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♦  Background:  The utility of local and systemic interleu-
kin 6 (IL-6) as a prognostic marker in incident peritoneal 
dialysis (PD) patients remains to be fully defined. The pres-
ent study aimed to explore the capacity of systemic IL-6 
concentrations to predict cardiovascular events (CVEs) and 
mortality in PD patients, and to evaluate the influence of 
neutral-pH PD solutions low in glucose degradation products 
(GDPs) on systemic IL-6.
♦  Methods:  The study included 175 incident participants 
from the balANZ trial with at least one stored serum sample. A 
composite CVE score was used as the primary clinical outcome 
measure. Multilevel linear regression and Poisson regression 
models were fitted to describe, respectively, the trend of 
serum IL-6 over time and its ability to predict composite CVE.
♦  Results:  A significant increase in serum IL-6 from base-
line to 24 months was observed in the study population 
(mean difference: 1.68 pg/mL; p = 0.006). The type of PD 
solution received by patients exerted no significant effect 
on serum IL-6 (p = 0.12). Composite CVE was significantly 
and independently associated with baseline serum IL-6 
(incidence rate ratio per picogram per milliliter: 1.06; 95% 
confidence interval: 1.02 to 1.10; p = 0.003).
♦  Conclusions:  Baseline serum IL-6 was a significant 
independent predictor of composite CVE. Serum IL-6 con-
centrations increased with increasing PD duration and were 
not significantly modified with the use of biocompatible 
fluid over the study period. The present study is the first 
to link systemic IL-6 concentrations with CVE outcomes in 
incident PD patients.
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Premature cardiovascular events (CVEs) are a leading 
cause of mortality in patients with end-stage kid-

ney disease receiving peritoneal dialysis (PD) (1). The 
excess disease burden is attributed to the presence of 
nontraditional risk factors such as inflammation, which 
has been shown to promote proliferation and infiltra-
tion of inflammatory cells into the tunica intima of small 
arteries, leading to development of atherosclerosis and 
stenosis (2).

Some of the important causes of systemic inflammation 
in PD include loss of residual renal function (RRF), with 
lowered clearance of proinflammatory cytokines; increased 
local inflammation as a consequence of infectious epi-
sodes (for example, peritonitis); and repeated exposure 
to conventional PD solutions, with resultant peritoneal 
injury (3). The use of PD solutions that are more biocom-
patible, with a neutral pH and reduced levels of glucose 
degradation products (GDPs), might lower the systemic 
inflammatory burden by improving peritoneal membrane 
morphology (4,5); better preserving cellular host defenses 
(6), leading to a milder physician-rated severity of peri-
tonitis (7); and better preserving RRF (8).

Interleukin 6 (IL-6), a pleiotropic immunomodulatory 
cytokine secreted by a variety of cell types, plays a critical 
role in many innate and acquired inflammatory processes 
(9). Many of the immune effects of IL-6 are achieved by 
engagement with its soluble receptor, which increases 
the spectrum of activity to cells that do not display the 
cognate IL-6 receptor (9). Dysregulation of IL-6 signal-
ing has been implicated in a variety of chronic disease 
pathologies and in immune and inflammatory diseases 
(9). Interleukin 6 is also a critical mediator in regulat-
ing hepatic synthesis of acute-phase proteins such as 
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C-reactive protein (CRP). A common G/C polymorphism at 
position –174 in the promoter region of the IL-6 gene that 
results in IL-6 overproduction has been associated with 
an increased risk of CVE in healthy men (10) and all-cause 
mortality in PD patients (11). It has also been identified 
as a strong and independent predictor of clinically evident 
CVE in incident dialysis patients (12). Further, compared 
with other proinflammatory cytokines (and with CRP), IL-6 
is recognized as the best prognostic marker of all-cause 
mortality in prevalent dialysis patients (13).

The aims of the present study were to describe the 
trend of serum IL-6 in a well-defined cohort of incident 
PD patients and to explore the utility of IL-6 as a predictor 
of CVE and mortality in that patient group. In addition, 
we sought to assess whether the use of PD solutions 
that are more biocompatible might affect systemic IL-6 
concentrations and CVE outcomes (14).

