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Abstract

Background: We have hypothesized that the problem of
dyslipidemia in peritoneal dialysis (PD) patients lies beyond
certain levels of plasma lipoprotein and involves cardiovas-
cular risk, but can also influence the development of chronic
intraperitoneal inflammation. Objectives: The aim of our
work was to define whether the association of dyslipidemia
with intraperitoneal inflammation really exists and if it could
it be used in a prospective cohort of PD patients. Patients
and Methods: We performed a cross-sectional, single-cen-
ter, pilot study involving 40 nondiabetic PD patients (27 men
and 13 women with an average age of 49.3 + 12.2 years). The
median time on PD was 29 (18.5-37) months. The parame-
ters dialysis adequacy, blood lipid profile, and the concentra-
tions of tumor necrosis factor (TNF)-a, monocyte chemoat-
tractant protein (MCP)-1, and interleukin (IL)-10 in peritone-
al dialysate effluent (PDE) were determined. Cohen’s d effect
size was computed post hoc to determine the differences
between groups in the concentrations of pro- and anti-in-
flammatory mediators. Results: PD patients with atherogen-
ic dyslipidemia had significantly high levels of MCP-1 com-

pared with dyslipidemia-free patients (Cohen’s d = 1.32). A
reduced high-density lipoprotein cholesterol level was as-
sociated with a high intraperitoneal production of the pro-
inflammatory mediator TNF-a (p < 0.0001) and anti-inflam-
matory IL-10 (p < 0.0001). Atherogenic index of plasma was
directly correlated with MCP-1 (p < 0.0001) and TNF-a (p <
0.0001). In multiple regression analysis, MCP-1 appeared to
predict PD inadequacy (R? = 0.58; F ratio = 9.4; p = 0.006) in-
dependently of age and blood C-reactive protein level. Effect
size was 1.38 with a =0.05, n = 40, and 3 predictors. Conclu-
sions: Our cross-sectional pilot study first demonstrated a
close interaction between the atherogenic lipid profile and
a high concentration of MCP-1 in PDE; this might be a prog-
nostic marker for PD inadequacy. The potential significance
of our finding is that it provides useful preliminary informa-
tion necessary for further research into this area.

© 2019 The Author(s)
Published by S. Karger AG, Basel

Introduction

It is a well-known fact that patients with peritoneal di-
alysis (PD) have lipid profiles that are more atherogenic
than in nondialyzed and hemodialysis patients [1-3].
Both the protein loss in the dialysate and the use of glu-
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cose-based solutions might contribute to this condition
[4, 5]. Moreover, PD treatment leads to body weight gain
and can be a potential cause of accelerated atherosclerosis
and chronic inflammation [6-8]. In turn, chronic inflam-
mation is closely associated with impaired nutritional sta-
tus and peritoneal membrane and PD technique failure
(7].

We hypothesize that the problem of dyslipidemia in
PD patients is beyond certain levels of plasma lipoprotein
and involves cardiovascular (CV) risk but can also influ-
ence the development of chronic intraperitoneal inflam-
mation. Recent clinical and experimental studies have
demonstrated the crucial role of high production of tu-
mor necrosis factor (TNF)-a and monocyte chemoattrac-
tant protein (MCP)-1 in peritoneal fibrosis [9-11]. In re-
sponse to TNF-a secreted by peritoneal macrophages,
peritoneal mesothelial cells synthesize various cytokines
and thus enhance the inflammatory signal [9, 12]. The
main function of MCP-1 is to attract peritoneum mono-
cytes/macrophages and their activation [13]. It has also
been demonstrated that TNF-a and MCP-1 are athero-
sclerosis-promoting chemokines, and that cytokines with
anti-inflammatory activity (including interleukin [IL]-
10) released into the abdominal cavity suppress the ex-
pression of numerous proinflammatory mediators and
reduce the influx of macrophages [14-16]. However,
there are no reports available on the effects of dyslipid-
emia on intraperitoneal inflammation and PD adequacy.

