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ABSTRACT

CLINICAL RESEARCH

Systemic inﬂammation, as evidenced by elevated inﬂammatory cytokines, is a feature of advanced renal failure
and predicts worse survival. Dialysate IL-6 concentrations associate with variability in peritoneal small solute
transport rate (PSTR), which has also been linked to patient survival. Here, we determined the link between
systemic and intraperitoneal inﬂammation with regards to peritoneal membrane function and patient survival
as part of the Global Fluid Study, a multinational, multicenter, prospective, combined incident and prevalent
cohort study (n=959 patients) with up to 8 years of follow-up. Data collected included patient demographic
characteristics, comorbidity, modality, dialysis prescription, and peritoneal membrane function. Dialysate and
plasma cytokines were measured by electrochemiluminescence. A total of 426 survival endpoints occurred in
559 incident and 358 prevalent patients from 10 centers in Korea, Canada, and the United Kingdom. On
patient entry to the study, systemic and intraperitoneal cytokine networks were dissociated, with evidence of
local cytokine production within the peritoneum. After adjustment for multiple covariates, systemic inﬂammation was associated with age and comorbidity and independently predicted patient survival in both incident and prevalent cohorts. In contrast, intraperitoneal inﬂammation was the most important determinant of
PSTR but did not affect survival. In prevalent patients, the relationship between local inﬂammation and membrane function persisted but did not account for an increased mortality associated with faster PSTR. These
data suggest that systemic and local intraperitoneal inﬂammation reﬂect distinct processes and consequences
in patients treated with peritoneal dialysis, so their prevention may require different therapeutic approaches;
the signiﬁcance of intraperitoneal inﬂammation requires further elucidation.
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Individual differences in peritoneal membrane function have
been shown to inﬂuence clinical outcomes in patients undergoing peritoneal dialysis (PD). In particular a high peritoneal solute transport rate (PSTR) has been linked to worse
survival.1 This association has been considered to be due to
one of two main mechanisms: less efﬁcient ultraﬁltration
and excess ﬂuid reabsorption as a consequence of early loss
of the glucose gradient during the dialysis dwell2 or because
high PSTR is a manifestation of the systemic inﬂammation
commonly seen in advanced kidney failure.3,4 The picture is
further complicated by changes in PSTR due to acquired
membrane injury with time on PD,5 where in addition to reducing ultraﬁltration by the above mechanisms it can be associated with a reduction in membrane efﬁciency (reduced
osmotic conductance).6,7
More recently it was shown that PSTR is associated with the
amount of IL-6 in drained dialysate, which is present in higher
concentrations than can be explained by diffusion from
plasma, implying its local production.8,9 Furthermore, individuals with genetic polymorphisms associated with increased IL-6 production, both systemically and locally, have
increased PSTR10,11 and worse survival.12 Suggesting that this
association is not the main link between PSTR and survival is
the observation that the association is conﬁned to patients
treated with continuous ambulatory PD,1 whereas in more
recent cohorts where automated PD (APD) predominates the
effect disappears13,14 or even reverses.15 To date no studies

have linked dialysate cytokine proﬁles to survival, and only
small studies have suggested that dialysate IL-6 appearance
reﬂects a wider activation of the local cytokine network.9,16
The purpose of this ﬁrst major analysis of the Global Fluid
Study was to test the following hypotheses: (1) that intraperitoneal and systemic inﬂammation are distinct entities,
(2) that local not systemic inﬂammation is associated with
membrane function (PSTR), (3) that different clinical factors are associated with local and systemic inﬂammation,
and (4) that systemic but not local inﬂammation predicts
patient survival.

RESULTS
Description of Incident and Prevalent Cohorts

The clinical characteristics of the 959 patients included in the
analyses are shown in Table 1. In comparing the incident and
prevalent groups, the latter used more icodextrin and APD,
had greater total dialysate volumes, and had lower urine volume. Although the use of APD was relatively low, it was much
more likely to be prescribed in patients with faster PSTR (0.78
versus 0.7; P=0.0005).
For most patient characteristics and prescription practices,
there were highly signiﬁcant center effects (for intracluster
correlations, see Supplemental Table 1) and for this reason all
linear regression models used multilevel methods.