METHODS

STUDY POPULATION

Data were obtained from the participants in the balANZ 
trial (14). A detailed description of the study design and 
methodology has previously been published (15), as 
have the results of the primary and secondary analyses 
(7,14,16). The trial was registered with the Australian New 
Zealand Clinical Trials Registry (ACTRN12606000044527). 
The study protocol was approved by ethics committees 
in all participating centers. All patients provided written 
informed consent before trial participation, including 
consent to biomarker studies using stored samples. 
Incident adult PD patients who had both a residual 
measured glomerular f iltration rate (GFR) of 5  mL/
min/1.73 m2 or more and a measured daily urine volume 
of 400 mL or more at enrollment were included in the 
study. Pregnant or breastfeeding patients, individuals 
expected to die within 12 months, patients participating 
in trials targeting RRF in PD, and patients with a signifi-
cant cancer history in the preceding 5 years, acute infec-
tion at enrollment, contraindications to PD, any physical 
or mental disorder that appreciably hampered compliance 
to the study protocol, or a known or suspected allergy to 
the trial products or related products were excluded. Of 
the 185 participants in the balANZ trial, 175 who had at 
least one serum sample stored during trial participation 
were included in the present investigation.

MEASUREMENTS OF IL-6

Serum samples were collected at baseline and at the 
6-, 12-, 18-, and 24-month visits. Serum was immediately 

stored at –20°C or –80°C locally and transported frozen 
to a central storage facility and kept in a –80°C freezer. 
Samples were thawed once only during the aliquoting 
process before analysis. Serum IL-6 was measured by 
an electrochemiluminescence immunoassay technique 
using the manufacturer’s protocols after samples had 
been centrifuged at 500g for 5 minutes. The 96-well 
plates used for measuring IL-6 were analyzed on a Sector 
Imager 6000 (Meso Scale Discovery, Gaithersburg, MD, 
USA), whose lower level of detection was 0.7  pg/mL. 
Samples and standards were analyzed in duplicate with 
a maximum tolerated coefficient of variation of 20%. 
No inter-assay coefficient of variation was determined, 
because all samples from an individual were run at the 
same time to minimize between-assay variability.

CLINICAL OUTCOME MEASURES

The primary clinical outcome measure was a com-
posite of all episodes of CVE that occurred, including 
hospitalization for myocardial ischemia or infarction, 
sustained atrial or ventricular arrhythmia, transient 
ischemic attack, and ischemic or hemorrhagic cere-
brovascular accident diagnosed according to standard 
clinical criteria; fatal cardiovascular event determined 
by an attending physician; and peripheral vascular dis-
ease, defined as gangrene with or without amputation, 
ischemic ulceration, or a need for revascularization. 
A secondary clinical outcome measure was all-cause 
mortality during the study period.

STATISTICAL ANALYSIS

Results are expressed as frequencies and percentages 
for categorical variables, mean ± standard deviation for 
continuous normally distributed variables, and median 
with interquartile range for continuous non-normally 
distributed variables. Differences between groups on 
baseline characteristics were analyzed by chi-square 
test for categorical data, t-test for continuous normally 
distributed data, and Mann–Whitney U-test for continu-
ous non-normally distributed data.

The overall trend in serum IL-6 over the follow-up 
period was analyzed by fitting a multilevel linear regres-
sion model to the log-transformed IL-6 data. Baseline 
IL-6 measurement and categorical time—that is, 6, 12, 
18, or 24 months—were included as fixed effects, and 
random intercepts and slopes were added to allow for 
repeated measurements over time. To evaluate the dif-
ferences between the two treatment groups with respect 
to IL-6, the PD solution type (biocompatible vs control) 
and the interaction between solution type and time were 
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subsequently added to the model as fixed effects. If the 
interaction term was not statistically significant, the 
unconditional effect of PD solution type on serum IL-6 
would be retained and the interaction term would be 
removed from the final model. Because of non-normal 
distribution, the IL-6 data were log transformed for the 
purpose of multilevel linear regression modeling.

