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Abstract
Background: Inflammation and serum albumin concentration are both important predictors of survival in patients treated
with peritoneal dialysis (PD). Furthermore, systemic and local inflammatory mediators may induce structural and functional
alterations in the peritonealmembrane, thus interferingwith dialysis adequacy. PD adequacy ismonitored primarily by indices
of small solute clearance, such as Kt/V urea and weekly creatinine clearance (wCc). The aim of this study was to investigate the
possible relationship between pro-inflammatory cytokines, such as interleukin-6 (IL-6) and interleukin-1β (IL-1β), and serum
albumin and C-reactive protein (CRP). Moreover, the relationship between IL-6 and IL-1β and PD adequacy has been analysed.

Methods: We enrolled 46 stable PD patients undergoing maintenance PD for a minimum of 3 months. Plasma levels of serum
albumin, high-sensitivity (hs)-CRP, IL-6 and IL-1βwere measured in all patients. We used weekly Kt/V urea and wCc to monitor
PD adequacy. Daily urine volume was measured in all patients.

Results: The median values of serum albumin, hs-CRP, IL-6 and IL-1β showed no significant differences between continuous
ambulatory PD and automated PDpatients. IL-6 levels showed a positive correlationwithhs-CRP levels (P < 0.001) and anegative
correlation with serum albumin concentration (P = 0.01). There was no statistically significant relationship between IL-1β and
hs-CRP or serum albumin concentrations. Subsequently, PD patients were divided into two groups based on Kt/V urea value. PD
patients with Kt/V≤1.7 had significantly higher IL-6 levels compared with PD patients with Kt/V >1.7 (P = 0.015). No statistically
significant relationship between IL-6 and wCc was observed. There was no significant difference in IL-1β levels between PD
patients with Kt/V≤1.7 and with Kt/V >1.7 [median (interquartile range) 0.82 (0.88–5.2) versus 1.82 (0.95–2.7)]. There was no
significant difference in IL-6 and IL-1β levels in PDpatientswith andwithout residual diuresis (P = 0.32 andP = 0.77, respectively).

Conclusion: Our data suggest a possible relationship between serum IL-6 levels and serum albumin and hs-CRP in PD patients.
Furthermore, IL-6 seems to be higher in patientswith lower Kt/V, thus suggesting a possible use of this inflammatory biomarker
in PD adequacy monitoring.
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Introduction
Inflammation and serum albumin concentration are important
predictors of survival in patients undergoing peritoneal dialysis
(PD) for advanced renal failure [1].

In PD patients, there are two types of inflammation, systemic
and local intraperitoneal inflammation. The reported prevalence
of systemic inflammation measured using C-reactive protein
(CRP) ranges between 12 and 65%, depending on the cut-off
value used to define the level of inflammation [2, 3]. Increasing
burden of inflammation measured using interleukin-6 (IL-6)
with longer time on PD at both systemic and intraperitoneal le-
vels has been documented as well [4, 5]. Causes of inflammation
in PD range from traditional factors related to chronic kidney dis-
ease per se to those related to the dialytic treatment, such as peri-
toneal catheter and dialysis solutions [6]. All these factors
contribute to the release of pro-inflammatory mediators, such
as interleukin-1β (IL-1β), IL-6, tumour necrosis factor α (TNF-α)
and interleukin-18 (IL-18) [6], which may induce structural mod-
ifications in the peritoneal membrane, thus leading to altered
small solute clearance and ultrafiltration failure. PD adequacy
is primarily monitored by indices of small solute clearance,
such as Kt/V urea and weekly creatinine clearance (wCc) [7], but
its relationship with inflammatory cytokines remains largely
unknown.

Even though serum albumin is an acute-phase protein, it has
been reported that its concentration may be independently re-
duced by inflammation [8]. Pro-inflammatory cytokines also trig-
ger the acute-phase response in the liver [9], thus increasing
serum concentration of CRP, fibrinogen and amyloid A protein.
As part of the acute-phase response, there is also a reduction in
synthesis and an increase in degradation of albumin that results
in hypoalbuminaemia [10].