Table 1. Study population characteristics

Characteristic

Incident (n=575)

Age (yr)
Women (%)
Korean (%)
Body mass index (kg/m2)
Total dialysate volume (L)
BP (mmHg)
Median duration of PD (d)
4-hour PSTR
Ultraﬁltration capacity (ml)
High (4% glucose)
Medium (2.5% glucose)
Albumin
Hemoglobin
Median urine volume (L)
Biocompatible solution
use (%)
Icodextrin solution use (%)
Comorbidity
(low/intermediate/high) (%)
Use of APD

55.6615.3
38.4
37.2
25.264.7
7.9661.29
136621/80612
40 (28, 55)
0.7160.12

Center Effect
(P Value)
0.001
NS

Prevalent
(n=384)

Center Effect
(P Value)
0.037
NS

Difference between
Incident and
Prevalent
(P Value)

,0.001
,0.001
,0.001
,0.001
,0.001

54.2615.2
46.4
36.2
25.364.7
8.3861.87
135620/81612
360 (169, 609)
0.7160.12

,0.001
,0.001
NS
,0.001
,0.001

NS
0.05
NS
NS
,0.001
NS
,0.001
NS

696.9618.4
229.3617.6
35.065.2
11.062.2
0.90 (0.46, 1.44)
19.3

,0.001
,0.001
,0.001
,0.001
,0.001
,0.001

721.9622.5
248.6617.0
35.464.8
11.261.8
0.60 (0.19, 1.21)
16.1

0.03
,0.001
0.06
,0.001
0.001
,0.001

,0.001
,0.001
NS
NS
,0.001
NS

19.1
35.6/56.8/7.6

,0.001
,0.001

28.0
43.9/48.5/7.6

,0.001
,0.001

0.002
NS

6.0

,0.001

15.1

,0.001

,0.001

Values expressed with a plus/minus sign are the mean 6 SD. Median values are accompanied by interquartile ranges in parentheses for skewed variable. NS, not
signiﬁcant.

2072

Journal of the American Society of Nephrology

J Am Soc Nephrol 24: 2071–2080, 2013

www.jasn.org

CLINICAL RESEARCH

peritoneal membrane (Figure 1). Values for IL-1, TNF-a, and
IFN-g were 33.3%, 6.9%, and 45.7%, respectively. Within the
peritoneal and circulatory compartments there were moderate to strong correlations between the measured cytokines
reﬂecting localized activation of proinﬂammatory networks
(Table 2). In contrast, correlations between dialysate and
plasma were absent or weaker than those seen within blood
or dialysate.

Local, Not Systemic, Inﬂammation Is the Main
Determinant of PSTR

Results of the multivariable, multilevel, linear regression
models showing the associations with PSTR are displayed in
Table 3. Dialysate IL-6 concentration was the most signiﬁcant
association in both patient cohorts, a pattern observed in all
of the participating centers (see Figure 2). This was independent of patient factors (sex, race, body mass index, BP, urine
volume, diabetic status) and dialysis prescription, all of
which had signiﬁcant associations. For incident patients,
the timing of the initial membrane function assessment
had an effect that was not linear for tests done early (i.e.,
from baseline the PSTR rose for 2 months, increasing by
0.08, then fell to a total gain of 0.06 by 3 months). In prevalent patients, higher PSTR was associated in a linear fashion
with longer time on treatment. Cytokine concentrations
produced a better model than appearance rates (D22 log
likelihood = 36).

Figure 1. Graph of dialysate-to-plasma (D/P) concentration ratio
(y-axis) for IL-6 concentrations. The line represents the ratio predicted by the three-pore model (0.145), so all points above this
line are predicted to represent local production, which occurs in
the majority of patients (87%).

Demonstration That Local Peritoneal and Systemic
Inﬂammation Is Uncoupled

To establish that dialysate IL-6 is representative of a localized
inﬂammatory process, it is necessary to demonstrate both
local production and an association with other pro-inﬂammatory cytokines that is independent of plasma. Taking molecular size into account, 87% of patients had dialysate IL-6
concentrations higher than predicted by diffusion across the

Table 2. Correlation coefﬁcients between cytokine concentrations
Variable
Incident
Dialysate (n=563)
IFN-g
IL-6
TNF-a
Plasma (n=557)
IL-1b
IFN-g
TNF-a
IL-6
Prevalent
Dialysate (n=378)
IFN-g
IL-6
TNF-a
Plasma (n=379)
IL-1b
IFN-g
TNF-a
IL-6

Dialysate

Plasma

IL-1b

IFN-g

0.65a
0.29a
0.82a

0.29a
0.74a

0.42a

0.005
20.01
20.01
0.09

20.01
0.11
0.15b
0.28a

20.004
0.0002
20.05
0.05

0.61a
0.21a
0.76a
0.12
0.04
20.07
20.02

0.32a
0.75a
0.1
0.05
20.06
0.11

IL-6

TNF-a

IL-1b

IFN-g

TNF-a

20.07
20.007
20.03
0.04

0.1
0.08
0.13b

0.5a
0.25a

0.35a

0.09
0.05
0.01
0.07

0.12
0.14
0.15

0.43a
0.24a

0.29a

0.4a
20.02
20.001
0.11
0.27a

There were 548 and 374 common observations between dialysate and plasma samples for incident and prevalent, patients respectively.
a
Sidak adjusted P values #0.001.
b
P=0.01–0.05; otherwise P,0.05.
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Table 3. Predictors of PSTR
Variable
Age (per decade)
Body mass index
APD use
Systolic BP (per 10 mmHg)
Male sex
Duration of PD
Biocompatible solution use
Icodextrin use
Average glucose
concentration (per g/L)
Dialysate IL-6
Dialysate TNF-a
Dialysate IFN-g
Plasma IL-6
Plasma TNF-a
Plasma IFN-g
Plasma IL-1b
Diabetic
Comorbidity
Urine volume (per L)
Korean