Although the baseline IL-6 data was missing in only 
2.9% of participants, substantial IL-6 data were missing 
overall (27.8%). As sensitivity analyses, the multilevel 
linear regression model was applied in the subgroup with 
complete IL-6 data (that is, in patients with 5 measure-
ments: biocompatible, n = 34; control, n = 41) and the 
role of the loss of RRF (determined as GFR at the relevant 
month minus the baseline value) on IL-6 concentration 
over time was explored as a time-varying covariate.

To determine whether IL-6 predicted composite CVE, 
a multilevel Poisson regression model was fitted to the 
CVE counts. The counts of composite CVEs were recorded 
at 6-month intervals from baseline to 24 months; each 
participant therefore had up to 4 values for composite 
CVE. Baseline IL-6, clinically recognized risk factors of 
CVE (that is, age; ethnicity; body mass index; comorbidi-
ties such as diabetes mellitus, cardiovascular disease, 
dyslipidemia, gout, cerebrovascular disease, peripheral 
vascular disease; and baseline GFR), and the randomly 
assigned PD solution type were included as fixed effects 
in an initial full model. Variables with statistically non-
significant effects were omitted from the final model. 
The fit of the final model was checked against the full 
model using the likelihood ratio test.

Interleukin  6 as a predictor of all-cause mortality 
was modeled using exact logistic regression. Because 
of a low event number (n = 17), a multivariable logistic 
regression model predicting all-cause mortality could 
not be fitted. Only the results from the univariable 
analyses of baseline IL-6 (continuous and in tertiles) and 
the average of IL-6 for each subject are therefore pre-
sented. Data were analyzed using the software package 
Stata/SE 12.0 (StataCorp LP, College Station, TX, USA),  
with p  < 0.05 considered to represent a statistically 
significant result.

RESULTS

PATIENT CHARACTERISTICS

The patients—86 using biocompatible solution 
(Balance: Fresenius Medical Care, Bad Homburg, 
Germany) and 89 using standard solution (Stay•Safe: 
Fresenius Medical Care)—were well matched for all 
baseline characteristics, including baseline serum IL-6 

(Table 1). The baseline characteristics of this subgroup 
were comparable to those of the original balANZ trial 
cohort (14).

TREND OF SERUM IL-6 CONCENTRATION

Serum IL-6 concentrations increased with longer PD 
duration (median values at baseline and 24 months were 
1.56 pg/mL and 2.26 pg/mL respectively, Figure 1), and 
were comparable between the biocompatible and control 
groups at all time points during the 24-month study period 
(Table 2, Figure 2). The increment in absolute terms was 
relatively small, but when a multilevel linear regression 
model was fitted, statistically significant increases in 
serum IL-6 were observed over time (p = 0.006). Because 
there was no significant interactive effect of PD solution 
type and PD duration on serum IL-6 (p = 0.12, supplemental 
Table 1), solution type was analyzed as an unconditional 
effect. The unconditional effect of PD solution type on 
serum IL-6 was not statistically significant (p  = 0.12, 
Table 3). However, serum IL-6 concentrations were associ-
ated with longer PD duration (p = 0.005) and with baseline 
serum IL-6 concentration (p < 0.001, Table 3). The sensitiv-
ity analysis performed in the subgroup in whom a full set of 
IL-6 data were available (n = 75) produced a similar pattern 
of results (Table 3). The rate of RRF loss had no significant 
effect on serum IL-6 over time (p = 0.27).

IL-6 AS A PREDICTOR OF CVES

Of the 52 CVEs observed in 38 patients (biocompatible 
group, n = 19; control group, n = 19), 20 (38.5%), 11 
(21.2%), 13 (25%), and 8 (15.4%) were recorded at 6, 12, 
18, and 24 months respectively. Multivariable multilevel 
Poisson regression analysis observed that the compos-
ite CVE was significantly and independently associated 
with baseline serum IL-6 [incidence rate ratio (IRR) per 
picogram per milliliter: 1.06; 95% confidence interval 
(CI): 1.02 to 1.10; p = 0.003], older age (IRR per year: 
1.03; 95% CI: 1.00 to 1.06; p = 0.04), and presence of 
dyslipidemia (IRR: 2.01; 95% CI: 1.02 to 3.96; p = 0.04) 
and diabetes mellitus (IRR: 2.34; 95% CI: 1.21 to 4.53; 
p = 0.01; Table 4).