We performed a pilot study on PD patients, with the
following aims: (1) to characterize TNF-a, MCP-1, and
IL-10 dialysate levels; (2) to define whether the associa-
tion of dyslipidemia with intraperitoneal inflammation
really exists; (3) to determine the ways this could be used
in a prospective cohort study in PD patients. The study
hypothesis was that atherogenic lipid profile correlated
with pro- and anti-inflammatory mediators in peritoneal
dialysate effluent (PDE) and, respectively, PD adequacy.

Patients and Methods

Study Design and Subjects

This cross-sectional, single-center, pilot study is part of an on-
going project which is being run by the State Institution “Institute
of Nephrology of the National Academy of Medical Sciences” in
Kyiv, Ukraine. The study involved 40 nondiabetic PD patients who
had been treated with continuous ambulatory peritoneal dialysis
(CAPD) for >3 months with the usual hospital stay (4-5 h during
the day and 8-10 h at night). The duration of PD therapy at this
study entry (at baseline) was 29 (18.5-37) months. All patients re-
ceived commercially available, glucose-based Dianeal PD solution
(Baxter Inc.,) of various strengths (1.36 and 2.27%), and Icodex-
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trine. We excluded the patients with malignant diseases, diabetes,
ahistory of peritonitis, or a significant illness/hospitalization in the
previous 3 months.

Clinical and Laboratory Measurements

Patient demographics including age, gender, comorbid condi-
tions, hypertension, and medicine use were obtained from the
medical records of the patients at our hospital. Laboratory tests
were evaluated during the clinic visit at the time of PDE collection
for measurement of immune mediators.

Whole-blood samples were collected from the patients after an
overnight fast during the routine outpatient visit. The blood sam-
ples were processed immediately after sampling.

Routine biochemical parameters including blood and daily di-
alysate concentration of urea and creatinine, serum albumin, C-
reactive protein (CRP), glucose, electrolytes, and lipid profile pa-
rameters were carried out using an automatic analyzer (Flexor Ju-
nior, Vital Scientific, Spankeren, The Netherlands). Hematological
parameters of blood were determined using an ABX Micros-60
analyzer (Viollier, France).

Blood lipid profile parameters included triglyceride (TG), total
cholesterol (TC), high-and low-density lipoprotein cholesterol
(HDL-C and LDL-C), and very low-density lipoprotein cholester-
ol (VLDL-C). The atherogenic index of plasma (AIP) was calcu-
lated from plasma triglyceride and HDL-C (log [TG/HDL-C]).
Atherogenic dyslipidemia was defined as a combination of low
plasma levels of LDL-C >2.59 mmol/L and elevated TG >2.26
mmol/L, according to the K/DOQI clinical practice guidelines for
managing dyslipidemia in chronic kidney disease [17]. Body mass
index (BMI) was also calculated.

Dialysis adequacy was determined by measuring total weekly
creatinine clearance (CrCl) (normalized to 1.73 m? of the body
surface area) and total weekly urea clearance (Kt/V) using the Wat-
son formula for body water [18]. Peritoneal Kt/V, plasma Kt/V,
and renal Kt/V were estimated separately. The dialysate-to-plasma
creatinine ratio (D/P) was calculated from the concentrations of
creatinine in the 24-h dialysate and plasma; we used a standardized
procedure for peritoneal equilibration test (PET) proposed by
Twardowski et al. [19].

Immune Mediators Measurements in PDE

All samples for biomarker assessment were obtained from the
overnight PDE (from exchanges with 2 L 1.36 or 2.27% glucose
dialysate) before the test, and then stored at -80 °C until analysis.

The TNF-a, MCP-1, and IL-10 concentrations were detected in
PDE using STAT FAX-303 PLUS and commercially available en-
zyme-linked immunosorbent assay (ELISA) test kits (Diaclon,
France; DRG, Germany; Ukrmedservice, Ukraine) according to
the manufacturers’ protocols.