Incident

Prevalent

Coefﬁcient (95% CI)

P Value

Coefﬁcient (95% CI)

0.001 (20.005 to 0.008)
20.002a (20.005 to 20.0001)
20.02 (20.06 to 0.02)
0.005a (0.0002 to 0.009)
0.02a (0.003 to 0.04)
0.083monthb (0.03 to 0.13)
0.023montha (0.04 to 0.003)
20.005 (20.02 to 0.02)
0.06b (0.03 to 0.09)
0.005b (0.002 to 0.007)

0.7
0.04
0.3
0.04
0.02
,0.001

20.004 (20.012 to 0.004)
20.0009 (20.004 to 0.002)
20.008 (20.04 to 0.03)
0.001 (20.004 to 0.007)
0.02a (0.002 to 0.05)
0.013yearb (0.004 to 0.02)

0.08b (0.06 to 0.11)
0.04 (20.03 to 0.10)
20.009 (20.04 to 0.02)
20.02 (20.06 to 0.01)
0.02 (20.04 to 0.09)
20.009 (20.04 to 0.02)
0.02 (20.06 to 0.11)
0.02a (0.001 to 0.05)
0.0005 (20.01 to 0.01)
0.0b (0.01 to 0.04)
0.08a (0.01 to 0.15)

0.7
,0.001
,0.001
,0.001
0.3
0.6
0.2
0.5
0.6
0.6
0.04
0.9
,0.001
0.02

20.04a (20.07 to (20.004)
0.04a (0.01 to 0.07)
0.005b (0.001 to 0.008)
0.09b (0.07 to 0.12)
20.03 (20.1 to 0.06)
0.008 (20.03 to 0.04)
0.006 (20.04 to 0.05)
20.05 (20.12 to 0.02)
20.02 (20.06 to 0.03)
0.001 (20.09 to 0.09)
0.004 (20.03 to 0.03)
0.003 (20.01 to 0.02)
0.02a (0.005 to 0.04)
0.05 (20.005 to 0.11)

P Value
0.4
0.5
0.7
0.6
0.04
0.003
0.03
0.01
0.004
,0.001
0.6
0.6
0.8
0.2
0.4
0.98
0.8
0.7
0.01
0.07

Data are presented so that coefﬁcients represent the change in dialysate-to-plasma creatinine ratio. A total of 499 and 307 patients were in the ﬁnal models for
incident and prevalent patients, respectively. Cytokine coefﬁcients are per log10 changes in concentration. CI, conﬁdence interval.
a
P=0.01–0.05.
b
P,0.01.

Factors Associated with Local and Systemic
Inﬂammation

Before proceeding to survival analyses, it was necessary to
determine the clinical associations with local (Table 4) and
systemic (Table 5) inﬂammation as deﬁned by the dialysate
and plasma IL-6 concentrations, respectively.
Local membrane inﬂammation was associated with older
age, lower systolic BP, use of icodextrin, local TNF-a, and
systemic IL-6 concentrations in incident and prevalent patients. Factors associated with systemic inﬂammation were
similar where a reciprocal effect might be expected (e.g., the
plasma and dialysate cytokines) but also included a relationship with comorbidity; in prevalent patients this was with the
overall comorbid burden whereas in prevalent patients it was
especially evident with patients with diabetes (although the
IL-6 levels were still different between the grades of comorbidity, one-way between-subjects ANOVA, P=0.006).
Sensitivity analyses excluding one center with marginally
worse data quality increased the signiﬁcance of the association
between plasma IL-6 and age (P=0.02) in prevalent patients.
Figure 2. Scatterplot of PSTR measured as 4-hour dialysateto-plasma creatinine ratio with dialysate IL-6 demonstrating a center
effect. Each line represents a center-speciﬁc linear regression slope.
Dialysate IL-6 is measured on a logarithmic scale. Despite the center
effects seen for many of the measurements in GLOBAL the correlation between dialysate IL-6 and PSTR was always observed.
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Systemic Not Local Inﬂammation Predicts Patient
Survival

A total of 427 patients died in the two cohorts (241 and 186
in the incident and prevalent groups, respectively, during median follow-up times of 5.25 and 5.06 years) during the 8-year
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follow-up period. Survival of incident patients was independently predicted by age, cumulative comorbidity, plasma albumin, and systemic inﬂammation (IL-6 and TNF-a), whereas
dialysate cytokines levels and PSTR had no effect (Table 6).
Survival analysis in the prevalent group also found age, comorbidity, and systemic IL-6, but not peritoneal inﬂammation, to predict death, with some additional differences.
Plasma albumin did not predict survival whereas residual renal function was protective and a faster PSTR was associated
with increased mortality. Sensitivity analyses excluding one
center with higher levels of missing data increased the significance of PSTR in prevalent patients (P=0.02) and excluding
patients with previous episodes of PD treatment from the
prevalent group made no difference.

