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ABSTRACT

End-stage renal failure is associated with persistent systemic inflammation.
The aim of this study was to investigate if systemic inflammation at the
time of kidney transplantation is linked to poor graft survival, major
adverse cardiovascular events (MACE), and increased mortality, and if
these processes are modulated by naturally occurring cytokine-specific
autoantibodies (c-aAbs), which have been shown to regulate cytokine
activity in vitro. Serum levels of cytokines, high-sensitivity C-reactive pro-
tein (hsCRP) and c-aAbs specific for interleukin (IL)-1a, tumor necrosis
factor (TNF)-a, IL-6, and IL-10 were measured at the time of transplanta-
tion in a retrospective cohort study of 619 kidney transplanted patients
with a median follow-up of 4.9 years (range 1.2–8.2 years). Systemic
inflammation was associated with all-cause mortality in simple and multi-
ple Cox regression analyses. IL-10-specific c-aAbs were associated with
MACE after transplantation, suggesting that IL-10 may be a protective fac-
tor. Similarly, patients with a history of MACE before transplantation had
lower levels of TNF-a-specific c-aAbs, hence we hypothesized that TNF
may be a risk factor of MACE. These findings support that pro-inflamma-
tory activity before transplantation is a pathological driver of MACE and
all-cause mortality after transplantation. This information adds to pretrans-
plantation risk estimation in renal transplant candidates.
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Introduction

Cardiovascular disease (CVD) is the most frequent cause

of morbidity and mortality in end-stage renal failure

(ESRD) patients [1]. Renal transplantation reduces the

risk of CVD although not to the level in the background

population [1].

Systemic inflammation predisposes individuals to

insulin resistance, dyslipidemia, endothelial dysfunction,

and accelerated atherosclerosis [2]. Persistent systemic

inflammation is a predictor of mortality and major

adverse cardiovascular events (MACE) in the back-

ground population [3,4]. The inflammatory hypothesis

of atherothrombosis suggests that reducing vascular

inflammation in the absence of concomitant lipid-low-

ering medication reduces the rate of cardiovascular

events [5]. Moreover, comorbidities are likely to con-

tribute to a positive feedback loop that further
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exacerbates systemic inflammation [2]. Tumor necrosis

factor (TNF)-a and interleukin (IL)-1b initiate inflam-

matory processes and constitute upstream triggers of

IL-6 production, which stimulates the liver production

of acute phase reactants, such as C-reactive protein

(CRP), and initiates a regulatory anti-inflammatory

response that inhibits the production or signaling of

pro-inflammatory cytokines. Thus, IL-10 inhibits TNF-

a synthesis, and IL-1 receptor antagonist (RA) inhibits

signaling through the IL-1 receptor [6]. In patients with

inflammatory rheumatic diseases, persistent systemic

inflammation is considered to contribute to an

increased risk of CVD, whereas anti-TNF-a therapy

modulates vascular risk factors in a beneficial direction

[7]. Additionally, the recently published CANTOS study

has shown that specific anti-IL-1b therapy leads to a

lower rate of recurrent cardiovascular events in patients

experiencing MACE and reduces the risk and mortality

from lung cancer in patients with atherosclerosis [8,9].

This new paradigm may also be applicable to ESRD and

be operational in kidney transplantation. Thus, ESRD is

strongly associated with persistent systemic inflamma-

tion [10], which is associated with increased CVD-

related mortality [4]. Furthermore, systemic inflamma-

tion after kidney transplantation is associated with graft

loss as well as mortality with a functioning graft

[11,12].

Natural cytokine-specific autoantibodies (c-aAbs) are

common and have been measured in both health and

disease states [13]. It is not known whether c-aAbs rep-

resent a regulatory mechanism or a dysfunction of

immunologic tolerance. In support of a regulatory

potential is the finding that neutralizing the levels of c-

aAbs toward pro-inflammatory IL-1a is associated with

less joint erosion and disease activity in chronic pol-

yarthritis [14,15]. Moreover, IL-6-specific c-aAbs have

been associated with obesity, type 2 diabetes (DM) and

severe infections [16,17], indicating that c-aAb-induced

imbalances in the cytokine network may lead to

immune dysfunction. Moreover, GM-CSF-specific c-

aAbs have been associated with pulmonary alveolar pro-

teinosis [18]. IL-6-specific c-aAbs were negatively corre-

lated with the IL-6-induced CRP levels in Danish blood

donors, indicating cytokine neutralizing levels of c-aAbs

even in healthy populations [19]. Whereas correlational

studies suggest a link between elevated levels of IL-6

and MACE, chronically elevated levels of IL-6 likely

reflect ongoing TNF production [20].

It is likely that in ESRD patients, a high level of sys-

temic inflammation predisposes and accelerates

microvascular injury and atherosclerosis in the

transplanted graft as well as in the recipient’s own vascu-

lar system after renal transplantation. Moreover, it is pos-

sible, but unexplored, that these processes are modulated

by natural c-aAbs, e.g., TNF-a-specific c-aAbs and IL-1a-
specific c-aAbs, are possible protective factors in relation

to graft loss, MACE, and mortality after transplantation

as a result of a blockade/decline of pro-inflammatory

activity, whereas IL-6-specific c-aAbs may fuel metabolic

syndrome. Additionally, IL-10-specific c-aAbs may

enhance pro-inflammatory activity through the blockade

of the anti-inflammatory activities mediated by IL-10.

The aim of this study was to test these hypotheses in a ret-

rospective cohort study of Danish kidney transplanted

patients. We investigated if systemic inflammation, as

well as c-aAbs at the time of renal transplantation, is asso-

ciated with the rate of graft loss, major adverse cardiovas-

cular events and mortality. We focused on the TNF↑?IL-

6↑?CRP↑ axis as these inflammatory proteins are power-

ful inflammatory biomarkers in epidemiological studies

of the background population and in cohorts of kidney

patients. Additionally, we included the anti-inflammatory

and immunoregulatory IL-10, which represents a central

inhibitor of TNF-a production in the TNF↑?IL-6↑?IL-

10↑?TNF↓ circuit [6,21].

Material and methods

Study population

This study was a retrospective cohort study of all

patients who underwent kidney transplantation between

January 1st, 2009 and December 31st, 2015 in one of

two transplantation centers (Herlev Hospital and

Rigshospitalet, University Hospital of Copenhagen, Den-

mark). Patients were followed until March 17th, 2017

or until death, with a median follow-up of 4.9 years

(range of 1.2–8.2 years) after transplantation. A total of

632 patients were transplanted in this period. Thirteen

patients were excluded because of a low volume of

serum samples before transplantation (<1 ml); thus, 619

patients were included in the study. A negative result of

cross-matching for IgG B cell complement-dependent

cytotoxicity was required for all recipients. Immunosup-

pression protocols and treatment of allograft rejection

episodes after transplantation were similar between the

two transplantation centers.

