
 

 

 University of Groningen

Chronic low-grade inflammation in renal transplantation
Ree, Rutger M van

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2009

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Ree, R. M. V. (2009). Chronic low-grade inflammation in renal transplantation. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/231d4eb3-2cac-49f5-ab37-76ac0d7a0457


 



 

 

 

 

CHRONIC LOW-GRADE INFLAMMATION 

IN 

RENAL TRANSPLANTATION 

 

 

RUTGER M. VAN REE, 2009



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

van Ree, R.M. 

 

Chronic Low-Grade Inflammation in Renal Transplantation 

Dissertation University of Groningen – with summary in Dutch 

 

ISBN 978-90-367-3855-2 (printed version) 

ISBN 978-90-367-3854-5 (digital version) 

 

© 2009 R.M. van Ree 

 

All rights reserved. No part of this publication may be reported or transmitted, in any form 

or by any means, without prior permission by the author. 

 

Financial support by the Dutch Kidney Foundation is gratefully acknowledged.  

 

Further financial support for the printing of this thesis was kindly provided by Astra 

Seneca, Amgen, Astellas, Baxter B.V., GUIDE, Novartis, Roche, Schering Plough, 

Rijksuniversiteit Groningen, and University Medical Center Groningen. 

 

Cover design M. Rook 

Lay-out   R.M. van Ree 

Printing   Gildeprint Drukkerijen B.V. Enschede



 

 

RIJKSUNIVERSITEIT GRONINGEN 
 

 

 

CHRONIC LOW-GRADE INFLAMMATION 

IN 

RENAL TRANSPLANTATION 

 

 

 

Proefschrift 
 

 

 

 

ter verkrijging van het doctoraat in de  

Medische Wetenschappen 

aan de Rijksuniversiteit Groningen 

op gezag van de  

Rector Magnificus, dr. F. Zwarts, 

in het openbaar te verdedigen op 

maandag 15 juni 2009 

om 14.45 uur 

 

 

door 

Rutger Menno van Ree 

geboren op 21 maart 1977 

te Brederwiede 



 

 

PROMOTOR: 

Prof. dr. R.O.B. Gans 

 

 

COPROMOTORES: 

Dr. S.J.L. Bakker 

Dr. W.J. van Son 

Dr. J.J. Homan van der Heide 

 

 

BEOORDELINGSCOMMISSIE: 

Prof. dr. P.M. ter Wee 

Prof. dr. T.S. van der Werf 

Prof. dr. R. Stolk



 

 

PARANIMFEN : 

DRS. M.E.G. GEURTS 

DR. L.H. OTERDOOM 

 



 

 



 

7 

CONTENTS 
 

Chapter 1 Introduction and aims of the thesis. 

Chapter 2 Abdominal obesity and smoking are important determinants 

of C-reactive protein in renal transplant recipients.  

Nephrology Dialysis Transplantation 2005; 20: 2524–2531. 

Chapter 3 Elevated levels of C-reactive protein independently predict 

accelerated deterioration of graft function in renal 

transplant recipients.  

  Nephrology Dialysis Transplantation 2007; 22: 246–253. 

Chapter 4 Plasma procalcitonin is an independent predictor of graft 

failure late after renal transplantation 

  Transplantation (in press) 

Chapter 5 Hemopexine: a novel predictor of graft failure late after 

renal transplantation.  

  Submitted  

Chapter 6  Serum albumin as a predictor of graft failure and mortality in 

renal transplant recipients.  

  Submitted 

Chapter 7  Circulating markers of endothelial dysfunction interact with 

proteinuria in predicting mortality in renal transplant 

recipients.  

Transplantation 2008; 86: 1713-9. 

Chapter 8 Latent cytomegalovirus infection is an independent risk 

factor for late graft failure in renal transplant recipients.  

  Submitted 

Chapter 9 Summary and general discussion 

 

Nederlandse samenvatting 

 

 
 

9 

23 

 

 

37 

 

 

 

53 

 

 

71 

 

 

83 

 

 

99 

 

 

 

113 

 

 

125 

 

139



 

8 

Dankwoord 

 

List of Publications and Curriculum Vitae 

 

Bibliography 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

147 

 

153 

 

156 

 

 

 

 
 
 
 
 
 



 

 

CHAPTER 1 

 

INTRODUCTION AND AIMS OF THIS THESIS 

 



CHAPTER 1 

10 

Figure 1. Prevalent ESRD, dialysis, and transplantation 

populations from 1980 through 2020 and  expenditures of 

ESRD from 1991 through 2020 in the USA. Solid lines show 

actual and dashed lines show predicted values.
1 

Figure 2. Graft survival of 

first cadaver kidney 

transplants according to 

different years of 

transplantation. Figure is 

available online at: 

http://www.ctstrans-

plant.org/ (Figure: K-

14101-0208). 

INTRODUCTION 

 The number of patients with end-stage renal disease (ESRD) treated with renal 

replacement therapy by dialysis or transplantation is rapidly increasing worldwide (figure 

1).
1,3

 According to the United States Renal Data System (USRDS), the prevalence of ESRD in 

the United States of America 

(USA) reached 1,569 per million 

subjects in 2005 with prevalent 

dialysis and transplanted 

populations of 341,000 and 

143,693, respectively. It is 

projected that there will be 

nearly 800,000 prevalent ESRD 

patients receiving renal 

replacement therapy in 2020 in 

the USA with a total cost of $54 

billion (figure 1).
1,3

 Although 

current prevalence of ESRD in 

Europe is below that of the USA, 

the trend in rise in number of 

patients with ESRD in Europe is 

similar to that of the USA.
4
 

 Renal transplantation is the preferred therapy for patients with ESRD, because of 

much lower costs compared to dialysis
5
 and significant benefits in terms of quality of life 

and likelihood of survival.
6,7

 During the last three decades, one-year graft survival has 

impressively improved from approximately 40% in the 1970’s to more than 90% for 
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Figure 3. Causes of death in 

RTR, from 1993 to 2004. 

Although one quarter of RTR 

die of unknown causes, the 

major known cause of death 

in RTR reported by UNOS as 

of June 1, 2005 is 

cardiovascular disease. 

Adapted from Adams, PL. 

Long-term patient survival: 

strategies to improve overall 

health. Am J Kidney Dis 2006: 

47; S65-S85.
2
 

deceased donors and more than 97% for living donors nowadays (figure 2).
8-10

 This 

improvement is due to the introduction of a multitude of variables. One of the most 

important improvements was the introduction of cyclosporine in the early 1980’s for the 

prevention of acute and chronic rejection.
11,12

 The introduction of newer 

immunosuppressive drugs such as mycophenolate mofetil and tacrolimus has further 

improved the first year survival rate.
13,14

 Long-term graft survival has also improved over 

the last few decades.  However, this improvement in long-term graft survival is mostly a 

consequence of improved short-term graft survival as can be seen in figure 2. This figure 

shows that the slope of the lines for graft survival are almost similar once transplant 

survival has surpassed three months. Approximately half of all cadaveric renal allografts 

are still lost within 10-12 years after transplantation.
8
  

The two main reasons why long-term graft survival is lagging behind short-term graft 

survival are chronic transplant dysfunction (CTD) and high mortality (figure 3).
2,8,9

 These 

two reasons will be discussed in more detail in the following paragraphs. 

 

 

CHRONIC TRANSPLANT DYSFUNCTION (CTD) 

 CTD is a nonspecific term describing a clinical syndrome which is defined as 

progressive renal dysfunction occurring beyond three months after transplantation which 

is independent of acute rejection and specific disease entities, with typical features on 

biopsy.
9
 Clinically CTD is characterized by a gradual decline in renal function with slowly  

rising serum creatinine. The decline in renal function is often found in combination with 

proteinuria and de novo or accelerated hypertension.
15-17

 The prevalence of CTD varies, 

ranging from 23% at 5 years after transplantation to up to 60% of grafts at 10 yr after 

transplantation.
18

 CTD is often the functional consequence of chronic allograft 

nephropathy (CAN) which is a descriptive term for histological changes consisting of 

interstitial fibrosis (IF), tubular atrophy (TA), atherosclerosis, and glomerulosclerosis.
16,19
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 CTD is a very complex and multifactorial disorder with both alloantigen-dependent 

and alloantigen-independent factors involved in its development. Alloantigen-dependent 

factors include acute rejection episodes, HLA matching, donor-specific antibodies and 

inadequate immunosuppression or noncompliance. Alloantigen-independent risk factors 

include donor age, brain death, ischemia/reperfusion injury, hypertension, lipid 

abnormalities and calcineurin inhibitors (CNI)-related nephrotoxicity.
9,17

 

 The role of inflammation as a final common pathway in CTD is increasingly 

acknowledged. During the 9
th

 Banff conference held in 2007 a new lesion score, termed ‘ti’ 

(total interstitial inflammation), was added to the Banff schema. This lesion score uses 

quantitative criteria for mononuclear cell interstitial inflammation in total parenchyma 

(scarred and unscarred) scores.
20

 However, many centers are reluctant to perform 

surveillance biopsies, as this is an invasive procedure, with an ever existing risk of 

complications, including intractable bleeding necessitating removal of the graft. As a 

consequence, currently, noninvasive estimates of glomerular filtration rate (e.g., 

creatinine clearance or plasma creatinine) and proteinuria are used for the identification 

of renal transplant recipients (RTR) at increased risk for CTD.
21-23

 However, once serum 

creatinine starts to rise or proteinuria develops, chronic structural lesions are already 

present and it is usually too late for intervention.
9,24

 So, there is great need for biomarkers 

for earlier identification or prediction of CTD.
25

 

 

MORTALITY 

 The two major identified causes of mortality among RTR are cardiovascular disease 

and infection (figure 3).
2,26

 In the next paragraphs these causes will be discussed in more 

detail. 

Cardiovascular disease 

 The main cause of death after renal transplantation is cardiovascular disease. 

Although cardiovascular mortality is much lower in RTR than in patients on dialysis,
27,28

 

RTR are still at higher risk for cardiovascular mortality compared to the general 

population.
29,30

 The risk factors for cardiovascular disease are at least in part similar to 

those in the general population and include age, hypertension, diabetes, hyperlipidemia, 

renal insufficiency, albuminuria, and smoking.
7,31

 

 Cardiovascular disease is usually the consequence of the process of atherosclerosis, 

which is a progressive disease of large arteries, characterized by  accumulation of lipids 

and fibrous elements.
32

 In the past decades, understanding of the pathophysiology of 

atherosclerosis has evolved enormously. Current evidence supports a central role for 

chronic inflammation in mediating all stages of this disease from initiation through 

progression and, ultimately thrombotic complications.
33,34
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 The inflammatory cascade is very complex and, in detail, beyond the scope of this 

thesis. In summary, the inflammatory cascade can supposedly be triggered by oxidized 

lipoproteins, dyslipidemia, hypertension, diabetes, obesity, toxins after smoking, and 

infection.
34,35

 The activated inflammatory cascade subsequently induces endothelial 

dysfunction, which sets the stage for both initiation and progression of atherosclerotic 

lesions.
36

 Endothelial dysfunction is supposed to lead to expression of adhesion molecules 

(such as vascular adhesion molecule-1 (VCAM-1) and intercellular adhesion molecule-1 

(ICAM-1)) on the luminal surface. The expression of adhesion molecules and secretion of 

chemokines (such as monocyte chemoattractant protein-1) results in the attachment and 

migration of circulating leukocytes into the intima. Here the leukocytes take residence and 

divide. Differentiation of migrated monocytes into macrophages and subsequent uptake 

of lipids by these cells results in generation of foam cells and fatty streaks. Further 

recruitment of inflammatory cells and proliferation of smooth muscle cells lead to the 

development of an atherosclerotic plaque.
33,34

 Localized inflammation also contributes to 

plaque instability and rupture, predisposing to acute clinical syndromes.
37

 

 The important role of inflammation in atherosclerosis has been confirmed by 

prospective epidemiological studies that have demonstrated increased vascular risk in 

individuals with elevated levels of a wide range of biomarkers. These include cytokines 

such as interleukin (IL)-6 and tumor necrosis factor (TNF)-α, cell adhesion molecules such 

as intercellular adhesion molecule-1 (ICAM-1) and P-selectin and acute-phase proteins 

such as high sensitivity C-reactive protein (hsCRP), fibrinogen and serum amyloid A 

(SAA).
38

 

Infection 

 Infection has long been one of the most important medical complications of 

transplantation of all types. Prior to 1980, 60% of the RTR developed at least one serious 

infection during the first year post-transplant, with mortality rates approaching 50%.
39

 

Although the current infection-related one year mortality has been reduced to less than 

5%, infectious complications remain serious threats to successful outcomes following 

transplantation.
39

 The risk of infection in renal transplant recipients is determined 

primarily by two factors: the intensity of exposure to potential pathogens (epidemiologic 

exposure) and the combined effect of all of the factors that contribute to a patient’s 

susceptibility to infection (the net state of immunosuppression).
40

 

 Cytomegalovirus (CMV) is the most occurring opportunistic pathogen after renal 

transplantation.
26,40-42

 For the purpose of developing consistent reporting of CMV in 

clinical trials, definitions of CMV infection and disease have been developed. Primary CMV 

infection is defined as the detection of active CMV replication in an individual previously 

found to be CMV seronegative, a secondary CMV infections is defined as active CMV 

replication of the endogenous strain in an already seropositive individual, and CMV 
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disease is defined as detection of CMV in a clinical specimen, accompanied by either CMV 

syndrome with fever, muscle pain, leukopenia and/or thrombocytopenia (other causes 

excluded), or by organ involvement, such as hepatitis, gastrointestinal ulceration, 

pneumonitis or retinitis.
43,44

 CMV infection in RTR is highly prevalent (around 80% in the 

western countries) and 25-33% of the infected RTR develop clinically overt disease after 

renal transplantation.
45

 The typical onset of disease is within the first 1 to 4 months after 

transplantation. Transmission can occur through transplantation of a CMV seropositive 

organ. In former days this could also be through transfusion of blood products from a CMV 

seropositive donor, but this cause has virtually disappeared after widespread introduction 

in clinical practice of transfusion of blood from which leukocytes have been filtered away. 

CMV disease can evolve in two ways: (1) primary infection can occur when a CMV 

seronegative recipient receives a CMV seropositive organ, (2) latent CMV can be 

reactivated in seropositive recipients as a consequence of, for example, treatment with 

immunosuppression.
41

 

 Numerous studies have shown that both CMV disease and CMV reactivation early 

after transplantation are risk factors for rejection and mortality.
46-51

 Although the exact 

mechanisms by which CMV causes decreased graft and recipient survival remains 

unknown, several potential mechanisms have been proposed. CMV causes both direct, 

including tissue injury and clinical disease, and indirect effects. Indirect effects are diverse 

and include, for example, increased graft rejection with manifestations such as 

accelerated coronary atherosclerosis following heart transplantation, development of 

post-transplant diabetes mellitus, and decreased graft and patient survival. Furthermore, 

since CMV itself contributes to the net-immunosuppression, superinfections with other 

pathogens can been seen during an active CMV infection, such as infections with 

Pneumocystis Jirovecii (PCP) and Aspergillus species.
40,52,53

 

 

CHRONIC LOW-GRADE INFLAMMATION: THE MISSING LINK? 

 There is an emerging notion in renal transplantation that CTD and cardiovascular 

disease share inflammation and accelerated atherogenesis in their pathogenesis.
29,30,54-57

 

This notion is supported by the histological features of CTD, in which equivalents of 

atherosclerosis are prominent. These equivalents of atherosclerosis are 

glomerulosclerosis, hyalinosis, and perivascular inflammation.
19

 This notion is further 

supported by the fact that CTD and cardiovascular disease share many risk factors, 

including age (of the donor for CTD and of the recipient for cardiovascular disease), 

hypertension, hyperlipidemia, and obesity.
16,58

 

 Inflammation also plays a role in the (re)activation of CMV (figure 4). The pro-

inflammatory cytokine TNF-α (re)activates CMV via the TNF receptor I (p55), and the 
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Inflammation 

CMV (re)activation 

TNF-α 

PKC 

NFκB 

Figure 4. The interrelationship  of inflammation and CMV (re)activation. See text 

for information. TNF-α: tumor necrosis factor α, PKC: protein kinase C, CMV: 

cytomegalovirus. 

Infections with all kind of micro-organisms e.g. urinary tract infections 

subsequent  activation of protein kinase C and NFκB.
59-61

 CMV infection, on the other 

hand, increases the production of cytokines and chemokines such as TNF-α and IL-6.
62,63

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AIM OF THIS THESIS 

 The main aim of this thesis is to explore the relation of chronic low-grade 

inflammation with CTD and mortality after renal transplantation.  

 The prototypical acute-phase reactant marker of inflammation, hsCRP, has been 

suggested to reflect vascular low-grade inflammation characteristic of atherosclerosis.
64,65

 

This suggestion is supported by the finding that hsCRP predicts cardiovascular morbidity 

and mortality in patients with  type 2 diabetes mellitus,
66

 in the general population,
67-71

 

and in the renal transplant population.
72

 The determinants of hsCRP have been 

investigated in the general population, but not in RTR. In Chapter 2, we investigated the 

factors associated with hsCRP after renal transplantation in a cross-sectional study. 

 Chronic low grade inflammation and atherosclerosis are likely to be involved in 

CTD.
29,54

 However, it is unknown whether hsCRP is a predictor of deterioration of renal 

function in RTR. In Chapter 3, we investigated prospectively whether hsCRP could be of 

use as a clinical marker for early identification of RTR at increased risk of deterioration of 

graft function. 

 Procalcitonin (PCT) has been suggested as a biomarker for infection-driven 

inflammation, in bacterial infections and sepsis.
73,74

 Several animal and human studies 

have shown that, in septic and infectious conditions, parenchymal cells (including kidney, 

liver, lung, muscle, and adipocytes) are the principal source of circulating PCT.
75-77

 In 
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Chapter 4, we investigated whether steady-state circulating PCT concentrations predict 

CTD in RTR. 

 Hemopexin is the plasma protein with the highest binding affinity to heme among 

known proteins. It is mainly expressed in liver, and belongs to the acute phase reactants, 

the synthesis of which is induced after inflammation.
78

 In chapter 5, we investigated 

whether plasma hemopexin activity might be of use as a marker of non-infectious 

inflammation in renal allografts, leading to deterioration of renal allograft function and 

graft failure.  

 Hypoalbuminemia is common after renal transplantation.
15,79

 Serum albumin is a 

negative acute phase protein, and hypoalbuminemia may therefore be a reflection of 

ongoing inflammation.
80,81

 Low serum albumin has been shown to be a predictor for both 

graft failure
15,82

 and mortality
79,82-84

 in RTR. In Chapter 6, we investigated whether the 

associations of serum albumin concentration with graft failure and mortality are 

independent of hsCRP concentration. 

 Proteinuria is an established predictor of mortality, in particular cardiovascular 

mortality, in several populations.
85-90

 Proteinuria and albuminuria are to a certain extent 

considered a reflection of generalized endothelial dysfunction (ED) in the vascular tree, 

manifesting itself as an increased tendency for glomerular leakage of albumin into the 

urine.
91-93

 In Chapter 7, we investigated whether urinary protein excretion is associated 

with markers of ED after renal transplantation and whether markers of ED affect the 

association of proteinuria with increased risk for mortality in RTR. 

 CMV has been established as the single most important pathogen after 

transplantation.
26,40-42

 Following primary CMV replication in seronegative individuals CMV 

establishes non-replicative infection (latency).
12,94

 Reactivation from latency commonly 

occurs short after transplantation.
2
 Hence, most studies investigated the impact of CMV, 

particularly CMV disease, occurring shortly after transplantation on graft and recipient 

survival.
46-51,95

 However, it has been shown that latent CMV can be locally active in a 

transplanted organ with ongoing low-grade alloreactivity, without systemic signs of 

activity in the chronic phase after transplantation.
96

 As a consequence, investigation of 

CMV short after transplantation as a risk factor for graft loss or mortality may have 

negated the possibility that latent CMV is accompanied by ongoing CMV-related 

inflammation, in the transplanted kidney in particular. In Chapter 8, we investigated the 

impact of CMV serology determined more than one year after transplantation on graft 

failure and mortality late after renal transplantation in.  

 Finally, the results from the above studies are summarized in Chapter 9. Their 

potential implications are discussed in this same chapter. 
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ABSTRACT 

Background 

 C-reactive protein (CRP) is a predictor of coronary heart disease, total mortality and 

chronic allograft nephropathy in renal transplant recipients. The determinants of CRP have 

been investigated in the general population, but not in renal transplant recipients. CRP 

might reflect metabolic aberrations in association with central obesity and systemic 

atherosclerosis. However, it may also reflect a low-grade immune-mediated response to 

the graft. In this study we investigated the factors associated with CRP in a renal 

transplant population.  

Methods 

 Between August 2001 and July 2003, renal transplant recipients with a functioning 

graft for more than 1 year (n=847) were eligible for investigation at their next visit to the 

outpatient clinic. A total of 606 patients (55% male, aged 51±12 years) participated at a 

median (interquartile range) time of 6.0 (2.6–11.4) years post-transplant.  

Results 

 Median CRP concentration was 2.0 (0.80–4.8) mg/l and mean 24 h creatinine 

clearance was 62±22 ml/min. CRP was significantly associated with body mass index, waist 

circumference and waist-to-hip ratio (P-value<0.0001). None of the transplant 

characteristics except creatinine clearance was associated with CRP. In multiple regression 

analysis, waist circumference, log sICAM-1 concentration, gender, creatinine clearance 

and current smoking were independently associated with CRP. 

Conclusion 

 In renal transplant recipients waist circumference and smoking are the two most 

important modifiable independent determinants of CRP. Furthermore, CRP is 

independently associated with the endothelial function parameter sICAM-1 and, in 

univariate analyses, associated with multiple cardiovascular risk factors. CRP is not 

associated with any of the transplant-related factors, except for renal transplant function.
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INTRODUCTION 

 C-reactive protein (CRP), the prototypical acutephase reactant marker of 

inflammation, is synthesized predominantly by hepatocytes under the control of 

interleukin-6 (IL-6) and other inflammatory cytokines.
1
 Approximately 25% of basal 

circulating IL-6 originates in human adipose tissue,
2
 with production in intra-abdominal fat 

three times that of subcutaneous fat.
3
 It has furthermore recently been shown that CRP 

mRNA is  expressed in human subcutaneous abdominal adipose tissue.
4
 These findings 

suggest adipose tissue as an important determinant of basal CRP levels. Strong 

associations between CRP and obesity markers have indeed been found in epidemiological 

studies in the general population.
5,6

 

 In renal transplant recipients, slightly elevated levels of CRP have recently been 

demonstrated to be an independent predictor of coronary heart disease and total 

mortality.
7,8

 Importantly, an even more recent study has also identified post-transplant 

CRP as a predictor of chronic allograft nephropathy.
9
 

 In renal transplant patients it is not known what factors determine plasma CRP 

concentrations. Complicating factors in comparison with the general population might, for 

instance, be a chronic low-grade immunologic response to the renal allograft, 

proinflammatory effects of various degrees of uraemia
10

 and potential anti-inflammatory 

effects of immunosuppressive therapy. In this study, we aimed to investigate whether 

levels of CRP are associated with cardiovascular risk factors and transplant-related factors 

including creatinine clearance. We also aimed to investigate the influence of measures of 

obesity on putative associations. 