IL-6 AS A PREDICTOR OF ALL-CAUSE MORTALITY

On univariable exact logistic regression analysis, 
baseline serum IL-6 was not significantly associated 
with all-cause mortality (odds ratio: 1.07; 95% CI: 0.99 
to 1.15; p = 0.06). In contrast, however, when baseline 
IL-6 was categorized in tertiles, incremental increases 
in mortality risk were observed [tertile  1: 1 (5.9%); 
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p = 0.03; supplemental Table 2). Similarly, when IL-6 was 
examined as an average value for each subject, a signifi-
cant association with mortality risk was observed (odds 
ratio: 1.15; 95% CI: 1.03 to 1.34; p = 0.009).

DISCUSSION

The present investigation is the first to examine the 
utility of IL-6 as a predictor of composite CVE in incident 
PD patients, and one of the largest studies examining 
longitudinal trends in serum IL-6. A small but statistically 
significant increase in serum IL-6 with longer time on 
PD was observed, but neither the PD solution type used 
(biocompatible vs standard), nor the rate of RRF loss had 
an effect on serum IL-6 concentration. Higher serum IL-6 
was predictive of composite CVEs and possibly a greater 
risk of all-cause mortality, especially in patients with the 
highest serum IL-6 concentrations.

Reports about the impact of PD duration on systemic 
IL-6 concentrations are conflicting. In a single-center 

tertile 2: 7 (41.2%); tertile 3: 9 (52.9%)], accompanied 
by a statistically significant association with the highest 
tertile of IL-6 (odds ratio: 10.72; 95% CI: 1.31 to 87.75; 

TABLE 1 
Baseline Characteristicsa of the Study Patients

	 Peritoneal dialysis (PD) solution group	 p
		  Characteristic	 Overall	 Biocompatible	 Control	 Value

Patients (n)	 175	 86	 89	
Age (years)	 61 (50–69)	 63.5 (49–69)	 60 (50–68)	 0.51
Sex [n (%) women]	 77 (44.00)	 36 (41.86)	 41 (46.07)	 0.58
Ethnicity [n (%)]				  
	 Caucasian	 140 (80.00)	 73 (84.88)	 67 (75.28)	 0.42
	 ATSI	 3 (1.71)	 1 (1.16)	 2 (2.25)	
	 Asian	 22 (12.57)	 9 (10.47)	 13 (14.61)	
	 Maori and Pacific Islander	 10 (5.71)	 3 (3.49)	 7 (7.87)	
Cardiovascular disease [n (%)]	 143 (81.71)	 66 (76.74)	 77 (86.52)	 0.10
Diabetes mellitus [n (%)]	 58 (33.14)	 27 (31.40)	 31 (34.83)	 0.63
Medications [n (%)]				  
	 Antiplatelet	 71 (40.57)	 31 (36.05)	 40 (44.94)	 0.23
	 Renin–angiotensin blockade	 104 (59.43)	 53 (61.63)	 51 (57.30)	 0.56
	 Beta-blocker	 73 (41.71)	 34 (39.53)	 39 (43.82)	 0.57
	 Statin	 107 (61.14)	 54 (62.79)	 53 (59.55)	 0.66
Body mass index (kg/m2) 	 27.25 (23.80–31.37)	 27 (23.82–30.25)	 27.58 (23.70–31.82)	 0.45
Initial PD modality [n (%)]				  
	 Continuous ambulatory	 156 (89.14)	 76 (88.37)	 80 (89.89)	 0.75
	 Automated	 19 (10.86)	 10 (11.63)	 9 (10.11)	
GFR (mL/min/1.73 m2)	 6.85 (5.40–8.90)	 6.88 (5.90–9.00)	 6.84 (5.00–8.60)	 0.28
Urine volume (mL/d)	 1369 (982–1890)	 1436 (971–1897)	 1360 (1020–1870)	 0.75
Serum albumin (g/L)	 37.38±5.29	 37.97±4.80	 36.82±5.69	 0.15
Hemoglobin (g/L)	 113.5 (103–126)	 111 (101–127)	 114 (103–126)	 0.85
Interleukin 6 (pg/mL) 	 1.56 (1.05–2.99)b	 1.64 (1.05–2.64)	 1.47 (1.04–3.16)	 0.9

ATSI = Aboriginal and Torres Strait Islander; GFR = glomerular filtration rate.
a	Values given as mean ± standard deviation, median and interquartile range, or number and proportion.
b	Based on 170 samples (biocompatible, n = 83; control, n = 87).