This study was approved by the regional ethical

authority (code number H-16028690). The research bio-

bank and research database were approved by the Danish

Data Protection Agency (RH-2016-240, I-Suite nr:

04840).
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Circulating levels of cytokines, high-sensitivity CRP
(hsCRP), and c-aAbs

Inflammatory biomarkers were measured in pretrans-

plantation serum samples isolated at the day of trans-

plantation or up to 2 months earlier. Serum was

stored for 1–8 years at �20°C before analyses were

performed. Serum concentrations of TNF-a, IL-6, and
IL-10 were analyzed using the MSD� V-PLEX Custom

Human Biomarkers assay (Meso Scale Diagnostics

LLC, Rockville, Maryland, US) according to the

instructions from the manufacturer. The limits of

detection (LOD) were 0.28 pg/ml for TNF-a, 0.21 pg/

ml for IL-6, and 0.21 pg/ml for IL-10 in our labora-

tory. All samples were run as duplicates, and the mean

values were calculated. Deviations in duplicates had to

be < 20% to accept the analysis (intra-assay CV).

Inter-assay CV was 10–12% for IL-10, 9.4–9.7% for

IL-6 and 15% for TNFa in our laboratory. hsCRP was

analyzed at the Department of Clinical Biochemistry,

University Hospital of Copenhagen, Denmark, using

the routine assay Cobas, Cardiac C-Reactive Protein

(Latex) High Sensitive reagent (CRPHS) (Roche Diag-

nostics Limited, Switzerland). The detection range was

0.15–20 mg/l. Values below and above the detection

limit were replaced by the detection limit for all fur-

ther analyses.

IL-1a-specific, IL-6-specific, IL-10-specific, and

TNFa-specific c-aAbs were analyzed using a custom

made Luminex� 100 (Luminex corporation, US/Nether-

lands) based assay, as described previously by Guldager

et al. [13]. The LOD for the assay were defined as the

blank sample + 4 standard deviations (SD), as described

previously [19].

Registry data

Data regarding donor age, donor sex, recipient age,

recipient sex, HLA types, HLA mismatches, ABO types

and ABO mismatches were obtained from the Scandia-

transplant Database with data available for all 619

included patients. Primary kidney disease, cold ischemia

time, graft onset, acute rejections, graft loss, and death

were obtained from the Danish Nephrology Registry

(DNR). Data regarding MACE and DM were obtained

from the Danish National Registry 10th revision (ICD-

10) thereafter. Delayed graft function was defined as the

requirement for dialysis in the first postoperative week.

Available data on Cytomegalovirus (CMV) serostatus

was obtained from the PERSIMUNE Data Warehouse,

Rigshospitalet, Denmark.

Outcomes

Outcomes were defined as patient death, graft loss, and

MACE defined as acute myocardial infarction, apoplexy

or thromboembolism in a major artery.

Statistics

Statistical analyses were performed using IBM SPSS

Statistics 22 and R [22]. Duration of follow-up was

calculated as the time from inclusion (transplantation)

until data retrieval on March 17th, 2017. Cytokines,

hsCRP, c-aAb values and cold ischemia time were

log2-transformed prior to statistical analysis. Geometric

means and normal range for biomarkers and ischemic

time in Table 1 were calculated as back-transformed

(inverse log2) means and means � 2SD of log2 trans-

formed data. We compared continuous variables across

groups by two-sided t-tests. Chi-squared tests were

used to compare categorical data. Spearman’s correla-

tion analyses were used to assess monotone associa-

tions between continuous variables. Survival and

cumulative incidence curves were estimated by the

Kaplan–Meier and Aalen–Johansen estimators, respec-

tively. Gray’s test was used for testing equivalence of

cumulative incidence functions [23]. Log-rank tests

and Cox-regression analyses were used to investigate

for associations between pretransplantation levels of

circulating cytokines, hsCRP, and c-aAb (explanatory

variables) and the mortality, graft loss, and MACE

hazards (outcome variables). When analysing graft loss

and MACE, death was treated as a competing risk.

Multiple Cox-regression analyses were adjusted for fac-

tors considered to have potential influences on associa-

tions between inflammatory biomarkers and the

outcome variables. This included the recipient factors

age, sex, CMV sero status, primary kidney disease, pre-

transplantation DM and pretransplantation MACE

when post-transplantation MACE or all-cause mortality

was the outcome variable. The validity of the propor-

tional hazards assumption and the functional form of

covariates were assessed by model diagnostics based on

cumulative sum of martingale residuals [24]. Missing

data in the multiple Cox regressions models were han-

dled by multiple imputations (using 25 imputed data

sets and treating death as a competing risk) as imple-

mented in the R package SMCFCS [24]. Results of

complete-case analyses were like the multiple imputa-

tion analyses. Binary logistic regression analyses were

used to test for associations between inflammatory

mediators, c-aAb, and delayed graft function. P < 0.05
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was considered to indicate statistical significance in all

analyses.

Results

Characteristics of the cohort

The baseline characteristics of the 619 kidney trans-

planted patients are shown in Table 1. Most of the cohort

was men and first-time transplantations with deceased

donors. The most common primary kidney disease was

glomerulonephritis. Men more often had a history of

MACE and DM as well as higher levels of TNF-a, IL-6,
hsCRP, and IL-1a-specific c-aAbs compared to that in

women. Additionally, men were less immunized with

HLA antibodies and CMV IgG antibodies. There was no

evidence for a difference between men and women

regarding outcome variables in the study including

MACE, graft loss, and mortality during follow-up. The

time of dialysis duration was evaluated in patients with

first time transplantations. Data were available for 418

patients (missing data in 22 patients) and the median was

3 years of dialyses (range 12–5866 days).

Thirty-one patients had hsCRP concentrations in

serum below the limit of detection and 36 participants

had levels above the standard curve. As sensitivity analy-

sis we replaced the values under the lower detection

limit for hs-CRP with half or one-fourth of the limit,

and correspondingly the values above the detection

limit with twice or four times the limit. This had only

minor effect on all subsequent results and did not alter

any conclusion.

