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Abstract

Background and objectives Cardiovascular disease is the leading cause of death in patients with CKD. IL-10 is
considered an antiatherosclerotic cytokine. However, previous studies have failed to observe an association
between IL-10 and cardiovascular disease in CKD. This study aimed to evaluate whether serum IL-10 levels were
associated with the risk of cardiovascular events in CKD patients.

Design, setting, participants, & measurements Four hundred three patients with stages 1-5 CKD were followed
for a mean of 38 (range=2-42) months for fatal and nonfatal cardiovascular events. IL-10 and IL-6 were measured
at baseline together with surrogates of endothelial function (flow-mediated dilatation) and proinflammatory

markers (high-sensitivity C-reactive protein and pentraxin-3). The association between IL-10 and flow-mediated

dilatation through linear regression analyses was evaluated. The association between IL-10 and the risk of
cardiovascular events was assessed with Cox regression analysis.

Results IL-10, IL-6, high-sensitivity C-reactive protein, and pentraxin-3 levels were higher among participants
with lower eGFR. Both fatal (25 of 200 versus 6 of 203 patients) and combined fatal and nonfatal (106 of 200 versus
23 of 203 patients) cardiovascular events were more common in patients with IL-10 concentration above the
median. Flow-mediated dilatation was significantly lower in patients with higher serum IL-10 levels, but IL-10
was not associated with flow-mediated dilatation in multivariate analysis. Kaplan-Meier survival curves
showed that patients with IL-10 below the median value (<21.5 pg/ml) had higher cumulative survival com-
pared with patients who had IL-10 levels above the median value (log-rank test, P<<0.001).

Conclusions IL-10 levels increase along with the reduction of kidney function. Higher serum IL-10 levels were
associated with the risk of cardiovascular events during follow-up. We speculate that higher IL-10 levels in this

context signify an overall proinflammatory milieu.
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Introduction

Cardiovascular (CV) disease is the leading cause of death
in patients with CKD (1). Disproportionately increased
oxidative stress and inflammation are considered among
the main culprits of this heightened risk (2).

IL-10 acts as an immunoregulatory cytokine that
balances increases of proinflammatory cytokines and
shuts off the system (3). Several experimental studies
have confirmed the anti-inflammatory effect of IL-10
(4). In addition, IL-10 has also been shown to have
antithrombotic and antiatherosclerotic properties (5).

Several clinical studies have been conducted to
answer the question of whether serum IL-10 levels are
associated with the development of adverse CV
events. In contrast to animal experiments, contradic-
tory results have been reported in the clinical setting.
Although Heeschen et al. (6) found that higher serum
IL-10 levels were related to better clinical outcomes in
terms of CV morbidity and mortality among patients
with acute coronary syndrome (ACS), Mélarstig et al.
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(7) showed the opposite. Several potential explana-
tions for this discordance have been suggested (8,9).
Furthermore, it has been suggested that IL-10 kinetics
are different in CKD patients (4). An earlier study
showed large interindividual differences in serum
IL-10 levels in patients undergoing hemodialysis
caused by promoter gene polymorphism (8).

With this background in mind, our main goal was to
evaluate whether serum IL-10 is associated with the
development of CV events in CKD patients. Such a
plausible association needs to be analyzed in the
context of the proinflammatory counterbalance, and
for that reason, we also assessed high-sensitivity
C-reactive protein (hsCRP), IL-6, and pentraxin-3
(PTX-3) levels. Finally, because endothelial dysfunc-
tion is recognized by many as one of the earliest dis-
cernible steps of atherosclerotic process (10), we
studied—as a secondary aim—the possible association
between IL-10 and flow-mediated dilatation (FMD) as
an endothelial dysfunction surrogate.
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Materials and Methods
Patients and Study Design