DISCUSSION

This analysis of the Global Fluid Study clearly shows that
systemic and local peritoneal inﬂammatory cytokine networks
are uncoupled and that they have different consequences for
patient survival. Local, subclinical peritoneal inﬂammation is
demonstrated to be the strongest known factor associated with
between-patient variability in PSTR, independent of center
effects, and the lack of an association with survival refutes the
prior hypothesis that fast PSTR increases mortality through its
association with systemic inﬂammation. If anything, evidence
points to intraperitoneal inﬂammation being a contributor to
systemic inﬂammation without inﬂuencing its association with
mortality.
Although the association between local inﬂammation and
PSTR has been found in prior studies,8,9,16 none of these has
had the power or the degree of detailed clinical data to show its
relative importance compared with previously demonstrated,
much weaker, clinical associations. As with CANUSA (CanadaUSA),17 ANZDATA (Australian and New Zealand Dialysis and
Transplantation),18 and the Stoke PD Study,4,19 patients with
diabetes and men were found to have higher PSTR, whereas the
association with increasing age, overall comorbidity, and inverse relationship to body mass index were not seen. This is also
the ﬁrst study to identify important center effects and adjust for
these in the analytic approach. These center effects will reﬂect
differences, such as case mix and race, practice patterns related
to dialysis, and erythropoietin prescription, which could
largely be adjusted for, but also differences in PSTR that are
likely to reﬂect local variations in exactly how the peritoneal
equilibration test is performed (e.g., volume infused) or biochemically analyzed (including correction for glucose), as well
as unknown factors. Timing of the initial peritoneal equilibration test showed a complex relationship from which it is possible to infer an early increase in PSTR within the ﬁrst 4 weeks
of treatment with a subsequent fall before a longer-term
increase, in keeping with previous reports.19–21 Given the
ANZDATA ﬁnding that race inﬂuenced PSTR,18 it is interesting
that this was found to be higher in Korean patients, independent
J Am Soc Nephrol 24: 2071–2080, 2013
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of IL-6 levels, suggesting that other genetic factors might be
important.
It is difﬁcult to disentangle the observed association between
use of icodextrin or higher glucose concentration solutions with
higher dialysate IL-6 concentrations given that they are also
associated with PSTR and thus there may be some confounding
by indication. However, icodextrin in combination with other
solutions has been associated with increased solute transport,22,23
as have other biocompatible solutions at the commencement
of treatment with PD.24 One possible explanation is that more
biocompatible dialysate improves local cell viability and thus
facilitates the local production of cytokines or vasoactive mediators.25,26 In light of the recently published balANZ study, in
which use of a biocompatible solution was associated with disappearance of the increase in solute transport with time on PD,24
it is interesting to note in this study that prevalent patients using
these solutions had lower PSTR.
The associations between plasma IL-6, other systemic
inﬂammatory cytokines, and comorbidity were to be expected
and are in keeping with the previously described relationship
between IL-6 polymorphisms, comorbidity, and survival in
hemodialysis and PD patients.12,27 More surprising is the association between plasma and dialysate IL-6. This could reﬂect
the fact that genetically high IL-6 producers more readily synthesize more of this cytokine in any of the body compartments.10 Alternatively, the high concentrations in dialysate,
which in some of these patients was .1000 times that of
plasma despite the diluting effects of 2 L of instilled solution,
reﬂects peritoneal membrane concentrations that could spill
over into plasma.
The relationship between systemic inﬂammation and
survival, independent of age and comorbidity was as anticipated, although previous studies have not reported independent effects of TNF-a and IL-6 as observed here in incident
patients.28,29 There were other potentially important differences between the incident and prevalent cohorts, partly
because prevalent patients are by deﬁnition a self-selected
cohort. As would be expected, longer duration of PD was a
risk factor for worse survival. Relative preservation of residual
urine volume, in keeping with prior studies, is more important
than for incident patients, whereas it is likely that the patients
with the lowest plasma albumin concentrations will have already died; this would explain the lack of association with survival. It is interesting to note that in these prevalent patients
increased solute transport was associated with reduced survival; this may be because the relative importance of membrane
function would be expected to increase as residual function
becomes more critical. Although the use of APD at the start
of PD in the Global Fluid Study cohort is relatively low, APD
was used preferentially in patients with high PSTR and with
double the frequency in prevalent compared with incident patients. In contrast to most published cohorts, icodextrin use
was high.
This study has several limitations. Despite the depth and
completeness of the clinical data collected and attempts to
Inﬂammation and Survival in PD
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Table 4. Predictors of log dialysate IL-6
Variable
Age (per decade)
BMI
APD use
Systolic BP (per 10 mmHg)
Male sex
Duration of PD (per yr)
Biocompatible solution use
Icodextrin use
Average glucose
concentration (per g/L)
Dialysate TNF-a
Dialysate IFN-g
Plasma IL-6
Plasma TNF-a
Plasma IFN-g
Plasma IL-1b
Diabetic
Comorbidity
Urine volume (per L)
Korean