Statistical Analysis

Analysis and all graphs were performed using MedCalc (Bel-
gium). The average mean and SD or the median and interquartile
range (Q25-Q75) were calculated according to a normal distribu-
tion. For the statistical analysis, we used the Student ¢ test and non-
parametric Mann-Whitney U test.

Cohen’s d effect size was computed post hoc to determine the
differences in pro- and anti-inflammatory mediator concentra-
tions between the groups (no a priori power analysis was possible
because pilot data were not available). Post hoc power analysis was
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Table 1. Demographic and clinical characteristics of the study participants according to atherogenic dyslipidemia status

Clinical parameters All (n = 40) Absence of atherogenic ~ Presence of atherogenic  p value
dyslipidemia (n = 12) dyslipidemia (n = 28)

Clinical parameters
Gender, male 27 (67.5) 8 (66.6) 19 (67.8) 0.9
Age, years 49.3+£12.2 44.6+8.2 52.3+10.4 0.028
Charlson Comorbidity Index, points 5.57+1.5 4.83+0.8 5.89+1.75 0.06
BMI, kg/m2 25.3+4.3 23.03+1.3 25.07+2.54 0.01
Serum albumin, g/L 37.1 (34-39) 37.8 (36-40.5) 37 (31.9-39) 0.12
CRP, mg/L 9.8 (4.3-17.2) 9.8 (6.0-21) 10.8 (9.7-17.2) 0.26
Systolic blood pressure, mm Hg 129+14.2 119+10.2 129.3+14.8 0.03
Diastolic blood pressure, mm Hg 78+12.4 75+11.2 79+13.2 0.38
Hb, g/L 101.8+17.6 105.8 (99-124) 104 (94-121) 0.65
Glucose, mmol/L 5.4+2.1 5.2 (4.8-5.5) 5.9 (4.8-5.1) 0.02
Ferritin, ng/ml 533 (338.5-832.7) 523 (348.5-822.1) 542 (382-785) 0.58
Calcium, mmol/L 2.18 (2.0-2.33) 2.25(2.0-2.33) 2.11 (2.0-2.27) 0.33
Phosphorus, mmol/L 1.8+0.5 1.7+0.6 1.8+0.4 0.9
iPTH, ng/L 225 (123-389) 215 (113-329) 253 (124-468) 0.11

Peritoneal dialysis parameters
Time on PD, months 29 (18.5-37) 17.4 (15.0-31.3) 56.0 (32.0-68.1) <0.0001
Urine volume, mL/24 h 570 (320-1,200) 920 (680-1,300) 450 (400-750) 0.002
D/P creatinine ratio 0.79+0.08 0.71£0.12 0.78+0.18 0.03
Low-average transporters 11 (27.5) 4(33.3) 7 (25.0) 0.59
High-average transporters 11 (27.5) 5 (41.6) 6(21.4) 0.19
High transporters 18 (45.0) 3 (25.0) 15 (53.6) 0.09
Icodextrin 5(12.5) 1(8.3) 4(14.3) 0.60
Renal weekly Kt/V 0.87 (0.44-1.43) 0.91 (0.52-1.33) 0.69 (0.22-0.94) 0.06
Plasma weekly Kt/V 1.46 (1.12-1.68) 1.69 (1.32-1.96) 1.35 (1.06-1.62) 0.004
Total Kt/V 2.26 (1.62-2.84) 2.1(1.35-2.62) 1.78 (1.6-1.91) 0.11
CrCl, L/1.73 m? 48.2+18.7 49.2+11.05 47.4%7.09 0.02
Daily peritoneal ultrafiltration, mL 600 (400-830) 600 (400-900) 400 (200-650) 0.01