This study is an ancillary study performed in an observa-
tional prospective cohort study already collected (11). The
initial objective of the cohort study was to identify risk fac-
tors for endothelial dysfunction in nondialyzed CKD pa-
tients, and for that reason, a number of exclusions was
done a priori. Between March 2006 and February 2011,
1276 patients were referred to the Renal Unit of the Gulhane
School of Medicine Medical Center, Ankara, Turkey for the
first time because of suspected or manifest CKD. All patients
included in the study were diagnosed as having CKD ac-
cording to the National Kidney Foundation Kidney Disease
Outcomes Quality Initiative Guidelines (12). By protocol and
to minimize any confounding effects of conditions that may
influence endothelial dysfunction measurements, 873 pa-
tients who were already taking medications that may influ-
ence endothelial function, including angiotensin converting
enzyme inhibitors (n=266), angiotensin receptor blockers
(n=222), statins (1=104), erythropoiesis-stimulating agents
(n=96), and supplemental vitamin pills (n=67), were ex-
cluded. Other exclusion criteria included acute infections
and unwillingness to participate in the study (n=65); 153
eligible patients dropped out for the following reasons: lost
to follow-up (1=80) or withdrew consent (n=73). A flow
chart of the patients is shown in Figure 1. Stages of CKD
were determined using eGFR, which was calculated using
the Modification of Diet in Renal Disease equation (13). Four
hundred three patients were included in the final analysis.
None of the patients with stage 5 CKD were on dialysis at
the time of investigation.

All included patients were followed for time-to-event
analysis until occurrence of fatal or nonfatal CV events.
Fatal and nonfatal CV events, including death, stroke, and
myocardial infarction, were recorded by telephone contacts
and routine outpatient clinic visits. The Gulhane School of
Medicine local ethical committee approved the study
protocol, and all patients were included in the study after
signing informed consent forms.

Laboratory Measurements

All blood samples were obtained from patients in the
morning between 7:00 and 11:00 A.Mm. after 12 hours of fasting
for measurement of fasting plasma glucose, serum basal in-
sulin, serum albumin, total serum cholesterol, triglyceride,
HDL and LDL cholesterol, and intact parathyroid hormone.
Samples were kept frozen at —80°C. hsCRP, IL-10, IL-6, and
PTX-3 parameters were studied at the same time. An insulin
resistance score (Homeostasis Model Assessment-Insulin
Resistance [HOMA-IR]) was computed using the following
equation (14): HOMA-IR=fasting plasma glucose (milli-
grams per deciliter) Ximmunoreactive insulin (microinterna-
tional units per milliliter)/405. Proteinuria was quantified
using a 24-hour timed urine collection.

Serum hsCRP, Human IL-10, IL-6, and PTX-3 Measurements

hsCRP was measured by a photometric method. Serum
levels of IL-10 were determined using a commercially
available sandwich enzyme immunoassay kit (Human
IL-10 Platinum ELISA Kit; eBioscience, Bender MedSystems,
Vienna, Austria). The calculated overall intra-assay coefficient

of variation was 3.2%, and the calculated overall interassay
coefficient of variation was 5.6%. After spiking of human IL-10
into normal human serum, average spike recoveries ranged
from 81% to 106%, and overall mean recovery of 97% was
found.

Serum levels of IL-6 were analyzed using human IL-6
ELISA kits (Quantikine HS Human IL-6 Immunoassay;
R&D Systems, Minneapolis, MN) with a sensitivity of
0.16 pg/ml and an interassay coefficient of variation of
<7.8%. Plasma PTX-3 concentration was measured by
using a commercially available ELISA kit (Perseus Proteo-
mics Inc., Japan). A description of these results has been
published elsewhere (14).