Incident
Coefﬁcient (95% CI)
a

0.04 (0.01 to 0.06)
0.0009 (20.007 to 0.009)
20.06 (20.21 to 0.10)
2 0.02b (2 0.03 to 2 0.002)
0.04 (20.04 to 0.11)
0.1 (20.6 to 0.8)
0.0007 (20.09 to 0.09)
0.3a (0.2 to 0.4)
0.01a (0.004 to 0.02)
0.8a (0.6 to 1.0)
0.006 (20.1 to 0.1)
0.3a (0.2 to 0.4)
20.2 (20.4 to 0.06)
0.06 (20.06 to 0.19)
20.1 (20.3 to 0.3)
0.01 (2 0.08 to 0.10)
0.02 (20.03 to 0.06)
0.03 (20.02 to 0.08)
20.02 (20.2 to 0.2)

Prevalent
P Value

Coefﬁcient (95% CI)
a

P Value

0.002
0.8
0.5
0.03
0.3
0.7
0.99
,0.001
0.006

0.05 (0.01 to 0.08)
0.008 (20.003 to 0.02)
0.2 (20.004 to 0.3)
-0.03a (20.05 to 20.002)
0.1 (20.0003 to 0.2)
0.02 (20.02 to 0.05)
0.1 (20.04 to 0.3)
0.2a (0.07 to 0.3)
20.004 (20.02 to 0.01)

0.01
0.2
0.06
0.03
0.051
0.4
0.1
0.003
0.5

,0.001
0.9
,0.001
0.1
0.3
0.9
0.8
0.5
0.2
0.8

0.7a (0.3 to 1.0)
0.02 (20.1 to 0.2)
0.3a (0.1 to 0.5)
0.2 (20.1 to 0.5)
20.1 (20.3 to 0.03)
20.05 (20.5 to 0.4)
0.05 (20.08 to 0.2)
20.004 (20.06 to 0.05)
-0.1b (20.2 to 20.02)
20.2 (20.5 to 0.1)

0.001
0.8
0.001
0.2
0.1
0.8
0.4
0.9
0.01
0.3

A total of 497 and 327 patients were in the ﬁnal models for incident and prevalent groups, respectively. Log10 transformations of dialysate IL-6 were used as the
dependent variable. Cytokine coefﬁcients are per log10 changes in concentration. Using diabetes status rather than comorbidity was not a signiﬁcant predictor for
either group. CI, conﬁdence interval.
a
P,0.01.
b
P=0.01–0.05.

account for important observed center effects, it must be
acknowledged that there are likely to be practice patterns and
local factors that remain poorly understood or unmeasured.
Although the study used 10 centers from three countries, a
degree of selection bias might be present because the selected
centers had better data quality. As with any observational study,
direction of causality must always be questioned. The genetic
associations between high producing IL-6 polymorphisms and
membrane function, effectively Mendelian randomization
experiments, strongly suggest that activation of local cytokine
networks are the cause rather than the consequence of increased PSTR, which is also biologically plausible. However,
many of the statistical associations demonstrated do not have
clear biologic explanations. For example, a lower systolic BP
was associated with higher dialysate but not plasma IL-6 concentration. These require reproduction in separate cohorts and
further investigation. Despite clear evidence of local production in some patients, average dialysate TNF-a levels were
less than predicted by the three-pore model, but the results
were biologically plausible and compatible with previous
studies.30 Cost and feasibility dictated that we limit our inﬂammatory cytokine proﬁles to just four; other studies using
larger panels of biomarkers conﬁrm that these are representative of activation of the inﬂammatory pathway in general.9,16
,31 Controversy exists as to whether dialysate biomarkers
should be expressed as absolute concentrations or appearance
rates. In our multivariable analysis, dialysate IL-6 concentrations
2076
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produced better models than appearance rates, suggesting that
biologic effects are determined by concentration, mediated by
changes over log orders. Correcting for appearance rates produced worse models, probably because the dialysate samples
were all standardized to 4-hour dwells; a recent study has
shown a linear increase in IL-6 concentrations with time.32
In conclusion, dialysate IL-6 concentration, representing
local subclinical intraperitoneal inﬂammation, is the most
signiﬁcant known predictor of PSTR but does not determine
patient survival. Intraperitoneal and systemic inﬂammation is
largely independent. Independent of inﬂammation, higher
PSTR may still be associated with worse survival in prevalent
patients. The clinical implications of these ﬁndings are that
attention to membrane function in dialysis prescription rather
than switching off membrane inﬂammation per se is important
for patient survival. The relevance of membrane inﬂammation
is yet to be determined.