Figure 1 — Overall trend of log-transformed serum interleukin-6 
(IL-6) over time in incident peritoneal dialysis patients.
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retrospective observational study of incident PD patients 
receiving treatment using conventional PD solutions (n = 
31), Pecoits–Filho and colleagues (17) observed a sig-
nificant increase in plasma IL-6 from baseline to 1 year 
(median: 3.7 pg/mL vs 6.5 pg/mL; p < 0.05). The recently 
completed GLOBAL fluid study (18) also described longer 
PD duration as a significant predictor of random plasma 
IL-6 concentrations in prevalent, but not in incident, PD 
patients (coefficient: 0.02 per year vs –0.2 per year; p = 
0.04 vs p  = 0.4). Results from the GLOBAL study were 
strengthened by long follow-up (up to 8 years) involv-
ing a large number of patients (n = 959). However, no 
data were reported pertaining to the longitudinal trend 
of systemic IL-6 concentration or to a detailed examina-
tion of the impact of biocompatible PD solution use on 
systemic inflammatory burden. In contrast, a prospective 
observational study (n = 109) reported a lack of significant 
change in serum IL-6 over 12 months (19). Although the 
reasons for such discrepant findings are unclear, some of 
the differences might stem from variations in study design, 
differences in assay techniques and samples used for the 
measurement of IL-6 (serum vs plasma), and the duration 
over which the changes were measured. As in the report 
by Pecoits–Filho and colleagues (17), observations in the 
present investigation included a statistically significant 
increase in systemic IL-6 over a 24-month period, regard-
less of whether standard or biocompatible PD solutions 
were administered. A sensitivity analysis confirmed the 
robustness of the results.

To date, the specific causes of an increase in systemic 
inflammatory burden with longer time on PD remain to be 

determined. The use of biocompatible PD solutions (with 
neutral pH and lower GDP content) or glucose-sparing 
regimens have at least the theoretical capacity to lower 
the inflammatory burden in PD patients by reducing the 
extent of peritoneal injury and GDP-mediated nephrotox-
icity that leads to RRF decline. Szeto and colleagues (20) 
were the first to present data showing an improvement 
in systemic inflammation levels, as evidenced by lower 
serum CRP measurements, in patients (n  = 50) using 
biocompatible PD solutions (p = 0.03). However, since 
then, several randomized controlled trials comparing 
the effects of biocompatible and standard PD solu-
tions have measured systemic IL-6 (21–24), and have 
not shown any differences between patients in the two 
solution groups. Failure to find a difference in systemic 
IL-6 associated with the use of biocompatible PD solu-
tion might have been a consequence of the relatively 
short follow-up (<12 months) (21); the cross-over study 
design, with its risk of carry-over effects (21); inclusion 
of biocompatible PD solutions with higher GDP content 
(23,24); or small sample sizes (22). Equally, it might be 
a real effect, emphasizing the fact that local (peritoneal) 
and systemic inflammation are uncoupled (18). Despite 
the longer follow-up (24 months), parallel-group study 
design, and evaluation of the biocompatible PD solution 
with the lowest GDP content on the market, the present 
investigation also observed comparable systemic IL-6 
levels in both the biocompatible and the control group. 
The lack of difference might have been a consequence of a 
substantial drop-out rate of 50.9% by month 24 (n = 89), 
which could have increased the risk of a type 2 statistical 
error. Nevertheless, in spite of biologic plausibility, the 
small effect size observed in our study is consistent with 
the possibility that the type of PD solution used has no 
major effect on the systemic inflammatory burden. Those 

Figure 2 — Trend of log-transformed serum interleukin-6 over 
time, by type of peritoneal dialysis solutions received (bio-
compatible, n = 86; control, n = 89).