Assessment of Endothelial Function

Endothelium-dependent vasodilatation (FMD) and
endothelium-independent vasodilatation (nitroglycerine-
mediated dilatation) of the brachial artery were assessed
noninvasively using high-resolution ultrasound as de-
scribed by Celermajer et al. (15). The method for the vas-
cular assessment met the criteria imposed by the
International Brachial Artery Reactivity Task Force (16).
Measurements were made by a single observer using an
ATL 5000 ultrasound system (Advanced Technology Lab-
oratories Inc., Bothell, WA) with a 12-MHz probe. A de-
tailed description of the endothelial measurements is
provided elsewhere (15,16).

Statistical Analyses

All statistical analyses were performed using an SPSS 11.0
(SPSS Inc., Chicago, IL) statistical package. Non-normally
distributed variables were expressed as median (range), and
normally distributed variables were expressed as mean*=SD
as appropriate. A P value<0.05 was considered to be statis-
tically significant. Between-group comparisons were as-
sessed for categorical variables with the chi-squared test,
and the Kruskal-Wallis test (ANOVA) was used for the
rest of the variables. Spearman rank correlation was used
to determine correlations between paired variables. Stepwise
multivariate regression analysis was used to assess the in-
dependent associates of FMD as a mediator of CV disease.
Kaplan-Meier curves were drawn to present differences be-
tween two different IL-6/IL-10 ratio groups. Survival and
time-to-event analysis of CV outcomes were done using Cox
proportional hazards models, including adjustment for po-
tential confounding factors. Data are presented in the form
of hazard ratios and 95% confidence intervals. The sample
size was calculated by using Power and Sample Size Calcu-
lations V.3.0 (Vanderbilt University). We assumed that the
number of the patients who have IL-6/IL-10 levels smaller
and greater than 0.028 is almost equal. For a 1.5-fold hazard
ratio, a 5% a-error, and an 80% B-error, the sample size was
calculated at 192 for each group. Recruitment time was 36
months, with a 6-month additional follow-up period.

Results
Patient Characteristics

In total, 79 patients with stage 1 CKD, 78 patients with
stage 2 CKD, 80 patients with stage 3 CKD, 82 patients with
stage 4 CKD, and 84 patients with stage 5 CKD were included
in the study. Demographic and clinical characteristics of the
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Figure 1. | Flow chart of the study population. ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; EPO, erythropoietin.

entire study cohort are depicted in Table 1. There was no
difference among the groups in terms of age, sex distribution,
and body mass index. Laboratory values, including inflam-
matory cytokines and vascular measurements, are shown in
Table 1. As expected, serum calcium and albumin decreased,
whereas serum phosphorus and intact parathyroid hormone
levels increased across CKD stages 1-5. There was a signifi-
cant declining trend for serum LDL cholesterol from stage 1
to stage 5 (P=0.04). There were significant increases in serum

levels of hsCRP, PTX-3, and IL-6 across increasing CKD
stages. In a similar way, IL-10 levels were significantly
increased as eGFR decreased. Despite significant increases
in both IL-6 and IL-10, the IL-6/IL-10 ratio significantly de-
creased from stage 1 to stage 5 CKD. Both endothelium-
dependent (expressed as FMD) and endothelium-independent
vasodilation (expressed as nitroglycerine-mediated dila-
tation) were decreased from stage 1 CKD to stage 5
CKD.
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Phenotypical Characteristics Associated with High IL-10
Concentrations

We stratified the entire study cohort into two groups
according to the median serum IL-10 level (Table 2). All of
the studied inflammatory cytokines were significantly
higher in the group with IL-10 concentrations above the
median value compared with the group with IL-10 con-
centrations below the median value. Diabetes mellitus was
more frequent in patients with high serum IL-10, and FMD
was significantly lower. The number of both fatal and non-
fatal CV events was significantly higher in patients with
high IL-10 levels.

Multivariate Determinants of FMD

Although all proinflammatory/anti-inflammatory markers
(PTX-3, IL-6, IL-10, and the IL-6/IL-10 ratio) were significantly
related to FMD in univariate analysis, the multivariate
analysis showed that only the IL-6/IL-10 ratio and serum
PTX-3 levels were associated with FMD (Table 3).