CONCISE METHODS
Study Design
The Global Fluid Study is an international, multicenter, prospective,
observational cohort study designed to answer a series of research
questions seeking to relate peritoneal membrane function to local and
systemic biomarkers as predictors of predeﬁned clinical endpoints
(e.g., patient survival, membrane injury). In was open to any center
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Table 5. Predictors of log plasma IL-6
Incident

Variable
Age (per decade)
Body mass index
APD use
Systolic BP (per 10 mmHg)
Male sex
Duration of PD (per yr)
Biocompatible solution use
Icodextrin use
Average glucose concentration (per g/L)
Dialysate IL-6
Dialysate IFN-g
Dialysate TNF-a
Plasma TNF-a
Plasma IFN-g
Plasma IL-1b
Diabetic
Comorbidity
Urine volume (per L)
Korean

Coefﬁcient
a

0.02 (0.007 to 0.04)
0.0001 (20.005 to 0.005)
0.04 (20.06 to 0.14)
0.003 (20.007 to 0.014)
0.05 (20.001 to 0.09)
20.2 (20.6 to 0.2)
0.003 (20.05 to 0.06)
0.04 (20.02 to 0.11)
0.003 (20.004 to 0.009)
0.13a (0.07 to 0.18)
0.07 (20.003 to 0.15)
20.2b (20.3 to 20.005)
0.4a (0.2 to 0.5)
0.05 (20.03 to 0.13)
0.2b (0.001 to 0.4)
20.05 (20.1 to 0.007)
0.05a (0.02 to 0.08)
20.02 (20.05 to 0.01)
0.03 (20.05 to 0.11)

Prevalent
P Value

Coefﬁcient

P Value

0.004
0.96
0.4
0.5
0.06
0.4
0.9
0.3
0.4
,0.001
0.06
0.04
,0.001
0.2
0.049
0.09
0.001
0.3
0.4

0.01 (20.009 to 0.03)
0.004 (20.002 to 0.01)
0.003 (20.08 to 0.09)
20.009 (20.02 to 0.004)
0.02 (20.03 to 0.07)
0.02b (0.0008 to 0.03)
20.02 (20.10 to 0.06)
20.02 (20.09 to 0.05)
20.002 (20.01 to 0.005)
0.09b (0.03 to 0.15)
0.04 (20.04 to 0.1)
20.1 (20.4 to 0.06)
0.4a (0.2 to 0.5)
0.2a (0.07 to 0.3)
0.3b (0.07 to 0.5)
0.07b (0.002 to 0.15)
0.02 (20.01 to 0.05)
20.009 (20.05 to 0.03)
20.04 (20.1 to 0.1)

0.3
0.2
0.9
0.2
0.5
0.04
0.6
0.6
0.5
0.002
0.3
0.2
,0.001
0.001
0.01
0.045
0.2
0.7
0.4

A total of 497 and 310 patients were in the ﬁnal models for incident and prevalent groups, respectively. Log10 transformations of plasma IL-6 were used as the
dependent variable. Cytokine coefﬁcients are per log10 changes in concentration. Using diabetes status rather than comorbidity was not a signiﬁcant predictor in
the incident group, but for the prevalent group diabetes was highly signiﬁcant and there was a trend toward a better model with diabetes rather than comorbidity
(D22 log likelihood = 2.19). CI, conﬁdence interval.
a
P,0.01.
b
P=0.01–0.05.

worldwide as advertised at international meetings. Ten centers from
the United Kingdom, Korea, and Canada were ﬁnally included (see
Supplemental Table 2) in this analysis. An additional six centers (comprising 247 patients) were excluded on the basis of a preanalysis assessment indicating poor data quality (more than 10 variables were
missing for more than 10% of data or the center failed to enlist a
representative number of eligible patients during the recruitment window) and it was judged unlikely that this could be improved upon
because of logistic issues. Recruiting incident (within ﬁrst 90 days of
PD) and prevalent patients, enrollment commenced in June 2002 and
ﬁnished in December 2008 (with some centers stopping before then),
with follow-up censored at center-speciﬁc dates in December 2010.
Any patient on peritoneal dialysis was eligible for inclusion provided
they could give informed consent. The sample size was the maximum
logistically feasible, as determined by each center. Dialysate sampling
was from a 4-hour peritoneal equilibration test, with some centers also
collecting samples from an overnight dwell. Simultaneous clinical data
were collected and stored in a purpose built Peritoneal Dialysis Access
database. Ethical approval was obtained from the Multi-Centre Research Ethics Committee for Wales covering the United Kingdom, while
local country ethics were obtained for other contributing countries.