 

MATERIALS AND METHODS 

Study design and patients 

 The current study was part of a larger study and incorporated in the Groningen Renal 

Transplant Outpatient Program, details of which have been published previously.
11

 The 

Institutional Review Board approved the study protocol (METc 01/039), which was in 

adherence with the Declaration of Helsinki.
12

 Between August 2001 and July 2003, all 

adult allograft recipients who survived the first year (1 year posttransplant was considered 

baseline) after transplantation with a functioning allograft were eligible to participate at 

their next visit to the outpatient clinic. A total of 606 out of 847 (72%) eligible renal 

transplant recipients signed written informed consent. Funding sources had neither a role 

in the collection and analysis of data, nor in the submission and publication of the 

manuscript.
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Measurements 

 The body mass index (BMI) was calculated as weight in kilograms (kg) divided by 

height in metres squared (measured to the nearest 0.5 kg and 0.5 cm respectively). Waist 

circumference was measured on bare skin midway between the 10th rib and the iliac 

crest. Hip circumference was measured at the maximum circumference of the buttocks. 

Blood pressure was measured as the average of three automated (Omron M4; Omron 

Europe B.V., The Netherlands) measurements with 1 min intervals after a 6 min rest in 

supine position. Diabetes mellitus was diagnosed if the fasting plasma glucose 

concentration was ≥7.0 mmol/l or anti-diabetic medication was used.  

 High sensitivity CRP was measured using a double plated ELISA assay as described 

before;
13

 the lowest limit of detection was 0.002 mg/l. Total cholesterol was determined 

using the CHOD PAP method (MEGA AU 510; Merck Diagnostica, Darmstadt, Germany). 

Low density lipoprotein (LDL) was calculated using the Friedewald formula. High density 

lipoprotein cholesterol (HDLc) was determined using the CHOD PAP method on a 

Technikon RA-1000 (Bayer Diagnostics b.v., Mijdrecht, The Netherlands). Soluble 

intercellular adhesion molecule type 1 (sICAM-1), soluble vascular cellular adhesion 

molecule type 1 (sVCAM-1) and sE-selectin concentrations were measured by enzyme-

linked immunosorbent assay (ELISA) kits (Diaclone Research, Besanc¸ on, France). Plasma 

glucose was determined by the glucose-oxidase method (YSI 2300 Stat plus; Yellow 

Springs, OH, USA). Cytomegalovirus (CMV) IgG was assessed by routine ELISA assay as 

described previously.
14

 Total protein concentration was analysed using the Biuret reaction 

(MEGA AU 510; Merck Diagnostica, Darmstadt, Germany). 

Recipient and transplant characteristics  

 Relevant donor, recipient and transplant characteristics were extracted from the 

Groningen Renal Transplant Database. This database holds information of all renal 

transplantations that have been performed at our centre since 1968. Extracted were 

donor and recipient age and gender, date of transplantation, CMV status, delayed graft 

function (days of oliguria), weight, renal function at baseline, type of acute rejection 

treatment and use of aspirin. Smoking status and prior history of cardiovascular disease 

were obtained from a self-report questionnaire that had been sent to participants by mail.

 Standard immunosuppression consisted of the following: from 1968 until 1989, 

prednisolone and azathioprine (100 mg/day); from January 1989 to February 1993, 

cyclosporine standard formulation (Sandimmune, Novartis; 10 mg/kg; trough levels of 

175–200 mg/l in first 3 months, 150 mg/l between 3 and 12 months post-transplant, and 

100 mg/l thereafter) combined with prednisolone (starting with 20 mg/day, rapidly 

tapered to 10 mg/day). From March 1993 to May 1996, cyclosporine microemulsion 

(Neoral; Novartis Pharma b.v., Arnhem, The Netherlands; 10 mg/kg; trough levels idem) 

and prednisolone. From May 1997 to date, mycophenolate mofetil (Cellcept; Roche b.v., 
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Woerden, The Netherlands; 2 g/day) was added. Current medication was extracted from 

the medical record.  

Statistical analysis 

 Analyses were performed with SPSS version 12.0 (SPSS Inc., Chicago, IL). Parametric 

variables are expressed as mean±standard deviation, whereas non-parametric variables 

are given as median (interquartile range). Skewed data were normalized by logarithmic 

transformation in all analyses. 

 First, in order to investigate which demographic variables, cardiovascular risk factors 

and transplant-related factors were associated with CRP concentrations, we analysed 

these factors over quartiles of CRP concentrations. P for trend was determined with χ-

square for trend and Jonckheere–Terpstra tests for nominal and ordinal variables, 

respectively, and by univariate linear regression analyses with log-transformed CRP 

concentrations as dependent variable for continuous variables. A two-sided P≤0.05 was 

considered to indicate statistical significance. 

 Second, to investigate which cardiovascular risk factors and transplant-related factors 

were significantly associated with levels of CRP independent of age, gender and measures 

of obesity, linear regression analyses were performed with log-transformed CRP as 

dependent variable. The effect of adjustments can be judged by comparing (standardized) 

regression coefficients and P-values of an association before and after adjustment. 

Strengths of associations of different variables can be compared with standardized 

regression coefficients. To allow for these comparisons standardized regression 

coefficients and P-values of all recipient and transplant characteristics that showed at 

least a tendency (P≤0.1) to be associated with CRP in univariate analyses are shown in 

Model 1. The associations were subsequently adjusted for age and gender (Model 2) and 

additionally for the measure of obesity with the strongest association to CRP (Model 3). 

Further adjustments for smoking status were performed in Model 4 (results not shown in 

tables). 

 Third, to determine which of the factors in Model 3 were independently associated 

with CRP, a backward multivariate linear regression analysis was performed with log CRP 

concentration as dependent variable. Co-variables with a P-value≤0.1 in Model 3 were 

included.  

 

RESULTS 

 A total of 606 patients (55% male, aged 51±12 years, 83% cadaveric transplants) were 

analysed at a median time of 6.0 (2.6–11.4) years post-transplant. Median CRP 

concentration was 2.0 (0.80–4.8) mg/l. Mean 24 h creatinine clearance was 62±22 ml/min. 
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Table 1. Recipient characteristics of renal transplant recipients over quartiles of C-reactive protein. 
 Quartiles of CRP 

P-value 
 1

st
 2

nd
 3

rd
 4

th
 

n 151 152 152 151  

range of CRP concentration, 

mg/L 

< 0.80 0.80-2.0 2.1-4.8 > 4.9  

Recipient demographics      

Age, yr 47.5 ± 11.9 52.6 ± 11.9 52.4 ± 12.0 53.4 ± 11.9 <0.0001 

Male gender, % 64.9 57.9 52.1 43.7 0.0002 

Body composition 

measurements 

     

BMI, kg/m
2
 24.1 ± 3.7 26.2 ± 3.9 26.9 ± 4.4 26.9 ±4.6 <0.0001 

Waist circumference, cm 91.1 ± 12.5 96.7 ± 12.7 100.3 ± 13.8 100.5 ± 13.7 <0.0001 

WHR 0.95 ± 0.10 0.97 ± 0.10 1.00 ± 0.11 0.99 ± 0.10 <0.0001 

Current smoking, % 18.5 17.8 15.1 37.7 0.002 

Blood pressure      

Diastolic pressure, mmHg 90.0 ± 9.4 89.8 ± 10.2 90.3 ± 10.2 89.5 ± 9.7 NS 

Systolic pressure, mmHg 151 ± 22 153 ± 24 154 ± 23 155 ± 23 NS 

Use of ACE-inhibitor or aII-

Antagonist, % 
36.4 32.2 34.9 29.8 NS 

Use of β-blocker, % 62.9 57.9 61.2 64.9 NS 

Number of antihypertensives 2 (1-2) 2 (1-3) 2 (1-3) 2 (1-3) 0.04 

Lipids      

Total cholesterol, mmol/L 5.5 (4.9-6.0) 5.7 (5.0-6.2) 5.6 (5.0-6.2) 5.7 (4.8-6.5) NS 

LDL, mmol/L 3.5 (2.9-4.0) 3.6 (3.0-4.1) 3.5 (2.9-4.2) 3.5 (2.9-4.1) NS 

HDL, mmol/L 1.1 (0.89-1.3) 1.1 (0.86-1.3) 1.02 (0.86-1.3) 1.0 (0.82-1.3) 0.06 

Triglycerides, mmol/L 1.7 (1.3-2.4) 1.9 (1.3-2.8) 2.0 (1.4-2.5) 2.0 (1.5-2.9) 0.007 

Use of  statin at index, % 47.7 52.0 50.7 47.7 NS 

Diabetes      

Glucose, mmol/L 4.4 (4.0-4.9) 4.5 (4.1-5.0) 4.6 (4.1-5.1) 4.7 (4.2-5.1) 0.004 

Diabetes, % 10.6 17.1 19.7 23.2 0.003 

Use of antidiabetic drugs, % 8.6 12.5 15.8 15.9 0.04 

Endothelial function parameters      

sICAM-1, ng/L 550 (471-672) 592 (506-674) 616 (527-738) 674 (579-870) <0.0001 

sVCAM-1, ng/L 939 (770-1175) 925 (785-1165) 979 (769-1179) 1011 (761-1330) 0.08 

sE-selectin, ng/L 43 (32-65) 44 (30-64) 52 (34-74) 55 (36-85) 0.001 

CRP, mg/L 0.41 (0.36-0.60) 1.4 (1.1-1.7) 3.2 (2.6-3.9) 9.7 (6.7-15.5) <0.0001 

Values are presented as mean ± standard deviation, median [interquartile range] or percentages. P 

for trend was calculated with Chi-square, Jonckheere-Terpstra test, and linear regression for 

dichotomous, ordinal, and continuous variables respectively. Skewed data were normalized by 

logarithmic transformation in all analyses. NS = not significant. 

 

 Recipient and transplant characteristics over quartiles of CRP are shown in Tables 1 

and 2. The following interquartile ranges were calculated: 1st quartile (<0.80 mg/ml, 

n=151), 2nd quartile (0.80–2.0 mg/ml, n=152), 3rd quartile (2.1–4.8 mg/ml, n=152) and 

4th quartile (>4.9 mg/ml, n=151). 
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Table 2. Recipient characteristics of renal transplant recipients over quartiles of C-reactive protein. 
 Quartiles of CRP 

P-value 
 1

st
 2

nd
 3

rd
 4

th
 

N 151 152 152 151  

Range of CRP concentration, mg/L < 0.80 0.80-2.0 2.1-4.8 > 4.9  

Time since transplantation, yr 5.8 (2.4-10.3) 6.3 (3.6-12.4) 6.0 (3.3-11.7) 5.8 (2.2-11.4) NS 
Donor demographics      

Age, yr 35.7 ± 15.9 37.2 ± 16.0 37.5 ± 15.3 37.4 ± 14.8 NS 

Male gender, % 51.7 53.9 55.0 57.0 NS 

Renal allograft function       

Serum creatinine, μmol/L 132 (111-156) 135 (114-165) 131 (110-163) 139 (112-193) 0.1 

Creatinine clearance, mL/min 66 ± 21 64 ± 23 62 ± 22 56 ± 22 0.0001 

Log proteinuria, g/24hr 0.2 (0.0-0.4) 0.2 (0.0-0.4) 0.3 (0.1-0.6) 0.2 (0.1-0.6) NS 

Primary renal disease, %      

Primary glomerular disease 35.8 27.6 24.3 24.5 

NS 

Glomerulonephritis 6.0 10.5 4.6 4.6 

Tubular interstitial disease 11.9 13.8 19.7 16.6 

Polycystic renal disease 12.6 18.4 18.4 21.2 

Dysplasia and hypoplasia 2.6 3.9 3.3 4.0 

Renovascular disease 5.3 5.9 6.6 4.0 

Diabetes mellitus 4.6 2.0 3.9 4.6 

Other or unknown cause 21.2 17.8 19.1 20.5 

Prior dialysis modality, %      

Hemodialysis 47.7 59.2 57.2 49.7 
NS 

Peritoneal dialysis (CAPD) 43.7 34.9 34.2 41.7 

Prior dialysis duration, mo 26 (12-47) 28 (13-50) 27 (14-45) 29 (14-52) NS 

Transplantation type, %      

Postmortem donor 76.8 88.2 84.2 83.4 

NS Living donor 19.2 10.5 13.2 11.3 

Combined transplantation 4.0 1.3 2.6 5.3 

Number of previous transplants, %      

0 92.7 87.5 86.2 91.4 NS 

1 or more 7.3 12.5 13.8 8.6  

Ischemia times      

Warm ischemia times, min 35 (30-41) 37 (30-46) 35 (30-45) 35 (31-45) 0.1 

Cold ischemia times, hr 20 (11-26) 23 (17-29) 23 (15-27) 21 (15-25) NS 

HLA mismatches, number      

HLA-AB 1.33 ± 1.10 1.25 ± 1.00 1.26 ± 1.07 1.42 ± 1.04 NS 

HLA-DR 0.48 ± 0.61 0.42 ± 0.56 0.35 ± 0.53 0.40 ± 0.58 NS 

Acute rejection treatment, %      

High doses corticosteroids 26.5 31.6 31.6 35.1 
NS 

Antilymphocyte antibodies 16.6 13.2 11.8 13.9 

Immunosuppresion       

Prednisolone dose, mg/day 10.0 (8.8-10.0) 10.0 (7.5-10.0) 10.0 (7.5-10.0) 10.0 (7.5-10.0) NS 

Cyclosporine, % 65.6 62.5 67.8 61.6 NS 

Through-level, μg/L 108 (83-144) 103 (74-133) 106 (78-133) 117 (80-139) NS 

Tacrolimus, % 17.2 11.2 13.2 14.6 NS 

Through-level, μg/L 9 (7-11) 9 (6-10) 9 (6-11) 8 (6-9) NS 

Proliferation inhibitor, %      

Azathioprine 31.8 32.9 33.6 32.5 
NS 

Mycophenolate mofetil 43.7 44.1 36.2 41.1 

CMV status       

CMV seropositivity, % 68.2 77.6 72.4 75.5 NS 

CMV IgG concentration, U/ml 64 (0-127) 74 (5-154) 65 (0-171) 88 (1-164) 0.08 

Values are presented as mean ± standard deviation, median [interquartile range] or percentages. P 

for trend was calculated with Chi-square, Jonckheere-Terpstra test, and linear regression for 

dichotomous, ordinal, and continuous variables respectively. Skewed data were normalized by 

logarithmic transformation in all analyses. NS = not significant. 
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 Age, male gender, BMI, waist circumference and waist-to-hip ratio (WHR) showed a 

significant linear trend over the subsequent quartiles of CRP. Renal transplant patients 

with higher CRP concentration were more frequent users of antihypertensive medication 

and smoked more frequently. Renal transplant patients with higher CRP concentration 

had a lower renal allograft function, higher sICAM-1 and sE-selectin concentrations, higher 

triglycerides and higher fasting glucose concentrations. They were also more likely to be 

diabetic and more likely to be users of antidiabetic medication. Prior history of 

cardiovascular disease (myocardial infarction, transient ischaemic attack and 

cerebrovascular accident) and the use of antiplatelet drugs were not significantly related 

to levels of CRP. Surprisingly, none of the transplant-related characteristics, including 

immunosuppressive medication and corticosteroid dose, was significantly related to levels 

of CRP (Table 2). 

 Table 3 shows the standardized regression coefficients (β) and P-values of the 

univariate linear regression analyses of the variables that showed at least a tendency 

(P≤0.1) to be associated with higher CRP in the first table (Model 1). Age (standardized 

β=0.16, P<0.0001) and gender (standardized β=0.15, P=0.0002) were both significantly 

associated with CRP levels (Table 3). All body composition measurements showed a 

significant positive association with CRP (Table 3). Waist circumference was associated 

strongest with CRP (standardized β=0.28, P<0.0001). BMI and WHR were also associated 

with higher CRP (standardized β=0.26 and 0.19, respectively, P<0.0001). Adjustment for 

age and gender had no significant effect on these associations (Model 2). The associations 

of CRP with BMI and WHR were dependent on waist circumference, since neither 

remained significantly associated with CRP after adjustment for waist circumference. 

Current smoking (standardized β=0.12, P=0.002) was positively associated with CRP (Table 

3). This association remained statistically significant after adjustment for age, gender and 

waist circumference. 

 After adjustment for age, gender and waist circumference, the associations of use of 

antidiabetic medication, diabetes, and glucose concentrations with CRP disappeared. This 

was mostly the consequence of adjustment for waist circumference. 

 There was a significant positive association of the endothelial function parameters, 

log sICAM-1 (standardized β=0.28, P<0.0001), log sVCAM-1 (standardized β=0.11, P=0.006) 

and log sE-selectin (standardized β=0.096, P=0.02) with CRP (Table 3). Adjustment for age, 

gender and subsequently waist circumference did not materially change these 

associations. 

 Log triglyceride concentration (standardized β=0.12, P=0.003) showed a positive 

significant association with CRP, whereas log HDLc (standardized β=0.079, P=0.05) 

concentration showed a significant negative association with CRP (Table 3). Both 

associations virtually disappeared after adjustment for waist circumference.



DETERMINANTS OF CRP IN RENAL TRANSPLANT RECIPIENTS 

31 

Table 3. Regression analyses with determinants and associates of C-reactive protein in renal 

transplant recipients. 
 Model 1  Model 2  Model 3 

 Stand. β* P-value  Stand. β* P-value  Stand. β* P-value 

Determinants         

Age recipient, yr 0.16 <0.0001  … …  … … 

Gender recipient, m/f -0.15 0.0002  … …  … … 

Body composition measurements         

BMI, kg/m
2
 0.26 <0.0001  0.23 <0.0001  -0.059 0.5 

Waist circumference, cm 0.28 <0.0001  0.30 <0.0001  … … 

WHR 0.19 <0.0001  0.27 <0.0001  0.08 0.2 

Current smoking, y/n 0.12 0.002  0.14 0.001  0.14 0.0002 

Associates         

Renal allograft function          

Log serum creatinine, μmol/L 0.10 0.02  0.18 <0.0001  0.15 0.0001 

Creatinine clearance, mL/min -0.15 0.0002  -0.12 0.003  -0.15 0.0002 

Blood pressure         

Number of antihypertensives 0.086 0.04  0.091 0.02  0.017 0.7 

Log glucose concentration, mmol/L 0.12 0.004  0.096 0.02  0.051 0.2 

Diabetes, y/n 0.12 0.003  0.075 0.07  0.014 0.7 

Use of antidiabetic medication, y/n 0.083 0.04  0.048 0.2  0.004 0.9 

Endothelial function parameters         

Log sICAM-1, ng/L 0.28 <0.0001  0.26 <0.0001  0.23 <0.0001 

Log sVCAM-1, ng/L 0.11 0.006  0.12 0.004  0.089 0.02 

Log sE-selectin, ng/L 0.096 0.02  0.13 0.002  0.096 0.01 

Lipids         

Log HDLc, mmol/L -0.079 0.05  -0.15 0.0004  -0.069 0.1 

Log triglycerides, mmol/L 0.12 0.003  0.11 0.007  0.019 0.6 

Transplant characteristics         

Log CMV IgG concentration, U/ml 0.062 0.13  0.022 0.6  -0.004 0.9 

Warm ischemia times, min 0.035 0.4  0.026 0.5  0.032 0.4 

C-reactive protein was entered in the regression analyses as 
10

log transformed variable and skewed 

data were normalized by logarithmic transformation in all analyses. Model 1 crude model; model 2 

age and gender adjusted; model 3 age, gender and waist circumference adjusted. * Stand. β = 

standardized β. 

 

 Further adjustment for smoking status (Model 4) did not importantly affect any of the 

above-mentioned associations. Results of Model 4 are therefore not shown. None of the 

transplant characteristics, except creatinine clearance, was significantly associated with 

CRP (Table 3). The association of creatinine clearance (standardized β=0.15, P=0.0002) did 

not materially change after adjustment for age, gender and waist circumference (Table 3). 

 To determine which variables were independently associated with CRP, we performed 

a backward linear regression analysis with log CRP concentration as dependent variable 

(Table 4). Included co-variables were from Model 3 (Table 3), if the P-value was ≤0.1. 

Because log serum creatinine concentration and creatinine clearance are considered 

mutually exclusive, we did not include log serum creatinine concentration in the 

multivariate analysis. In multivariate analyses, CRP was independently associated with 

waist circumference (standardized β=0.30, P<0.0001), log sICAM-1 concentration 

(standardized β=0.21, P<0.0001), gender (standardized β=0.18, P<0.0001), creatinine 
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clearance (standardized β=0.13, P=0.0004) and current smoking (standardized β=0.09, 

P=0.02). 

 
Table 4. Multivariate analysis of determinants and associates of C-reactive protein in renal 

transplant recipients. 
 standardized β β 95% CI of β P-value 

Constant  -3.2 -4.1;2.2 <0.0001 

Waist circumference, cm 0.30 0.013 0.01;0.02 <0.0001 

Log sICAM-1 concentration, ng/L 0.21 0.91 0.58;1.24 <0.0001 

Gender recipient, m/f -0.18 -0.21 -0.29;-0.12 <0.0001 

Creatinine clearance, mL/min -0.13 -0.003 -0.005;-0.001 0.0004 

Current smoking, y/n 0.09 0.12 0.0;0.23 0.02 

R
2
= 0.20, F-statistic=29.5, total df=596, P<0.0001. 

C-reactive protein was entered in the regression analyses as 
10

log transformed variable and skewed 

data were normalized by logarithmic transformation in all analyses. 

 

DISCUSSION 

 In the present study, we investigated the factors relating to plasma CRP 

concentrations in a renal transplant population. The main finding is that atherosclerotic 

risk factors and transplant function, as expressed by creatinine clearance, but none of the 

other transplant-related characteristics are associated with CRP. Waist circumference and 

smoking appeared to be the most important modifiable risk factors for a high CRP in renal 

transplant recipients. Interestingly, the importance of waist circumference as cause of 

high CRP in renal transplant recipients was further pronounced by the fact that many of 

the associations of CRP with other cardiovascular risk factors, such as with serum 

triglycerides, HDLc and diabetes mellitus disappeared after adjustment for waist 

circumference. 