C-aAbs in relation to systemic inflammation,

epidemiological data, and comorbidity at baseline
(Table 2)

Patients with a pretransplantation history of MACE had

lower levels of TNF-a-specific c-aAbs and a similar,

although not significant, pattern of IL-1a-specific c-aAb

levels. Men had higher levels of IL-1a-specific c-aAbs

and IL-10-specific c-aAbs compared to that of women,

and the IL-10-specific c-aAbs were inversely correlated

with age. All measured c-aAbs were inter-correlated.

Additionally, the TNF-a-specific c-aAbs were negatively

correlated with circulating levels of IL-10 (table 2). Sim-

ilarly, the IL-1a-specific c-aAb and IL-10-specific c-aAbs

were negatively correlated with circulating levels of IL-

10 although associations did not reach significance

(P = 0.08). Scatter plots of correlations are found in the

Appendix S1.

The duration of dialysis was weakly correlated with

levels of CRP (rs = 0.16; N = 418, P = 0.001) and IL-6

(rs = 0.17; N = 418, P < 0.001) in Spearman correlation

analyses but not with TNF-a, IL-10, or any of the c-

aAbs (data not shown). Re-transplantations had higher

levels of IL-10 compared with first-time transplanta-

tions: Geometric mean (95% CI) was 0.30 (0.28–0.33)
pg/ml versus 0.37 (0.30–0.44) pg/ml, P = 0.05. There

were no statistical differences in other inflammatory

markers (data not shown).

Associations between pretransplantation factors
(explanatory variables) and mortality in the follow-up

period (outcome)

During the follow-up period 46 patients died. The

Kaplan–Meier curves for inflammatory biomarkers in

relation to all-cause mortality are shown in Fig. 1a–d.
Patients are divided into low, medium, and high levels

defined according to quartiles. The log-rank tests showed

that all markers of systemic inflammation (hsCRP TNF-

a, IL-6 and IL-10) were significantly associated with all-

cause mortality. When inflammatory markers were

included as continuous variables in a simple Cox regres-

sion analysis, high pretransplantation levels of hsCRP,

TNF-a, IL-6, and IL-10 were associated with death

(Table 3, model 1). Log2 was chosen to simplify the

interpretation of hazard ratios (HR), e.g., an HR = 1.48

for TNF-a means that a doubling of the circulating

TNF-a concentration is associated with a 48% increase

in mortality rate. Other factors associated with death in

the simple Cox regression analyses included age, pre-

transplantation DM, donor age and donation type. The

specific c-aAbs, pretransplantation MACE and CMV

serostatus were not associated with death. In the multi-

ple Cox regression analysis, TNF-a, IL-6, hsCRP, and

IL-10 were all associated with death after adjusting for

age, sex, pretransplantation DM, pretransplantation

MACE, CMV serostatus and primary kidney disease

(Table 3, model 2).

Effects of cytokines were not affected by specific c-

aAbs in survival analyses. Compared with the model

presented in Table 2, HR increased for TNF-a
(HR = 1.69 (95% CI: 1.27–2.24), P < 0.001) if TNF-a-
specific c-aAbs were further added to model 2 whereas

TNF-a-specific c-aAbs had no significant effect

(P = 0.3). Similar effects were found for IL-6

(HR = 1.22 (95% CI: 1.08–1.39), P = 0.002) when IL-6-

specific c-aAbs were added and for IL-10 (HR = 1.47

(95% CI: 1.21–1.78), P < 0.001) when IL-10-specific c-

aAbs were added.

Transplant International 2019; 32: 933–948 937

ª 2019 Steunstichting ESOT

The clinical impact of inflammation in kidney transplantation



T
a
b
le

2
.
Pr
et
ra
n
sp
la
n
ta
ti
o
n
as
so
ci
at
io
n
s
b
et
w
ee
n
cy
to
ki
n
e-
sp
ec
ifi
c
au

to
an

ti
b
o
d
ie
s,

ep
id
em

io
lo
g
ic
al

d
at
a,

co
-m

o
rb
id
it
y,

an
d
sy
st
em

ic
b
io
m
ar
ke
rs

IL
-1
a
c-
aA

b
(M

FI
)

TN
Fa

c-
aA

b
(M

FI
)

IL
-6

c-
aA

b
(M

FI
)

IL
-1
0
c-
aA

b
(M

FI
)

In
fl
am

m
at
o
ry

b
io
m
ar
ke

rs
�

TN
Fa

-
p
g
/m

l
r s
=
�0

.0
6

r s
=
�0

.0
6

r s
=
�0

.0
3

r s
=
0
.0
2

IL
-6

-
p
g
/m

l
r s
=
�0

.0
6

r s
=
�0

.0
2

r s
=
�0

.0
7

r s
=
�0

.0
5

IL
-1
0
-
p
g
/m

l
r s
=
�0

.0
7

r s
=
�0

.0
9

r s
=
�0

.0
5

r s
=
�0

.0
7

h
sC

R
P
-
m
g
/l

r s
=
�0

.0
5

r s
=
�0

.0
3

r s
=
�0

.0
3

r s
=
0
.0
2

IL
-1
a
c-
aA

b
-
M
FI

r s
=
0
.2
6

r s
=
0
.2
3

r s
=
0
.2
1

TN
Fa

c-
aA

b
-
M
FI

r s
=
0
.2
6

r s
=
0
.2
3

r s
=
0
.3
6

IL
-6

c-
aA

b
-
M
FI

r s
=
0
.2
3

r s
=
0
.2
3

r s
=
0
.3
0

IL
-1
0
c-
aA

b
-
M
FI

r s
=
0
.2
1

r s
=
0
.3
6

r s
=
0
.3
0

Ep
id
em

io
lo
g
ic
al

d
at
a
an

d
p
re
tr
an

sp
la
n
ta
ti
o
n
co
m
o
rb
id
it
y

R
ec
ip
ie
n
t
ag

e
-
ye
ar
s†

r s
=
0
.0
1

r s
=
�0

.0
4

r s
=
�0

.0
3

r s
=
�0

.1
4

R
ec
ip
ie
n
t
se
x*

P
=
0
.0
0
2

P
=
0
.8
4

P
=
0
.1
2

P
=
0
.0
1

M
al
e
-
M
FI
[g
eo

m
et
ri
c
m
ea

n
(9
5
%

C
I)]

2
8
1
(2
4
7
–3

1
9
)

2
1
4
(2
0
0
–2

2
9
)

3
0
6
(2
6
9
–3

4
8
)

1
0
8
(1
0
0
–1

1
7
)

Fe
m
al
e
-
M
FI
[g
eo

m
et
ri
c
m
ea

n
(9
5
%

C
I)]