Prospective Collection of Routine Clinical
Measurements
Routine demographic characteristics were recorded and comorbidity
documented using the validated Stoke Comorbidity Index, which
both categorizes patients into low-risk (score 0), intermediate-risk
J Am Soc Nephrol 24: 2071–2080, 2013

(score 1–2), and high-risk (score .2) groups and enables analysis by
individual comorbid conditions within the index. Patient-level ethnicity was not available and thus was recorded as non-Korean versus
Korean on the basis of center. Routine blood, urine, and dialysate tests
were performed locally and, if necessary, converted into standardized
SI units.
PD-related measurements included residual renal function (mean
of urea and creatinine clearances), dialysis regimen and dose, and
peritoneal membrane function using the peritoneal equilibration test
(solute transport rate: dialysate-to-plasma creatinine ratio (PSTR)
and net ultraﬁltration capacity at 4 hours with 2.27% or 3.86%
glucose, corrected for ﬂush volume, if included in the measurement).
The glucose exposure rate was calculated as total grams of glucose
within the daily dialysate, and the average daily glucose concentration
was the total daily dialysate glucose/total daily dialysate volume (g/L).
Biocompatible solutions are deﬁned as those with low glucose degradation products.

Sample Analysis

Dialysate and plasma samples were stored locally at 280°C, then transferred frozen to a central laboratory in the United Kingdom. Plasma and
4-hour dialysate samples (overnight collections excluded) were assayed
for IL-1b, TNF-a, IFN-g, and IL-6 by electrochemiluminescence immune assay using the quality-controlled commercially available ProInﬂammatory I 4-plex (Meso-Scale Discovery, Gaithersburg, MD).
Triplicate measurements were made, the mean of which was used; all
assays were run with internal controls to assure assay ﬁdelity.
Inﬂammation and Survival in PD
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Table 6. Predictors of survival
Variable
Dialysate TNF-a
Dialysate IL-6
Dialysate IFN-g
Plasma IL-1b
Plasma TNF-a
Plasma IL-6
Plasma IFN-g
Age (per yr)
Male sex
Comorbidity (per disease)
Urine volume (per L)
Duration of PD (per mo)
Albumin (per 1 g/dl)
PSTR (per 0.1 increase in
dialysate-to-plasma
creatinine ratio)
Body mass index

Incident

Prevalent

Hazard Ratio (95% CI)

P Value

Hazard Ratio (95% CI)

P Value

0.99 (0.34 to 2.89)
0.93 (0.66 to 1.31)
1.18 (0.69 to 2.00)
0.56 (0.15 to 2.15)
3.39a (1.26–9.16)
2.15b (1.22 to 3.78)
0.89 (0.49 to 1.60)
1.06b (1.05 to 1.08)
0.94 (0.69 to 1.29)
1.68b (1.44 to 1.96)
0.95 (0.76 to 1.19)
1.17 (0.05 to 29.16)
0.94b (0.91 to 0.97)
1.10 (0.98 to 1.23)

0.98
0.7
0.5
0.4
0.02
0.008
0.7
,0.001
0.7
,0.001
0.7
0.9
,0.001
0.1

0.86 (0.22 to 3.43)
0.96 (0.65 to 1.44)
1.20 (0.65 to 2.19)
0.52 (0.16 to 1.74)
2.03 (0.52 to 7.93)
2.68b (1.28 to 5.58)
1.16 (0.62 to 2.16)
1.06b (1.04 to 1.07)
1.28 (0.92 to 1.78)
1.37b (1.18 to 1.58)
0.65b (0.48 to 0.87)
1.14b (1.04 to 1.24)
0.99 (0.95 to 1.03)
1.18a (1.003 to 1.41)

0.8
0.9
0.6
0.3
0.3
0.009
0.6
,0.001
0.1
,0.001
0.004
0.005
0.6
0.049

1.01 (0.97 to 1.05)

0.6

1.01 (0.98 to 1.04)

0.6

Models stratiﬁed by center. Cytokine hazard ratios are for each 13log10 change in concentration. CI, conﬁdence interval.
a
P=0.01–0.05.
b
P,0.01.