Lipid profile parameters
TC, mmol/L 4.95 (4.1-6.1) 4.9 (4.1-5.8) 5.2 (4.1-6.1) 0.3
Triglyceride, mmol/L 1.58 (1.07-2.82) 1.02 (0.85-1.94) 2.45 (1.08-3.32) 0.004
LDL-C, mmol/L 2.7 (2.4-3.3) 2.6 (2.1-2.9) 2.8 (2.4-3.7) 0.04
VLDL-C, mmol/L 0.63 (0.44-0.9) 0.7 (0.43-0.8) 1.14 (0.57-1.7) 0.0005
HDL-C, mmol/L 1.16 (0.9-1.56) 1.25(0.98-1.3) 0.81 (0.71-1.0) 0.0003
AIP 3.6 (2.3-5.3) 2.9 (2.5-3.15) 4.8 (4.2-5.8) <0.0001

Medications
ACE inhibitors/RAAS blockers 21 (52.5) 6 (50.0) 15 (53.6) 0.83
Iron supplementation 19 (47.5) 5(41.6) 14 (50.0) 0.63
Erythropoietins 26 (65.0) 7 (58.3) 19 (67.9) 0.56
Beta-blockers 16 (40.0) 3 (25) 13 (46.4) 0.21
Calcium channel blockers 28 (70.0) 8 (66.6) 20 (71.4) 0.76
Diuretics 15 (37.5) 4(33.3) 11 (39.3) 0.72
Lipid-lowering therapy 12 (30) 2 (16.6) 10 (35.7) 0.23

The values are expressed as mean * standard deviation (M + SD) or as median and interquartile range (Median (Q25-Q75)) or
1 (%). The values are compared between the groups using the chi-square test, f test and Mann-Whitney U test as appropriate. AIP, ath-
erogenic index of plasma; ACE, angiotensin-converting enzyme; BMI, body mass index; CrCl, creatinine clearance; CRP, C-Reactive
Protein; Hb, hemoglobin; HDL-C, high-density lipoprotein cholesterol; iPTH, intact parathyroid hormone; LDL-C, low-density lipo-
protein cholesterol; RAAS, renin-angiotensin-aldosterone system; TC, total cholesterol; total Kt/V, total weekly Kt/Vurea; VLDL-C, very
low density lipoprotein cholesterol.
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Table 2. PDE pro- and anti-inflammatory markers related to dyslipidemia patients’ status

Immune mediators All (n = 40) Patients without Patients with pvalue Cohen’sd  Power
dyslipidemia (n = 12)  dyslipidemia (n = 28) effect size  (1-p)
IL-10, pg/mL, median (IQR) 7.5(5.9-145.0) 3.0 (2.9-3.0) 21.8 (5.2-86.2) 0.0002  0.03 0.05
MCP-1, pg/mL, mean + SD 20.7£9.2 17.7£9.9 29.31£8.6 0.002 1.32 0.94
TNEF-a, pg/mL, mean + SD 6.9+4.0 4.89+2.8 7.6x3.7 0.0004 0.45 0.67

The values are expressed as mean + SD or as median and interquartile range (Me (Q25-Q75)). The values are compared between the
groups using the chi-square test,  test and Mann-Whitney U test as appropriate. IL-10, interleukin 10; MCP-1, monocyte chemoattrac-

tant protein -1; TNF-q, tumor necrosis factor-alpha.

performed using G*Power software v3.1.9.4. The effect size calcu-
lators for 2 independent groups (mean + SD) with different sample
sizes and nonparametric Mann-Whitney U test were used accord-
ing to a normal distribution [20]. In addition, due to the small sta-
tistical power in PDE TNF-a concentrations in the different
groups, we also calculated required sample sizes using post hoc
Cohen’s d values for future large-scale research.

Categorical variables were expressed as proportions and the x*
test was used for the comparison of 2 groups. Pearson’s or Spear-
man’s (as appropriate) correlation test was used to evaluate rela-
tionships of immune mediators with lipid profile biomarkers and
PD adequacy parameters.