The aim of this study was to investigate the possible relation-
ship between pro-inflammatory cytokines, such as IL-6 and IL-1β,
and serum albumin and CRP. Moreover, the relationship between
IL-6 and IL-1β and PD adequacy has been analysed.

Materials and methods
Subjects

This cross-sectional study was conducted over a 2-month period
(1 April 2013–31 May 2013) in the Peritoneal Dialysis Unit of San
Bortolo Hospital, Vicenza.

A total of 70 PD patients, who were older than 18 years and
who were on PD maintenance for a minimum of 3 months,
were screened andmedical histories were reviewed for inclusion
into the study. Forty-six PD patients in a stable condition and free
from intercurrent illness and infections for at least the last 3
months were finally enrolled into the study. Twenty-four PD pa-
tients with serious medical comorbidities, such as active infec-
tions, autoimmune disease, malignancies, unstable angina,
end-stage cardiac insufficiency, pulmonary or hepatic disease,
were excluded.

None of the patients included in the study was treated with
immunosuppressive drugs, but most of them were treated with
erythropoietin and intravenous iron. Clinical characteristics, la-
boratory data and dialysis-related parameters were recorded for
all patients. Weekly Kt/V urea and wCc were used as estimates
of PD adequacy. Weekly Kt/V urea and wCC were calculated

based on 24-h urine performed prior to the scheduled visit to
the PD unit. PD patients were divided into two groups based on
Kt/V urea value: 1.7 was the cut-off value as recommended by
K/DOQI guidelines [7].

Sample collection and laboratory parameters

Blood samples were collected from all 46 patients into EDTA-
containing tubes and processed within 1 h after venipuncture.
Samples were subsequently centrifuged for 7 min at 1600 g.

Blood urea nitrogen, serum creatinine (Cr), albumin, high-
sensitivity C-reactive protein (hs-CRP) and other biochemistry
parameters were measured by standard laboratory techniques
with an automatic analyser (Dimension Vista, Siemens Health-
care, Tarrytown, NY, USA). White blood cells, haemoglobin, and
haematocrit weremeasured by the automated haematology ana-
lysers XN 9000 (SYSMEX, KOBE, Japan). Erythrocyte sedimenta-
tion rate was measured by the Vesmatic Cube 200 (Diesse
Diagnostica Senese, Siena, Italy).

Cytokines enzyme-linked immunosorbent assay

Quantitative determination of cytokines (IL-1β and IL-6) in plas-
ma was performed by Human Instant Enzyme-Linked Immuno-
sorbent Assay (ELISA) kit (eBioscience, San Diego, CA, USA)
according to the manufacturer’s instructions. Optical density
was read by using a VICTORX4 Multilabel Plate Reader (PerkinEl-
mer Life Sciences,Waltham, MA, USA) at 450 nm. The concentra-
tion values for these molecules were calculated from standard
curves. All tests were performed in triplicate.

Statistical analysis

Statistical analysis was performed using the STATA Software
package. Categorical variables were expressed as percentages;
continuous variables were expressed as means ± standard devi-
ation (parametric variables) or median and interquartile range
(IQR) (nonparametric variables). The Mann–Whitney U-test was
used for comparison of two groups, as appropriate. Correlation
coefficients were calculated with the Spearman rank correlation
coefficient test. A P-value of <0.05 was considered statistically
significant.

Results
Subjects’ baseline characteristics

A total of 46 PD patients (25 males and 21 females; mean age
61.5 ± 16.4 years, median time on PD 26.4 months; IQR 13.3–51.4
months) were enrolled in this study. End-stage renal failure in
the study population was attributed to diabetic nephropathy
(12/46, 26.1% of patients), glomerulosclerosis (11/46, 23.9%), ne-
phroangiosclerosis (9/46, 19.6%), autosomic polycystic kidney
disease (3/46, 6.5%), vesico-ureteral reflux (1/46, 2.2%), pseudox-
anthoma elasticum (1/46, 2.2%) or unknown causes (9/46,
19.6%). Furthermore, 31/46 patientswere treatedwith continuous
ambulatory PD (CAPD) and 15/46 with automated PD (APD). The
average length of PD treatment was 26.4 months and the range
was (minimum–maximum): 3.6–132.9 months. Out of the 46 pa-
tients, 25 did not have any episode of peritonitis, 12/46 patients
had only one episode of peritonitis, 5/46 patients had two
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episodes of peritonitis, 1/46 patients had three episodes of
peritonitis and 3/46 had four episodes of peritonitis. Out of 46 pa-
tients 31 had a residual diuresis. The median daily urine volume
was 550 mL (IQR 0–1100, minimum–maximum 0–2000 mL).