 Several epidemiological studies have documented associations between CRP and 

obesity markers in the general population.
5,6

 The same is true for patients with various 

degrees of renal insufficiency.
15

 To our knowledge, our study is the first to document the 

existence of the same relationship in renal transplant recipients. Obesity is a state in 

which there is an increased storage of fatty acids in the form of triglycerides in adipose 

tissue.
16

 A mass effect of these stored triglycerides on lipolysis results in a continuously 

increased release of fatty acids into the circulation. This mass effect on lipolysis is 

especially pronounced in adipocytes in the intra-abdominal cavity.
17

 The increased release 

of fatty acids in case of abdominal obesity causes the liver to produce increased amounts 

of triglyceride-rich lipoproteins, and underlies the association of abdominal obesity with 

high fasting triglyceride concentrations and low levels of HDLc.
18

 The fatty acids also drive 

increased gluconeogenesis in the liver, and importantly underlie fasting hyperglycaemia 

when pancreatic b-cells fail to fully compensate for the prevailing insulin resistance.
19

 

Recent studies also implicate the increased release of fatty acids from abdominal adipose 
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tissue into the portal circulation as a cause of sympathetic activation and hypertension.
20

 

Even more recent is the recognition that adipose tissue is not merely an inert place where 

triglycerides are stored, but a very active endocrine organ, which secretes numerous 

hormones and pro-inflammatory cytokines, including tumour necrosis factor-a and IL-6 

into the circulation.
21

 Approximately 25% of basal circulating IL-6 originates in human 

adipose tissue,
2
 with production in intraabdominal fat three times that of subcutaneous 

fat.
3
 These pro-inflammatory cytokines stimulate the liver in synthesis and secretion of 

CRP. Abdominal obesity may therefore be considered an important causal link connecting 

cardiovascular risk factors, such as fasting triglycerides, HDLc, blood pressure, fasting 

glucose concentrations and diabetes to CRP.  

 Atherosclerosis is nowadays considered to be a chronic inflammatory process in the 

arterial wall.
22

 Many epidemiological studies have documented that levels of CRP predict 

the occurrence myocardial infarction, stroke and cardiovascular mortality in the general 

population.
23

 In renal transplant recipients, slightly elevated levels of CRP have recently 

been demonstrated to be an independent predictor of coronary heart disease and total 

mortality.
7,8

 Atherosclerosis and chronic low grade inflammation are strongly linked to 

endothelial dysfunction. We found significant associations between CRP and the 

endothelial function markers sICAM-1, sVCAM-1 and sE-selectin, which were independent 

of age, gender and waist circumference. Our finding of an association between sICAM-1, 

sVCAM-1 and sE-selectin and CRP is consistent with findings in other populations.
24

 The 

increased expression of these endothelial function parameters to the endothelial surface 

could be an early event in atherogenesis.
25

 However, the increased expression of these 

endothelial function parameters could also be transplant derived through inflammatory 

processes such as rejection episodes.
26

 In multivariate analysis, it appeared that the 

associations of the endothelial function parameters with CRP were strongly 

interdependent, with log sICAM-1 as strongest variable, remaining significant after 

adjustment of the endothelial function parameters for each other. 

 Renal function was also associated with CRP levels in renal transplant patients. The 

association between CRP level and diminished creatinine clearance has been shown in 

several other populations, including chronic pre-dialytic patients and healthy people.
27,28

 

There are several possible explanations for the association between CRP levels and 

diminished filtration. First, uraemia has been demonstrated to be a microinflammatory 

state.
10

 Second, it might be that CRP is a marker of a chronic low-grade immune-mediated 

response to the graft. A third possible explanation for the association between CRP and 

diminished glomerular filtration could be the result of a decreased renal clearance of CRP. 

However, the major determinant of CRP levels is the rate of synthesis by the liver, and not 

the excretion through the kidney.
29
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 Smoking is a major modifiable risk factor for CVD.
30

 Several studies have documented 

a significant positive association between CRP and smoking.
31,32

 In general, CRP 

concentrations increase among smokers with increased cigarette consumption.
31

 In this 

study current smoking status was independently associated with CRP levels, which 

supports the suggestion of Bazzano et al.
31

  that inflammation may be an important 

mechanism by which smoking promotes atherosclerotic disease. 

 The present study has several limitations. First, the study was cross-sectional in 

design. Such a design cannot establish causality, it can only establish an association. 

Second, because the study population almost entirely consisted of patients of Caucasian 

ethnicity, the applicability of our results to more racially diverse renal transplant 

populations remains limited. Third, in this renal transplant population there was little 

variation in the use of immunosuppressive medication or in the use of steroids. Therefore, 

it cannot be excluded that a higher variation in the use of these medications might have 

any influence on CRP level. Fourth, our study was a single centre study. One way to 

overcome the problem of little variation in the use of immunosuppressive drugs could be 

a multi-centre study with more variation in immunosuppressive drugs. 

 In conclusion, in renal transplant recipients waist circumference and smoking are the 

two most important modifiable independent determinants of CRP. Furthermore, CRP is 

independently associated with the endothelial function parameter sICAM-1 and, in 

univariate analyses, associated with multiple cardiovascular risk factors. CRP is not 

associated with any of the transplant-related factors, except for renal transplant function. 
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ABSTRACT 

Background 

 Chronic transplant dysfunction is characterized by a gradual decline in renal function 

with slowly rising serum creatinine. The underlying mechanism is thought to include 

inflammation and atherosclerosis. C-reactive protein (CRP) is a well established marker of 

both inflammation and atherosclerosis. In this prospective study we investigated whether 

CRP could be of use as a clinical marker for early identification of renal transplant 

recipients at increased risk of deterioration of graft function. 

Methods 

 In this prospective study, all participating patients (n = 606) visited the outpatient 

clinic at least once a year, and serum creatinine was assessed at every visit. Subjects with 

a follow-up of less <1 year (n = 31) were excluded from analysis.  

Results 

 A total of 575 patients participated at a median (interquartile range) time of 5.9 (2.6-

11.3) years post-transplantation. Median time of follow-up was 3.0 (2.4-3.4) years. 

Changes in serum creatinine during follow-up were -0.45 (-4.83-4.76) µmol/L/yr in 172 

subjects with CRP <1.0 mg/L, 1.04 (-3.36-6.12) µmol/L/yr in 184 subjects with CRP 1.0-3.0 

mg/L, and 2.34 (-3.33-9.07) µmol/L/yr in 219 subjects with CRP >3.0 mg/L (P < 0.001 for 

comparison of the three groups). Proteinuria (P = 0.003), CMV IgG titre (P = 0.01), donor 

age (P = 0.01), CRP concentration (P = 0.02), recipient age (P = 0.02), and recipient gender 

(P = 0.047) were independently associated with change in serum creatinine during follow-

up in a multivariate analysis. 

Conclusions 

 Elevated levels of CRP independently predict accelerated deterioration of graft 

function in renal transplant recipients >1 year post-transplantation. Further prospective 

studies are required to investigate whether early intervention can prevent deterioration of 

graft function in subjects with elevated levels of CRP. 
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INTRODUCTION 

 Chronic transplant dysfunction (CTD) is one of the leading causes of late allograft loss 

after renal transplantation.
1
 CTD is a nonspecific term describing a clinical syndrome 

which, in most cases, is the functional consequence of chronic allograft nephropathy 

(CAN).
2
 Clinically, CTD is characterized by a gradual decline in renal function with slowly 

rising serum creatinine, proteinuria, and hypertension of increasing severity. This usually 

occurs more than one year after transplantation.
3,4

 Once serum creatinine has started to 

rise, or proteinuria appears, the decline in renal function is usually inevitable. Hence, it is 

important to identify markers that can predict appearance of CTD as early as possible. 

 There is an emerging notion in the renal transplant community that the pathogenesis 

of CTD includes inflammation and intragraft atherosclerosis.
1,5

 C-reactive protein (CRP) is 

the prototypical marker of the acute phase response of inflammation. CRP has also been 

shown to be a marker of the inflammatory component of atherosclerosis in the systemic 

vasculature. As such, it has been shown to be a predictor of cardiovascular morbidity and 

mortality in the general population.
6
 

 In this prospective study we aimed to investigate whether CRP could be of use as a 

clinical marker for early identification of renal transplant recipients at risk of deterioration 

of graft function. 

 

MATERIALS AND METHODS 

Study design and patients 

 In this longitudinal prospective study, all renal transplant recipients who visited our 

outpatient clinic between August 2001 and July 2003, who had a functioning graft for at 

least one year were eligible to participate at their next visit to the outpatient clinic 

(baseline). A total of 606 out of 847 (72%) eligible renal transplant recipients signed 

written informed consent. The group that did not sign informed consent was comparable 

with the group that signed informed consent concerning age, gender, body mass index 

(BMI), baseline serum creatinine, creatinine clearance, and proteinuria. All participating 

subjects visited the outpatient clinic at least once a year, and serum creatinine was 

assessed at every visit. The last known visit to the outpatient clinic was considered as 

follow-up date, and the serum creatinine assesed at this date was used as outcome 

variable . Follow-up date for patients who died with a functioning graft (n = 32, median 

CRP = 3.09 (1.28-7.18) mg/mL) was defined as the last visit to the outpatient clinic prior to 

death. Follow-up date for patients with graft loss (n = 17, median CRP = 4.83 (0.92-10.5) 

mg/mL) was defined as the last visit to the outpatient clinic before starting dialysis. 

Baseline visits were postponed until symptoms had resolved in patients with fever or 

other signs of infection, and subjects diagnosed with cancer other than cured skin cancer 



CHAPTER 3 

40 

were not considered eligible for the study. Excluded from analysis were recipients with a 

follow-up of <1 year (n = 31), leaving a total of 575 recipients for analysis.  

 Details of this study have been published previously.
7,8

 The Institutional Review Board 

approved the study protocol (METc 01/039) which was in adherence to the Declaration of 

Helsinki.
9
 Funding sources had neither a role in the collection and analysis of data, nor in 

the submission and publication of the manuscript. 

Immunosuppressive medication 

 Standard immunosuppression consisted of the following: from 1968 until 1989 

prednisolone (10 mg/d) and azathioprine (100 mg/d). From January 1989 until February 

1993 cyclosporin standard formulation (Sandimmune, Novartis; 10 mg/kg; trough-levels of 

175-200 μg/L in first 3 months, 150 μg/L between 3 and 12 months post-transplant, and 

100 μg/L thereafter) combined with prednisolone (starting with 20 mg/d, rapidly tapered 

to 10 mg/d). From March 1993 until May 1996 cyclosporin microemulsion (Neoral, 

Novartis Pharma b.v., Arnhem, the Netherlands; 10 mg/kg; trough-levels idem) and 

prednisolone. From May 1996 to date mycophenolate mofetil (MMF) (Cellcept, Roche b.v., 

Woerden, The Netherlands; 2 g/day) was added. Current medication was extracted from 

the medical record. 

Baseline measurements 

 Body mass index was calculated as weight in kilograms (kg) divided by height in 

square meters (measured to the nearest 0.5 kg and 0.5 cm respectively). Waist 

circumference was measured midway between the 10th rib and the iliac crest. Hip 

circumference was measured at the level of the trochanter major. Blood pressure was 

measured as the average of three automated (Omron M4; Omron Europe B.V., The 

Netherlands) measurements with 1-minute intervals after a 6-minute rest in supine 

position. Diabetes mellitus was diagnosed if the fasting plasma glucose concentration was 

≥ 7.0 mmol/L and/or anti-diabetic medication was used. 

 Serum creatinine levels were determined using a modified version of the Jaffé 

method (MEGA AU 510, Merck Diagnostica, Darmstadt, Germany). High sensitivity CRP 

was determined once at baseline and measured using a double plated ELISA assay as 

described before;
10

 the lowest limit of detection was 0.002 mg/L. Cytomegalovirus (CMV) 

IgG was assessed by routine ELISA assay as described previously.
11

 Plasma glucose was 

determined by the glucose-oxidase method (YSI 2300 Stat plus, Yellow Springs, OH, USA). 

Total protein concentration was analysed using the Biuret reaction (MEGA AU 510, Merck 

Diagnostica, Darmstadt, Germany) and proteinuria was defined as urinary protein 

excretion ≥ 0.5 g/24h. 
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Statistical analysis 

 Analyses were performed with SPSS version 12.0 (SPSS Inc. Chicago, IL). Parametric 

variables are expressed as mean ± standard deviation, whereas non-parametric variables 

are given as median (interquartile range). Skewed data, such as serum creatinine levels 

and CRP levels, were normalized by logarithmic transformation in all analyses. A two-sided 

P < 0.05 was considered to indicate statistical significance. 

 For the analyses of CRP as predictor of changes in graft function we primarily applied 

the cut points of <1.0 mg/L, 1.0-3.0 mg/L, and >3.0 mg/L, which are endorsed as clinical 

cut points for CRP evaluation by the American Heart Association and the Centers for 

Disease Control and Prevention.
12

 The Kruskal-Wallis test was applied to investigate 

differences between the three groups. It has been demonstrated that differences 

between baseline serum creatinine and serum creatinine after prolonged follow-up are 

more predictive of future graft loss than slopes of creatinine over time.
13

 To further 

investigate whether CRP and other potential risk factors for CTD were associated with an 

increase in serum creatinine between baseline and follow-up, linear regression analyses 

were performed with log serum creatinine at follow-up as dependent variable. In order to 

adjust for the fact that patients started with different baseline allograft function and for 

the fact that there is different length of follow-up, baseline log serum creatinine and time 

between baseline and follow-up were included in all analyses (Model 1 in the univariate 

analyses). The effect of adjustments can be judged by comparing the (standardized) 

regression coefficients and P-values of an association before and after adjustment. 

Strengths of associations of different variables can be compared using standardized 

regression coefficients. In Model 2 the associations were further adjusted for recipient age 

at baseline, and for recipient gender. In Model 3 further adjustments for time between 

transplantation and baseline were applied. All recipient- and transplant-related baseline 

characteristics listed in Tables 1 and 2 were analysed. The variables that showed at least a 

trend (P ≤ 0.2) are presented in Tables 3 and 4. 

 Second, to determine which of the variables from Model 3 were independently 

associated with log serum creatinine at follow-up, a backward multivariate linear 

regression procedure was performed. Co-variables with a P-value ≤ 0.1 in Model 3 were 

included. As secondary analyses, the procedure was repeated with additional inclusion of 

variables with a P-value > 0.1 and ≤ 0.2. Further secondary analyses were performed with 

(1) additional inclusion of log serum creatinine at one year after transplantation and time 

between one year after transplantation and baseline assessment for our study and (2) 

additional inclusion of baseline MDRD estimated glomerular filtration rate (eGFR), and (3) 

additional exclusion of subjects with CRP ≥ 10 mg/L in all regression models.  
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RESULTS 

 Recipient and transplant characteristics are presented in Tables 1 and 2. A total of 575 

patients (55% male, aged 51±12 years at baseline, 83% cadaveric transplants) were 

analysed. Median time between transplantation and baseline measurements was 5.9 (2.6-

11.3) years, and the median time of follow-up beyond baseline measurements was 3.0 

(2.4-3.4) years. 

 Median CRP level at baseline was 1.93 (0.76-4.70) mg/l. The disbribution of CRP 

values ranged from 0.07 to 83.7 mg/l. CRP was ≥10 mg/l in 63 subjects.  Median serum 

creatinine concentration was 131.5 (112.0-150.0) μmol/L, 133.5 (111.0-163.8) μmol/L and 

134.0 (111.0-174.0)  μmol/l in subjects with CRP <1.0 mg/L, 1.0-3.0 mg/L and >3.0 mg/l, 

respectively. The duration of follow-up was 

similar for the three groups: 3.01 (2.50-3.30) 

years for the group with CRP <1.0 mg/l, 2.99 

(2.44-3.34) years for the group with CRP 1-3 

mg/l, and 3.01 (2.21-3.39) years for the 

group with CRP >3.0 mg/l. Changes in serum 

creatinine during follow-up were -0.45 (-

4.83;4.76) µmol/l/yr in 172 subjects with 

CRP <1.0 mg/L, 1.04 (-3.36;6.12) µmol/l/yr in 

184 subjects with CRP 1-3 mg/l, and 2.34 (-

3.33;9.07) µmol/L/yr in 219 subjects with 

CRP >3 mg/l (P <  0.05 for comparison of the 

three groups, Figure 1).  

 There was a significant correlation 

between serum creatinine at baseline and 

CRP (r=0.11, P=0.01). Tables 3 and 4 show the 

standardized regression coefficients (β) and P-

values of analyses of the associations of 

recipient-related and transplanted kidney-related baseline characteristics with log serum 

creatinine at follow-up. Smoking (standardized β=0.05, P<0.05), proteinuria (standardized 

β=0.08, P=0.001), log CMV IgG titre (standardized β=0.05, P=0.02), and log CRP 

concentration (standardized β=0.05, P=0.05) were associated with higher log serum 

creatinine at follow-up after adjustment for log baseline serum creatinine and time 

between baseline and follow-up. Additional adjustment for recipient age and gender 

(Table 3, Model 2), and further adjustment for time between transplantation and baseline 

(Table 3, Model 3) did not materially change these associations.  

 

Figure 1. Change in serum creatinine 

concentration between baseline and follow-up 

according to levels of CRP concentration using 

the cut points <1.0 mg/L, 1.0-3.0 mg/L and 

>3.0 mg/L. Differences between groups were 

tested using the Kruskal-Wallis test. 
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Table 1. Recipient-related baseline 

characteristics. 
Variable Value 

Time  

Transplantation – baseline, years 5.9 (2.6-11.3) 

Baseline – follow-up, years 3.0 (2.4-3.4) 

Recipient demographics  

Age, years 51.2±12.1 

Male gender, n (%) 317 (55) 

History of cardiovascular disease  

MI, n (%) 44 (8.0) 

TIA/CVA, n (%) 28 (5.5) 

Ethnicity of recipient  

Caucasian, n (%) 554 (96) 

Body composition measurements  

Body mass indexI, kg/m
2
 26.1±4.31 

Waist circumference, cm 97.2±13.8 

Hip circumference, cm 99.8±8.82 

Current smoking, n  (%) 124 (22) 

Renal allograft function  

Serum creatinine, μmol/L 133 (111-164) 

Creatinine clearance, mL/min 63.2±21.9 

Proteinuria, n (%) 149 (26) 

Blood pressure  

Systolic pressure, mmHg 153±22.6 

Diastolic pressure, mmHg 89.9±9.93 

Antihypertensive therapy, n (%) 500 (87) 

Glycaemia  

Fasting plasma glucose, mmol/L 4.50 (4.10-5.00) 

Posttransplant diabetes, n (%) 100 (17) 

Use of antidiabetic drugs, n (%) 76 (13) 

CMV status  

Seropositivity after 

transplantation, n (%) 

 

415 (72) 

CMV IgG titer, U/mL 67.0 (0.0-151) 

CRP, mg/L 1.93 (0.76-4.70) 

Parametric variables are expressed as mean 

± SD, whereas non-parametric variables are 

given as median (interquartile range).  

MI, myocardial infarction; TIA/CVA, transient 

ischaemic attack/cerebrovascular accident. 

 

Table 2. Transplanted kidney-related 

baseline characteristics. 
Variable Value 

Donor demographics  

Age, years 36.8±15.4 

Male gender, n (%) 312 (55) 

Primary renal disease, n (%)  

Primary glomerular disease 160 (28) 

Glomerulonephritis 37 (6) 

Tubular interstitial disease 89 (15) 

Polycystic renal disease 103 (18) 

Dysplasia and hypoplasia 21 (4) 

Renovascular disease 30 (5) 

Diabetes mellitus 22 (4) 

Other or unknown cause 113 (20) 

Ischemia times  

Warm ischemia times, min 35.0 (30.0-

45.0) Cold ischemia times, hr 22.0 (14.0-

27.0) HLA mismatches  

HLA-AB, number 1.32±1.05 

HLA-DR, number 0.42±0.58 

Delayed graft function, days  0.0 (0.0-0.0) 

Acute rejection treatment (%)  

High doses corticosteroids 30.6 

Antilymphocyte antibodies 14.4 

Immunosuppresion   

Prednisolone dose, mg/day 10.0 (7.5-10.0) 

Cyclosporine, n (%) 372 (65) 

trough-level, μg/L 107 (79.3-139) 

Tacrolimus, n (%) 83 (14) 

trough-level, μg/L 8.70 (6.00-10.7) 

Proliferation inhibitor  

Azathioprine, n (%) 186 (32) 

Mycophenolate mofetil, n (%) 243 (42) 

 Parametric variables are expressed as mean 

± SD, whereas non-parametric variables are 

given as median (interquartile range).

 None of the transplanted kidney-related baseline characteristics was significantly

associated with log serum creatinine at follow-up when the associations were only 

adjusted for log baseline serum creatinine and time between baseline and follow-up. 

However, the association of donor age with log serum creatinine at follow-up appeared to 

be confounded by recipient age and gender, because after additional adjustment for these 

factors, the association of donor age with log serum creatinine at follow-up became 

significant (standardized β=0.05, P=0.04, Table 4, Model 2). This association became even 

stronger after further adjustment for time between transplantation and baseline 

(standardized β=0.07, P=0.01, Table 4, Model 3). Furthermore, after adjustment for time 

between transplantation and baseline, the association of renovascular disease with log 
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serum creatinine at follow-up also reached borderline significance (standardized β=0.05, 

P=0.05, table 4, Model 3). 

 
Table 3. Regression analyses of associations between recipient-related baseline characteristics and 

log serum creatinine at follow up.  
 Model 1  Model 2  Model 3 

 Variable Std. β
a
 P-value  Std. β

a
 P-value  Std. β

a
 P-value 

Recipient demographics         

Age, years -0.03 0.2  … …  … … 

Gender (female = 0, male = 1) 0.03 0.2  … …  … … 

Body composition measurements         

Body mass index, kg/m
2
 0.02 0.4  0.03 0.2  0.03 0.2 

Smoking at baseline (no = 0, yes = 1) 0.05 0.048  0.04 0.05  0.05 0.047 

Renal allograft function          

Proteinuria baseline (no = 0, yes = 1) 0.08 0.001  0.07 0.002  0.07 0.002 

Blood pressure at baseline         

Diastolic pressure, mmHg 0.04 0.1  0.04 0.1  0.04 0.1 

Systolic pressure, mmHg 0.02 0.3  0.04 0.1  0.04 0.1 

Glycaemia         

Diabetes (no = 0, yes = 1) 0.03 0.2  0.04 0.09  0.04 0.08 

Use of antidiabetic drugs (no = 0, yes = 1) 0.02 0.3  0.03 0.2  0.03 0.2 

CMV status         

Seropositivity after ntx (no = 0, yes = 1) 0.03 0.2  0.04 0.09  0.04 0.09 

CMV IgG titer, U/ml 0.05 0.02  0.06 0.008  .06 0.008 

CRP, mg/L 0.05 0.05  0.06 0.01  0.06 0.01 

Log serum creatinine at follow-up was entered in the regression analyses as dependent variable. 

Model 1 is adjusted for log serum creatinine at baseline and time between baseline and follow-up; 

Model 2 is additionally adjusted for recipient age and gender; Model 3 is further adjusted for time 

between transplantation and baseline. 
a
Std. β, standardized β. 

 

Table 4. Regression analyses of associations between transplanted kidney-related baseline 

characteristics and log serum creatinine at follow up. 
 Model 1  Model 2  Model 3 

Variable Std. β
a
 P-value  Std. β

a
 P-value  Std. β

a
 P-value 

Donor demographics         

Age, years 0.05 0.06  0.05 0.04  0.07 0.01 

Gender (female = 0, male = 1) -0.007 0.8  -0.005 0.8  -0.01 0.7 

Primary renal disease (no = 0, yes = 1)         

Primary glomerular disease Reference  Reference  Reference 

Glomerulonephritis 0. 02 0.5  0.01 0.6  0.02 0.5 

Tubular interstitial disease 0.02 0.6  0.02 0.4  0.02 0.5 

Polycystic renal disease -0.003 0.9  0.006 0.8  0.01 0.7 

Dysplasia and hypoplasia 0.03 0.3  0.02 0.3  0.02 0.3 

Renovascular disease 0.04 0.07  0.04 0.07  0.05 0.05 

Diabetes mellitus 0.01 0.7  0.01 0.7  0.01 0.6 

Other or unknown cause 0.01 0.7  0.01 0.6  0.02 0.6 

Ischemia times         

Warm ischemia times, min 0.03 0.2  0.03 0.2  0.03 0.2 

Cold ischemia times, hr -0.006 0.8  0.001 1.0  -0.004 0.9 

Log serum creatinine at follow-up was entered in the regression analyses as dependent variable. 