2
0
4
(1
7
4
–2

3
9
)

2
1
7
(1
9
5
–2

4
0
)

2
6
0
(2
2
3
–3

0
4
)

9
2
(8
3
–1

0
2
)

Pr
et
ra
n
sp
la
n
ta
ti
o
n
D
M
*

P
=
0
.1
2

P
=
0
.8
5

P
=
0
.3
8

P
=
0
.6
9

N
eg

-
M
FI
[g
eo

m
et
ri
c
m
ea

n
(9
5
%

C
I)]

2
3
9
(2
1
4
-2
6
6
)

2
1
6
(2
0
2
-2
3
1
)

2
8
4
(2
5
5
-3
1
6
)

1
0
2
(9
5
-1
0
9
)

Po
s
-
M
FI
[g
eo

m
et
ri
c
m
ea

n
(9
5
%

C
I)]

3
0
5
(2
2
8
–4

0
8
)

2
1
9
(1
9
5
–2

4
7
)

3
2
3
(2
4
2
–4

3
1
)

1
0
6
(8
9
–1

2
5
)

Pr
et
ra
n
sp
la
n
ta
ti
o
n
M
A
C
E*

P
=
0
.0
7

P
=
0
.0
2
8

P
=
0
.1
2

P
=
0
.9
0

N
eg

-
M
FI
[g
eo

m
et
ri
c
m
ea

n
(9
5
%

C
I)]

2
5
7
(2
3
0
–2

8
6
)

2
2
0
(2
0
7
–2

3
5
)

2
9
7
(2
6
7
–3

3
0
)

1
0
2
(9
5
–1

0
9
)

Po
s
-
M
FI
[g
eo

m
et
ri
c
m
ea

n
(9
5
%

C
I)]

2
0
2
(1
5
9
–2

5
7
)

1
8
1
(1
5
8
–2

0
8
)

2
3
3
(1
7
7
–3

0
8
)

1
0
1
(8
0
–1

2
6
)

Pr
et
ra
n
sp
la
n
ta
ti
o
n
C
M
V
Ig
G
*

P
=
0
.9
5

P
=
0
.8
2

P
=
0
.2
6

P
=
0
.3
5

N
eg

-
M
FI
[g
eo

m
et
ri
c
m
ea

n
(9
5
%

C
I)]

2
4
5
(2
0
4
–2

9
4
)

2
1
7
(1
9
3
–2

4
4
)

2
6
0
(2
1
3
–3

1
8
)

9
7
(8
7
–1

0
7
)

Po
s
-
M
FI
M
ea

n
(9
5
%

C
I)

2
4
3
(2
1
5
–2

7
6
)

2
1
4
(1
9
9
–2

2
9
)

2
9
7
(2
6
3
–3

3
5
)

1
0
4
(9
5
–1

1
3
)

c-
aA

b
,
cy
to
ki
n
e-
sp
ec
ifi
c
au

to
an

ti
b
o
d
ie
s;

C
I,
co
n
fi
d
en

ce
in
te
rv
al
;
C
M
V
,
C
yt
o
m
eg

al
o
vi
ru
s;

D
M
,
d
ia
b
et
es

m
el
lit
u
s;

h
sC

R
P,

h
ig
h
-s
en

si
ti
vi
ty

C
-r
ea

ct
iv
e
p
ro
te
in
;
IL
,
in
te
rl
eu

ki
n
;

M
A
C
E,

m
aj
o
r
ca
rd
io
va
sc
u
la
r
ev
en

ts
;
M
FI
,
m
ea

n
fl
u
o
re
sc
en

ce
in
te
n
si
ty
;
TN

F,
tu
m
o
r
n
ec
ro
si
s
fa
ct
o
r.

D
at
a
re
g
ar
d
in
g
p
re
tr
an

sp
la
n
ta
ti
o
n
D
M

w
er
e
av
ai
la
b
le

fo
r
5
9
8
p
at
ie
n
ts
,
co
rr
es
p
o
n
d
in
g
to

9
7
%

o
f
th
e
in
cl
u
d
ed

p
at
ie
n
ts
.

D
at
a
re
g
ar
d
in
g
p
re
tr
an

sp
la
n
ta
ti
o
n
C
M
V
Ig
G

st
at
u
s
w
er
e
av
ai
la
b
le

fo
r
5
7
7
p
at
ie
n
ts
,
co
rr
es
p
o
n
d
in
g
to

9
3
%

o
f
th
e
in
cl
u
d
ed

p
at
ie
n
ts
.

*
St
u
d
en

t’
s
t-
te
st

w
as

u
se
d
fo
r
th
e
co
m
p
ar
is
o
n
o
f
lo
g
2
-t
ra
n
sf
o
rm

ed
c-
aA

b
b
et
w
ee
n
g
ro
u
p
s.
G
eo

m
et
ri
c
m
ea
n
an

d
9
5
%

C
I
is
in
d
ic
at
ed

fo
r
M
FI
va
lu
es
.

†S
p
ea

rm
an

’s
co
rr
el
at
io
n
w
as

u
se
d
fo
r
as
se
ss
in
g
m
o
n
to
n
e
re
la
ti
o
n
sh
ip
s
b
et
w
ee

n
co
n
ti
n
u
o
u
s
va
ri
ab

le
s.

938 Transplant International 2019; 32: 933–948

ª 2019 Steunstichting ESOT

Lund et al.



The inflammation marker estimates in the multiple

Cox regression models in Table 3 were not mutually

adjusted for each other. If cytokines and hsCRP were

included in the same model effects of TNF-a, IL-6, and
IL-10 were difficult to separate because of collinearity,

while hsCRP caught aspects of the data not described

by the other three markers. Reducing the model con-

taining log2TNF-a, log2IL-6, log2IL-10, and log2hsCRP

by dropping log2TNFa and log2IL-6 (both models

adjusted for the same variables as Model 2 in Table 3)

did not result in a significantly poorer model fit (likeli-

hood ratio test P = 0.79).