TABLE 2 
Trend in Serum Interleukin 6 (IL-6)a

	 Balance	 Stay•Safe
		  Samples	 IL-6	 Samples	 IL-6
	Month	 (n)	 (pg/mL)	 (n)	 (pg/mL)

	 0	 83
	 1.64	

87
	 1.47

			   (1.05–2.64)		  (1.04–3.16)

	 6	 74
	 1.70	

74
	 1.60

			   (1.11–3.15)		  (0.97–2.44)

	 12	 59
	 1.97	

60
	 1.92

			   (1.30–3.98)		  (1.25–2.67)

	 18	 50
	 1.97	

59
	 2.13

			   (0.96–3.16)		  (1.31–3.08)

	 24	 41
	 2.24	

45
	 2.27

			   (0.99–3.85)		  (1.41–3.27)

a	Values given as median with interquartile range.
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findings are consistent with recent data from the GLOBAL 
incident and prevalent cohorts, in which biocompat-
ible solution use was not associated with systemic IL-6 
concentrations (18). Furthermore, the rate of RRF loss 
made no significant impact on serum IL-6. Although 
those results contradict findings from others who have 
reported an association between lower GFR and higher 
IL-6 in patients with chronic kidney disease (25), it is 
supported by findings from the GLOBAL study (18), in 
which urine volume had no significant effect on systemic 
IL-6 concentrations (p = 0.3).

Nonetheless, baseline serum IL-6 was a significant 
and independent predictor of composite CVE (IRR: 
1.06; 95% CI: 1.02 to 1.10; p  = 0.003) in incident PD 
patients. Previously, IL-6 was identified to be an impor-
tant predictor of poor prognosis as part of a composite 
cardiovascular risk factor (13,26) and on its own (13) in 
prevalent dialysis populations. In fact, on its own and 
compared with a combination of inflammatory markers 
(CRP, IL-1β, IL-6, IL-18, tumor necrosis factor α), IL-6 
concentration has, based on receiver operating char-
acteristic curve analysis, been described as the most 

TABLE 3 
Multilevel Linear Regression to Evaluate the Effect of Peritoneal Dialysis Solution Type on Serum Interleukin-6a

	 Patient group
	 Overall (n=175)	 With complete datab (n=75)
		  Regression		  p	 Regression		  p
Variable	 coefficient	 SE	 Value	 coefficient	 SE	 Value

PD solution
	 Control		  Reference				    Reference	
	 Biocompatible	 0.15	 0.09	 0.12	 0.08	 0.12	 0.54
Time			   0.005			   <0.001
	 Month 6		  Reference				    Reference	
	 Month 12	 0.13	 0.07	 0.05	 0.21	 0.08	 0.01
	 Month 18	 0.15	 0.07	 0.03	 0.23	 0.08	 0.006
	 Month 24	 0.26	 0.07	 0.001	 0.33	 0.08	 <0.001
Baseline Log10 IL-6 (pg/mL)	 0.40	 0.06	 <0.001	 0.41	 0.07	 <0.001

SE = standard error.
a	No interaction between peritoneal dialysis solution and time on peritoneal dialysis (see Table 2).
b	Those with 5 measurements (biocompatible, n=34; control, n=41).

TABLE 4 
Multilevel Poisson Regression Analysis of Composite Cardiovascular Events in Incident Peritoneal Dialysis Patients