The clinical, laboratory and dialysis-related parameters of all
46 patients are summarized in Table 1.

Laboratory parameters and cytokines concentration
in PD patients

Pro-inflammatory cytokine levels (IL-1β and IL-6) were measured
by ELISA in plasma of all 46 PD patients at recruiting time. Labora-
tory parameters and cytokines levels are reported in Table 2.
These data did not follow a Gaussian distribution. No outliers or
extreme valueswere found. Themedian values of serumalbumin,
hs-CRP, IL-1β and IL-6 showed no significant differences between
CAPD and APD patients. IL-6 levels showed a positive correlation
with hs-CRP (Spearman rank = 0.52, P < 0.001) (Figure 1). IL-6
correlated negatively with serum albumin (Spearman rank =
−0.35, P = 0.01) (Figure 2) and with Kt/V values (Spearman rank =
−0.34, P = 0.04). No statistically significant relationship was ob-
served between IL-1β and hs-CRP or serum albumin.

PD patients with Kt/V≤1.7 had significantly higher IL-6 com-
pared with PD patients with Kt/V >1.7 (P = 0.015) (Figure 3). Theme-
dian value of IL-6 in PD patients with Kt/V≤1.7 was 62 pg/mL (IQR
33–162). The median value of IL-6 in PD patients with Kt/V >1.7
was 12 pg/mL (IQR 8–59). Nevertheless, the association between
IL-6 and wCc did not reach statistical significance.

PD patients with Kt/V≤1.7 showed a median urine volume of
550 mL (IQR 0–700, minimum–maximum 0–1000 mL) versus 575
(IQR 0–778, minimum–maximum 0–2000 mL) in PD patients
with Kt/V >1.7. There was no difference in IL-6 levels in PD pa-
tients with and without residual diuresis (20 pg/mL, 9–49 versus
23 pg/mL, 14–65; P = 0.32). Furthermore, the association between
IL-6 and daily urine volume value did not reach statistical signifi-
cance (P = 0.33).

There was no difference in IL-1β levels in PD patients with
Kt/V≤1.7 and with Kt/V >1.7 (P = 0.89). PD patients with Kt/V≤1.7
showed a median IL-1β levels of 0.82 pg/mL (IQR 0.88–5.2) versus
1.82 pg/mL (IQR 0.95–2.7) in PD patients with Kt/V >1.7. Therewas
no difference in IL-1β levels in PD patients with and without
residual diuresis (2.4 pg/mL, IQR 1.4–3.1, minimum–maximum
0.52–21.8 versus 0.7 pg/mL, 0.6–1.4, minimum–maximum 0.25–
26.4; P = 0.08)

Table 1. Baseline characteristics of 46 PD patients

Male/female 25 (54.3%)
Age, years 63 ± 16.4
CAPD 31/46 (67.4%)
APD 15/46 (32.6%)
PD time, months 26.4 (13.3–51.4)
Residual diuresis 31/46 (67.4%)
Total wCc (l/week/1.73 m2) 72.7 (53–102.6)
Total weekly Kt/V urea 1.95 (1.63–2.21)
Kt/V≤1.7 14/46 (30.4%)
Kt/V >1.7 32/46 (69.6%)
PET≤0.6 2/46 (4.3%)
0.6 < PET ≤ 0.8 34/46 (73.9%)
PET >0.8 10/46 (21.7%)

PET, peritoneal equilibration test.