Associations between pretransplantation factors
(explanatory variables) and post-transplantation
MACE as the outcome

Fifty-seven patients experienced a MACE during the fol-

low-up period. Cumulative incidence for IL-1a-specific,
IL-6-specific, IL-10-specific, and TNFa-specific c-aAbs

with regard to post-transplantation MACE is shown in

Fig. 2a–d, with high and low levels of c-aAbs arbitrarily

defined as MFI ≥ 500 and MFI < 500. Figure 2d illustrates

that high levels of IL-10-specific c-aAbs at the time of

transplantation were associated with an increased risk of
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Figure 1 Kaplan–Meier curves for all-cause mortality, according to systemic inflammation before transplantation. The cohort is divided into three

groups based on concentrations of cytokines categorized by quartiles: <25% (black line), 25–75% (red line) and > 75% (green line). Below the

graphs are numbers at risk. Confidence intervals are shown. hsCRP, high-sensitivity C-reactive protein; IL, interleukin; TNF, tumor necrosis factor.
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Table 3. Pretransplantation clinical and immunologic factors and associations with all-cause mortality

Variable
No. of
patients

Model 1 Model 2

HR (95% CI) P HR (95% CI) P

Inflammation
TNFa per doubling (log2 transformed) 619 1.48 (1.24–1.78) <0.001 1.38 (1.15–1.66) 0.001
IL-6 per doubling (log2 transformed) 619 1.15 (1.07–1.24) 0.001 1.12 (1.03–1.22) 0.007
IL-10 per doubling (log2 transformed) 619 1.34 (1.17–1.52) <0.001 1.29 (1.13–1.46) <0.001
hsCRP per doubling (log2 transformed) 619 1.21 (1.04–1.42) 0.001 1.22 (1.04–1.43) 0.016

Cytokine-specific autoantibodies
IL-1a c-aAb per doubling (log2 transformed) 619 1.10 (0.96–1.25) 0.19 1.10 (0.96–1.26) 0.17
TNFa c-aAb per doubling (log2 transformed) 619 1.07 (0.84–1.36) 0.58 1.16 (0.91–1.48) 0.23
IL-6 c-aAb per doubling (log2 transformed) 619 1.02 (0.88–1.17) 0.84 1.03 (0.90–1.20) 0.65
IL-10 c-aAb per doubling (log2 transformed) 619 1.02 (0.81–1.28) 0.87 1.07 (0.88–1.30) 0.53

Recipients factors
Age per 1- years increment 619 1.09 (1.07–1.12) <0.001
Recipient sex
Female 232 1 0.36
Male 387 1.29 (0.74–2.27)

Pretransplantation MACE
No 542 1 0.12
Yes 77 1.74 (0.90–3.36)

Pretransplantation DM*
No 511 1 0.01
Yes 87 2.39 (1.29–4.43)

Graft rank
First transplant 522 1 0.43
Subsequent transplant 97 1.31 (0.68–2.54)

Pretransplantation CMV IgG†
Neg 171 1 0.52
Pos 406 1.24 (0.64–2.39)

Pretransplantation dialysis‡
No dialysis 76 1 0.12
Dialysis (hemo/peritoneal) 522 2.25 (0.70–7.24)

Primary kidney disease
Glomerulonephritis 149 1 0.002
Diabetes mellitus 70 5.72 (2.22–14.74)
Hypertension 66 3.57 (1.27–10.03)
Interstitial or pyelonephritis 51 2.01 (0.57–7.11)
Polycystic disease 81 1.27 (0.36–4.51)
Other 202 2.59 (1.03–6.52)

Transplantation
Donor age per 1-year increment 619 1.04 (1.02–1.06) <0.001
Donor sex
Female 308 1 0.26
Male 311 1.35 (0.80–2.29)

Donation type
Deceased 385 1 <0.001
Living 234 0.32 (0.16–0.66)

AB0 match
AB0 compatible 565 1 0.81
AB0 incompatible 54 0.89 (0.32–2.45)
No. of HLA-A/B/DR mismatches 619 0.93 (0.77–1.12) 0.42

Anti-HLA immunized
No 463 1 0.13
Yes 156 1.57 (0.89–2.75)
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MACE compared to patients with low levels of IL-10-spe-

cific c-aAbs. In a simple unadjusted Cox regression analysis

with c-aAbs as continuous variables, high levels of IL-10-

specific c-aAbs were associated with an increased rate of

MACE in the follow-up period after transplantation

(Table 4, model 1). Effects of IL-1a-specific c-aAbs, TNF-
a-specific c-aAbs, or IL-6-specific c-aAbs did not reach sta-

tistical significance in similar models (Table 4, model 1

and Fig. 2). Other factors associated with post-transplan-

tation MACE included age, pretransplantation MACE, and

pretransplantation DM (Table 4). We considered age, sex,

pretransplant MACE, pretransplant DM, CMV serostatus,

and primary kidney disease to have potential effects on the

association between IL-10-specific c-aAbs and MACE.

However, effects of IL-10-specific c-aAbs on MACE were

almost unaffected when these factors were included in a

multiple Cox regression analysis (Table 4, model 2). Addi-

tionally, the effect of IL-10-specific c-aAbs were unaffected

when model 2 was adjusted for IL-10 (data not shown).

Associations between pretransplantation factors
(explanatory variable) and graft loss (outcome)

Sixty-one patients experienced a graft loss during the

follow-up period. We found no association between

inflammatory markers or c-aAbs and graft loss (data

not shown) in a simple Cox regression analysis, whereas

receiving a transplant from a deceased compared to a

living donor was associated with increased graft loss

hazard (HR = 2.49; 95% CI = 1.32–4.68; P = 0.005).

We performed extra analyses to explore in more

details if acute rejection or delayed graft function were

potential intermediate factors in the association between

IL-10-specific c-aAbs and post-transplant MACE. We

had access to information about acute rejection for 615

patients. Acute rejection was reported in 151 of these

patients (25%) during the first year after transplanta-

tion. We found no significant association between IL-

10-specific c-aAbs (log2 transformed) and acute rejec-

tion (outcome variable) in a Cox regression analysis:

HR = 1.02 (95% CI: 0.90–1.15). We had access to infor-

mation for 590 patients regarding delayed graft func-

tion. Among these participants 137 patients (23%)

experienced delayed graft function and 13 patients (2%)

obtained no graft function at all. The latter group was

excluded from further analyses of delayed graft function

as an outcome variable. A significant association was

found between log2 transformed IL-10-specific c-aAbs

(explanatory variable) and delayed graft function (out-

come) in a binary logistic regression analysis: IL-10-spe-

cific c-aAbs: Odds ratio (OR) = 1.17, 95% CI = 1.00–
1.37, P = 0.046. The latter finding made us investigate

if systemic inflammation including TNF-a, IL-6, IL-10,
and hsCRP (explanatory variables) individually associ-

ated with mortality were also associated with delayed

graft function (outcome). We found significant

Table 3. Continued.