A multiple linear regression (step-wise method) was fitted to
assess possible predictors of low PD adequacy. The AIP and IL-10
concentration values were transformed before inclusion into the
model because they were nonnormally distributed. Cohen’s f was
used to calculate effect size in the regression analysis according to
the following conventions: small effect for values <0.15, moderate
effect for values 0.15-0.34, and large effect for values >0.35 [20].

The null hypothesis was rejected if the p value was <0.05.

Results

Basic Data on Patients

Forty patients (27 men and 13 women) were enrolled
in this study at our center. Their mean age was 49.3 + 12.2
years and median time on PD was 29 (18.5-37) months.
Demographic and clinical characteristics of the study
participants are presented in Table 1. All data were ob-
tained during routine clinical practice immediately after
study enrollment.

Dyslipidemia was identified in 70% of the patients
(28/40), although most of them (18/28, 64.3%) did not
take lipid-modifying agents (Table 1). The subjects with-
out atherogenic dyslipidemia were younger and less
obese. They also had lower systolic blood pressure and
better glucose control than the patients with atherogenic
dyslipidemia. Moreover, BMI ratios were directly corre-
lated with VLDL-C levels (r = 0.42, p = 0.007).
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In addition, there were significant differences between
groups in the duration of PD treatment, daily urine out-
put, D/P creatinine ratio, plasma weekly Kt/V, weekly
creatinine clearance, and daily peritoneal ultrafiltration.
It is important to note that the PD patients with athero-
genic dyslipidemia had significantly lower levels of diure-
sis (p = 0.002), daily peritoneal ultrafiltration (p = 0.01),
plasma weekly Kt/V (p = 0.004), and weekly creatinine
clearance (p = 0.02) compared with the dyslipidemia-free
patients (Table 1).

Analysis of Cytokine Profiles in PDE

The average levels of IL-10, MCP-1, and TNF-a in
PDE were 7.5 (5.9-145.0), 19.7 (14.0-24.8), and 7.6 (5.05—
13.4) pg/mL, respectively. PD patients with atherogenic
dyslipidemia had significantly high levels of IL-10 and
MCP-1 compared with dyslipidemia-free patients
(Table 2).

However, it should be noted that while a d value of 1.32
was found for the comparison of MCP-1 between the
groups, a small effect size (0.45) was observed for the
comparison of TNF-a. Besides, no significant effect size
was defined for detecting the difference between IL-10
concentrations, indicating a false-positive result. A mini-
mum sample size of 82 participants was required to dem-
onstrate a statistically significant difference in TNF-aq,
with an a value of 0.05 (two-tailed), a medium effect size,
and a power (1-f error probability) of 0.80.

Correlational Analysis of Cytokine Profiles in PDE

Spearman’s correlation analysis was performed to in-
vestigate the association of the lipid profile with the ex-
amined pro- and anti-inflammatory mediators. A re-
duced HDL-C level was associated with a high intraperi-
toneal production of the proinflammatory mediators
TNF-a (r = - 0.69; p < 0.0001; Fig. 1a) and anti-inflam-
matory IL-10 (r = - 0.76; p < 0.0001; Fig. 1b). AIP was
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Fig. 1. The correlation between blood lipid profile markers and dialysate immune mediators in PD patients.
a The correlation between HDL-C level and TNF-a in PDE in PD patients. b The correlation between HDL-C
level and IL-10 in PDE in PD patients. ¢ The correlation between AIP levels and MCP-1 in PDE in PD patients.
d The correlation between AIP levels and TNF-a in PDE in PD patients.

directly correlated with MCP-1 (r = 0.64; p < 0.0001;
Fig. 1¢) and TNF-a (r = 0.75; p < 0.0001; Fig. 1d).

There was no statistical association of the examined
immune mediators with each other (Table 3) or with oth-
er lipid profile parameters (data not shown).

Univariate and multiple linear regression analysis
were performed for the examined cytokines, to evaluate
their influence on dialysis adequacy. In the univariate
analysis, the high intraperitoneal production of both
TNF-aand MCP-1 was found to be the explanatory factor
for low dialysis adequacy in PD patients with dyslipid-
emia (Table 4).