Model 1 is adjusted for log serum creatinine at baseline and time between baseline and follow-up; 

Model 2 is additionally adjusted for recipient age and gender; Model 3 is further adjusted for time 

between transplantation and baseline. 
a
Std. β = standardized β. 
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 To determine which variables were independently associated with serum creatinine 

at follow-up, we performed a backward linear regression analysis with log serum 

creatinine at follow-up as dependent variable (Table 5). Co-variables from Model 3 with a 

P-value ≤0.1 were included in the multivariate analysis.  

 
Table 5. Multivariate analysis of determinants and associates of log serum creatinine at follow up in 

renal transplant recipients. 
 Standardized β β 95% CI of β P-value 

Constant  0.1 0.01; 0.3 0.03 

Proteinuria (no = 0, yes = 1) 0.07 0.03 0.01; 0.04 0.003 

Log CMV IgG, U/mL 0.06 0.01 0.002; 0.02 0.01 

Donor age, per 10 years 0.06 0.01 0.001; 0.01 0.01 

Log CRP concentration, mg/L 0.06 0.02 0.003; 0.03 0.02 

Recipient age, per 10 years -0.05 -0.01 -0.01; -0.001 0.02 

Recipient gender (female = 0, male = 1) 0.05 0.02 0.0002; 0.03 0.047 

R
2
= 0.72, F-statistic=202, total df=571, P<0.0001. Log serum creatinine at follow-up was entered in 

the regression analyses as dependent variable. Recipient age, recipient gender, time between 

transplantation and baseline, smoking status at baseline, proteinuria, diastolic blood pressure, 

systolic blood pressure, diabetes, log sVCAM-1 concentration, CMV seropositivity recipient after ntx, 

log CMV IgG, log CRP concentration, donor age, and renovascular disease were enclosed as 

independent variables in the multivariate analysis. Log serum creatinine at baseline and time 

between baseline and follow-up were also enclosed in the multivariate analysis. 

 

 Proteinuria (standardized β=0.07, P=0.003), log CMV IgG titre (standardized β=0.06, 

P=0.01), log CRP concentration (standardized β=0.06, P=0.01), donor age (standardized 

β=0.06, P=0.02), recipient age (standardized β=-0.05, P=0.02), and recipient gender 

(standardized β=0.05, P=0.047) appeared to be independent determinants of log serum 

creatinine at follow-up. The outcome of the multivariate analysis did not change when co-

variables from Model 3 with a P-values >0.1 and ≤0.2 were also included. The results of 

the regression models did also not materially change when log serum creatinine at one 

year after transplantation and time between one year after transplantation and baseline 

assessment were included in the analyses. The results did also not materially change if the 

analyses were repeated with adjustment for baseline eGFR. The results did also not 

materially change when the 63 subjects with CRP ≥10 mg/L were excluded from analyses. 

 

DISCUSSION 

 In this longitudinal prospective study, we investigated whether CRP could be of 

clinical use for early identification of renal transplant recipients at risk for deterioration of 

graft function. The main finding of our study is that relatively high post-transplant levels of 

CRP, and especially CRP concentrations above the clinically accepted cut-off point of 3 

mg/L, independently predict deterioration of graft function. 
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 Leading causes of late allograft loss are patient mortality owing to cardiovascular 

disease (CVD) and development of CTD.
1
 An emerging notion in transplantation is that 

CVD and CTD share chronic low-grade inflammation and atherogenesis as pathogenetic 

factors.
1,5

 CRP is not only the prototypical acute-phase reactant marker of inflammation, 

but it is also a sensitive marker for the development of CVD and all-cause mortality in the 

general population.
6,14

 In several cross-sectional studies in healthy subjects and patients 

with chronic renal insufficiency, it has been shown that there is an association between 

CRP and impaired renal function.
15,16

 Only a few studies have investigated whether CRP is 

associated with future decline in renal function. In a case-control study in 15 renal 

transplant recipients, Fink et al found that pre-transplant CRP concentrations are 

associated with post-transplant risk of development of CAN in renal transplant 

recipients.
17

 In another study, it was found that CRP levels 1 month post-transplant predict 

future occurrence of graft failure.
18

 It was not investigated in that study whether CRP was 

still predictive if other well-known predictors of graft failure, such as proteinuria, are 

taken into account. Our study is the first to show that CRP can be used for early 

identification of subjects at risk for deterioration of graft function, independent of other 

clinically accepted predictors of graft failure. It remains to be demonstrated whether early 

intervention is feasible. 

 Several explanations for the association between CRP and impaired renal function are 

possible. Atherosclerosis is nowadays considered to be a chronic inflammatory process in 

the arterial wall.
19

 It may therefore be that atherosclerosis in the renal vasculature is 

involved. Corroborative for the hypothesis of involvement of atherosclerosis is that we 

recently found that levels of CRP are associated with several endothelial function markers, 

such as soluble intercellular adhesion molecule type 1 (sICAM-1), soluble vascular cellular 

adhesion molecule type 1 (sVCAM-1), and sE-selectin concentrations in renal transplant 

recipients.
8
 The association between CRP and impaired renal function might also involve 

uraemia, which has been demonstrated to be a microinflammatory state itself.
20

 Third, it 

might be that CRP is a marker of a chronic low-grade immune-mediated response to the 

renal allograft. Another possible explanation could be that CRP itself has an active role in 

atherogenesis. This hypothesis is supported by recent studies suggesting that CRP is not 

only a biomarker but also an active mediator in the pathogenisis of atherosclerosis.
14,21

 

Fitgerald et al have furthermore recently shown that elevated levels of pretransplant CRP 

predict increased intimal thickening and stenosis after arterial allograft transplantation in 

a primate model.
22

 These results suggest that pretransplantation occult systemic 

inflammation may lead to inflammatory allograft vessel wall changes after 

transplatantation. 

 Clinically CTD is characterized by a gradual decline in renal function with a slowly 

rising serum creatinine level accompanied by proteinuria.
3,4

 Several other studies have 



CRP AND ACCELERATED DETERIORATION OF GRAFT FUNCTION IN RENAL TRANSPLANT RECIPIENTS 

47 

shown that proteinuria is an independent risk factor for a decline in renal function in renal 

transplant recipients.
3,23

 Our finding of proteinuria as an independent predictor for a 

future increase in serum creatinine more than one year post-transplantation is therefore 

in line with existing literature.  

 CMV IgG was also an independent predictor of a future increase in serum creatinine. 

CMV is an important pathogen in renal transplant recipients, which remains in a latent 

state or persists as chronic low-grade inflammation.
24

 The frequency of CMV seropositivity 

after transplantation varies from 59 to 100%, whereas actual CMV disease is present in 8 

to 32% of renal transplant recipients.
24,25

 CMV seropositivity has been associated with 

atherosclerosis as well as with CTD,
26

 although these associations remain controversial.
27

 

Possible mediators of CMV-related CTD include various cytokines and adhesion molecules, 

including ICAM-1 and VCAM-1, which have been shown to be elevated in the blood of 

renal transplant recipients with active CMV infection.
28

 In this study there was a significant 

association of the level of the anti-CMV IgG antibody titrer and the level of the adhesion 

molecules sICAM-1 and sVCAM-1 (data not shown). The increased expression of these 

endothelial function parameters to the endothelial surface could be an early event in 

atherogenesis or a sign of chronic low-grade inflammation.
29

 The fact that we found that 

high anti-CMV IgG antibody titres, rather than seropositivity itself, were associated with a 

increase in serum creatinine may indicate that high CMV titres counterbalance more 

active smouldering infection. A possible explanation for the fact that this was independent 

of CRP might be that CMV (re)activation causes local, intragraft inflammation without 

notable systemic effects. Our finding that high titres of anti-CMV IgG antibody predict a 

future increases in serum creatinine needs to be confirmed in other studies on predictors 

of changes in serum creatinine or graft loss. If so, it needs to be investigated whether 

titers of anti-CMV antibodies actually reflect the level of activity at which a subclinical 

CMV infection is smouldering, and whether adjustment of immunosuppressive treatment 

or treatment with antiviral agents suffice to reduce the level of activity at which the CMV 

infection is smouldering, and whether this translates in better graft (and recipient) 

survival. 

 Several studies have shown that younger age of the recipient, older age of the donor, 

and male sex of the recipient are risk factors for the development of CTD.
4,30-32

 Our 

findings of younger age of the recipient, older age of the donor, and male sex of the 

recipient as independent predictors of a future increase in serum creatinine are therefore 

in line with existing literature. 

 Formulas for the calculation of eGFR are neither validated nor intended for 

assessment or analysis of changes in renal function. If a previously assessed creatinine 

value is available, calculation and comparison of two eGFRs will not provide more 

information than comparison of the two creatinine values on which they are based. If one 
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compares two eGFR’s, one seemingly accounts for individual changes in muscle mass. The 

reality is that one, in this way, only accounts for average changes in muscle mass. If age 

increases to the same extent in a group of subjects, change in renal function according to 

eGFR will be similar in all subjects. Analysis of changes in eGFR instead of changes in 

creatinine would give the false impression that potential confounding by individual rather 

than average changes in muscle mass, is taken into account. This can introduce unwanted 

collinearity and over-adjustment if age, sex, and eGFR are introduced in multivariate 

analyses at the same time. Results of analyses of age and sex as determinants of changes 

in serum creatinine can therefore be interpreted much more unambiguously than results 

from analysis of changes in eGFR. We therefore primarily chose to investigate changes in 

serum creatinine rather than changes in estimated GFR. The secondary analyses that we 

performed with GFR estimated by MDRD did not reveal results that were materially 

different from our primary analysis. 

 The present study has several limitations. First, because the study population almost 

entirely consisted of patients of Caucasian ethnicity, the applicability of our results to 

more racially diverse renal transplant population may be limited. Furthermore, in this 

renal transplant population there was little variation in the use of immunsuppressive 

medication or in the use of steroids. Therefore, it cannot be excluded that a higher 

variation in use of these drugs would influence levels of CRP. Third, our study was a single 

centre study. The findings of our study are seemingly in discrepancy with the results of the 

multi-centre study  of Meier-Kriesche et al in which it was shown that continuous use of 

mycophenolate versus azathioprine therapy was associated with a protective effect 

against decline in renal function beyond 1 year after transplantation.
33

 In our analysis 

there was no trend or significant association between serum creatinine at follow-up and 

use of MMF. It is, however, difficult to compare the results of a multi-centre study with 

those of a single-centre cohort like ours, in which subjects that receive azathioprine 

instead of MMF almost automatically have a longer follow-up after transplantation.  

 It may be concluded from this study that high levels of CRP and anti-CMV IgG 

antibodies can be used in addition to existing markers for identification of patients at high 

risk for CTD. Are there, however, also clinical implications? Increasing the dose of 

immunosuppressive drugs seems no option, because it is nowadays widely accepted that 

there is no strategy whatsoever that can beneficially influence the course of CTD, and 

because it may be expected to upregulate rather than downregulate the activity CMV in 

CMV positive patients.Statins have been shown to have a CRP lowering effect, but a trial 

with a statin in renal transplant recipients was disappointing from the perspective of 

preservation of renal function.
34

 Another option would be early intervention with 

inhibitors of the renin angiotensin system. This class of drugs has also been shown to have 
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CRP lowering effects,
35

 and has definitely been shown to be renoprotective in various 

populations, although not yet in the context of CTD.  

 In conclusion, elevated levels of CRP independently predict accelerated deterioration 

of graft function in renal transplant recipients more than one year post-transplantation. 

Further prospective studies are required to investigate whether early intervention can 

prevent deterioration of graft function in subjects with elevated levels of CRP. 
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ABSTRACT 

Background 

 Chronic low grade inflammation is involved in chronic transplant dysfunction (CTD) 

after renal transplantation. Procalcitonin (PCT), known to reflect microbial inflammation, 

may also reflect ongoing non-infectious chronic low-grade inflammation in organ 

parenchyma, including transplanted kidneys. We aimed to compare predictive 

performance of plasma PCT for development of graft failure in renal transplant recipients 

(RTR) with that of high-sensitivity C-reactive protein (hsCRP), an established marker of 

systemic chronic low-grade inflammation. 

Methods 

 We included 575 RTR with functioning grafts for ≥1 year at a median [interquartile 

range] time of 6.1 [2.9-11.7] years post-transplant. PCT was determined using an ultra-

sensitive immunoluminometric assay and hsCRP using high-sensitivity ELISA.  

Results 

 Median [interquartile range] plasma PCT and hsCRP concentrations were 0.023 

[0.017-0.036] ng/mL and 2.1 [0.8-4.9] mg/L, respectively. After a median [interquartile 

range] of 5.2 [4.5-5.7] years of follow-up, incidence of graft failure was 0.5%, 2.6% and 

18.5% according to increasing PCT tertiles (P<0.001 by log-rank test). Area under the curve 

of receiver operating characteristic analysis of PCT for prediction of graft failure was 

significantly higher than that of hsCRP (0.84 vs 0.56, P<0.001). After adjustment for 

potential confounders, PCT remained an independent predictor of graft failure [HR=2.1 

(95%CI 1.4-3.2) per doubling PCT, P=0.0006], whereas this was not the case for hsCRP. 

Conclusion 

 We identified plasma PCT as a strong and independent predictor of graft failure in 

RTR. These data suggest that PCT in RTR reflects ongoing inflammation in parenchyma of 

transplanted kidneys. Further studies are required to investigate whether PCT could be of 

use as an early biomarker for CTD.  
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INTRODUCTION 

 Chronic low-grade inflammation is involved in progressive organ dysfunction in 

several conditions, including atherosclerosis and diabetic end organ damage.
1,2

 In solid 

organ transplantation, it is likely to be involved in chronic transplant dysfunction (CTD) 

ultimately leading to graft failure.
3,4

 In renal transplantation, CTD is a main cause of late 

graft failure.
3
 Despite  steady improvement of one-year graft survival, from approximately 

40% in the 1970’s to more than 90% nowadays,
5
 approximately half of all cadaveric renal 

allografts are still lost within 10-12 years after transplantation.
6
 Besides creatinine 

clearance and proteinuria there are, currently, no good biomarkers to establish presence 

of CTD and to predict the development of graft failure.
7
 Biomarkers reflecting ongoing 

chronic low-grade inflammation could be good candidates. 

 Procalcitonin (PCT) is best known from its potential utility as a biomarker for severe 

systemic inflammation, infection and sepsis.
8-10

 Non-neuroendocrine parenchymal cells 

throughout the body (e.g. lung, liver, kidney, fat, muscle, stomach) are the principal 

source of circulating PCT during marked systemic inflammatory conditions.
10-12

 In these 

conditions, hyperprocalcitonaemia often reaches high values in 8-24h, and then persists as 

long as the inflammatory process continues (i.e. weeks).
10

 It is not known whether low 

steady-state concentrations of PCT under non-infectious conditions are related to chronic 

low-grade inflammation. Currently, circulating steady-state concentrations of C-reactive 

protein (CRP), determined by high sensitivity assays (hsCRP), are commonly used as 

biomarker for chronic low-grade inflammation.
13

 

 We aimed to investigate whether steady-state concentrations of PCT in RTR are 

associated with concentrations of hsCRP and to compare predictive performance of PCT 

and hsCRP for development of graft failure in renal transplant recipients (RTR). As a 

secondary objective, we aimed to investigate whether PCT is an independent predictor of 

mortality.  

 

MATERIALS AND METHODS 

Research design and subject 

 In this prospective cohort study, all renal transplant recipients who visited our out-

patient clinic between August 2001 and July 2003 and had a functioning graft for at least 1 

year were eligible to participate at their next visit to the out-patient clinic. Baseline visits 

were postponed until symptoms had resolved in patients with fever or other signs of 

infection (e.g. complaints of upper respiratory tract infection or urinary tract infection). 

Patients diagnosed with cancer other than cured skin cancer were not considered eligible 

for the study. A total of 606 renal transplant recipients signed written informed consent, 

from an eligible 847 (72% consent rate). PCT concentration was determined in 577 RTR. 

Two RTR were considered extreme outliers regarding the PCT concentration and were 
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therefore excluded from analyses, leaving 575 RTR for analyses. Further details of this 

study have been published previously.
14-17

 The Institutional Review Board approved the 

study protocol (METc 01/039) which was in adherence to the Declaration of Helsinki.  

 

Outcome events 

 All participating subjects visited the out-patient clinic at least once a year. Information 

on mortality and graft failure was recorded by our renal transplant center and through 

close collaboration with general practitioners as well as referring nephrologists. Graft 

failure was defined as return to dialysis or re-transplantation and was censored for death. 

Graft failure and mortality of all RTR were recorded until August 2007. There was no loss 

to follow-up. 

 

Renal transplant characteristics  

 Relevant transplant characteristics were taken from the Groningen Renal Transplant 

Database. This database holds information on all renal transplantations performed at our 

center since 1968, including dialysis history. Standard immunosuppressive treatment 

consisted of the following: from 1968 until 1989 prednisolone and azathioprine (100 

mg/d); from January 1989 to February 1993, cyclosporine standard formulation 

(Sandimmune, Novartis Pharma B.V., Arnhem, The Netherlands; 10 mg/kg; trough-levels 

of 175 - 200 μg/L in first 3 months, 150 μg/L between 3 and 12 months posttransplant, 

and 100 μg/L thereafter) and prednisolone (starting with 20 mg/d, rapidly tapered to 10 

mg/d). From March 1993 until May 1996, cyclosporine microemulsion (Neoral, Novartis 

Pharma B.V., Arnhem, The Netherlands; 10 mg/kg, trough-levels idem) and prednisolone. 

From May 1997 to data, mycophenolate mofetil (Cellcept, Roche B.V., Woerden, The 

Netherlands; 2 g/day) was added from May 1997 to date.
15

 Current medication was 

extracted from the medical record. Body mass index (BMI), waist circumference, body 

surface area (BSA), and blood pressure were measured as described previously.
14-17

 

Smoking status and cardiovascular history were recorded with a self-report questionnaire. 

Cardiovascular disease history was considered positive if there was a previous myocardial 

infarction (MI), transient ischemic attack (TIA) or cerebrovascular accident (CVA). 

 

Laboratory measurements 

 EDTA-blood was drawn after an 8-12h overnight fasting period. PCT analyses were 

performed using an ultra-sensitive immunoluminometric assay (BRAHMS PCT sensitive 

LIA; BRAHMS Aktiengesellschaft, Hennigsdorf, Germany).
18

 The assay had a functional 

sensitivity at 7 pg/mL, which is below the median of the normal range, and had an inter-

assay coefficient of variation of 8% at 30 pg/mL. Concentrations of hsCRP were 

determined using in-house enzyme-linked immunosorbent assays as described before,
19

 

the lowest limit of detection was 0.002 mg/l. Plasma creatinine concentrations were 
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determined using a modified version of the Jaffé method (MEGA AU 510, Merck 

Diagnostic, Darmstadt, Germany). Plasma total cholesterol, HDL cholesterol, triglycerides, 

and urinary protein excretion were assessed as described previously.
15

 Proteinuria was 

defined as urinary protein excretion ≥0.5 g/24 hr. We used Homeostasis Model 

Assessment (HOMA) and fasting insulin concentrations as validated measures of insulin 

resistance
20-22

. HOMA was calculated as glucose [mmol/L] x insulin [μU/mL] / 22.5.
20,21

 

 

Statistical analysis 

 Analyses were performed with SPSS version 14.0 (SPSS Inc., Chicago, IL) and Sigma 

Plot version 10 (Systat software Inc., Germany). Parametric parameters are given as 

means ± standard deviation (SD), whereas non-parametric parameters are given as 

median [interquartile range]. Hazard ratio’s (HR) are reported with [95% confidence 

interval (CI)]. A two-sided P-value <0.05 was considered to indicate statistical significance.  

 First, in order to investigate which recipient or transplanted-kidney related 

characteristics were associated with PCT concentrations, we analysed these factors using 

linear regression analyses with log PCT concentration as dependent variable. Relations of 

PCT with hsCRP, creatinine clearance and proteinuria were displayed in scatter-plots with 

curve-fit analyses. Independent associations with PCT were established using backward 

linear regression analysis. Creatinine clearance, urinary protein excretion and time 

between transplantation and inclusion date were forced into the model to adjust for the 

fact that recipients at inclusion started with different allograft function and at different 

time points after transplantation. Additional characteristics were included if P-value was 

<0.05 in univariate linear regression analyses. These variables were not retained in the 

final model if P>0.10. 

 The predictive performance of plasma concentrations of PCT for graft failure and 

mortality was determined by generating receiver operating characteristic (ROC) curves. 

The area under the curve (AUC) was calculated to compare the predictive performance of 

PCT, hsCRP, proteinuria, and creatinine clearance for graft failure and PCT and hsCRP for 

mortality. Statistical differences between AUC’s were compared nonparametrically by the 

method of DeLong et al.
23

 

 In time to event analyses, we first investigated PCT concentrations as potential 

predictor of graft failure and mortality using Kaplan-Meier analyses. For these analyses we 

used sex stratified tertiles of PCT, because the percentages of men and women were not 

equally divided amongst the tertiles of PCT (1
st

 tertile: 41% women and 24% men; 2
nd

 

tertile: 31% women and 37% men; 3
rd

 tertile: 28% women and 39% men). Second, we 

performed univariate and multivariate Cox regression analyses. PCT concentration was 

entered in the regression analyses as 
2
log transformed variable, thus the HR indicates the 

risk per doubling of PCT concentration. We adjusted for creatinine clearance, proteinuria, 
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and time between transplantation and inclusion date (Model 2), for recipient age and sex 

(Model 3), and finally for independent associates of PCT (Model 4). Secondary analyses 

were performed (1) with additional exclusion of RTR with hsCRP concentrations higher 

than 10 mg/L and (2) in nonproteinuric RTR alone. 

 
RESULTS 

 A total of 575 RTR (54% male, aged 51.7±12.0 years, 84% cadaveric transplants) were 

analyzed. Median time between transplantation and baseline measurements was 6.1 [2.9-

11.7] years. Median PCT concentration was 0.023 [0.017-0.036] ng/mL. Recipient-related 

and transplant-related baseline characteristics and results of univariate linear regression 

analyses with log PCT concentration as independent variable are shown in table 1. Of 

recipient-related baseline characteristics, male gender, waist circumference, current 

smoking, diastolic blood pressure, use of antihypertensive medication, fasting 

triglycerides, fasting insulin concentrations and hsCRP had significant positive associations 

with PCT, while HDL-cholesterol had a significant inverse association. Of transplanted 

kidney-related characteristics, donor age, serum creatinine, urinary proteinuria excretion, 

history of acute rejection and prednisolone dose had significant positive associations with 

PCT, while creatinine clearance had a significant inverse association. 
 