Variable
No. of
patients

Model 1 Model 2

HR (95% CI) P HR (95% CI) P

Cold ischemia§ time per doubling
Deceased donor (log2 transformed) 363 1.02 (0.64–1.62) 0.95
Living donor (log2 transformed) 223 0.71 (0.17–2.90) 0.63

c-aAb, cytokine-specific autoantibodies; CMV, Cytomegalovirus; DM, diabetes mellitus; HLA, human leukocyte antigen; hsCRP,
high-sensitivity C-reactive protein; IL, interleukin; MACE, major cardiovascular events; MFI, mean fluorescence intensity; TNF,
tumor necrosis factor.

Model 1: Simple, unadjusted Cox-regression.

Model 2: Multiple Cox regression. Estimates for inflammation markers and c-aAb are not mutually adjusted for each other but
from separate individual models. Missing data is handled by multiple imputation. Model 2 is adjusted for age, sex, pretrans-
plant MACE, pretransplant DM, CMV serostatus and primary kidney disease.

*Data regarding pretransplantation DM were available for 598 patients, corresponding to 97% of the included patients.

†Data regarding pretransplantation CMV IgG status were available for 577 patients, corresponding to 93% of the included
patients.

‡Data regarding pretransplant dialysis status were available for 598 patients, corresponding to 97% of the included patients.

§Data regarding cold-ischemia time were available for 586 patients, corresponding to 95% of the included patients.
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associations for all these log2 transformed variables in

binary logistic regression analyses: TNF-a (OR = 1.41,

95% CI = 1.14–1.73); IL-6 (OR = 1.13, 95% = 1.05–
1.22); IL-10 (OR = 1.24, 95% CI = 1.07–1.43); hsCRP

(OR = 1.20, 95% CI = 1.07–1.33).

Discussion

In this retrospective study of 619 kidney transplanted

patients, we observed that enhanced pretransplantation

levels of TNF-a, IL-6, hsCRP, and IL-10 were consis-

tently associated with all-cause mortality after transplan-

tation, adjusted for other clinically relevant factors. We

found similar effects of TNF-a, IL-6, IL-10, and hsCRP

in survival analyses, demonstrating robustness of the

models but hsCRP caught additional aspect of the data

not described by the three cytokines in mutual models.

This finding supports that persistent low-grade activa-

tion of the TNF↑?IL-6↑?IL-10↑?TNF↓ circuit and

the TNF↑?IL-6↑?CRP↑ axis at the time of
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Figure 2 Cumulative incidence for MACE, according to cytokine-specific autoantibodies before transplantation. The cohort is divided into two

groups based on c-aAb with MFI<500 (black line) and MFI≥500 (red line). Fig. 1d illustrates a specific association of IL-10 c-aAb with a MFI

value ≥ 500 (n = 32), that is not seen for the other c-aAb. Below the graphs are numbers at risk. Confidence intervals are shown. c-aAb: cyto-

kine-specific autoantibodies. IL, interleukin; MACE, major cardiovascular events; MFI, mean fluorescence intensity; TNF, tumor necrosis factor.
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Table 4. Associations between pretransplantation clinical and immunologic factors and post-transplantation MACE

Variable
No. of
patients

Model 1 Model 2

HR (95% CI) P HR (95% CI) P

Inflammation
TNFa per doubling (log2 transformed) 619 1.17 (0.90–1.53) 0.27 1.22 (0.92–1.63) 0.17
IL-6 per doubling (log2 transformed) 619 1.07 (0.98–1.18) 0.17 1.07 (0.95–1.19) 0.27
IL-10 per doubling (log2 transformed) 619 0.96 (0.77–1.19) 0.70 0.99 (0.79–1.25) 0.96
hsCRP per doubling (log2 transformed) 619 1.15 (0.99–1.32) 0.06 1.07 (0.92–1.24) 0.37

Cytokine-specific autoantibodies
IL-1a c-aAb per doubling (log2 transformed) 619 1.00 (0.86–1.15) 0.98 1.02 (0.88–1.19) 0.75
TNFa c-aAb per doubling (log2 transformed) 619 0.92 (0.71–1.19) 0.52 0.95 (0.72–1.24) 0.68
IL-6 c-aAb per doubling (log2 transformed) 619 1.07 (0.94–1.23) 0.31 1.09 (0.95–1.25) 0.24
IL-10 c-aAb per doubling (log2 transformed) 619 1.31 (1.11–1.56) 0.005 1.26 (1.07–1.48) 0.005

Recipient factors
Age per 1-year increment 619 1.04 (1.02–1.06) <0.001
Recipient sex
Female 232 1 0.89
Male 387 1.04 (0.61–1.78)

Pretransplantation MACE
No 542 1 0.002
Yes 77 2.83 (1.57–5.10)

Pretransplantation DM*
No 511 1 0.014
Yes 87 2.28 (1.24–4.20)

Graft rank
First transplant 522 1 1.00
Subsequent transplant 97 1.00 (0.49–2.04)

Pretransplantation CMV IgG†
Neg 171 1 0.029
Pos 403 2.11 (1.03–4.33)

Pretransplantation dialysis‡
No dialysis 76 1 0.91
Dialysis (hemo/peritoneal) 522 0.96 (0.43–2.11)

Primary kidney disease
Glomerulonephritis 149 1 0.04
Diabetes mellitus 70 2.48 (1.15–5.35)
Hypertension 66 1.56 (0.65–3.76)
Interstitial or pyelonephritis 51 1.39 (0.53–3.67)
Polycystic disease 81 0.45 (0.13–1.56)
Other 202 0.92 (0.43–1.95)

Transplantation
Donor age per 1-year increment 619 1.01 (0.99–1.02) 0.43
Donor sex
Female 308 1 0.47
Male 311 1.21 (0.72–2.04)

Donation type
Deceased 385 1 0.07
Living 234 0.59 (0.33–1.06)

AB0 match
AB0 compatible 565 1 0.78
AB0 incompatible 54 1.15 (0.46–2.87)
No. of HLA-A/B/DR mismatches 619 0.96 (0.79-1.15) 0.63

Anti-HLA immunized
No 463 1 0.035
Yes 156 0.46 (0.21–1.02)
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transplantation predicts subsequent high mortality risk.