CV Outcomes

CV outcomes were determined from patient inclusion
onward, with a mean follow-up period of 38 (range=2-42)
months; 36 patients died, and 31 of those deaths were pre-
sumably because of CV causes. CV mortality was defined
as death caused by coronary heart disease (1=16), sudden
death (1=4), stroke (n=10), or complicated peripheral vas-
cular disease (n=1). In total, 98 additional nonfatal major
adverse CV events took place during the follow-up period.

IL-10 and CV Events, Yilmaz et al. 1211

These events included stroke (17=27), myocardial infarction
(n=64), and peripheral vascular disease (n=7). The predic-
tors for time-to-CV event (fatal and nonfatal CV
events=129) were studied by univariate and multivariate
Cox regression analyses.

We included all significant parameters derived from the
univariate analysis and well known risk factors for CV
disease (such as age and sex) into the multivariate Cox
model. The multivariate Cox analysis showed that FMD,
PTX-3, tertiles of IL-10 (<11.57, 11.57-33.8, and >33.8 pg/ml)
and IL-6 (<5.25, 5.25-6.73, and >6.73 pg/ml), the IL-6/IL-10
ratio, and the presence of diabetes mellitus were associ-
ated with the risk of CV events (Table 4). In addition,
Kaplan-Meier survival curves showed that patients with
IL-10 below the median value (<20.02 pg/ml) had higher
cumulative survival compared with patients who had
IL-10 levels above the median value (log-rank test,
P<0.001) (Figure 2). The median for the IL-6/IL-10 ratio
in the whole cohort was 0.28, and Kaplan-Meier curves
showed a survival advantage associated with patients
with an IL-6/IL-10 ratio above this value; furthermore,
time to event was shorter in patients with the IL-6/IL-10
ratio above the median value (Figure 3).

We did additional sensitivity analyses to assess the
association of IL-10 and the development of new CV events
in patients without a previous history of CV disease
(n=326). The number of fatal and nonfatal events was
103. The multivariate Cox analysis showed that PTX-3,
tertiles of IL-10, and the presence of diabetes mellitus

median IL-10 levels

Table 2. Biochemical parameters, vascular assessment results, and composite CV events in patient groups, which were stratified by

Parameters IL-10 (<20.02 pg/ml; n=203) IL-10 (=20.02 pg/ml; n=200) P Value®
Total cholesterol, mg/dl 200 (159-245) 200 (157-244) 0.30
Triglycerides, mg/dl 144+14 144+17 0.80
LDL cholesterol, mg/dl 128*16 12617 0.20
Systolic BP, mmHg 133 (110-180) 135 (110-190) 0.40
Diastolic BP, mmHg 84+5 84+5 0.80
Serum calcium, mg/dl 8.62+0.58 8.22+0.50 <0.001
Serum phosphate, mg/dl 4.54+0.96 5.70+1.56 <0.001
iPTH, pg/ml 96+56 18777 <0.001
Serum albumin, g/dl 4.0 (3.5-4.8) 4.0 (3.2-4.8) 0.08
HOMA-IR index 1.73+0.77 1.93+1.00 0.03
24-h proteinuria, g/d 1.62 (0.37-5.45) 1.65 (0.48-5.45) 0.09
hsCRP, mg/L 11.5 (3.2-33.0) 20.0 (4.0-44.0) <0.001
PTX-3, ng/ml 4.9 (0.8-42.7) 8.8 (0.5-67.3) <0.001
IL-6, pg/ml 5.67+3.39 7.80+5.47 <0.001
IL-10, pg/ml 9.5 (2.1-21.5) 41.1 (21.6-66.0) <0.001
IL-6/IL-10 ratio 0.58 (0.06-2.54) 0.17 (0.02-1.24) <0.001
NMD, % 13.0 (11.6-13.8) 12.9 (10.0-13.8) <0.001
FMD, % 7.4+0.9 6.5+1.2 <0.001
Diabetes, n 31 (15%) 60 (30%) 0.001
Hypertension, n 31 (15%) 33 (17%) 0.80
Smoking, n 87 (43%) 96 (48%) 0.30
History of CV disease, n 33 (16%) 44 (22%) 0.06
CV events, n 23 (11%) 106 (53%) <0.001
Mortality, n 6 (3%) 25 (13%) <0.001