Table 2. Laboratory parameters and cytokines levels in all 46 PD
patients

Laboratory parameters Median (IQR)

Haemoglobin, g/dL 11.9 (11.4–12.9)
Lymphocyte count, ×109/L 6.9 (5.5–8.15)
hs-CRP, mg/dL 0.33 (0.28–0.81)
Albumin, g/dL 3.0 (2.7–3.2)
IL-6, pg/mL 21.4 (9.4–61.9)
IL-1β, pg/mL 1.82 (0.87–2.92) Fig. 3. PD patients with Kt/V≤1.7 had significantly higher IL-6 compared with PD

patients with Kt/V >1.7 (median 62 pg/mL, IQR 33–162 versus 12 pg/mL, IQR 8–59).

Fig. 2. Correlation between IL-6 and serum albumin (ALB): IL-6 correlated

negatively with serum albumin (P = 0.01).

Fig. 1. Correlation between IL-6 and CRP: IL-6 levels showed a positive correlation

with CRP (P < 0.001).
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Discussion
Inflammation is a powerful predictor of adverse cardiovascular
events and mortality in PD patients. Different factors including
bioincompatibility of conventional glucose-based PD solutions,
peritonitis, exit site infections, accumulation of uraemic toxins,
malnutrition and adiposity seem to play a pivotal role in its
pathogenesis. The consequent release of pro-inflammatorymed-
iators such as IL-1β, IL-6, TNF-α and IL-18 [6] may interfere with
peritoneal adequacy by inducing both structural and functional
in the peritoneal membrane.

The concept of dialysis adequacy was introduced to evaluate
the effect of renal replacement therapy on clinical outcomes in
patients with end-stage renal disease. Adequate dialysis is de-
fined as such amount of dialysis therapy that is sufficient to pro-
tect from increased mortality and morbidity [7]. Dialysis
adequacy is judged by clinical parameters (patient well-being
and lack of uraemic symptoms, good nutrition, appropriate
blood pressure control, stable body weight, normal fluid balance,
and appropriate growth rate and psychosocial development) and
laboratory data (appropriate urea, creatinine, electrolyte, albu-
min and haemoglobin levels, and lack of metabolic acidosis) [11].

In our study, IL-6 showed a positive correlation with hs-CRP
and a negative correlation with serum albumin.

IL-6 is one of themost studied inflammatory biomarkers in PD
patients. In particular, available data suggest that IL-6 and its sol-
uble receptor (sIL-6R) are central regulators of both innate and ac-
quired inflammatory processes. IL-6 activates macrophages and
lymphocytes, induces expression of adhesion molecules by
endothelial cells, promotes a prothrombothic state and increases
endothelial dysfunction [2]. Moreover, IL-6 is secreted in large
quantities by peritoneal mesothelial cells in response to inflam-
matory stimuli and modulated by exposure to PD solutions [12].

Together with IL-1β and TNF-α, IL-6 is known to induce the
acute-phase response in the liver [9], thus increasing serum con-
centration of CRP, fibrinogen and amyloid A protein. As part of
the acute-phase response, there is also a reduction in synthesis
and an increase in degradation of albumin that results in hypoal-
buminaemia [10]. The importance of the acute-phase response as
a cause of hypoalbuminaemia has been demonstrated in several
studieswhere a negative correlation between serumalbumin and
CRP and fibrinogen has been found [13, 14]. We can hypothesize
that in the presence of high levels of IL-6 in PD patients, low
serum albumin concentration may result from inflammatory
mechanisms triggered by factors related both to chronic kidney
disease and dialytic treatment. Conversely, in the presence of
normal level of IL-6, in particular if Kt/V is low, hypoalbuminae-
mia may be caused by underdialysis and consequent reduced
nutritional intake. This concept highlights the rationale for re-
considering serum albumin also as a marker of inflammation
and not only as a marker of nutrition. Our hypothesis is sup-
ported by a recent review performed by Friedman and Fadem
who reported that the relationship between serum albumin
and malnutrition is not always reliable [15]. Furthermore,
Shioya et al. have recently demonstrated that hypoalbuminae-
mia in PD patients may be induced by both the increased
peritoneal permeability and systemic inflammation, and intra-
peritoneal inflammation might contribute to the development
of these conditions [16].