Additionally, this study is the first to investigate if natu-

ral c-aAbs modulate the outcome of kidney transplanta-

tion. We observed that pretransplantation IL-10-specific

c-aAb levels were positively associated with the post-

transplantation MACE rate adjusted for other clinically

relevant factors, indicating that IL-10 may be a protec-

tive factor. In accordance with this finding, we observed

that patients with a history of MACE before transplan-

tation were characterized by lower levels of TNF-a-spe-
cific c-aAbs, and hence we hypothesized that TNF-a
may be a risk factor in MACE; although not significant,

a similar trend was found with regard to IL-1a-specific
c-aAbs. Thus, it is possible that c-aAbs mediate a natu-

ral brake in the cytokine network, affecting the balance

between anti-inflammatory and pro-inflammatory activ-

ity. These findings are in accordance with the inflamma-

tory hypothesis of atherothrombosis [8] and support

our hypotheses that natural c-aAbs modulate inflamma-

tory activity and systemic inflammation in the kidney

transplantation candidate. Moreover, our data demon-

strate that biomarkers of systemic inflammation identify

clinical risk phenotypes that should be taken into con-

sideration in the risk estimation of the individual trans-

plantation candidate in the clinical setting at the time

of transplantation.

Inflammation is involved in all stages of atherosclerosis

[25], and inflammation is associated with obesity and

type 2 DM [25,26]. Cytokines such as TNF-a and IL-1

induce endothelial dysfunction, leukocyte adherence and

hypercoagulability, and TNF-a causes insulin resistance

[2]. Clinical TNF blockade modulates vascular risk fac-

tors in a beneficial direction in the treatment of inflam-

matory arthritis [7]. Most epidemiological studies,

however, focus on CRP and IL-6 as biomarkers of chronic

inflammation, although cytokines such as IL-10, TNF-a,
and IL-1 could be more important from a pathophysio-

logical point of view [27]. Our finding that natural IL-10

c-aAb cytokine inhibitors are associated with the rate of

MACE after transplantation supports this consideration.

Additionally, this observation is consistent with the find-

ings that the pharmacological targeting of IL-1b leads to

a significantly lower rate of recurrent cardiovascular

events than placebo [9] and reduced CRP levels [28].

IL-10 is an anti-inflammatory cytokine linked to

anti-atherosclerotic effects, but we found high pretrans-

plant levels of IL-10 to be a risk factor in all-cause mor-

tality. In accordance with our data, it has been reported

that IL-10 increases along with reduced kidney function,

and high IL-10 levels are associated with MACE in

patients with chronic kidney disease [29]. The produc-

tion of IL-10 is induced by IL-6 [30], and IL-10 subse-

quently inhibits further TNF-a production [31].

Moreover, IL-6 inhibits the production of TNF-a [32].

Accordingly, the production and levels of these cytoki-

nes are tightly linked, and in this regard, systemic levels

of IL-10 are likely to act as a biomarker of persistent

inflammation and balances in the complex cytokine

Table 4. Continued.

Variable
No. of
patients

Model 1 Model 2

HR (95% CI) P HR (95% CI) P

Cold ischemia§ time per doubling
Deceased donor (log2 transformed) 363 0.63 (0.45–0.88) 0.007
Living donor (log2 transformed) 223 0.40 (0.14–1.15) 0.09

c-aAb, cytokine-specific autoantibodies; CMV, Cytomegalovirus; DM, diabetes mellitus; HLA, human leukocyte antigen; hsCRP,
high-sensitivity C-reactive protein; IL, interleukin; MACE, major cardiovascular events; MFI, mean fluorescence intensity; TNF,
tumor necrosis factor.

Model 1: Simple, unadjusted Cox-regression.

Model 2: Multiple Cox regression. Estimates for inflammation markers and c-aAb are not mutually adjusted for each other but
from separate individual models.

Missing data is handled by multiple imputation treating death as a competing risk. Model 2 is adjusted for age, sex, pre-
transplant MACE, pre-transplant DM, CMV serostatus and primary kidney disease.

*Data regarding pretransplantation DM were available for 598 patients, corresponding to 97% of the included patients.

†Data regarding pretransplantation CMV IgG status were available for 574 patients, corresponding to 93% of the included
patients.

‡Data regarding pretransplant dialysis status were available for 598 patients, corresponding to 97% of the included patients.

§Data regarding cold-ischemia time were available for 586 patients, corresponding to 95% of the included patients.
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networks. Consistent with this, it is well-established that

high levels of the natural occurring IL-1RA is a prog-

nostic risk biomarker in a wide range of diseases with

an inflammatory component, including rheumatoid

arthritis, systemic lupus erythematosus, sepsis, hepatitis,

tuberculosis, etc., although it is considered to be pre-

ventive and not harmful in these diseases [33]. Consid-

ering the complexity of the interplay in the cytokine

network and the lack of post-transplant IL-10 measure-

ments in the present study pharmaceutical IL-10 block-

ade in prospective studies are needed for conclusions

about IL-10-mediated anti-atherosclerotic activities in

kidney transplanted patients.

Natural c-aAbs are found both in healthy and dis-

eased individuals but their precise etiology is still unde-

fined. We found that all measured c-aAbs were

correlated with each other in ESRD patients. This find-

ing may reflect chronic disease and uremia-associated

systemic inflammation in the investigated cohort, but it

has also been reported in a study of 8,972 healthy Dan-

ish blood donors [19]. Associations between post-trans-

plantation MACE and IL-10-specific c-aAbs only are

consistent with observations that individual c-aAbs are

linked to lacunar defects [16,34–37]. We found no sig-

nificant correlations between levels of IL-10-specific c-

Abs and markers of systemic inflammation. Addition-

ally, effects of IL-10-specific c-aAbs on MACE were

unaffected by adjustment for systemic IL-10 levels in

Cox regression analysis. The latter observation suggested

that IL-10-specific c-aAbs were not another surrogate

marker of the TNF↑?IL-6↑?IL-10↑?TNF↓ circuit or

the TNF↑?IL-6↑?CRP↑ axis. Consistent with our find-

ings, high levels of IL-10-specific c-aAbs are not associ-

ated with CRP levels in the Danish blood donor cohort

study [19]. Experimental studies have shown that IL-10-

specific c-aAbs block IL-10-induced STAT3 phosphory-

lation in normal blood leukocytes [38]. Moreover, it

has previously been demonstrated that 0.4% of appar-

ently healthy Danish blood donors produce high con-

centrations of polyclonally derived IL-10-specific c-aAbs

of IgG class. These autoantibodies are stable from

months to years and they bind IL-10 with extremely

high avidity and act as competitive IL-10 inhibitors

in vitro, substantially inhibiting cellular IL-10 receptor

binding and neutralizing IL-10 activity in vitro [39].

Thus, there is evidence from experimental studies that

IL-10-specific c-aAbs modulate the signaling and func-

tion/activities of IL-10 but not the production of IL-10.