“Differences assessed by chi-squared test for categorical variables and Kruskal-Wallis test. Statistically significant if P<0.05. iPTH,

intact parathyroid hormone; NMD, nitroglycerine-mediated dilatation.
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Table 3. Univariate and multivariate associates of FMD in CKD patients

FMD (%)
Parameters — ) — . 95% Confidence Interval
Univariate® Correlation Multivariate Adjusted for the Coefficients
Coefficient (P Value) Difference (P Value)
IL-10, pg/ml —0.39 (<0.001)* —0.06 (0.26) —0.01 to 0.01
IL-6, pg/ml —0.35 (<0.001)* 0.09 (0.89) 0.01 to 0.04
IL-6/1IL-10 ratio 0.12 (0.02)* —0.12 (<0.001)* —0.64 to —0.22
hsCRP, mg/L —0.57 (<0.001)* —0.01 (0.88) —0.01 to 0.01
PTX-3, ng/ml —0.27 (<0.001)* —0.11 (0.001)* —0.01 to <0.01
NMD, % 0.37 (<0.001)* 0.19 (<0.001)* 0.21 to 0.44
Age, yr —0.03 (0.60) —0.05 (0.32) —0.01 to <0.01
Sex (men/women) —0.02 (0.70) —0.08 (0.13) —0.28 to 0.02
Smoking —0.06 (0.21) —0.10 (0.06) —0.27 t0 0.01
Systolic BP, mmHg —0.10 (0.04)* —0.12 (<0.001)* —0.02 to —0.01
LDL cholesterol, mg/dl 0.06 (0.22) —0.01 to 0.01
Diabetes —0.15 (0.002)* —0.07 (0.14) —0.30 to 0.08
Previous CV disease —0.09 (0.08) 0.02 (0.73) —0.07 to 0.10
HOMA-IR —0.19 (<0.001)* —0.09 (<0.01)? —0.17 to 0.01
Serum albumin, g/dl 0.18 (<0.001)? 0.11 (<0.001)* 0.17 to 0.61
24-h proteinuria, mg/d —0.15 (0.002)* —0.01 (0.86) 0.01 to 0.01
Serum calcium, mg/dl 0.43 (<0.001)* 0.04 (0.40) —0.13 t0 0.20
Serum phosphate, mg/dl —0.54 (<0.001)? —0.06 (0.13) —0.11 to0 0.03
iPTH, pg/ml —0.68 (<0.001)* —0.04 (0.44) —0.02 to 0.02
eGFR, ml/min per 1.73 m* 0.74 (<0.001)* 0.64 (<0.001)* 0.02 to 0.03

NMD, nitroglycerine-mediated dilatation; iPTH, intact parathyroid hormone.

“Statistically significant (P<<0.05). n values as assessed by Spearman rank test as well as estimates and P values from multivariate
regression models. The 12 value of the multivariate model was 0.61. Variables known to influence FMD levels (diabetes, history of CV
disease, age, sex, IL-10, IL-6, IL-6 /IL-10 ratio, PTX-3, hsCRP, NMD, HOMA-IR, systolic BP, albumin, 24-hour proteinuria, calcium,
phosphate, iPTH, and eGFR) were initially included in the multivariate analyses.

