditional factors of atherosclerosis,
and they are responsible for 32.8% increase in the carotid artery
IMT.P'Lai et al., however, reported no changes in carotid IMT
as an atherosclerosis marker in adult PD patients, despite being
age related, and no significant differences in the number of
hospitalizations.

Kumar et al. also found a positive correlation between
IMT and atherosclerotic CCA plaques, on one hand, and
dyslipidemia in the pre-dialysis period, on the other hand,"
which was later proven in the population of dialysis patients.>!
The independent positive association of LDL and negative
association of HDL with IMT CCA after 18 months of PD
treatment support the claim of Cengiz ef al. that changes in
CCA are related to a disturbed lipid profile, primarily due to
a reduced level of HDL and an increase in LDL.B? We have
confirmed that HDL represents a significant independent factor
that influences the regression of CCA IMT in patients treated
with CAPD, while LDL has a predictive influence on the
rigidity of the CCA wall, assessed based on the CCA diameter.
These results support the results of the Study of Heart and
Renal Protection (SHARP) study™ that lipid disorders should
be aggressively treated in dialysis patients in order to reduce
the risk of CVD and keep the LDL level below 3 mmol/L.*

Furthermore, a low serum albumin level is deemed an
independent negative predictor of CCA diameter, thus yielding
an adverse prognosis in dialysis patients.?5 In addition, through
oxidative modifications of LDL, inflammation may potentially
alter the structure and functionality of lipoprotein.¥ In the
research of Szeto et al. conducted among PD patients over
three years, it was found that serum albumin level is a strong
predictor of cardiovascular complications.?*®! This research
confirmed the high prevalence of atherosclerosis in uremic
patients, as well as the positive effect of CAPD treatment
on stopping the process of arterial remodeling, which is in
accordance with the results of recent studies.?” Changes in
the vascular system in uremic patients are attributed to the
synergistic action of numerous factors, which modify the
structural and functional features of the vascular system.®!
Although pharmacological interventions have significantly
advanced in treating patients with CKD, traditional risk
factors, including dyslipidemia, still have a great influence and
significance for the progression of the atherogenesis process,
which contributes to the high incidence of morbidity and
mortality. Atherosclerosis and high values of proatherogenic
lipid fractions are present even before dialysis treatment, which
suggests intensive atherogenesis even in the predialysis period.
Treatment of CAPD in the first 18 months has a positive effect
on stopping the process of vascular remodeling and even on
partial regression of these changes. The role of dyslipidemia
in atherogenesis in patients with PD is unquestionable, but it is
modified by the action of other traditional and non-traditional
risk factors, especially inflammation and malnutrition.

Advanced Biomedical Research | 2023

A study by Guo et al. found an incidence of carotid artery
calcification in CAPD patients of 54.8%.['1 Vascular
calcification in CKD patients is influenced by a complex
array of factors. Investigators observed that, in CAPD
patients, age, elevated fibroblast growth factor 23 (FGF-23,
a phosphaturic hormone released due to relative calcium-
phosphate excess), and reduced klotho (an anti-aging protein
that controls calcium and phosphorus metabolism and PTH
secretion, opposes oxidative stress, and inhibits inflammation,
apoptosis, and fibrosis) were important risk factors for carotid
calcification. In view of this, vascular calcification in CAPD
patients could potentially be tackled with new therapeutic
alternatives regulating klotho or FGF-23.I'! By optimizing PD,
controlling FGF-23 and klotho derangements, and diminishing
inflammatory state, there is a plausibility of improving the
prognosis of ESRD patients through lowering the risk of
vascular calcification.["”! Vascular calcification in high-risk
patients may also be prevented with low calcium dialysate.!'™

In addition, the monocyte to high-density lipoprotein
cholesterol ratio is a relatively new marker reported to be linked
to the thickness of the intima-media in the carotid artery, owing
to the pro-inflammatory effect of monocytes as well as the
anti-inflammatory and antioxidant effect of HDL. According
to a retrospective study by Zhan et al., the monocytosis
and monocyte differentiation into more pro-inflammatory
and atherogenic ones as a result of the uremic settings are
consequently associated with increased cardiovascular events
in PD patients.*! Interestingly, another study identified a
decreased frequency of circulating angiogenic T-cells in PD
patients and could serve as biomarkers of vascular dysfunction
and early atherosclerosis stage.[*

According to a multicentric study, in dialysis patients without
a history of CVD, PD is an independent risk factor associated
with lower CIMT.[!”]

One of the limitations of our study is the small sample size.
It is also important to note that this was a single-center study.
On the other hand, one of the strengths of our study is that the
regression analysis performed helped adjust any confounders.
Moreover, no patients were lost to follow-up, thus minimizing
the attrition bias.

Notwithstanding the breakthroughs with increased coronary
intervention rates over the past years, as well as the availability
of biocompatible solutions, cardiovascular mortality rates
remain reasonably high in PD patients.!'!#1]

The sample is interesting because patients who were followed
from the moment they were in ESRD but not yet included in
dialysis treatment, then followed as a longitudinal study after
18 months of PD treatment were included in the research.
Peritoneal dialysis as a dialysis method is represented by only
3% of'the dialysis population in Bosnia and Herzegovina as well
as in the world, because the majority are on HDL treatment.!!

Despite the fact that almost all of the included patients were
on statins, with atorvastatin up to a maximum dose of 20
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mg due to ESRD, our aim was not to determine the effect of
statins because they cannot have much of a favorable effect
considering the uremic milieu, but we believe that it gives
a good effect of PD treatment as intracorporeal dialysis
methods. With regard to antihypertensives in ESRD, either
the patients were already on angiotensin-converting enzyme
inhibitors or angiotensin II receptor blockers, or these were
included during PD treatment. A glycated hemoglobin was not
monitored; most patients who are on insulin due to diabetes
mellitus with kidney failure mostly do not need insulin
substitution.

ConcLusioN

Carotid IMT measurement, as a reliable indicator of
atherosclerosis in PD patients, is a simple and reproducible
approach that should be implemented in routine follow-ups.
Correct selection of the targeted pharmacological intervention
can substantially impact the regression of vascular changes in
patients on PD. Optimization of PD dose, ultrafiltration, and
modality could lead to improvements in the design of clinical
studies with cardiovascular endpoints in patients with renal
disease.
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