Dyslipidemia in PD Patients

In multiple regression, only MCP-1 appeared to pre-
dict PD inadequacy (partial correlation coefficient R*> =
0.58; F ratio = 9.4; p = 0.006), independently of age and
blood CRP level; TNF-a did not demonstrate significance
in this analysis.

Post hoc power analysis was conducted to determine
the risk of a type II error. Effect size for multiple linear
regression analysis with o = 0.05, n = 40, R* = 0.58, and
3 predictors was 1.38. Power (1-p error probability)
was predicted at 0.99, suggesting an adequate sample
size to observe meaningful relationships among the fac-
tors.
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Table 3. The correlations of examined immune mediators between
each other

1L-10 MCP-1 TNF-a
IL-10 *kok r=-0.31 r=0.36
p=0.23 p=0.15
MCP-1 r=-0.31 ook r=0.29
p=023 p=0.44
TNF-a r=10.36 r=0.29 Horok
p=0.15 p=0.44

IL-10, interleukin 10; MCP-1, monocyte chemoattractant pro-
tein -1; TNF-a, tumor necrosis factor-alpha.

Table 4. Multiple linear regression analysis of PDE cytokines as-
sociated with low PD adequacy

Cytokines in PDE  Standardized beta ~ SE of beta  p value
MCP-1 0.58 0.13 <0.0001
TNF-a 0.4 0.1 0.0001

MCP-1, monocyte chemoattractant protein-1; SE, standard er-
ror; TNF-a, tumor necrosis factor-alpha.

Discussion

The problem of dyslipidemia observed in PD patients
and its effect on cardiovascular and all-cause mortality
risks has been well described in previous studies [1, 5,
21-24]. However, specific reports on the association of
lipid metabolism disorders and immune response in PD
patients are limited [11, 25, 26]. Moreover, the strict link
between dyslipidemia and chronic intraperitoneal in-
flammation has never been demonstrated before. To our
knowledge, this study is the first cohort study to describe
a significant association between the atherogenic lipid
profile and a high intraperitoneal production of pro- and
anti-inflammatory mediators in PD patients.

In this pilot study, we investigated the possible asso-
ciation oflipid abnormalities with intraperitoneal inflam-
mation and PD efficiency. There are 2 main findings.
First, the PDE MCP-1 level was found to be higher in pa-
tients with dyslipidemia in comparison with dyslipid-
emia-free patients. Second, MCP-1 was found to be an
independent determinant of PD inadequacy. Post hoc
analysis indicated that the study was adequately powered
to detect the differences mentioned above.

40 Kidney Dis 2020;6:35-42
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The association of dyslipidemia with daily peritoneal
ultrafiltration and residual renal function in PD patients
has been demonstrated in previous studies [27-29]. Spe-
cifically, it has been reported that high-transporter PD
patients were at increased risk of atherosclerosis from
chronic inflammation [29]. In addition, the relationship
between the decline of HDL-C and the deterioration of
residual renal function has been described [27, 28]. In ac-
cordance with these reports, we showed a significantly
lower D/P creatinine ratio, daily peritoneal ultrafiltra-
tion, and urine output in the dyslipidemia condition. Ac-
cordingly, a statistically significant decrease of weekly
plasma Kt/V and creatinine clearance were observed in
our PD patients with an atherogenic lipid profile when
compared to the dyslipidemia-free patients.

Available data have reported the results of a crucial
role of IL-10, TNF-a, and MCP-1 in atherogenesis [11, 14,
30]. On the other hand, these mediators are involved in
accelerated insulin resistance and peritoneal fibrosis [16,
31, 32]. This particular problem became the basic reason
for our initial selection of this cytokine panel.