Table 1. Recipient-related characteristics and results of univariate linear regression analyses with log 

PCT concentration as dependent variable. 
  Log PCT 

  Standardized β P-value 

Recipient demographics    

Age (years) 51.7 ± 12.0 0.005 0.90 

Male gender, n (%) 310 (54) 0.199 <0.0001 

Body composition measurements    

BMI (kg/m
2
) 26.1 ± 4.3 0.071 0.09 

Waist circumference (cm) 97.3 ± 13.8 0.197 <0.0001 

Smoking, n (%) 125 (22) 0.085 0.04 

Blood pressure    

Systolic pressure (mmHg) 152.9 ± 22.9 0.110 0.08 

Diastolic pressure (mmHg) 89.8 ± 9.9 0.086 0.04 

Use of ACE-inhibitor or AII-antagonist, n (%) 200 (35) 0.036 0.39 

Use of β-blocker, n (%) 354 (62) -0.007 0.87 

Number of antihypertensives 2.0 [1.0-3.0] 0.110 0.009 

Prior history of cardiovascular disease    

MI
a
, n (%) 47 (8) 0.021 0.62 

TIA/CVA
b
, n (%) 32 (6) 0.006 0.90 

Lipids    

Total cholesterol (mmol/L) 5.6 [4.9-6.2] -0.048 0.26 

LDL (mmol/L) 3.5 [2.9-4.1] -0.076 0.07 

HDL (mmol/L) 1.1 [0.9-1.3] -0.306 <0.0001 

Triglycerides (mmol/L) 1.9 [1.4-2.7] 0.244 <0.0001 

Use of statin at index, n (%) 292 (51) 0.002 0.97 
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Table 1. Continued. 
  Log PCT 

  Standardized β P-value 

Diabetes    

Glucose (mmol/L) 4.6 [4.1-5.0] 0.066 0.11 

Insulin (µmol/L) 11.1 [7.9-16.3] 0.084 0.04 

Homeaostasis Model Assessment 2.3 [1.6-3.6] 0.079 0.06 

Diabetes after transplantation, n (%) 106 (18) 0.020 0.63 

Use of antidiabetic drugs (%) 79 (14) -0.015 0.71 

hsCRP (mg/L) 2.1 [0.8-4.9] 0.360 <0.0001 

    

Donor demographics    

Age (years) 36.9 ± 15.5 0.209 <0.0001 

Male gender, n (%) 316 (55) -0.050 0.23 

Renal allograft function     

Serum creatinine concentration (μmol/L) 134 [112-167] 0.537 <0.0001 

Creatinine clearance (mL/min) 61.5 ± 22.3 -0.396 <0.0001 

Urinary proteinuria excretion (g/24hr) 0.2 [0.0-0.5] 0.082 <0.05 

Proteinuria, n (%) 164 (29) 0.250 <0.0001 

Primary renal disease, n (%)    

Primary glomerular disease 159 (28) 0.003 0.95 

Glomerulonephritis 34 (6) -0.067 0.11 

Tubular interstitial disease 91 (16) -0.006 0.89 

Polycystic renal disease 100 (17) 0.092 0.03 

Dysplasia and hypoplasia 20 (3) -0.016 0.70 

Renovascular disease 32 (6) -0.025 0.55 

Diabetes mellitus 22 (4) -0.037 0.38 

Other or unknown cause 117 (20) -0.005 0.90 

Prior dialysis modality, n (%)    

None 47 (8) 0.037 0.37 

Hemodialysis 309 (54) -0.016 0.71 

Peritoneal dialysis (CAPD) 219 (38) -0.005 0.91 

Prior dialysis duration (mo) 27 [13-48] -0.023 0.58 

Transplantation type, n (%)    

Postmortem donor 481 (84) -0.017 0.68 

Living donor 76 (13) 0.021 0.62 

Combined transplantation 18 (3) -0.004 0.92 

Number of previous transplants, n (%)    

1 or more 60 (10) 0.047 0.26 

Ischemia times    

Cold ischemia times (hr) 22.0 [15.0-27.0] -0.062 0.14 

Warm ischemia times (min) 35.0 [30.0-45.0] -0.001 0.99 

Delayed graft function (days of oliguria) 0.0 [0.0-0.0] 0.042 0.32 

HLA mismatches, n    

HLA-AB 1.3 ± 1.1 0.046 0.27 

HLA-DR 0.4 ± 0.6 -0.013 0.76 

Acute rejection, n (%) 256 (45) 0.091 0.03 

Acute rejection treatment, n (%)    

High doses corticosteroids 182 (32) 0.041 0.33 

Antilymphocyte antibodies 74 (13) 0.078 0.06 

Immunosuppresion    

Prednisolone dose, (mg/day) 10.0 [7.5-10.0] 0.111 0.008 

Calcineurine inhibitor, n (%) 449 (78) -0.077 0.06 

Proliferation inhibitor, n (%)    

None 152 (27) -0.005 0.91 

(a) MI: myocardial infarction, (b) TIA: transient ischemic attack, CVA: cerebrovascular accident. 
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 Median hsCRP concentration was 2.1 [0.8-4.9] mg/L. The cross-sectional association 

of PCT with hsCRP is shown in figure 1a. Cross-sectional associations of PCT with creatinine 

clearance and proteinuria are shown in figures 1b and 1c respectively. 

 

 

 

 

 

 

 

 

 

 
Figure 1. Scatter-plots of PCT concentrations versus (a) hsCRP concentrations, (b) creatinine 

clearance, and (c) proteinuria. The association of PCT with hsCRP best fitted a quadratic model 

(Log(PCT)=-1.65+0.12*log(hsCRP)+0.07*(Log(hsCRP))
2
, P<0.0001). The association of PCT with 

creatinine clearance best fitted a logarithmic model (Log(PCT)=-0.46-0.28*(Ln(creatinine clearance)), 

P<0.0001). The association of PCT with proteinuria best fitted a linear model (Log(PCT)=-

1.49+0.20*Log(proteinuria), P<0.0001). 

 

 To investigate whether hsCRP is independently related to PCT, we performed a 

backward linear regression analysis with 

log PCT concentration as dependent 

variable and all characteristics which were 

significantly associated with 

concentrations of PCT in univariate 

analyses (see table 1) as independent 

variables. From this analysis, it appeared 

that hsCRP, creatinine clearance, recipient 

gender, urinary protein excretion, HDL-

cholesterol, triglycerides and donor age were independently related to PCT (table 2). 

 Median follow up beyond baseline was 5.2 [4.5-5.7] years for graft failure and 5.3 

[4.7-5.7] years for mortality. During this prospective follow up, 41 (7%) RTR experienced 

graft failure and 91 (16%) RTR died. Median concentrations of PCT at inclusion were 

significantly higher in RTR who developed graft failure than in RTR who did not develop 

graft failure (0.046 [0.035-0.078] ng/mL versus 0.023 [0.017-0.034] ng/mL, P<0.0001). RTR 

who died during follow-up had significantly higher concentrations of PCT at inclusion than 

RTR who survived during follow up (0.032 [0.021-0.055] ng/mL versus 0.022 [0.017-0.034] 

ng/mL, P<0.0001). In contrast, hsCRP concentrations at inclusion were not significantly 

higher in RTR who developed graft failure than in those who did not experience graft 

Table 2. Variables retained in backward linear 

regression analysis. 
Variable Standardized Beta 

hsCRP concentration 0.30 

Creatinine clearance -0.29 

Recipient gender 0.21 

Urinary protein excretion 0.19 

HDL concentration -0.13 

Donor age 0.09 

Triglyceride concentration 0.08 

R
2
=0.39 
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failure (2.43 [1.18-8.04] mg/L versus 2.06 [0.81-4.87] mg/L, P=0.2). However, hsCRP 

concentrations in RTR who died were significantly higher than in those who survived 

during follow up (3.49 [1.38-8.91] mg/L versus 1.89 [0.74-4.38] mg/L, P<0.0001). 

 According to sex-stratified tertiles of PCT (with each tertile consisting for 54% of men 

and 46% of women), incidence of graft failure during follow-up was 1 out of 196 (0.5%) for 

the lowest tertile (consisting of 106 men and 90 women), whereas this was 5 out of 190 

(2.6%) and 35 out of 189 (18.5%) for the middle (consisting of 102 men and 88 women) 

and highest (consisting of 102 men and 87 women) tertiles respectively (P<0.0001 by log-

rank test, figure 2a). These numbers were 15 (7.7%), 32 (16.8%), and 44 (23.3%) 

respectively for incidence of mortality according to increasing sex-stratified tertiles of PCT 

(P=0.0001 by log-rank test, figure 2b).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. Kaplan Meier curves for (a) graft survival and (b) recipient survival in sex stratified tertiles 

of PCT. 

 

 ROC curve analysis of the prediction of graft failure by PCT revealed a mean (SE) AUC 

of 0.84 (0.03). This was significantly higher than the AUC of hsCRP (0.56 (0.04), P<0.0001, 

figure 3a) and similar to that of proteinuria (0.80 (0.04), P=0.4) and creatinine clearance 

(0.86 (0.03), P=0.6). ROC analysis of the prediction of mortality revealed an AUC of 0.66 

(0.03) for PCT, which was similar to the AUC of 0.63 (0.03) for hsCRP for prediction of 

mortality (P=0.5 for difference, figure 3b). 

 With significant associations in cross-sectional analyses and similar predictive 

properties in univariate prospective analyses, it is an important question whether PCT is 

an independent predictor of graft failure (and mortality) in multivariate analyses. Results 
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of univariate and multivariate Cox regression analyses for late graft failure and mortality in 

RTR are shown in table 3. In univariate analyses, each doubling of PCT was significantly 

associated with a 3-fold [95%CI 2.3-3.9] increase in risk for graft failure and a 1.6-fold 

[95%CI 1.3-2.0] increase in risk for mortality. If creatinine clearance, urinary protein 

excretion and time between transplantation date and inclusion date were taken into 

account for prediction of graft failure, the independent contribution of PCT decreased, but 

remained highly significant  (HR=1.8 [95%CI 1.3-2.6] per doubling in PCT, P=0.001, table 3, 

Model 2). The same was true after further adjustment for recipient age and sex (HR=1.7 

[95%CI 1.2-2.5] per doubling PCT, P=0.003, table 3, Model 3). Additional adjustment for 

other factors independently related to PCT, including hsCRP, did not weaken the 

independent prediction of graft failure by PCT (HR=2.1 [95%CI 1.4-3.2] per doubling PCT, 

P=0.0006, table 3, Model 4). Further adjustment for BMI, smoking status and HOMA did 

not materially affect the association (HR=2.3 [95%CI [1.5-3.7] per doubling PCT, P=0.0004, 

table 3, Model 5]. Inclusion of waist circumference instead of BMI in the model did also 

not materially affect prediction of graft failure (HR 2.4 [95%CI 1.5-3.8], P=0.0004) by PCT. 

The same was true for inclusion of fasting insulin instead of HOMA in the model for 

prediction of graft failure (HR 2.3 [95%CI 1.5-3.7], P=0.0004).  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3.  ROC Curves for PCT and hsCRP with respect to (a) graft failure and (b) mortality. 

 

 After adjustment for creatinine clearance, urinary protein excretion and time 

between transplantation date and inclusion date, the independent contribution of PCT to 

prediction of mortality decreased and remained only borderline significant (table 3, Model 

2). If other variables, including hsCRP were take into account, the association of PCT with 

mortality was not further weakened (HR=1.4 [95%CI 1.0-1.9] per doubling PCT, P=0.05, 

table 3, Model 5). 
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Table 3. Univariate and multivariate Cox regression analyses for prediction of graft failure and 

mortality in RTR. 
 Late graft failure  Mortality 

 HR  [95% CI] P  HR [95% CI] P 

Model 1 3.0 [2.3-3.9] <0.0001  1.6 [1.3-2.0] <0.0001 

Model 2 1.8 [1.3-2.6] 0.001  1.3 [1.0-1.6] 0.07 

Model 3 1.7 [1.2-2.5] 0.003  1.4 [1.1-1.9] 0.01 

Model 4 2.1 [1.4-3.2] 0.0006  1.4 [1.0-1.9] 0.04 

Model 5 2.3 [1.5-3.7] 0.0004  1.4 [1.0-1.9] 0.05 

PCT was entered in the regression analyses as 
2
log transformed variable in all analyses. 

Model 1: Crude model 

Model 2: Model 1 + adjustments for creatinine clearance, urinary protein excretion, and time 

between transplantation date and inclusion date.  

Model 3: Model 2 + adjustments for recipient age and sex. 

Model 4: Model 3 + adjustments for other factors independently related to PCT. 

Model 5:  Model 4 + adjustments for BMI, smoking, and insulin resistance by Homeostasis Model 

Assessment. 

 

 As secondary analyses, we repeated the analyses for prediction of graft failure by PCT 

after exclusion of RTR with hsCRP concentrations >10mg/L (n=507). This did not affect 

results of analyses, with HR=3.2 [95%CI 2.4-4.4] per doubling in PCT (P<0.0001) in the 

crude, univariate Cox-regression analysis and HR=2.1 [95%CI 1.3-3.3] per doubling in PCT 

(P=0.002) for the full multivariate analysis We also repeated the analyses for prediction of 

graft failure by PCT in the 411 RTR without proteinuria (urinary protein excretion <0.5 

g/24hr). This did also not affect results of analyses, with HR=2.6 [95%CI 1.6-4.2] per 

doubling in PCT (P=0.0002) in the crude, univariate Cox-regression analysis and HR=3.0 

[95%CI 1.4-6.8] per doubling in PCT (P=0.007) for the full multivariate analysis. This latter 

result is consistent with the notion that PCT would be of particular additive predictive 

value in RTR without proteinuria. 

 

DISCUSSION 

 This is the first study to investigate potential value of steady-state circulating PCT 

concentrations for prediction of graft failure in outpatient renal transplant recipients. We 

found strong predictive value of PCT in addition to already existing markers such as 

creatinine clearance and proteinuria. Only a small part of the predictive performance of 

PCT was explained by baseline correlations of PCT with these factors. To the best of our 

knowledge, there are no other markers than PCT that are so strongly predictive of graft 

failure that they equal the predictive value of creatinine clearance and proteinuria. 

Consistent with the suggestion of PCT being an inflammatory marker, we found a 

significant cross-sectional association with hsCRP, but predictive performance of PCT for 

graft failure (and mortality) was independent of hsCRP. Furthermore, we found PCT to be 

particularly strong as a predictor of graft failure independent of creatinine clearance and 
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other variables in RTR without proteinuria. All in all, our data suggest that PCT is a useful 

marker for non-microbial chronic low-grade inflammation in RTR.   

 In 1993, Assicot et al first described increased serum PCT concentrations in patients 

with sepsis and infection.
8
 Since then, numerous studies have confirmed this observation 

which has lead to the notion that PCT is a marker for infection and inflammation.
9,24

 PCT 

concentrations are very low in healthy subjects (<0.1 ng/ml).
8,25

 In case of infection or 

sepsis PCT concentrations can increase rapidly up to >100 ng/mL.
25

 In experiments using 

animal models of sepsis, it was shown that PCT was produced in non-neuroendocrine 

parenchymal cells throughout the body (e.g. lung, liver, kidney, fat, muscle, stomach).
10-12

 

More recently, it has been found that it is activated macrophages in infected tissues that 

stimulate parenchymal cells (e.g. adipocytes) to produce and secrete PCT during 

sepsis.
12,26

 PCT is not only strongly increased in response to bacterial infections and sepsis, 

but also in response to severe inflammatory conditions, such as inhalation injury, burn 

injury, pancreatitis, mechanical trauma, extensive surgery and heatstroke, in which 

bacterial infection may be absent.
10

 There are only few studies that investigated PCT in 

RTR.
27-29

 The consistent finding of these studies that were performed in the early phase 

after transplantation, that monitoring for PCT could be helpful in differentiating between 

infection and acute rejection. In these studies, a PCT assay with low analytical sensitivity 

was used, not allowing for differentiation in plasma concentrations between subjects 

without marked systemic inflammatory responses.
10

 In contrast, we used an ultra sensitive 

assay with a functional sensitivity of 7 pg/mL. 

 In cross-sectional analyses, we found significant independent associations of PCT with 

hsCRP, creatinine clearance, urinary protein excretion, recipient gender, HDL-cholesterol 

and triglycerides and donor age. There are several possible mechanisms underlying these 

associations. Adipocytes have been shown to secrete PCT after stimulation by activated 

macrophages.
12,26

 The results of several studies suggest that macrophages in adipose 

tissue play an important role in the relation of obesity with chronic low-grade 

inflammation characterized by elevated levels of inflammatory markers, including 

hsCRP,
15,30

 and possibly also PCT. A role for adiposity and insulin resistance would also 

explain the independent association of PCT with dyslipidemia that we found. 

 The most important finding in this study is the independent association of PCT 

concentrations in RTR with future development of graft failure late after transplantation. 

There are two potential explanations for this association. First, relatively high 

concentrations of PCT might reflect ongoing intrarenal alloreactivity with ongoing chronic 

low-grade intrarenal inflammation and progressive damage, ultimately leading to graft 

failure.
4
 Either stimulated parenchymal cells of the kidney themselves could release PCT 

into the circulation in response to this ongoing inflammation or release of cytokines from 

kidney tissue into the circulation could induce increased chronic low-grade production and 

release into the circulation of PCT by other tissues, possibly including adipose tissue.
9,10
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Second, the mechanism linking increased PCT concentration to graft failure may lie in 

proteinuria. One of the hallmarks of proteinuric renal disease is infiltration of renal 

interstitial tissue by activated macrophages.
31-33

 Using adipocytes as a model for 

parenchymal cells of all kinds of tissues, it was recently demonstrated that it was recently 

demonstrated that parenchymal cells secrete PCT in response to stimulation by activated 

macrophages.
10,12,26

 Thus, our finding of high circulating PCT concentrations to predict 

graft failure may be a reflection of release of PCT into the circulation by renal parenchymal 

cells in response to renal macrophage infiltration and activation in relation to proteinuria. 

Importantly, however, in our secondary analyses, we found PCT to be particularly 

predictive for development of graft failure in RTR without proteinuria. One possibility is 

that the cascade with macrophage activation and interstitial inflammation is already fully 

activated when the amount of protein in urine is still below the upper limit of the 

reabsorption capacity of the tubular epithelial cells. There is recent evidence that much 

more protein is filtered than has previously been thought and that active processing by 

tubular epithelial cells prevents it from appearing in urine.
34,35

 The concentration of PCT 

will then already be elevated in RTR when proteinuria is not yet detectable. This leads to 

the hypothesis that PCT is not only a biomarker for the existence of proteinuria, but could 

also be an early marker for a tendency for development of proteinuria. The other 

explanation would be that PCT is an earlier and more sensitive marker for ongoing chronic 

low-grade renal inflammation than proteinuria, possibly related to chronic ongoing allo-

reactivity, for which currently no good biomarkers are available. Because development of 

proteinuria is a late and mostly irreversible manifestation, it would be of great value for 

clinical practice if future studies would find that this supposition is true. It has to be 

emphasized that variation in PCT concentration range found to be relevant for prediction 

of graft failure in our study was well below 0.1 ng/mL, which is considered as cut-off value 

for the presence of an infection.
25

 The reported PCT concentrations can therefore only be 

measured using an ultra sensitive assay. 

 Although PCT was independently associated with both graft failure and mortality, the 

predictive performance of PCT for graft failure was superior to the predictive performance 

of PCT for mortality. Furthermore, hsCRP was not a predictor for graft failure, while the 

predictive performances of PCT and hsCRP for mortality were similar. This observation is 

interesting, because it suggests different mechanisms underlying the association of PCT 

and hsCRP with outcomes. The prototypical acute phase reactant marker of inflammation, 

hsCRP, is synthesized predominantly by hepatocytes under the control of interleukin-6 (IL-

6) and other inflammatory cytokines.
36

 PCT, on the other hand, can be produced locally by 

parenchymal cells in various tissues after stimulation by activated macrophages.
10,12,26

 The 

finding that PCT and hsCRP have different predicting performance for graft failure and 

mortality is consistent with the notion that PCT in RTR could be produced locally by 

inflamed renal tissue or by other tissues in response to cytokines released by renal tissue, 
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while hsCRP is more a marker for processes related to systemic chronic low-grade 

inflammation, such as atherosclerosis.
36

 

 The present study has some limitations. Several studies have investigated the 

pathway of PCT elimination.
37-40

 Most studies conclude that renal clearance is one factor 

that contributes to removal of PCT from plasma. To account for renal function as a 

possible confounder in the association of PCT with development of graft failure and 

mortality, we adjusted the association of PCT for creatinine clearance at baseline in a 

multivariate Cox-regression analysis. Nevertheless, it can not be excluded that plasma PCT 

concentrations did not serve as a measure of chronic low-grade inflammation in our 

analyses, but as an alternative and additional measure of renal function. Yet, if this would 

be true, it would still be a valuable additional marker to be measured, because it appeared 

an independent predictor of graft failure (and mortality), in particular in patients without 

proteinuria. Markers that are equally predictive for outcome in the general RTR 

population as creatinine clearance and urinary protein excretion are rare and highly 

desired.
7
 Another limitation of our study is that we only measured PCT concentrations in 

baseline samples. Most epidemiological studies use a single baseline measurement to 

predict outcomes, which adversely affects predictive properties of variables associated 

with outcomes. If intra-individual variability of predictive biomarkers is taken into account, 

this results in strengthening of predictive properties that – despite sometimes 

considerable intra-individual variation day-to-day variation – also existed for single 

measurements of these biomarkers.
41,42

 The higher the intra-individual day-to-day 

variation would be, the greater one would expect the benefit of repeated measurement 

for prediction of outcomes.
41,42

 The day-to-day variation of PCT in RTR is not known, but it 

could be considerable. The estimated 50% plasma disappearance rate of t½ of PCT in the 

plasma is approximately 18-24hr.
39,43

 Despite the relatively short half-life of PCT, we found 

an increased serum PCT, within the normal range, to be a strong and independent 

predictor of late graft failure and to a lesser extent of mortality. This is consistent with the 

notion that variation at a certain time point between renal transplant recipients in plasma 

PCT concentrations within the normal range reflects steady-state concentrations 

associated with variation in chronic disease processes that ultimately lead to events 

distant from the time point that the plasma concentration was measured. Further, the 

present study is a single center study and the predictive value of PCT needs to be 

confirmed in other centra and/or multicenter studies. Our study includes RTR that were 

transplanted in multiple immunosuppressive eras. However, immunosuppressive therapy 

was not significantly associated with serum PCT and adjustment for immunosuppressive 

era in the multivariate analyses did not materially change the outcomes (data not shown). 

Furthermore, our study only includes stable RTR, relatively long-term after 

transplantation.  Future studies could investigate whether PCT, measured in the early post 

transplant period also predicts late graft failure and mortality. Currently the Banff schema 
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is currently used for the histologic diagnosis of rejection and is based on the histological 

findings in biopsies and is currently used for the histologic diagnosis of rejection.
44

 

However, we did not perform biopsies. It would have been very interesting if we could 

have stained histological sections for PCT. Apart from these limitations, our study has also 

an important strength in that follow-up was complete for all patients. 