Table 4. Univariate and multivariate Cox analysis predicting fatal and nonfatal CV events (a composite of 129 fatal and nonfatal
events)

Univariate Cox Multivariate Cox
Parameters Hazard 95% Confidence P Hazard 95% Confidence P
Ratio Interval Value Ratio Interval Value
FMD (%) 0.61 0.53 to 0.71 <0.001%
IL-10 tertiles, pg/ml 1.04 1.03 to 1.05 <0.001% 1.62 1.09 to 2.40 0.022
IL-6 tertiles, pg/ml 1.29 1.04 to 1.60 0.02?2 1.35 1.04 to 1.74 0.022
IL-6/IL-10 ratio 0.09 0.04 t0 0.22 <0.001% 0.25 0.09 to 0.71 <0.01?
PTX-3, ng/ml 1.03 1.02 to 1.04 <0.001° 1.02 1.01 to 1.03 0.004*
hsCRP, mg/L 1.04 1.02 to 1.06 0.001%
Serum albumin, g/dl 0.56 0.33 to 0.97 0.04°
eGFR, ml/min 0.99 0.98 to 0.99 <0.001?
Diabetes (yes/no) 5.11 3.62t07.23 <0.001° 4.41 3.08 to 6.33 <0.001°
Hypertension (yes/no) 2.15 1.45 to 3.19 <0.001°
Smoking (yes/no) 1.82 1.28 to 2.59 0.001°
History of CV disease 1.01 0.84t01.23 0.90
24-h proteinuria, mg/d 1.00 1.00 to 1.01 0.63
Systolic BP, mmHg 1.03 1.01 to 1.04 <0.001*
LDL cholesterol, mg/dl 1.00 0.99 to 1.01 0.79
HOMA-IR 1.36 1.19 to 1.55 <0.001%
Calcium, mg/dl 0.86 0.63 to 1.17 0.35
Phosphate, mg/dl 1.14 1.03 to 1.28 0.02?2
iPTH, pg/ml 1.01 1.00 to 1.01 <0.001%
Age, yr 1.00 0.99 to 1.01 0.90
Sex (men/women) 1.31 0.91 to 1.87 0.14

iPTH, intact parathyroid hormone.
“Statistically significant (P<<0.05).
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Figure 2. | Survival curve showing survival advantage of participants with serum IL-10 level below median value. Kaplan—Meier survival
curves (a composite of 129 fatal and nonfatal events) according to IL-10 levels<20.02 or =20.02 pg/ml.

were independently associated with the risk of CV events
(Supplemental Table 1). Kaplan—-Meier survival curves
showed that patients with IL-10 below the median value
(<20.02 pg/ml) had higher cumulative survival compared
with patients who had IL-10 levels above the median value
(log-rank test, P<<0.001) (Supplemental Figure 1). Simi-
larly, the median for the IL-6/IL-10 ratio in the whole co-
hort was 0.284, and Kaplan-Meier curves showed a

survival advantage associated with patients with an
IL-6/1IL-10 ratio above this value (Supplemental Figure 2).

Discussion

The main findings of this study were as follows. First,
IL-10 levels increase across worsening CKD stages. Second,
serum IL-10 levels showed a negative association with
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Figure 3. | Survival curve showing survival advantage of participants with IL-6/IL-10 ratio above 0.28. Kaplan—Meier survival curves (a
composite of 129 fatal and nonfatal events) according to IL-6/IL-10 ratio<<0.28 or =0.28.
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FMD, but only the IL-6/IL-10 ratio remained significantly
associated in multivariate models. Third, IL-10 was directly
associated with the risk of CV events during follow-up
together with IL-6 and PTX-3.