It has been demonstrated that IL-10 can inhibit effect
in atheroscleroticlesions [11, 33]. Its inactivation acceler-
ates atherosclerosis due to an increased infiltration of in-
flammatory cells and the production of proinflammatory
cytokines [34]. In parallel with this evidence, in our study,
a strong inverse correlation of the intraperitoneal pro-
duction of IL-10 and blood HDL-C level in PD patients
was also found. However, the post hoc power analysis did
not confirm a significant difference in PDE IL-10 concen-
tration in our sample.

TNF-a is known to be a multifunctional cytokine im-
plicated in cell homeostasis and immune response regula-
tion in various infectious states, lipid metabolism, and in-
sulin resistance disorders [11, 35]. TNF-a has been also
found to play a key role in developing and accelerating the
progression of atherosclerosis [35, 36]. Earlier, Espinoza
et al. [37] observed a positive linear correlation between
TNF-aand plasma triglycerides in PD patients. They also
described a loss of residual renal function in the hypertri-
glyceridemia condition. In our study, we did not find the
association between TNF-a concentration in PDE and
TG level. Nevertheless, we demonstrated a strong direct
correlation of dialysate TNF-a level with AIP and an in-
verse correlation with HDL-C level. Furthermore, a small
effect size (0.45) was observed for the comparison of
TNF-a level in PDE between the patients with dyslipid-
emia and the dyslipidemia-free group. In our opinion, the
small statistical power of the modest sample size (n = 40)
could have played a role in limiting the statistical signifi-
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cance. Post hoc power analysis showed that approximate-
ly 82 participants would be needed for obtaining statisti-
cal power at the recommended 0.80 level.

MCP-1 plays a proinflammatory and atherogenic role
in the pathogenesis of atherosclerosis [15]. MCP-1 has also
been suggested to have a functional role in the initiation
and progression of PD-related epithelial-mesenchymal
transition of peritoneal mesothelial cells [31, 37, 38]. Thus,
it is obvious that a high concentration of MCP-1 might af-
fect PD adequacy parameters. In our previous reports, we
illustrated the positive association between dialysate MCP-
1 and PD technique survival in a general nondiabetic PD
patient population [39, 40]. Taking into consideration that
this study had a pilot design, we did not assert the unequiv-
ocal impact of dyslipidemia on intraperitoneal inflamma-
tion in PD patients. We suggest that there was a strong
relationship between atherogenic dyslipidemia condition
and high dialysate concentration of MCP-1 in this popula-
tion. This finding is in agreement with other investigations
that showed the direct correlation between MCP-1 con-
centration in dialysate and D/P creatinine ratio [41], intra-
peritoneal inflammation in noninfected PD patients [42],
and an increase in all-cause mortality [13].

Limitations

The interpretation of our results should be taken into
account as our study has several limitations. First, it was
a small-sample, pilot study performed in a single center,
so our findings only revealed associations. Second, levels
of cytokines were measured only once at enrollment.
Third, we did not evaluate blood concentrations of cyto-
kines. The analysis of the blood/dialysate cytokine ratio
and correlation with the lipid profile will allow further
insights in connection with the influence of dyslipidemia
on subclinical intraperitoneal inflammation in PD pa-
tients. It is also important to stress that it was a cross-
sectional study, and, accordingly, causality could not be
established. Despite these limitations, the associations
observed indicate the potential contribution of athero-
genic dyslipidemia in the development of local subclinical
intraperitoneal inflammation.

Conclusions

In summary, our cross-sectional, pilot study first dem-
onstrated a close interaction between atherogenic lipid
profile and a high concentration of MCP-1 in PDE, which
could be a prognostic indicator for PD inadequacy. How-
ever, bearing in mind that the results did not include a
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representative sample of PD patients, well-designed clin-
ical trials will be required to establish the impact of dys-
lipidemia on PD adequacy.

Nonetheless, we suppose that the potential signifi-
cance of our study is that it provides useful preliminary
information necessary for further research in this area
and may serve as the basis for future power calculations
for large-scale research.
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