 In conclusion, elevated plasma concentrations of PCT independently predict graft 

failure late after renal transplantation, in particular in RTR without proteinuria. Therefore, 

measurement of PCT in addition to creatinine clearance and proteinuria could be of 

clinical value, in particular if future studies would show that slightly elevated 

concentrations of PCT are indicative of chronic transplant dysfunction.  
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ABSTRACT 

Background 

 Chronic low grade inflammation is involved in chronic transplant dysfunction after 

renal transplantation. Recent studies suggest a role for hemopexin, an acute phase 

protein, in inflammation and kidney damage. We investigated whether hemopexin activity 

predicts graft failure in renal transplant recipients (RTR). 

Methods 

 We included 557 RTR with functioning grafts for ≥1 year. Hemopexin activity was 

measured in citrate-plasma using the standard ECM stripping assay. For analyses RTR were 

divided according to hemopexin activity into two groups; A: sextile 1-5 (464 RTR, 83%) and 

B: sextile 6 (92 RTR, 17%). 

Results 

 Hemopexin activity (median [IQR] 11.1 [3.3-19.1] arbitrary units) was measured at 6.0 

[2.6-11.5] years post-transplant. RTR with high plasma hemopexin activity (group B) had 

significantly higher urinary protein excretion and diastolic blood pressure than group A, 

despite significantly more prevalent use of ACE inhibitors or AII-antagonists. After follow-

up (4.6 [3.8-5.2] years), incidence of graft failure in group A was 25 (5%) en in group B 14 

(15%, P=0.0009). After adjustment for hsCRP and urinary protein excretion, hemopexin 

remained an independent predictor of graft failure (HR=2.3 [95%CI 1.1-4.6], P=0.02).  

Conclusion 

 In conclusion, elevated plasma hemopexin activity predicts graft failure late after 

renal transplantation, independent of hsCRP and urinary protein excretion. These results 

suggest that measurement of hemopexin activity could be of additional value, next to 

measurement of creatinine clearance and proteinuria, for the identification of RTR at risk 

for graft failure. Future studies are needed to elucidate the mechanism underlying the link 

of hemopexin activity with graft failure late after renal transplantation and also whether 

interventions aiming at reduction of plasma hemopexin activity might be renoprotective. 
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INTRODUCTION 

 One year survival of renal allografts has steadily improved over the last decades. 

However, improvement in late allograft survival strongly lags behind, with more or less 

consistent loss of almost half of all kidneys transplanted from post mortal donors within 

10 years after transplantation.
1
 Chronic transplant dysfunction (CTD) is one of the leading 

causes of this late allograft loss.
2
 CTD is characterized clinically by a gradual decline in 

renal function with proteinuria and hypertension.
3,4

 Its pathophysiology is, however, still 

poorly understood.
2-5

 

 The plasma protein hemopexin is known for binding heme with the highest affinity of 

any known protein. Its function of scavenging the heme released or lost by the turnover of 

heme proteins such as hemoglobin protects the body from the oxidative damage that free 

heme can cause. However, hemopexin has also been found to play a role in the regulation 

of glomerular filtration barrier integrity. Infusion of human plasma hemopexin in rats 

leads to the induction of proteinuria.
6
 In vitro, active hemopexin has been shown to cause 

nephron-dependent remodelling of podocytes and to affect permeability of the 

glomerular filtration barrier by degrading the glycocalyx.
7
 Furthermore, plasma levels of 

activated hemopexin are high in proteinuric children with minimal change disease.
8
 

Importantly, plasma hemopexin is one of the acute phase proteins of the hepatic response 

to inflammation.
9
 

 Thus, ongoing chronic low-grade inflammation and release of cytokines from the 

transplanted kidney into the circulation may lead to relatively high production and 

activation of plasma hemopexin, which in turn may enhance glomerular permeability and 

facilitate existence of proteinuria. We therefore hypothesize that high plasma hemopexin 

activity in renal transplant recipients is a risk factor for late graft failure.  

 We aimed to investigate whether high circulating levels of activated HX are associated 

with increased plasma concentrations of C-reactive protein and with increased urinary 

protein excretion in renal transplant recipients. We furthermore aimed to investigate 

prospectively whether high HX activity predicts decline of renal function and development 

of graft failure in RTR. 

 
MATERIALS AND METHODS 

Study design and patients 

 In this longitudinal prospective study, all RTR who visited our out-patient clinic 

between August 2001 and July 2003 and had a functioning graft for at least 1 year were 

eligible to participate at their next visit to the out-patient clinic. Recipients were asked to 

participate at a later visit to the out-patient clinic if they were ill or had signs of an 

infection. A total of 606 renal transplant recipients (RTR) signed written informed consent, 
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from an eligible 847 (72% consent rate). The group that did not sign informed consent was 

comparable with the group that signed informed consent with respect to age, sex, body 

mass index, plasma creatinine, creatinine clearance, and proteinuria. Hemopexin activity 

was determined in 557 renal transplant recipients. Further details of this study have been 

published previously.
10,11

 The Institutional Review Board approved the study protocol 

(METc 01/039) which was in adherence to the Declaration of Helsinki. Funding resources 

had neither a role on the collection and analysis of data, nor in the submission and 

publication of the manuscript. 

Outcome events 

 All participating subjects visited the out-patient clinic at least once a year. Information 

on graft failure and mortality was recorded by our renal transplant center and through 

close collaboration with general practitioners as well as referring nephrologists. Graft 

failure was defined as the return to dialysis or re-transplantation and was censored for 

death. Graft failure and mortality of all renal transplant recipients were recorded until 

August 2007. There was no loss to follow-up. 

Renal transplant characteristics  

 Relevant transplant characteristics were taken from the Groningen Renal Transplant 

Database. This database holds information on all renal transplantations performed at our 

center since 1968, including dialysis history. Standard immunosuppression consisted of 

the following: from 1968 until January 1989, prednisolone and Azathioprine (100 mg/day); 

from January 1989 to February 1993, cyclosporine standard formulation (Sandimmune, 

Novartis; 10 mg/kg; trough levels of 175–200 mg/l in first 3 months, 150 mg/l between 3 

and 12 months post-transplant, and 100 mg/l thereafter) combined with prednisolone 

(starting with 20 mg/day, rapidly tapered to 10 mg/day). From March 1993 to May 1997, 

cyclosporine microemulsion (Neoral; Novartis Pharma b.v., Arnhem, The Netherlands; 10 

mg/kg; trough levels idem) and prednisolone. From May 1997 to date, mycophenolate 

mofetil (Cellcept; Roche b.v., Woerden, The Netherlands; 2 g/day) was added. Current 

medication was extracted from the medical record.  

 Body mass index, waist circumference, body surface area (BSA), and blood pressure 

were measured as described previously.
10

 Smoking status and cardiovascular history were 

recorded with a self-report questionnaire. Cardiovascular disease history was considered 

positive if there was a previous myocardial infarction (MI), transient ischemic attack (TIA) 

or cerebrovascular accident (CVA). 

Baseline laboratory and clinical assessments 

 Hemopexin activity was measured in citrate-plasma using the standard ECM stripping 

assay as described before.
12

 Briefly, this assay is based on the protease activity of Hx 

evaluated after incubation of kidney tissue with plasma samples with or without anti Hx 
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IgG. Decrease of expression of glomerular ecto apyrase, reflected by loss of reaction 

product, indicates Hx activity of the sample tested and is calculated and expressed as 

arbitrary units of Hx activity. High sensitivity C-reactive protein (hsCRP) concentrations 

were determined using in-house enzyme-linked immunosorbent assays as described 

before the lowest limit of detection was 0.002 mg/l.
13

 Total cholesterol was determined 

using the CHOD PAP method (MEGA AU 510; Merck Diagnostica, Darmstadt, Germany). 

Low density lipoprotein (LDL) was calculated using the Friedewald formula. High density 

lipoprotein cholesterol (HDLc) was determined using the CHOD PAP method on a 

Technikon RA-1000 (Bayer Diagnostics b.v., Mijdrecht, The Netherlands). Plasma glucose 

was determined by the glucose-oxidase method (YSI 2300 Stat plus; Yellow Springs, OH, 

USA). Serum creatinine levels were determined using a modified version of the Jaffé 

method (MEGA AU 510, Merck Diagnostica, Darmstadt, Germany). Total protein 

concentration was analyzed using the Biuret reaction (MEGA AU 510, Merck Diagnostica, 

Darmstadt, Germany) and proteinuria was defined as urinary protein excretion ≥0.5 g/24 

hr. 

Statistical analyses 

 Analyses were performed with SPSS version 14.0 (SPSS Inc., Chicago, IL) and Sigma Plot 

version 10 (Systat software Inc., Germany). Parametric parameters are given as means ± 

standard deviation (SD), whereas non-parametric parameters are given as median 

[interquartile range]. Hazard ratio’s (HR) are reported with [95% confidence interval (CI)]. 

A two-sided P-value less than P<0.05 indicated statistical significance.  

 RTR were divided into sextiles of hemopexin activity. Based on the distribution of 

hemopexin activity, high hemopexin activity was defined as the highest sextile of 

hemopexin activity. For analyses, we combined sextile 1 to 5 to one group (group A) and 

compared this group with sextile 6 (group B). Differences between groups were tested for 

statistical significance with student’s t-test for normally distributed variables, Mann-

Whitney test for skewed distributed variables, and chi-square test for categorical 

variables.  

 In our prospective analyses, we first investigated whether hemopexin activity was 

associated with a decline in renal function. Renal function decline was calculated as the 

change in creatinine clearance, expressed as percentage of baseline creatinine clearance, 

per year of follow up. Subjects with less than 1 year of follow-up for renal function were 

excluded from analyses of change in renal function. Difference in change of renal function 

between groups was investigated by student’s t-test. We then proceeded with 

investigating hemopexin activity as potential predictor of graft failure in a Kaplan-Meier 

analysis, first in the full population and then only in subjects without proteinuria. Finally, 

we performed univariate and multivariate Cox regression analyses in the full population. 

In the multivariate analyses, we adjusted for recipient age and sex (model 2), for 
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creatinine clearance and time between transplantation and inclusion date (model 3), all 

factors that were univariately associated with hemopexin activity (P<0.1, tables 1 and 2, 

model 4), and for hsCRP concentration and urinary protein excretion (model 5).  

 

RESULTS 

 A total of 557 RTR (56% male, aged 51.4±12.2 years, 86% transplants from post mortal 

donors) were analyzed. Median [interquartile range (IQR)] time between transplantation 

and baseline measurements was 6.0 [2.6-11.5] years.  
 
Table 1. Recipient-related characteristics at inclusion according to subgroups of hemopexin.  

 Hemopexin  

 Group A Group B P-value 

n (%) 465 (83) 92 (17)  

Hemopexin activity (arbitrary units) 7.9 [2.1-14.4] 30.5 [26.1-46.1] <0.0001 

Recipient demographics    

Age (years) 51.7 ± 12.3 49.9 ± 11.5 0.2 

Male sex, n (%) 259 (56) 51 (55) 1.0 

Body composition     

BMI (kg/m
2
) 26.0 ± 4.4 25.8 ± 4.1 0.6 

Waist circumference (cm) 97.2 ± 11.0 95.7 ± 13.1 0.3 

Smoking, n (%) 102 (22) 20 (22) 1.0 

Blood pressure    

Systolic pressure (mmHg) 152.8 ± 23.0 155.9 ± 21.1 0.2 

Diastolic pressure (mmHg) 89.7 ± 9.7 92.0 ± 9.8 0.04 

Use of ACE-inhibitor or AII-antagonist, n 

(%) 

148 (32) 39 (42) 0.04 

Use of β-blocker, n (%) 287 (62) 58 (63) 0.8 

Number of anti-hypertensive drugs, (n) 2.0 [1.0-3.0] 2.0 [1.0-3.0] 0.2 

Prior history of cardiovascular disease    

MI
1
, n (%) 37 (8) 9 (10) 0.6 

TIA/CVA
2
, n (%) 28 (6) 5 (5) 0.8 

Lipids    

Total cholesterol (mmol/L) 5.6 [4.9-6.2] 5.9 [5.1-6.4] 0.04 

LDL (mmol/L) 3.5 [2.9-4.1] 3.7 [3.1-4.4] 0.02 

HDL (mmol/L) 1.0 [0.9-4.1] 1.1 [0.9-1.4] 0.07 

Triglycerides (mmol/L) 1.9 [1.4-2.6] 1.7 [1.2-2.7] 0.2 

Use of statin at inclusion, n (%) 229 (49) 45 (49) 1.0 

Glucose homeostasis    

Glucose (mmol/L) 4.5 [4.1-5.0] 4.5 [4.0-5.1] 0.8 

Insulin (µmol/L) 11.0 [8.0-16.0] 10.7 [7.6-15.2] 0.3 

Diabetes after transplantation, n (%) 80 (17) 15 (16) 0.8 

Use of antidiabetic drugs (%) 64 (14) 9 (10) 0.3 

CRP (mg/L) 1.9 [0.7-4.8] 2.4 [1.1-4.8] 0.4 

Groups of hemopexin activity: A; sextile; 1 to 5, and B sextile 6. Values are presented as mean ± 

standard deviation, median [interquartile range] or percentages. Differences between groups were 

tested for statistical significance with student’s t-test for normally distributed variables, Mann-

Whitney test for skewed distributed variables, and chi-square test for categorical variables. 

Abbreviations: (a) MI: myocardial infarction, (b) TIA: Transient Ischemic Attack, and CVA: 

Cerebrovascular Accident.  

 

 Median [IQR] hemopexin activity was 11.1 [3.3-19.1] arbitrary units. Recipient-related 

and transplanted kidney related baseline characteristics according to plasma hemopexin 
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activity status are given in tables 1 and 2 respectively. Median [IQR] hemopexin activity 

was 7.9 [2.1-14.4] in group A and 30.5 [26.1-46.1] in group B (P<0.0001). In cross-sectional 

analyses, RTR with high plasma hemopexin activity (group B) had significantly higher 

urinary protein excretion and diastolic blood pressure than group A, despite significantly 

more prevalent use of ACE inhibitors or AII-antagonists. Other differences were in plasma 

lipids, with higher values in subjects with high plasma hemopexin activity (group B). 

 
Table 2. Transplanted kidney-related at inclusion characteristics according to subgroups of 

hemopexin. 
 Hemopexin  

 Group A Group B P-value 

Donor demographics    

Age (years) 36.6 ± 15.5 37.7 ± 14.4 0.5 

Male sex, n (%) 260 (56) 45 (49) 0.2 

Renal allograft function     

Serum creatinine concentration (μmol/L) 134.0 [114.0-163.0] 140.5 [109.5-186.3] 0.3 

Creatinine clearance (mL/min) 62.1 ± 21.2 59.4 ± 26.1 0.3 

Urinary protein excretion (g/24hr) 0.2 [0.0-0.5] 0.3 [0.1-0.7] 0.03 

Proteinuria, n (%) 122 (26) 31 (34) 0.1 

Primary renal disease, n (%)    

Primary glomerular disease 132 (28) 24 (26)  

Glomerulonephritis 26 (6) 10 (11)  

Tubular interstitial disease 74 (16) 11 (12)  

Polycystic renal disease 81 (17) 14 (15)  

Dysplasia and hypoplasia 16 (3) 5 (5) 0.5 

Renovascular disease 24 (5) 7 (8)  

Diabetes mellitus 20 (4) 3 (3)  

Other or unknown cause 92 (20) 18 (20)  

Prior dialysis duration (mo) 26.0 [12.0-49.0] 27.5 [16.0-45.0] 0.9 

Transplantation type, n (%)    

Cadaveric donor 385 (83) 73 (79) 
0.3 

Living donor 63 (14) 17 (19) 

Ischemia times    

Cold ischemia times (hr) 21.0 [14.5-27.0] 21.5 [14.0-27.8] 0.8 

Warm ischemia times (min) 35.0 [30.0-45.0] 35.0 [30.0-43.0] 0.5 

HLA mismatches, n    

HLA-AB 1.3 ± 1.1 1.2 ± 1.1 0.3 

HLA-DR 0.4 ± 0.6 0.3 ± 0.5 0.07 

Acute rejection, n (%) 214 (46) 40 (43) 0.7 

Acute rejection treatment, n (%)    

High doses corticosteroids 150 (32) 26 (28) 
0.7 

Antilymphocyte antibodies 64 (14) 14 (15) 

Immunosuppresion    

Prednisolone dose, (mg/day) 10.0 [7.5-10.0] 10.0 [7.5-10.0] 0.9 

Calcineurine inhibitor, n (%) 364 (78) 77 (84) 0.2 

Groups of hemopexin activity: A; sextile; 1 to 5, and B sextile 6. Values are presented as mean ± 

standard deviation, median [interquartile range] or percentages. Differences between groups were 

tested for statistical significance with student’s t-test for normally distributed variables, Mann-

Whitney test for skewed distributed variables, and chi-square test for categorical variables. 
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Figure 1. Change in creatinine clearance 

(mean ± SEM) between baseline and follow-up 

according to groups of hemopexin activity. 

Differences between groups were tested using 

the Mann-Whitney test. 

Figure 2. Kaplan Meier curves for graft 

survival groups of Hemopexin activity. Group 

A: sextile 1 to 5 and group B sextile 6 of 

hemopexin activity (P=0.0009). 

 Subsequently, we proceeded with 

prospective analyses, in which we first 

investigated whether hemopexin activity was 

associated with change in renal function 

during follow up. Change in renal function in 

group A of hemopexin activity was 

significantly lower than in groups B of 

hemopexin activity (-1.0% (SD 9.9) per year vs 

-4.2% (SD 10.1) per year, respectively 

(P=0.03, figure 1). Second, we investigated 

whether plasma hemopexin activity was 

associated with renal survival. During median 

[IQR] follow-up beyond baseline for 4.6 [3.8-

5.2] years, 39 (7%) renal transplant recipients 

experienced graft failure in the full cohort. Of 

these cases, 25 (5%) occurred in group A and 

14 (15%) in group B (HR=3.0 [95%CI 1.6-5.8], P=0.0009, table 3, model 1, figure 2). These 

results were essentially similar if we restricted our analysis to subjects without proteinuria 

(n=403), in which there were 12 cases of 

graft failure during follow-up. Of these cases, 

7 (2%) occurred in group A and 5 (8%) in 

group B (HR=4.2 [95%CI 1.3-13.3], P=0.01). 

Results of multivariate Cox regression 

analyses for late graft failure in the full 

population are shown in table 3, models 2 to 

5. Adjustment for recipient age and sex 

(table 4, model 2) did not materially change 

results. Further adjustment for creatinine 

clearance and time between transplantation 

and inclusion date (table 3, model 3) slightly 

weakened the association of hemopexin with 

graft failure (HR=2.4 [95% CI 1.2-4.6], P=0.01). 

Additional adjustments for LDL, total 

cholesterol, diastolic blood pressure, and use 

of ACE-inhibitor or AII-antagonist did not 

materially change these results. The association of hemopexin activity with graft failure 

remained significant after final adjustment for hsCRP and urinary protein excretion 

(HR=2.3 [95%CI 1.1-4.6], P=0.02, table 4, model 5).  
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Table 3. Univariate and multivariate Cox regression analyses 

for late graft failure in RTR according to groups of hemopexin 

activity. 
  Hemopexin activity 

  Group A  Group B 

  Reference  HR [95% CI] P-value 

Model 1  1.0  3.0 [1.6-5.8] 0.0009 

Model 2  1.0  3.0 [1.6-5.8] 0.001 

Model 3  1.0  2.4 [1.2-4.6] 0.01 

Model 4  1.0  2.2 [1.1-4.3] 0.03 

Model 5  1.0  2.2 [1.1-4.6] 0.02 

Groups of hemopexin activity: A; sextile 1 to 5 2, B; sextile 6. 

Model 1: Crude model. 

Model 2: Model 1 + adjustments for recipient age and sex. 

Model 3: Model 2 + adjustments for creatinine clearance and 

time between transplantation and baseline. 

Model 4: Model 3 + adjustments for LDL, diastolic blood 

pressure, and use of ACE-inhibitor or AII-antagonist. 

Model 5: Model 4 + CRP and urinary protein excretion. 

 

Discussion 

 We found no association of high plasma hemopexin activity with plasma 

concentrations of CRP, but we 

found significant associations of 

high plasma hemopexin activity 

with increased urinary protein 

excretion and diastolic blood 

pressure, despite higher 

frequency of use of anti-

proteinuric ACE-inhibitors and 

AII-antagonists in RTR with high 

plasma hemopexin activity. We 

furthermore identified high 

plasma hemopexin activity as a 

risk factor for development of 

graft failure in RTR, 

independent of plasma 

concentrations of CRP and urinary protein excretion. We moreover found that high plasma 

hemopexin activity is a risk factor for graft failure in RTR without proteinuria. 

 Hemopexin belongs to the class I acute phase proteins and is mainly expressed in the 

liver after stimulation by the pro-inflammatory cytokines IL-1 and IL-6.
14

 So, increased 

hemopexin activity might be an expression of an activation of the inflammatory cascade. If 

this is true, it is in the line of expectation that increased hemopexin activity is associated 

with increased levels of other inflammatory markers and mediators originating from the 

liver such as, for example, CRP. In our study, however, hemopexin activity was not 

associated with hsCRP concentration. Another possible source of increased plasma 

hemopexin activity is the kidney. A study by Kapojos et al
15

 revealed that human 

mesangial cells obtained from normal kidney cortexes stimulated by tumor necrosis 

factor-α (TNF-α) are able to release hemopexin in vitro. This suggests that hemopexin is 

locally produced in the kidney after activation of the inflammatory cascade. It is known 

that interstitial inflammation in the kidney is linked to proteinuria,
16

 which might be an 

explanation for the association between hemopexin and proteinuria. Another possible 

explanation for an association between hemopexin activity and proteinuria comes from a 

study in rats.
17

 Herein, it was shown that hemopexin can act as a toxic protease, leading to 

proteinuria. In another study it was shown that hemopexin infusion in rats induces 

reversible proteinuria.
6
 Furthermore, in humans, the idea for a role of hemopexin in 

proteinuria is supported by a study in children with minimal change nephrotic syndrome, 

in which it was shown that they have higher levels of activated hemopexin than controls.
8
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Finally, a recent study underscores the idea that hemopexin is involved in kidney damage. 

In this study it was shown that hemopexin is involved in the cytoskeleton reorganization of 

human podocytes, and is capable of increasing glomerular permeability by degrading the 

glycocalyx.
7
  

 We found that the change in creatinine clearance per follow up year, expressed as 

percentage of baseline creatinine clearance, was significantly associated with plasma 

hemopexin activity. We also found plasma hemopexin activity to be significantly 

associated with graft failure late after transplantation, independent of CRP and urinary 

protein excretion. High plasma hemopexin activity was also a predictor of graft failure in 

the subcohort without proteinuria. Chronic transplant dysfunction (CTD) is one of the 

leading causes of late graft failure.
2
 The mechanisms of CTD are complex and not fully 

understood, but chronic low grade inflammation is likely to be involved.
2,5

 There are 

several possible explanations for the association of hemopexin activity and graft failure. 