Accordingly, a strong linear relation is not expectable

between system levels of IL-10 and IL-10-specific c-

aAbs. We were not able to investigate if the presence of

IL-10-specific c-aAbs dampens the IL-10 function or

modulates the acute response in response to acute/

chronic triggers in vivo or in vitro before and after

transplantation in our study population. However, we

speculate that the finding of IL-10 c-aAb as a risk factor

in MACE supports that the biological role of IL-10 is to

mediate anti-inflammatory/immunoregulatory and anti-

atherosclerotic activities in kidney transplanted patients.

Additionally, IL-10 may theoretically serve as a marker

of regulatory B cells [40]. Therefore, natural occurring

IL-10-specific c-aAbs at the time of transplantation

might influence the development of rejection. Regarding

acute rejection, we evaluated clinical data for the first

year after transplantation when we consider this diagno-

sis to best defined, but we were not able to demonstrate

associations with IL-10-specific c-aAbs. Moreover, we

found no association between IL-10-specific c-aAbs and

graft loss but we observed associations between IL-10-

specific c-aAbs, systemic low-grade inflammation and

delayed graft function. This makes us speculate that

inflammatory activity at the time of transplantation is a

contributing risk factor to delayed graft function, which

is considered to have a detrimental long-term impact

after kidney transplantation [41].

In accordance with our data, persistent systemic

inflammation is associated with all-cause mortality in

populations without kidney disease [42–46], and CRP

is associated with death from coronary heart disease

and ischemic stroke as well as nonvascular mortality in

a large meta-analysis [4,47]. In regard to patients with

advanced kidney disease, persistent inflammation is

common and is associated with CVD and high mortal-

ity risk [10,48–50]. We found no association between

systemic inflammation or c-aAbs before transplantation

and the rate of graft loss although systemic inflamma-

tion was associated with delayed graft function. It is

possible that the follow-up period with a median of

4.9 years in our study is only sufficient to detect clinical

atherosclerosis in native vessels, whereas a longer fol-

low-up period is needed to detect accelerated

atherosclerosis in the allograft. Similar results were,

however, reported in a small study of 115 kidney trans-

planted patients in whom pretransplantation CRP was

associated with all-cause and cardiovascular mortality

but not with graft loss [51]. This study is the only

other study that evaluates associations between pre-

transplantation levels of inflammation in relation to the

outcomes after transplantation. Compared to this study,

our study offers a larger study cohort and a more

extensive inflammatory profile measured before trans-

plantation. Accordingly, we are able to suggest
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biological/pathological key players (TNF-a and IL-10)

in the inflammatory cascade before transplantation with

clinical importance of MACE and mortality after trans-

plantation and to identify special phenotypes in the

individual transplantation candidate. More studies eval-

uate systemic inflammation several years after trans-

plantation in relation to transplantation outcome

variables, but the clinical importance of such data is

different, as it evaluates a clinical risk much later and

does not provide individual risk estimation before

transplantation. In accordance with our data, post-

transplantation CRP was associated with all-cause mor-

tality but not with graft loss in kidney transplanted

patients with a median 7.8 years of follow-up [52]. A J-

shaped association between post-transplantation hsCRP

and mortality has been reported in kidney transplant

recipients when hsCRP values were divided into quar-

tiles for values below 5 mg/l. Associations between the

lowest levels of CRP and high mortality risk has not

been confirmed in other studies. Post-transplantation

levels of TNF-a and IL-6 measured more than

3 months after kidney transplantation were associated

with death with a functioning graft over a 6-year fol-

low-up period in patients [53]. CRP measured more

than 12 months after kidney transplantation predicts

MACE [54], and circulating hsCRP and IL-6 levels

measured more than 6 months after kidney transplanta-

tion are associated with MACE, all-cause mortality [12]

and graft loss [11].

Limitations of the study should be considered. Persis-

tent inflammation is strongly associated with obesity,

smoking, and physical fitness in epidemiological studies

[55]. These data were only available for a limited num-

ber of patients in our study. We cannot rule out that

inflammatory markers in the study simply reflect these

factors. Furthermore, the clinical dataset is incomplete

with regard to cold ischemia time, CMV serostatus, pre-

transplantation DM and pretransplantation dialysis sta-

tus, and we do not have information about the profile

of lipids. We did not include multiple cytokines and

hsCRP simultaneously in the multiple regression models

in Table 3 because the cytokines and autoantibodies are

highly collinear, making their roles difficult to separate.

The aim of the models was to show robustness of

inflammatory markers for outcome after transplanta-

tion, and indeed we found similar associations between

the measured cytokines and hsCRP and outcome. If all

inflammation markers were included in the same

model, the roles of TNF-a, IL-6 and IL-10 were difficult

to separate because of collinearity, while hsCRP caught

aspects of the data not described by the other three

markers. A model with hsCRP and one out of the three

measured cytokines did not result in a significantly

decrease in model fit than the model with hsCRP

together with all three cytokines. Retransplantion is

likely to affect the transplantation outcome. However,

re-transplantation had no effect on survival, MACE or

graft loss in univariate models of our cohort and

accordingly we found no rationale to exclude these

patients. The serum samples were stored at �20°C prior

to the cytokine analyses, which may have caused some

protein degradation. At least hsCRP has been proven to

be a stable marker [56,57], and despite a potential limi-

tation because of protein degradation, the cytokine data

still had a high clinical impact in our study cohort. It is

possible the induction therapies and maintenance

immunosuppression change levels of cytokines and

cytokine specific autoantibodies after transplantation

and this may influence associations with MACE. Check-

ing post-transplant changes in these biomarkers would

be helpful in clarifying associations. Unfortunately, we

did not have plasma available to perform such analyses.

Moreover, the present study does only test associations

and not causality. However, the main purpose of this

study was to evaluate if inflammatory activity in the

transplantation candidate at the time of transplantation

is a risk factor that can be used as a new base of risk

scoring and decision making in the clinical setting at

the time of transplantation.

In conclusion, systemic inflammation in kidney

transplantation candidates predicts all-cause mortality

in the years after transplantation. TNF-a, IL-6, and

IL-10 had similar roles whereas hsCRP added extra

effects in multiple regression survival models. Markers

of systemic inflammation can therefore add to the

individual risk estimation before transplantation. IL-

10-specific c-aAbs are associated with increased rate

of MACE after transplantation, suggesting these

autoantibodies modulate the inflammatory network in

relation to universal atherosclerosis in kidney trans-

planted patients.
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