In our study, patients with lower Kt/V had significantly higher
IL-6 concentrations, independently of residual diuresis, which
was similar between patients with Kt/V ≤ 1.7 and patients with
Kt/V >1.7. There was, indeed, no significant difference in IL-6 le-
vels in PD patients with and without residual diuresis.

The role of the residual renal function (RRF) in the setting of
cytokines clearance in PDpatients is still debated. Likely, patients
with Kt/V≤ 1.7 have less RRF. RRF has a beneficial effect on sur-
vival in PD patients [17, 18], due to a better fluid balance, a super-
ior phosphorus control and a prolonged preservation of renal
endocrine functions [19, 20]. Furthermore, an association be-
tween lowered RRF and higher systemic inflammatory burden
in dialysis patients has already been reported [21, 22]. Indeed,
the level of inflammatory cytokines progressively increases
with worsening renal function [23]. Anuric PD patients show
the greatest inflammatory response as measured either by CRP
[11] or by soluble vascular cell adhesion molecule 1 [24]. Loss of
RRF has been suggested to increase oxidative stress, a response
that may lead to monocyte activation and cytokine production
[25]. Anyway, it remains uncertain whether these conditions
are primarily a result of an impaired renal clearance of inflamma-
tory cytokines, direct stimulation of cytokine release by uraemic
milieu or simply a consequence of an adverse effect of inflamma-
tion on RRF.

Moreover, the relationship between RRF and inflammation
becomes less clear once PD is started due to specific factors
related to the treatment, such as peritonitis and PD solutions
exposure, responsible for systemic inflammatory cytokines pro-
duction independent of the RRF decline.

Since in our study patients with lower Kt/V showed higher le-
vels of IL-6, independently of residual diuresis, we can hypothe-
size that IL-6 concentration may be related to PD adequacy. Our
data are supported by previous studies. The GLOBAL fluid obser-
vational study, which included 959 PD patients, did not report
any significant association between patients’ residual urine vol-
ume and serum IL-6 concentrations in their prevalent or incident
cohort [26]. Similarly, a substudy of the balANZ trial did not ob-
serve any significant association between the loss of RRF and
serum IL-6 levels over a follow-up period of 24 months in 175 in-
cident PD patients [27]. According to the results of these studies,
the higher levels of IL-6 observed in patients with Kt/V≤ 1.7 may
indicate a reduced peritoneal adequacy, which might be in part
due to the higher level of inflammation in these patients. Re-
peated exposures to conventional PD solutions and peritonitis
episodes contribute to peritoneal injury, which is responsible
for local inflammation with resultant adverse functional out-
comes, such as higher peritoneal solute transport rate [28, 29]. In-
deed, dialysate IL-6 concentration has been identified as themost
reliable predictor of peritoneal solute transport rate by different
single centre studies and has been corroborated by the recent
analysis of the GLOBAL study [4, 26].

In our study, no statistically significant relationship between
IL-1β and CRP, serum albumin, diuresis and PD adequacy was
observed.

Nevertheless, our study has some limitations. First, it is a
small, monocentric study, reflecting the general difficulty in per-
forming clinical studies on PD patients while excluding patients
with confounding variables or aiming to study groups with simi-
lar demographics characteristics. Second, we did not collect peri-
toneal effluent fluid and we did not evaluate the cytokine levels
in the effluent.

Conclusions
To our knowledge, this is the first study investigating the possible
relationship between pro-inflammatory cytokines, IL-1β and IL-6,
and CRP, albumin, diuresis and PD adequacy. Our data suggest a
possible relationship between serum IL-6 levels and serum
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albumin and hs-CRP in PD patients. Furthermore, IL-6 seems to
be higher in patients with lower Kt/V, thus suggesting a possible
use of this inflammatory biomarker in PD adequacy monitoring.
Conversely, no significant relationship was found between IL-1β
and CRP, albumin and PD adequacy.

Our preliminary results can be considered as hypothesis
generating, allowing further exploration of the novel role of IL-6
in PD patients. Further studies are needed to evaluate the utility
and the potentiality of IL-6 as an alternative circulating biomark-
er for PD adequacy monitoring.
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