First, high hemopexin activity might reflect ongoing intrarenal alloreactivity with ongoing 

chronic low-grade intrarenal inflammation and progressive damage, ultimately leading to 

graft failure.
5
 Second, the mechanism linking increased hemopexin activity to graft failure 

may lie in proteinuria. Proteinuria is one of the hallmarks of CTD
3,4

 and is linked to 

interstitial inflammation in the kidney.
16

 As said before, human mesengial cells obtained 

from normal kidney cortexes stimulated by TNF-α are able to release hemopexin in vitro.
15

 

Thus, our finding of high hemopexin activity to predict graft failure may be a reflection of 

the release of hemopexin into the circulation by renal mesangial cells in response to 

interstitial inflammation in relation to proteinuria. Importantly, however, we also found 

hemopexin to be at least equally predictive for development of graft failure in RTR 

without proteinuria. An explanation may be that the cascade with interstitial inflammation 

is already fully activated when the amount of protein in urine is still below the upper limit 

of the reabsorption capacity of the tubular epithelial cells. There is recent evidence that 

much more protein is filtered than has previously been thought and that active processing 

by tubular epithelial cells prevents it from appearing in urine.
18-20

 Hemopexin activity will 

then already be elevated in RTR when proteinuria is not yet detectable. In multivariate 

analysis the association of hemopexin activity with graft failure was independent of 

urinary protein excretion, which is in concordance with this line of reasoning. Hemopexin 

is widely known for its function in heme scavenging. It is unlikely that the association of 

high hemopexin activity with graft failure is explained by this. Free iron is known to be 

toxic for kidneys. So, if this would play a role one would have expected low plasma 

hemopexin activity to be associated with increased risk for graft failure rather than high.  

 This study has some limitations. First, the present study is a single center study and 

the predictive value of hemopexin needs to be confirmed in other centra and/or 
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multicenter studies. Also in our study, hemopexin activity was assessed from samples 

taken at one time point in each patient. It would be interesting to investigate in a future 

study whether sequential measurements of hemopexin activity could be used as an even 

earlier marker, and can be used to predict development of proteinuria and rises in plasma 

creatinine. Third, this study includes RTR that were transplanted in multiple 

immunosuppressive eras, and it may be difficult to extrapolate our findings to current 

immunosuppressive regimens. However, immunosuppressive therapy was not significantly 

associated with hemopexin activity and adjustment for immunosuppressive era in the 

multivariate analyses did not materially change the outcomes (data not shown). 

Furthermore, our study only includes stable RTR, some of which have already established 

very stable, long-term graft function.  Future studies have to be performed to investigate 

whether hemopexin, measured in the early post transplant period, also predicts late graft 

failure and mortality. Currently the Banff schema is used for the histologic diagnosis of 

rejection and is based on the histological findings in biopsies and is currently used for the 

histologic diagnosis of rejection.
21

 However, we did not perform biopsies as this is an 

invasive procedure, with risk of complications, including intractable bleeding necessitating 

removal of the graft. An important strength of this study is that follow-up was complete 

for all patients. 

 In conclusion, elevated plasma hemopexin activity predicts graft failure late after 

renal transplantation, independent of hsCRP and urinary protein excretion. These results 

suggest that measurement of hemopexin activity could be of additional value, next to 

measurement of creatinine clearance and proteinuria, for the identification of RTR at risk 

for graft failure. Although the risk associated with high plasma hemopexin activity was 

independent of proteinuria, current evidence suggests that high plasma hemopexin 

activity could be a damaging factor for podocytes, and thus causally involved in 

occurrence of CTD and finally graft failure. Future studies are needed to confirm the 

association of hemopexin activity with higher risk for graft failure and to elucidate not only 

the mechanism underlying the link of hemopexin activity with graft failure late after renal 

transplantation, but also whether interventions aiming at reduction of plasma hemopexin 

activity might be renoprotective. 
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Abstract 

Background 

 Hypoalbuminemia is an established predictor of poor outcome after renal 

transplantation. It is considered to reflect inflammation, poor nutritional status or 

proteinuria. We aimed to explore the roles of high-sensitivity C-reactive protein (hsCRP) 

and urinary protein excretion in prediction of graft failure and mortality by serum albumin 

in renal transplant recipients (RTR). 

Methods and Results 

 We included 605 RTR at a median [interquartile range] time of 6.0 [2.5-11.5] years 

after transplantation for baseline measurements. At baseline, urinary protein excretion 

(β=-0.242, P<0.0001), hsCRP concentration (β=-0.207, P<0.0001), recipient age (β=-0.115, 

P=0.004), living kidney donor (β=0.100, P=0.01) and a history of myocardial infarction (β=-

0.084, P=0.03) were independently related to serum albumin. Prospectively, 94 RTR died 

and 42 suffered graft failure during 5.3 [4.7-5.7] years of follow-up. After adjustment for 

potential confounders, including hsCRP and urinary protein excretion in Cox-regression 

analyses, serum albumin appeared to have an independent inverse association with both 

graft failure [HR=0.34 (95%CI 0.15-0.76) per g/dL, P=0.008] and mortality [HR=0.43 (95%CI 

0.24-0.78) per g/dL, P=0.005], with  significant modification of the effect of serum albumin 

on graft failure by urinary protein excretion (P=0.003), in such a way that an association 

between serum albumin and graft failure was only present in RTR with proteinuria. 

Conclusions 

 Low serum albumin concentrations predict graft failure and mortality in renal 

transplant recipients independent of hsCRP and urinary protein excretion. The effect of 

serum albumin on graft failure is strongly modified by urinary protein excretion, with a 

relation only present in RTR with proteinuria. These results suggest that chronic low-grade 

inflammation is not an important mechanism underlying inverse associations of serum 

albumin with graft failure and mortality, and that proteinuria is the driving force 

underlying the association of low serum albumin with graft failure. 
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INTRODUCTION 

 Hypoalbuminemia is common after renal transplantation.
1,2

 Serum albumin is a 

negative acute phase protein, and hypoalbuminaemia may therefore be reflecting ongoing 

chronic low-grade inflammation.
3,4

 Other potential explanations for hypoalbuminemia are 

poor nutritional status and loss of protein, in particular with proteinuria.
3,4

 Low serum 

albumin has been shown to be a predictor for both graft failure
1,5

 and mortality
2,5-7

 in 

renal transplant recipients (RTR). Mechanisms that have been suggested to underlie this 

association include chronic low-grade inflammation and proteinuria.
2,5

 Both, the 

prototypical marker of the acute phase response C-reactive protein (CRP) and proteinuria 

have also been found to be independent predictors of graft failure  and mortality in RTR.
8-

14
 To date, to the best of our knowledge, it is not known whether prediction of graft failure 

and mortality in RTR by serum albumin is independent of high sensitivity CRP (hsCRP) and 

urinary protein excretion. 

 In this study we aimed to investigate whether a putative association of low serum 

albumin with an increased risk for graft failure and mortality is independent of hsCRP and 

urinary protein excretion. 

 

MATERIALS & METODS 

Study design and patients 

 In this longitudinal prospective study, all RTR who visited our out-patient clinic 

between August 2001 and July 2003 and had a functioning graft for at least 1 year were 

eligible to participate at their next visit to the out-patient clinic. Recipients were asked to 

participate at a later visit to the out-patient clinic if they were ill or had signs of an 

infection. A total of 606 RTR signed written informed consent, from an eligible 847 (72% 

consent rate). The group that did not sign informed consent was comparable with the 

group that signed informed consent with respect to age, sex, body mass index, plasma 

creatinine, creatinine clearance, and proteinuria. Serum albumin concentrations were 

determined in 605 RTR. Further details of this study have been published previously.
14-18

 

The Institutional Review Board approved the study protocol (METc 01/039) which was in 

adherence to the Declaration of Helsinki. Funding resources had neither a role on the 

collection and analysis of data, nor in the submission and publication of the manuscript. 

Outcome events 

 All participating subjects visited the out-patient clinic at least once a year. Information 

on graft failure and mortality was recorded by our renal transplant center and through 

close collaboration with general practitioners as well as referring nephrologists. Graft 

failure was defined as the return to dialysis or re-transplantation and was censored for 
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death. Graft failure and mortality of all RTR were recorded until August 2007. There was 

no loss to follow-up. 

Renal transplant characteristics  

 Relevant transplant characteristics were taken from the Groningen Renal Transplant 

Database. This database holds information on all renal transplantations performed at our 

center since 1968, including dialysis history. Standard immunosuppression consisted of 

the following: from 1968 until 1989, prednisolone and Azathioprine (100 mg/day); from 

January 1989 to February 1993, cyclosporine standard formulation (Sandimmune, 

Novartis; 10 mg/kg; trough levels of 175–200 mg/l in first 3 months, 150 mg/l between 3 

and 12 months post-transplant, and 100 mg/l thereafter) combined with prednisolone 

(starting with 20 mg/day, rapidly tapered to 10 mg/day). From March 1993 to May 1997, 

cyclosporine microemulsion (Neoral; Novartis Pharma b.v., Arnhem, The Netherlands; 10 

mg/kg; trough levels idem) and prednisolone. From May 1997 to date, mycophenolate 

mofetil (Cellcept; Roche b.v., Woerden, The Netherlands; 2 g/day) was added. Current 

medication was extracted from the medical record.  

 Body mass index, waist circumference, body surface area (BSA), and blood pressure 

were measured as described previously.
16

 Smoking status and cardiovascular history were 

recorded with a self-report questionnaire. Cardiovascular disease history was considered 

positive if there was a previous myocardial infarction (MI), transient ischemic attack (TIA) 

or cerebrovascular accident (CVA). 

Baseline laboratory and clinical assessments 

 Blood was drawn after an 8-12h overnight fasting period. Serum albumin was 

determined with a Roche Modular P (Roche diagnostics GmbH, Mannheim, Germany) by 

use of a bromcresol green dye-binding method. hsCRP was determined using in-house 

enzyme-linked immunosorbent assays as described before.
19

 Urinary protein excretion 

was analyzed using the Biuret reaction (MEGA AU 510, Merck Diagnostica, Darmstadt, 

Germany) and proteinuria was defined as urinary protein excretion ≥0.5 g/24hr. High 

sensitivity C-reactive protein (hsCRP) was determined using in-house enzyme-linked 

immunosorbent assays as described before the lowest limit of detection was 0.002 mg/l.
19

  

Total cholesterol was determined using the CHOD PAP method (MEGA AU 510;  Merck 

Diagnostica, Darmstadt, Germany). Low density lipoprotein (LDL) was calculated using the 

Friedewald formula. High density lipoprotein cholesterol (HDLc) was determined using the 

CHOD PAP method on a Technikon RA-1000 (Bayer Diagnostics b.v., Mijdrecht, The 

Netherlands). Plasma glucose was determined by the glucose-oxidase method (YSI 2300 

Stat plus; Yellow Springs, OH, USA). Serum creatinine levels were determined using a 

modified version of the Jaffé method (MEGA AU 510, Merck Diagnostica, Darmstadt, 

Germany). 
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Statistical analyses 

 Analyses were performed with SPSS version 16.0 (SPSS Inc., Chicago, IL) and Sigma Plot 

version 10 (Systat software Inc., Germany). Parametric variables are given as means ± 

standard deviation (SD), whereas non-parametric variables are given as median 

[interquartile range}. Hazard ratio’s (HR) are reported with [95% confidence interval (CI)}. 

A two-sided P-value less than P<0.05 indicated statistical significance.  

 First, in order to investigate which recipient or transplanted-kidney related 

characteristics were associated with albumin concentrations, we analysed these factors 

according to tertiles of serum albumin concentration: 1
st

 tertile: 1.2-3.9 g/dL, 2
nd

 tertile: 

4.0-4.1 g/dL, and 3
rd

 tertile: 4.2-4.9 g/dL. Differences between the tertiles were tested for 

statistical significance with one-way analysis of variance for normally distributed variables, 

Kruskal-Wallis test for skewed distribution, and chi-square test for categorical variables. 

Subsequently, we determined which variables are independently related to serum 

albumin concentrations using backward linear regression analysis. All characteristics with 

a P-value ≤0.1 across tertiles of serum albumin concentration were entered into a 

backward linear regression analysis and removed in successive steps at a threshold of P-

value ≤0.05. Retained variables were considered to be independently related to serum 

albumin concentration.  

 To analyze serum albumin as potential predictor of graft failure and mortality, we first 

performed Kaplan-Meier analyses with a Log Rank test. Cox proportional hazard 

regression was used to estimate the effect of serum albumin on graft failure and 

mortality. In the multivariate analysis, the associations of serum albumin with serum 

albumin mortality were adjusted for recipient age and sex (model 2), for time between 

transplantation and inclusion date and for creatinine clearance (model 3), for hsCRP 

(model 4), for urinary protein excretion (model 5), and finally for other variables 

independently related to serum albumin concentration (model 6).  

 Finally, we investigated whether there was an interaction between serum albumin 

concentration and urinary protein excretion in predicting graft failure and mortality. The 

interactions were tested by entering serum albumin and urinary protein excretion, and 

their product term in Cox-regression analyses as continuous variables. To allow for 

interpretation, HRs were also reported according to tertiles of serum albumin and 

proteinuria (<0.5 g/24hr versus ≥0.5 g/24hr). 

 

RESULTS 

 A total of 605 RTR were analyzed at 6.0 [2.6-11.5] years after transplantation. Serum 

albumin was 4.1 ± 0.3 g/dL. Baseline characteristics according to tertiles of serum albumin 

are shown in table 1. Cross-sectionally, recipient age, waist circumference, systolic blood 

pressure, history of myocardial infarction, diabetes, hsCRP and urinary protein excretion 
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Table 1. Baseline characteristics according to tertiles of serum albumin concentration. 

 Tertiles of albumin 
P-value 

 1
st

 2
nd

 3
rd

 

n (%) 218 (36) 155 (26) 232 (38)  

Albumin (g/dL) 3.7 ± 0.3 4.1 ± 0.1 4.4 ± 0.2  

Recipient demographics     

Age (years) 52.9 ± 12.2 53.3 ± 11.5 48.9 ± 12.1 0.0002 

Male gender, n (%) 113 (52) 85 (55) 133 (57) 0.5 

Body composition measurements     

BMI (kg/m
2
) 26.3 ± 4.5 26.4 ± 4.2 25.6 ± 4.1 0.1 

Waist circumference (cm) 98.5 ± 14.2 97.8 ± 13.2 95.4 ± 13.5 0.04 

Blood pressure     

Systolic pressure (mmHg) 155.9 ± 24.2 152.4 ± 22.3 150.7 ± 21.5 0.04 

Diastolic pressure (mmHg) 90.3 ± 10.1 89.3 ± 10.1 90.0 ± 9.6 0.6 

Use of ACE-inhibitor or AII-antagonist, n (%) 78 (36) 50 (32) 73 (32) 0.6 

Number of antihypertensives 2.0 [1.0+3.0] 2.0 [1.0+3.0] 2.0 [1.0+3.0] 0.3 

Prior history of cardiovascular disease     

MI
a
, n (%) 23 (11) 15 (10) 9 (4) 0.02 

TIA/CVA
b
, n (%) 13 (6) 13 (9) 7 (3) 0.07 

Diabetes     

Glucose (mmol/L) 4.6 [4.1-5.2] 4.6 [4.2-5.1] 4.5 []4.1-4.9] 0.7 

Insuline (µmol/L) 11.4 [7.8-16.3] 10.4 [7.8-16.5] 11.3 [8.5-15.7] 0.6 

Diabetes after transplantation, n (%) 50 (23) 27 (17) 30 (13) 0.02 

Use of antidiabetic drugs (%) 35 (16) 24 (16) 21 (9) 0.06 

CRP (mg/L) 3.5 [1.4-8.2] 2.1 [1.0-4.4] 1.4 [0.6-2.9] 0.002 

     

Donor demographics     

Age (years) 36.3 ± 15.5 38.0 ± 15.2 36.8 ± 15.6 0.6 

Male gender, n (%) 130 (60) 83 (54) 114 (50) 0.1 

Time between transplantation and baseline (years) 7.2 [4.1-12.3] 6.0 [2.2-11.6] 4.6 [2.4-9.5] 0.07 

Renal allograft function      

Serum creatinine concentration (μmol/L) 138 [114-173] 136 [116-169] 129 [106-151] 0.9 

Creatinine clearance (mL/min) 58.0 ± 22.7 60.2 ± 21.2 67.0 ± 22.2 <0.0001 

Proteinuria (g/24hr) 0.7 ± 1.4  0.4 ± 0.5 0.3 ± 0.4 <0.0001 

Urinary protein excretion     

<0.5 g/24hr 138 (64) 112 (72) 434 (72)  

0.5-1.0 g/24hr 42 (19) 33 (21) 113 (19) <0.0001 

>1.0 g/24hr 36 (17) 10 (7) 56 (9)  

Prior dialysis duration (mo) 24.0 [11.8-46.3] 30.0 [16.0-50.0] 29.0 [13.0-50.0] 0.06 

Transplantation type, n (%)     

Postmortem donor 196 (90) 138 (89) 188 (81) 
0.01 

Living donor 22 (10) 17 (11) 44 (19) 

Acute rejection, n (%) 94 (43) 76 (49) 101 (44) 0.5 

Immunosuppresion      

Prednisolone dose, (mg/day) 10.0 [7.5-10.0] 10.0 [7.5-10.0] 10.0 [7.8-10.0] 0.5 

Calcineurine inhibitor, n (%) 175 (80) 120 (77) 179 (77) 0.7 

Proliferation inhibitor, n (%) 146 (67) 116 (75) 186 (80) 0.006 

Values are presented as mean ± standard deviation, median [interquartile range] or percentages. 

Differences between the tertiles were tested for statistical significance with one-way analysis of 

variance for normally distributed variables (log-transformation was applied for variables with a 

skewed distribution), Kruskal-Wallis test for skewed distribution, and chi-square test for categorical 

variables. Abbreviations: (a) MI: myocardial infarction, (b) TIA: Transient Ischemic Attack, and CVA: 

Cerebrovascular Accident.  
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were inversely related to serum albumin, whereas positive associations were present for 

creatinine clearance and use of proliferation inhibitors. The inverse associations of serum 

albumin concentration with hsCRP concentration and urinary protein excretion are 

visualized in figure 1. In a multivariate linear regression analysis, recipient age, 

transplantation with a living donor and a history of myocardial infarction remained 

independently associated with serum albumin concentration in addition to hsCRP and 

urinary protein excretion (table 2).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Scatter-plot of serum albumin concentration versus (A) hsCRP concentration and (B) urinary 

protein excretion. Both associations best fitted a linear model (serum albumin concentration=4.10-

0.15*Log(hsCRP concentration), P<0.0001 and serum albumin concentration= 4.13-0.52*Log(urinary 

protein excretion), P=0.02).  

 

Table 2. Independent associates and determinants of serum albumin concentration.  
Variable Standardized Beta P-value 

Urinary protein excretion (g/24hr) -0.242 <0.0001 

hsCRP concentration (mg/L) -0.207 <0.0001 

Age recipient (years) -0.115 0.004 

Transplantation type (postmortem vs living donor) 0.100 0.01 

Myocardial infarction (no vs yes) -0.084 0.03 

R
2
=0.15 

Variables are listed in order of strength of association according to absolute value of the 

standardized Beta.  

 

 Prospectively, 42 (7%) RTR experienced graft failure and 94 (16%) RTR died during 

follow-up for 5.3 [4.7-5.7] years. Baseline serum albumin at inclusion was significantly 

lower in RTR who developed graft failure during follow-up than in RTR who did not 

develop graft failure (3.9 ± 0.3 g/dL versus 4.4 ± 0.3 g/dL, P<0.0004). RTR who died during 
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follow-up also had significantly lower baseline concentrations of serum albumin than RTR 

who survived during follow up (3.9 ± 0.3 versus 4.1 ± 0.3 g/dL, P<0.0001).  

 In the highest tertile of serum albumin, 8 (3%) RTR experienced graft failure during 

follow up, whereas these numbers were 9 (6%) and 25 (12%) for the middle and lowest 

tertile respectively (Log-Rank test: P=0.001, figure 2A). Corresponding numbers for 

mortality were 19 (8%), 25 (16%), and 50 (23%) (Log-Rank test: P<0.0001, figure 2B).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Kaplan Meier curves for (A) graft survival and (B) recipient survival in tertiles of serum 

albumin concentration. Cut-off points for serum albumin concentration: 1
st

 tertile: 1.2-3.9 g/dL, 2
nd

 

tertile: 4.0-4.1 g/dL, and 3
rd

 tertile: 4.2-4.9 g/dL. 

 

Results of univariate and multivariate Cox regression analyses for graft failure and 

mortality are shown in table 3. Serum albumin was inversely associated with both graft 

failure (HR=0.35, P<0.0001) and mortality (HR=0.39, P<0.0001, table 3, model 1). These 

associations remained significant after adjustment for recipient age and sex (table 3, 

model 2) and subsequent adjustment for creatinine clearance and for time between 

transplantation and inclusion date (table 3, model 3). Further adjustment for hsCRP did 

not affect strength of the association of serum albumin with graft failure, whereas it 

slightly weakened the association with mortality (table 3, model 4). After adjustment for 

proteinuria the association of serum albumin with graft failure lost strength, but remained 

significant (table 3, model 5). Adjustment for proteinuria did not materially change the 

strength of the association between serum albumin and mortality (table 3, model 5). Final 

adjustment for the other variables independently related to serum albumin did not 
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materially change the strength of the associations of serum albumin with graft failure and 

mortality (table 3, model 6). 

 

Table 3. Univariate and multivariate Cox regression analyses for late graft failure and mortality in 

RTR. 
 Late graft failure  Mortality 

 HR [95% CI] P-value  HR [95% CI] P-value 

Model 1 0.35 [0.22-0.58] <0.0001  0.39 [0.27-0.56] <0.0001 

Model 2 0.36 [0.23-0.58] <0.0001  0.36 [0.23-0.56] <0.0001 

Model 3 0.27 [0.14-0.51] <0.0001  0.39 [0.23-0.66] <0.0005 

Model 4 0.27 [0.14-0.50] <0.0001  0.41 [0.23-0.71] 0.001 

Model 5  0.36 [0.17-0.77] 0.009  0.43 [0.24-0.77] 0.005 

Model 6  0.34 [0.15-0.76] 0.008  0.43 [0.24-0.78] 0.005 

Serum albumin concentration was entered as the dependent variable in univariate and multivariate 

analyses. 

Model 1: Crude model. 

Model 2: Model 1 + adjustments for recipient age and sex.. 

Model 3: Model 2 + adjustments for creatinine clearance and time between transplantation and 

baseline. 

Model 4: Model 3 + adjustments for hsCRP concentration. 

Model 5: model 4 + adjustment for urinary protein excretion. 

Model 6: model 5 + adjustment for the other independent associates and determinants of serum 

albumin concentration. 

 

 We found significant interaction between serum albumin and urinary protein 

excretion (P=0.003) for prediction of graft failure. There was no significant interaction 

between serum albumin and urinary protein excretion (P=0.2) for prediction of mortality. 