IL-10 is an immunomodulatory cytokine secreted
mainly by activated monocytes, lymphocytes, and macro-
phages (3). IL-10 downregulates the inflammatory acti-
vation of monocyte-macrophage cells by transcriptional
and post-transcriptional inhibition of the entire range of
proinflammatory cytokines (17). In addition to its broad
range of anti-inflammatory activity, IL-10 also has puta-
tive antiatherosclerotic properties. IL-10 is found in the
atheromatous plaque, possibly as a result of local pro-
duction by tissue macrophages (18). IL-10 interferes
with the initial steps in the atherogenetic process by
downregulating adhesion molecules, such as CD18,
CD60L, and intercellular adhesion molecule 1 (5,14). IL-10
also reduces production of lytic enzymes, such as matrix
metalloproteinases, suppresses superoxide anion produc-
tion, and consequently, helps stability of atheromatous
plaques (19).

Consistent with the aforementioned anti-inflammatory
and antiatherosclerotic actions of IL-10, animal studies
showed that both systemic and local IL-10 gene transfers
attenuate atherogenesis (17,20). In contrast to these consis-
tent experimental biologic actions, clinical studies reported
controversial results. Heeschen et al. (6) showed that pa-
tients with ACS who had elevated serum IL-10 levels at
presentation had favorable clinical outcomes during a
6-month follow-up. However, this clinical benefit was con-
fined only to patients who had concurrently higher serum
CRP values at baseline evaluation. In contrast, Mélarstig
et al. (7) evaluated data from the Fragmin and Fast Revas-
cularization during Instability in Coronary Artery Disease
II trial and found that higher baseline IL-10 levels in acute
myocardial infarction patients were predictive of poor CV
outcomes during a 1-year follow-up. Trying to settle this
controversy, Cavusoglu et al. (21) recently conducted a
prospective observational study, in which they followed
ACS patients for 5 years. In accordance with study by
Mialarstig et al. (7), Cavusoglu et al. (21) found that ele-
vated baseline plasma levels of IL-10 are a strong and in-
dependent predictor of adverse CV outcomes.

Some hypotheses have been put forward to explain the
discrepancies observed in these clinical studies. First,
because levels of inflammatory cytokines including IL-10
are subject to considerable change with time, sampling time
may have affected the results. In almost all studies, only
one blood sample had been studied. Second, IL-10 may
have some currently unknown harmful effects, and in-
creased levels of IL-10 may reflect a compensatory or
counter-regulatory mechanism in response to a height-
ened level of proinflammatory cytokines. The results by
Heeschen et al. (6) support such a notion, because a pre-
dictive ability for favorable outcomes related to serum IL-10
levels was only evident in patients with higher serum CRP
values. Third, the survival benefit of IL-10 may require a
longer follow-up time to be evident. Indeed, this benefit
was only apparent after 1 year in the study of Cavusoglu
et al. (21). Thus, variable follow-up durations may have
influenced observed results in these studies. Fourth, one
could also consider the fact that circulating level of IL-10

does not accurately reflect tissue levels of IL-10 (particularly
in atheromatous plaques) (5).

Genetic variations in the promoter region of the IL-10
gene are associated with different levels of IL-10 pro-
duction and resultant circulating levels (22). Girndt et al. (8)
showed that carriers of the 1082A allele (low producers of
IL-10) experienced higher rates of CV morbidity in hemo-
dialysis patients. These patients had lower serum levels of
IL-10 and higher CRP than patients with the 1082G allele.
Notably, this association between IL-10 polymorphism
and CV outcomes has not been verified in the general
population (23).

In our study, CKD patients did not have recent ACS, and
IL-10 values should reflect baseline and not response to
stress levels. It is recognized that release of IL-10 always
follows elevation of proinflammatory cytokines. Thus,
timing of blood sampling may not be as critical compared
with previous studies in patients with acute events.
Elevation of serum IL-10 level was continuous across
CKD stages and positively correlated with other inflam-
matory markers. The IL-6/IL-10 ratio was associated with
worse outcomes rather than better outcomes, which might
be expected based on the antiatherogenic properties of
IL-10 and the associations with gene polymorphisms. A
higher ratio is partially a marker for lower GFR. The
elevated levels of serum IL-10 in CKD (11,24) are a joint
product of impaired renal clearance of IL-10 by glomerular
filtration and tubular metabolism (4) and the ability of
uremic monocytes to secrete more IL-10 compared
with healthy monocytes (25). An alternative possibility
is that, with a decreasing GFR, the proinflammatory status
is not sufficiently compensated by the anti-inflammatory/
antiatherogenetic properties of IL-10.