Statistical Analyses

Demographic features were compared with independent sample t
tests, Mann-Whitney U tests, or chi-squared tests, depending on
whether the variable was normally distributed, skewed, or categorical. Similarly, for center effects, a one-way ANOVA or Kruskal-Wallis
was used (Table 1).
The Pearson R was used for cytokine correlations, with Sidak
adjustment for multiple comparisons and a P value of 0.05 for statistical signiﬁcance. The three-pore model was used to predict 4-hour
cytokine dialysate-to-plasma ratios based on the predicted molecular
radius.33 For plasma values of 0 with detectable dialysate cytokine, a
ratio .1 was assumed; if both dialysate and plasma cytokine were
undetectable, a ratio of 0 was assumed.
Three multilevel linear models for predictors of the continuous
variables PSTR, and log10 transformations of dialysate and plasma
IL-6 concentrations in three separate models were run to account for
the observed center effects by introducing a center-level residual as
well as the usual person-level residual. As an exploratory analysis, no
adjustment of signiﬁcance levels was made for multiple hypotheses
tested. Random intercept models were ﬁtted (random slopes models
were attempted but did not converge). The variable selection method
was to include all cytokine measures and all the important clinical
and available demographic variables. Dialysate IL-1b was dropped
and only one measure of BP was included because of multi-colinearity. Diabetes and comorbidity were included in separate models because existing literature suggests diabetic effects may be important
independently of the comorbidity score, despite being highly correlated.18 The duration of PD was included as a linear or linear plus
quadratic term in the incident group, as suggested by existing literature.20 The iterative generalized least-squares method was used for
coefﬁcient estimation and residuals were checked for normality. For
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clarity of interpretation, 23 patients with a previous episode of PD
treatment were excluded from the prevalent group multilevel modeling.
We included cytokine results in the PSTR model as concentrations
(as shown) or appearance rates, and we selected the type that provided
the best goodness of ﬁt as measured by 22 log likelihood values. The
selected variable type was then used in all other analyses.
Cox modeling, stratiﬁed by center, was used for survival analysis,
with robust SEMs. Hazard ratios for cytokines quoted are for a log10
change in concentration. Proportional hazards were checked with
log-log plots, scaled Schoenfeld residual plots, and signiﬁcance testing. Dialysate IL-1b was excluded because of high collinearity.
MLWin, version 2.26, was used for the multilevel modeling.34 All
other analyses were run using Stata IC, version 12.1 (Stata Corp.,
College Station, Texas). Missing data, which ranged between 0%
and 4.8% for different variables, were considered missing at random
and complete case analysis was used. Loss to follow-up was trivial (16
incident and 8 prevalent patients, with 22 from one center and all
patients from that center being dropped in a sensitivity analysis).
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Table	
  1:	
  Intra-‐cluster	
  correlations	
  for	
  PSTR,	
  dialysate	
  and	
  plasma	
  IL-‐6	
  	
  
Variable	
  
PSTR	
  
Dialysate	
  IL-‐6	
  
Plasma	
  IL-‐6	
  
Data	
  presented	
  =	
  ICC	
  (95%	
  CI)	
  
	
  	
  

Incident	
  

Prevalent	
  

0.17	
  

0.17	
  

(0,	
  -‐	
  0.34)	
  

(0,	
  -‐	
  0.35)	
  

0.18	
  

0.15	
  

(0,	
  -‐	
  0.36)	
  

(0,	
  -‐	
  0.32)	
  

0.08	
  

0.005	
  

(0,	
  -‐	
  0.17)	
  

(0,	
  -‐	
  0.037)	
  

Table	
  2:	
  List	
  of	
  centres	
  
Country	
  

UK	
  

Canada	
  

Korea	
  

Centre	
  

Included	
  

Patient	
  Numbers	
  

University	
  Hospital	
  of	
  North	
  
Staffordshire,	
  Stoke-‐on-‐Trent	
  

Yes	
  

209	
  

Ipswich	
  Hospital,	
  Ipswich	
  

Yes	
  

25	
  

Addenbrooke’s	
  Hospital,	
  Cambridge	
  

Yes	
  

27	
  

Morriston	
  Hospital,	
  Swansea	
  

Yes	
  

118	
  

Manchester	
  Royal	
  Infirmary,	
  
Manchester	
  

Yes	
  

116	
  

University	
  Hospital	
  of	
  Wales,	
  Cardiff	
  

No	
  

178	
  

Queen	
  Elizabeth	
  Hospital,	
  Birmingham	
  

No	
  

9	
  

Dr.	
  Georges	
  L.Dumont	
  Hospital,	
  
Moncton	
  	
  

Yes	
  

41	
  

Edmonton	
  General	
  Hospital,	
  
Edmonton	
  

Yes	
  

70	
  

Yeungnam	
  University	
  Hospital,	
  Daegu	
  

Yes	
  

55	
  

Yes	
  

53	
  included	
  

Kyungpook	
  National	
  University	
  
Hospital,	
  Daegu	
  
Hong	
  
Kong	
  
Israel	
  
Belgium	
  
	
  

(30	
  excluded	
  due	
  
to	
  missing	
  batch	
  of	
  
samples)	
  

Soon	
  Chun	
  Hyang	
  University,	
  Seoul	
  

Yes	
  

245	
  

No	
  

4	
  

Carmel	
  Hospital,	
  Haifa	
  

No	
  

18	
  

Assaf	
  Harofeh	
  Hospital,	
  Zrifin	
  

No	
  

18	
  

University	
  Hopsital	
  of	
  Ghent,	
  Ghent	
  

No	
  

20	
  

Princess	
  Margaret	
  Hospital,	
  Kowloon	
  