	 Full model	 Final model
		  Variable	 IRR	 95% CI	 p Value	 IRR	 95% CI	 p Value

Baseline IL-6 (per pg/mL)	 1.07	 1.02 to 1.11	 0.003	 1.06	 1.02 to 1.10	 0.003
Diabetes mellitus	 2.86	 1.39 to 5.89	 0.004	 2.34	 1.21 to 4.53	 0.01
Dyslipidemia	 2.06	 1.02 to 4.16	 0.04	 2.01	 1.02 to 3.96	 0.04
Age (per year)	 1.03	 1.00 to 1.06	 0.04	 1.03	 1.00 to 1.06	 0.04
Body mass index	 0.96	 0.90 to 1.03	 0.29				  
Ethnicity							     
	 White		  Reference	
	 Non-white	 1.11	 0.47–2.64	 0.82				  
Gout	 0.61	 0.18 to 2.15	 0.45				  
Cardiovascular disease	 1.33	 0.44 to 3.97	 0.61				  
Peripheral vascular disease	 0.47	 0.11 to 2.04	 0.31				  
Baseline GFR	 1.00	 0.88 to 1.13	 0.9				  
Peritoneal dialysis solution	 1.56	 0.77 to 3.13	 0.22				  

IRR = incidence rate ratio; CI = confidence interval; IL-6 = interleukin 6; GFR = glomerular filtration rate.
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influential predictor of poor prognosis: 0.59 ± 0.04 versus  
0.59 ± 0.04 (13).

The present study is the first to suggest a link between 
systemic IL-6 and CVEs in incident PD patients. The find-
ings from our investigation are perhaps not unexpected, 
given that inflammation is a well-established nontradi-
tional risk factor for CVE, and IL-6 is a sensitive marker 
indicating the level of inflammation. Other observed 
significant predictors of composite CVE include the pres-
ence of dyslipidemia (IRR: 2.01; 95% CI: 1.02 to 3.96; p = 
0.04), which was previously shown to be associated with a 
higher risk of mortality in CAPD patients (27). Subgroup 
analysis of the SHARP trial (28) pointed out a statistically 
nonsignificant trend toward a reduction in atherosclerotic 
events with the use of simvastatin and ezetimibe in PD 
patients (risk ratio: 0.70; 95% CI: 0.75 to 1.08). It there-
fore remains uncertain whether treatment of dyslipidemia 
leads to a decrease in CVEs in PD patients.

As mentioned earlier, the small number of events in the 
present study meant that exploration of the relationship 
between IL-6 and all-cause mortality was restricted to 
univariable analysis. A trend toward increased mortality 
risk was observed when IL-6 was examined as a continu-
ous variable, and a statistically significant result was 
noted in the highest tertile of IL-6 when incremental 
risk was assessed. Although those findings are far from 
definitive evidence, they suggest the presence of a rela-
tionship between IL-6 and mortality that is in keeping 
with the recent analysis from GLOBAL, in which systemic 
IL-6 was an independent predictor of survival in both the 
incident and the prevalent cohorts of PD patients (18).

Our study is strengthened by its sample size in com-
prehensively described cohorts who were participants 
of a well-controlled randomized trial. It is one of the 
largest studies of its type, with the longest follow-up, 
and the first to examine IL-6 as a predictor of poor CVE 
in incident PD patients.

The conclusions that can be drawn from the present 
study are challenged by several limitations. First, the 
balANZ trial was a randomized controlled trial whose 
primary outcome measure was RRF decline; it was not 
a biomarker study. The study design therefore did not 
account for potential biologic and pre-analytical sources 
of variation in IL-6 that could have affected the measured 
results. For example, plasma IL-6 has been reported to be 
influenced by an individual’s age, weight, comorbidities, 
most recent meal composition, and activity level (29). 
Second, even though ours is one of the largest studies 
to date, the sample size was relatively small, with fairly 
low event numbers in the context of substantial missing 
data for serum IL-6. Those factors could have weakened 
the statistical power and placed restrictions on the ability 

to examine IL-6 as a time-varying covariate in predict-
ing composite CVEs. Finally, because of a lack of black 
patients in the current cohort, an extrapolation of results 
to that population should be made with caution.

CONCLUSIONS

Baseline serum IL-6 was an independent predictor of 
composite CVE. Serum IL-6 increased with longer time 
on PD and did not significantly differ between patients 
receiving biocompatible PD solutions and those receiving 
standard PD solutions. The role of IL-6 in predicting mor-
tality risk could not be conclusively established, although 
the data are strongly suggestive of such an effect. Future 
studies should aim to evaluate the sources of IL-6 and to 
validate the use of this marker as a potential monitoring 
tool for effective therapeutic intervention, with resultant 
improvement in patient prognosis.
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