One of the few studies addressing IL-10 and CV risk in
CKD patients comes from Weber et al. (24), and this study
failed to show an association between IL-10 and vascular
disease assessed by pulse wave velocity. In addition, We-
ber et al. (24) found that increased serum IL-10 levels were
associated with mortality. Our findings are in line with
these findings, because IL-10 was not associated with
FMD in multivariate analyses, but using a wider spectrum
of renal dysfunction, we confirmed the potential impact on
mortality. One could speculate that IL-10 is produced in
response to heightened inflammation as a result of the
toxic internal uremic milieu. Indeed, our results showed
significant increases in serum levels of IL-6, CRP, and PTX-
3 together with IL-10 elevations. The patient with a favor-
able genetic polymorphism can oppose the harmful results
of the inflammatory state, which is not the case for low
producers of serum IL-10. Therefore, the exact role of se-
rum IL-10 for predicting adverse CV outcomes should ide-
ally be evaluated together with genetic polymorphism
studies and a comprehensive evaluation of serum proin-
flammatory markers as renal function declines. Additional
studies should also focus on tissue cytokine levels to elu-
cidate the pathogenesis of such an association.

It has been suggested that the IL-6/IL-10 ratio is a better
reflection of the change in the inflammation status in
patients with systemic inflammatory response syndrome
(26). Thus, we calculated this ratio and found that, despite
continuous and significant increases in both IL-10 and IL-6
across increasing CKD stages, the ratio of IL-6/IL-10



Clin } Am Soc Nephrol 9: 1207-1216, July, 2014

decreased when renal function declined. This result im-
plies that, whereas both cytokines increase with reduced
GFR, the change in IL-10 is proportionally greater than
that of IL-6. Our observation lends support to the hypoth-
esis that IL-10 may increase as a compensatory mechanism
secondary to proinflammatory cytokines. This ratio
seemed to be an independent predictor of composite end
points in addition to serum IL-10 levels.

There are some limitations of the present study that
deserve mention. The first limitation is the strict exclusion
criteria, which were applied to study more unbiased factors
associated with endothelial function. Exclusion of patients
taking angiotensin converting enzyme inhibitors/angio-
tensin receptor blockers, statins, erythropoiesis-stimulating
agents, and vitamin supplements provided a very selective
patient population that is difficult to extrapolate into the
general nondialyzed CKD population. However, this ex-
clusion would also decrease any unwanted background
pathophysiological noise that would most likely interfere
with the IL-10/IL-6 impact on outcomes. Our study,
therefore, needs to be taken as a necessary preliminary
academic approach in search of determinants and associ-
ations of IL-10 rather than clinical application. A second
limitation is the existence of only one patient visit/blood
sampling. We must also acknowledge the lack of adjudi-
cation of CV events. Our hospital system and records
unfortunately do not allow this adjudication, and events
were identified by telephone calls and patient visits.

To conclude, the results of this study showed that
increased levels of serum IL-10 and the IL-6/IL-10 ratio
might independently associate with CV outcomes. Serum
IL-10 levels were higher among patients with lower eGFR
in parallel to other inflammatory markers. This seemingly
paradoxical increase of an antiatherosclerotic cytokine and
its independent association with adverse CV clinical out-
comes might be considered as a compensatory increase in
patients with heightened inflammatory status. Although
limited by our cross-sectional study design and inability to
establish causality in the observations reported, we hope
our work will entice the initiation of prospective studies to
better delineate the role of serum IL-10 in the development
of the atherogenic uremic phenotype.
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