Results of Cox regression analyses for prediction of (A) graft failure and (B) mortality by 

tertiles of serum albumin stratified for urinary protein excretion (<0.5 g/24hr versus ≥0.5 

g/24hr) are shown in figure 3. It is clear that the interaction between serum albumin and 

proteinuria for prediction of graft failure is dictated by proteinuria: without proteinuria 

there is no association between serum albumin and graft failure. Only in the subgroup 

with proteinuria there was an increase in risk with decreasing serum albumin 

concentrations. RTR with intermediate concentration of serum albumin and proteinuria 

(HR=5.7, P<0.005) and RTR with low concentration of serum albumin and with proteinuria 

(HR=13.5, P<0.0001) were at significantly increased risk for graft failure compared to the 

reference group. This can not be explained by very different serum albumin 

concentrations over tertiles of serum in albumin in nonproteinuric versus proteinuric RTR: 

in non-proteinuric RTR, mean ± SD concentrations of serum albumin over increasing 

tertiles of serum albumin were 3.8 ± 0.3, 4.1 ± 0.1 and 4.4 ± 0.2 g/dL respectively, while 

these were 3.7 ± 0.3, 4.1 ± 0.1 and 4.4 ± 0.2 g/dL respectively over increasing tertiles of 

serum albumin for proteinuric RTR. It is evident that there was no interaction between 

serum albumin and urinary protein excretion for prediction of mortality. RTR with low 
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concentrations of serum albumin without proteinuria (HR=2.7, P<0.005), RTR with 

intermediate concentrations of serum albumin with proteinuria (HR=2.8, P<0.05), and RTR 

with low concentrations of serum albumin with proteinuria (HR=3.9, P<0.0001) were at 

increased risk for mortality compared to the reference group.  

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Interactions between tertiles of serum albumin concentrations and urinary protein 

excretion (<0.5 g/24 hr and ≥0.5 g/24 hr) on the risk of (A) graft failure and (B) mortality on the risk 

of mortality. RTR with high serum albumin concentration and without proteinuria were regarded as 

reference group. *P less than 0.05, **P less than 0.005, and ***P less than 0.0001 compared to RTR 

with high serum albumin concentration and low urinary protein concentration. 

 

Discussion 
 In the cross-sectional part of this study, we found independent inverse associations of 

serum albumin with hsCRP and urinary protein excretion. Prospectively, we found that 

RTR with low serum albumin concentrations at baseline are at increased risk for graft 

failure and mortality during follow-up. Despite the cross-sectional associations of serum 

albumin with hsCRP and urinary protein excretion at baseline, the association of serum 

albumin with graft failure was not explained by hsCRP, while the association of serum 

albumin with mortality was explained by hsCRP only to a very small extent (change in 

hazard ratio from 0.39 to 0.41). Importantly, we found that the association between 

serum albumin and graft failure was only present in RTR with proteinuria, indicating that 

in RTR not low serum albumin itself is a risk factor for graft failure. More likely, in these 

patients low serum albumin reflects severity of proteinuria. For mortality, the impact of 

serum albumin was similar in RTR with and without proteinuria. 

 We found urinary protein excretion, hsCRP concentration, recipient age, 

transplantation with a living donor and a history of myocardial infarction to have 

independent inverse associations with serum albumin concentration. The independent 
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association of recipient age and urinary protein excretion with serum albumin in RTR has 

been shown before.
2
 The same is true for the cross-sectional association between serum 

albumin and a history of myocardial infarction.
20,21

 To the best of our knowledge, our 

study is the first to investigate the potential existence of an inverse association between 

serum albumin and hsCRP in RTR. The inverse association that we found extends 

observations of such a relationship in other, including patients with end-stage renal 

disease.
22,23

 Albumin is a negative acute-phase protein and its synthesis is suppressed 

during inflammation, regardless of nutritional status,
24

 which could be the explanation of 

the observed association between serum albumin and hsCRP. Apart from chronic low-

grade inflammation and loss with urinary protein excretion, malnutrition may, however, 

also play an important role in low albumin concentrations in RTR. Unfortunately, it is very 

difficult to adequately assess nutritional status, but it is quite conceivable that nutritional 

status plays a role in our finding that transplantation with a kidney from a living donor is 

independently, positively associated with serum albumin. 

 Our finding of an association of serum albumin with development of graft failure 

during follow-up after renal transplantation is consistent with existing literature.
1,5

 Massy 

et al,
1
 found that serum albumin (HR equivalent to 0.20 for each g/dL, P<0.0005) was an 

independent predictor of graft failure. This finding was confirmed by Moore et al
5
 who 

found that serum albumin was an independent predictor of graft failure (HR in 

multivariate analysis equivalent to 0.54 for each g/L, P<0.001). In these studies, potential 

interaction between serum albumin and urinary protein excretion was not investigated. 

We found significant interaction between serum albumin concentration and urinary 

protein excretion in predicting graft failure. The interaction between serum albumin and 

proteinuria appeared consistent with absence of an association between serum albumin 

and graft failure in the absence of proteinuria and a very strong association in the 

presence of proteinuria. This observation suggests that low albumin concentrations are 

not a risk factor for graft failure by themselves. Rather, it is strongly suggestive that 

proteinuria is involved. One reason may be that severity of proteinuria in some RTR is 

underestimated as a consequence of errors in collecting 24h urine samples. It is well-

known that 24h urine collection is prone to collection errors.
25-28

 Another reason may be 

that low albumin concentrations in the presence of proteinuria are an indication of 

detrimental effects or urinary loss of peptides undetected by urinary protein assays as a 

consequence of tubular processing.
29-31

 

Our finding of an inverse association between serum albumin and mortality in RTR is 

consistent with existing literature.
2
 Guijarro et al were the first to show that low serum 

albumin was an independent risk factor for mortality (RR=0.26 for each g/dL). This finding 

was subsequently corroborated by several other studies.
5-7

 To the best of our knowledge, 

our study is the first to investigate whether serum albumin in RTR is a independent 
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predictor of mortality independent of hsCRP. Despite the baseline association between 

serum albumin and hsCRP, the association of serum albumin with mortality weakened 

only to a very little extent after correction for hsCRP. Many studies have suggested that 

chronic low-grade inflammation is likely to be one of the mechanisms underlying the 

association of low serum albumin with increased risk for mortality.
2,5

 Our finding suggests 

that either chronic low-grade inflammation should be measured by other markers or that 

other mechanisms are involved. Effects of proteinuria are also unlikely to be involved in 

the association of serum albumin with mortality, because the association is also 

independent of urinary protein excretion. One other possibility would be malnutrition. It 

has been reported that malnutrition occurs in 15-20% of the RTR.
4,32

 In dialysis patients, 

malnutrition as partly reflected by low albumin concentrations, is a powerful risk factor for 

morbidity and mortality.
33-35

 Because virtually all RTR are treated with corticosteroids, 

decreased synthesis and increased catabolism of albumin secondary to the use of 

corticosteroids could also play a role.
36

 

 This study has some limitations. First, the present study is a single center study, so 

differences in outcomes between centers, like has been done in other studies,
6
 could not 

be evaluated. Another point is that baseline samples for our study were collected from 

2001 to 2003, so results could be different if a current cohort would be sampled. 

However, to allow for evaluation of effects on graft failure and mortality, follow-up 

beyond a certain baseline is required, necessitating analyses to be performed in RTR that 

have been investigated in the past. Another limitation is that we have no repeated 

measurements of albumin concentrations. Most epidemiological studies use a single 

baseline measurement to predict outcomes, which adversely affects predictive properties 

of variables associated with outcomes. If intra-individual variability of predictive 

parameters is taken into account, this results in much stronger relations with 

outcomes.
37,38

 An important strength of this study is that there was no loss to follow-up. 

 In conclusion, low serum albumin late after renal transplantation is a predictor of 

graft failure and mortality, independent of hsCRP and urinary protein excretion. The effect 

of serum albumin on graft failure was strongly modified by urinary protein excretion, 

suggesting that low serum albumin itself is not involved in decline of renal function, but 

urinary protein excretion, with low serum albumin one way or another reflecting 

damaging effect of proteinuria on the transplanted kidney. Our findings also suggests that 

malnutrition might be an important pathway linking serum albumin to mortality. Future 

studies are needed to investigate whether nutritional and non-nutritional interventions 

can improve serum albumin concentration among RTR, and whether an improvement in 

serum albumin can lead to reduced mortality. 
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Abstract 

Background 

 Proteinuria is associated with endothelial dysfunction (ED) and increased mortality. 

We investigated whether urinary protein excretion (UPE) is correlated with markers of ED 

and whether these markers affect the association of proteinuria with mortality in renal 

transplant recipients (RTR). 

Methods 

 Six hundred four RTR with a functioning graft for more than 1 year were included. RTR  

were divided according to UPE: less than 0.3, 0.3 to 1.0, and more than 1.0 g/24hr. Soluble 

intercellular adhesion molecule type 1 (sICAM-1) and soluble vascular cellular adhesion 

molecule type 1 (sVCAM-1) were measured using ELISA.  

Results 

 UPE (0.2 [0.0–0.5] g/24 hr), sICAM-1 (603 (514 –721) ng/mL), and sVCAM-1 (952 [769-

1196] ng/mL) were measured at 6.0 (2.6–11.4) years posttransplant. During follow-up for 

5.3 (4.7–5.7) years, 94 (16%) RTR died. UPE was correlated with sVCAM-1 (standardized 

β=0.13, P=0.001) but not with sICAM-1 (standardized β=0.04, P=0.3). RTR with UPE more 

than 1.0 g/24 hr and high sICAM-1 (hazard ratio=4.7, 95% confidence interval 2.3–9.7, 

P<0.0001) or sVCAM-1 (hazard ratio=4.2, 95% confidence interval 2.0–8.6, P=0.0001) 

concentrations were at increased risk for death, whereas RTR with UPE more than 1.0 

g/24 hr and low concentrations of sICAM-1 and sVCAM-1 were not. 

Conclusions 

 In RTR, UPE is correlated with sVCAM-1 but not with sICAM-1. Furthermore, RTR with 

proteinuria and high concentrations of sICAM-1 or sVCAM-1 have an increased risk for 

death, compared with RTR without proteinuria, whereas this is not the case in RTR with 

proteinuria but low concentrations of sICAM-1 and sVCAM-1. These results suggest that 

ED plays a role in the association of proteinuria with mortality after renal transplantation. 
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INTRODUCTION 

 Proteinuria is an established predictor of mortality, in particular cardiovascular 

mortality, not only in patients with diabetes and hypertension, but also in the normal 

population without overt renal disease.
1-6

 The association of proteinuria with endothelial 

dysfunction (ED) is considered to be a mechanism underlying the elevated mortality in 

proteinuria.
7-9

 

 Proteinuria is not limited to native kidney disorders, but also develops in up to 30% of 

all long-term renal transplant recipients (RTR) where it can be due to renal diseases such 

as de novo glomerulonephritis, allograft glomerulopathy, and chronic rejection.
10-13

 It has 

been shown that proteinuria is a predictor for mortality in RTR as well.
14,15

 Cardiovascular 

mortality is the main cause of death in RTR,
16,17

 and ED might be an important early 

phenotype. However, whether ED is involved in the prognostic impact of proteinuria in 

RTR is unknown, as, first, it is unknown whether transplant proteinuria is associated with 

markers of ED, and, second, no data are available on the possible dependency of the 

prognostic impact of proteinuria in RTR on presence of markers of ED.  

 In the current study we investigated whether urinary protein excretion (UPE) is 

associated with markers of ED after renal transplantation and whether markers of ED 

affect the association of proteinuria with increased risk for mortality in RTR. 

 

MATERIALS AND METHODS 

Research design and subject 

 In this prospective cohort study, all RTR who visited our out-patient clinic between 

August 2001 and July 2003 and had a functioning graft for at least 1 year were eligible to 

participate at their next visit to the out-patient clinic. Recipients were asked to participate 

at a later visit to the out-patient clinic if they were ill or had signs of an infection. A total of 

606 RTR signed written informed consent, from an eligible 847 (72% consent rate). The 

group that did not sign informed consent was comparable with the group that signed 

informed consent with respect to age, sex, body mass index (BMI), serum creatinine, 

creatinine clearance, and proteinuria. At inclusion, proteinuria was not determined in two 

RTR, leaving 604 RTR for analyses. Further details of this study have been published 

previously.
18

 The Institutional Review Board approved the study protocol (METc 01/039) 

which was in adherence to the Declaration of Helsinki. 

 Outcome events 

 All participating subjects visit the out-patient clinic at least once a year. Information 

on mortality is recorded by our renal transplant center through close contact with general 

practitioners and referring nephrologists. Mortality of all RTR were recorded until August 

2007. There was no loss to follow-up. 
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Renal transplant characteristics  

 Relevant transplant characteristics were taken from the Groningen Renal Transplant 

Database. This database holds information on all renal transplantations performed at our 

center since 1968, including dialysis history. Standard immunosuppressive treatment and 

current medication were described previously.
18

 BMI, waist circumference, and blood 

pressure were measured as described previously.
18

 Smoking status and cardiovascular 

history were recorded with a self-report questionnaire. Cardiovascular disease history was 

considered positive if there was a previous myocardial infarction (MI), transient ischemic 

attack (TIA) or cerebrovascular accident (CVA). 

Laboratory and clinical assessments 

 Plasma soluble intercellular adhesion molecule type 1 (sICAM-1) and plasma soluble 

vascular cellular adhesion molecule type 1 (sVCAM-1) concentrations were measured as 

markers of ED
19

 by enzyme-linked immunosorbent assay (ELISA) kits (Diaclone Research, 

Besanc¸ on, France). High sensitivity C-reactive protein (CRP) concentrations were 

determined using in-house enzyme-linked immunosorbent assays.  Total cholesterol was 

determined using the CHOD PAP method (MEGA AU 510; Merck Diagnostica, Darmstadt, 

Germany). Low density lipoprotein (LDL) was calculated using the Friedewald formula. 

High density lipoprotein cholesterol (HDLc) was determined using the CHOD PAP method 

on a Technikon RA-1000 (Bayer Diagnostics b.v., Mijdrecht, The Netherlands). Plasma 

glucose was determined by the glucose-oxidase method (YSI 2300 Stat plus; Yellow 

Springs, OH, USA). Plasma creatinine concentrations were determined using a modified 

version of the Jaffé method (MEGA AU 510, Merck Diagnostica, Darmstadt, Germany). 

Total protein concentration was analyzed using the Biuret reaction (MEGA AU 510, Merck 

Diagnostica, Darmstadt, Germany).  

Statistical analyses 

 Analyses were performed with SPSS version 14.0 (SPSS Inc., Chicago, IL) and Sigma Plot 

version 10 (Systat software Inc., Germany). Parametric parameters are given as means ± 

standard deviation (SD), whereas non-parametric parameters are given as 

median[interquartile range]. Hazard ratio’s (HR) are reported with [95% confidence 

interval (CI)]. A two-sided P-value less than P<0.05 indicated statistical significance. For 

interaction terms, two-sided P-values <0.10 were considered to indicated statistical 

significance. 

  Baseline characteristics are shown according to subgroups of UPE: (1) <0.3 g/24hr, (2) 

0.3-1.0 g/24hr, and (3) >1.0 g/24hr. Relationships between UPE and baseline 

characteristics were investigated by Pearson chi-square analyses for percentages and by 

univariate linear regression analyses for UPE versus baseline characteristics with a 

continuous distribution (log-transformation was applied for variables with a skewed 
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distribution). Potential correlations of UPE with markers of ED were explored using 

scatter-plots. Statistical significance was tested using linear regression analyses. 

 To analyze proteinuria as potential predictor of mortality, we first performed Kaplan-

Meier analyses with a Log-Rank test. Predictive performance of individual parameters for 

mortality was assessed by determining area under the curve (AUC) of receiver operating 

characteristic (ROC) curves. Statistical differences between AUCs were compared 

nonparametrically by the method of DeLong et al
20

 Cox-proportional hazard regression 

was used to estimate the effect of UPE and concentrations of adhesion molecules on 

mortality. In the multivariate analysis the associations of UPE and concentrations of 

adhesion molecules with mortality were adjusted for time between transplantation and 

inclusion date and creatinine clearance (Model 2), subsequently for recipient age and sex 

(Model 3), and for risk factors for atherosclerosis: systolic blood pressure, smoking, 

myocardial infarction, cerebrovascular attack, concentration of triglycerides, HDL, and 

LDL, concentrations of glucose and insulin, percentage HBA1c, and diabetes mellitus 

(Model 4). In addition, the association of UPE with mortality and the associations of 

concentrations of adhesion molecules with mortality were adjusted for each other (Model 

5). 

 Finally, we investigated whether there was an interaction between proteinuria and 

concentrations of sICAM-1 and sVCAM-1 in predicting mortality. The interactions were 

tested by entering proteinuria, concentrations of sICAM-1 or sVCAM-1, and their product 

term in Cox-regression analyses as continuous variables. To visualize this, HRs were 

reported according to subgroups of proteinuria and dichotomized concentrations of 

sICAM-1 and sVCAM-1. 

 

RESULTS 

 Baseline characteristics according to subgroups of UPE (<0.3 g/24hr, 0.3-1.0 g/24hr, 

and >1.0 g/24hr) are shown in table 1. A total of 604 RTR (55% male, aged 51.4±12.1 

years, 86% cadaveric transplants) were analyzed. Median [interquartile range] sICAM-1 

concentration was 603 [515-720] ng/mL and median sVCAM-1 concentration was 952 

[769-1196] ng/mL. Median UPE was 0.2 [0.0-0.5] g/24hr. Median time between 

transplantation and inclusion date was 6.0 [2.6-11.4] years. The prevalence of male RTR 

was significantly higher in the proteinuric subgroup with UPE 0.3-1.0g/24hr than in the 

non-proteinuric subgroup with UPE <0.3 g/24h and in the proteinuric subgroup with UPE 

>1.0 g/24h. With increasing amount of UPE, RTR were more often smoker, had higher 

systolic and diastolic blood pressure, had lower concentrations of HDL-c, higher 

concentrations of triglycerides, higher concentrations of sVCAM-1, higher concentrations 
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of CRP, higher concentrations of serum creatinine, lower creatinine clearance and more 

often a history of acute rejection.  

 
Table 1. Baseline characteristics according to subgroups of UPE.  

 UPE 
P-value 

 <0.3g/24hr 0.3-1.0g/24hr >1.0g/24hr 

n (%) 320 (53) 228 (38) 56 (9)  

Recipient demographics     

Age (years) 51.6 ± 12.4 51.8 ± 11.5 48.8 ± 13.0 0.2 

Male sex, n (%) 153 (48) 147 (65) 30 (54) 0.0006 

Body composition      

BMI (kg/m
2
) 26.0 ± 4.4 26.0 ± 4.1 26.1 ± 4.7 1.0 

Waist circumference (cm) 96.1 ± 13.9 98.4 ± 13.4 97.7 ± 14.2 0.2 

Smoking, n (%) 59 (18) 56 (25) 18 (32) 0.04 

Blood pressure     

Systolic pressure (mmHg) 150 ± 22.3 155 ± 22.9 160 ± 22.6 0.001 

Diastolic pressure (mmHg) 88.7 ± 9.8 90.8 ± 9.8 92.8 ± 9.7 0.003 

Use of ACE-inhibitor or AII-antagonist, n (%) 97 (30) 78 (34) 26 (46) 0.06 

Use of β-blocker, n (%) 184 (58) 148 (65) 40 (71) 0.06 

History of cardiovascular disease     

MI, n (%) 24 (8) 22 (10) 2 (4) 0.3 

TIA/CVA, n (%) 19 (6) 10 (4) 4 (7) 0.6 

Lipids     

Total cholesterol (mmol/L) 5.6 [5.0-6.1] 5.6 [4.8-6.3] 5.7 [4.8-6.6] 0.9 

LDL (mmol/L) 3.5 [2.9-4.0] 3.5 [2.9-4.1] 3.6 [2.9-4.3] 0.8 

HDL-c (mmol/L) 1.1 [0.9-1.3] 1.0 [0.9-1.3] 1.0 [0.8-1.3] 0.009 

Triglycerides (mmol/L) 1.8 [1.3-2.5] 2.0 [1.5-2.8] 2.1 [1.4-3.1] 0.03 

Use of statin at inclusion, n (%) 160 (50) 114 (50) 25 (45) 0.7 

Glucose homeostasis     

Glucose (mmol/L) 4.5 [4.1-5.0] 4.6 [4.2-5.1] 4.5 [4.0-5.1] 0.3 

Insulin (µmol/L) 10.7 [7.8-16.1] 11.6 [8.1-15.8] 11.9 [8.0-18.5] 0.6 

Diabetes after transplantation, n (%) 58 (18) 38 (17) 10 (18) 0.9 

Use of antidiabetic drugs (%) 45 (14) 28 (12) 6 (11) 0.7 

Endothelial function parameters     

sICAM-1 (ng/mL)  603 [510-712] 597 [526-721] 637 [504-787] 0.3 

sVCAM-1 (ng/mL) 922 [765-1161] 946 [755-1235] 1124 [913-1330] 0.001 

CRP (mg/L) 1.8 [0.8-4.6] 2.3 [1.0-4.8] 2.9 [0.7-7.1] 0.02 

Time after transplantation (years) 10.3 [7.1-15.9]  10.7 [7.0-15.8] 10.4 [7.6-15.0] 0.6 

Donor demographics     

Age (years) 35.4 ± 15.1 39.3 ± 15.2 36.8 ± 17.0 0.01 

Male sex, n (%) 173 (55) 126 (55) 28 (50) 0.8 

Renal allograft function      

Serum creatinine concentration (μmol/L) 126 [103-150] 141 [120-175] 175 [130-251] <0.0001 

Creatinine clearance (mL/min) 65.7 ± 21.4 59.7 ± 21.3 49.9 ± 27.4 <0.0001 

UPE (g/24hr) 0.0 [0.0-0.4] 0.4 [0.3-0.6] 1.7 [1.3-2.7] <0.0001 

Prior dialysis duration (mo) 29.0 [13.0-50.0] 26.0 [14.0-47.0] 24.5 [10.3-39.8] 0.2 

Transplantation type, n (%)     

Cadaveric donor 270 (84) 204 (89) 47 (84) 0.2 

Living donor 50 (16) 24 (11) 9 (16)  

Ischemia times     

Cold ischemia times (hr) 22.0 [14.0-27.0] 22.0 [16.0-27.0] 20.0 [14.0-26.5] 0.4 

Warm ischemia times (min) 35.0 [30.0-45.0] 35.0 [30.0-45.0] 37.0 [30.3-45.8] 1.0 

HLA mismatches, n     

HLA-AB 1.3 ± 1.0 1.3 ± 1.0 1.3 ± 1.2 0.9 

HLA-DR 0.4 ± 0.6 0.4 ± 0.6 0.4 ± 0.6 0.9 
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Table 1 continued 
 UPE 

P-value 
 <0.3g/24hr 0.3-1.0g/24hr >1.0g/24hr 

Acute rejection, n (%) 129 (40) 110 (48) 32 (57) 0.03 

Acute rejection treatment, n (%)     

High doses corticosteroids 89 (28) 78 (34) 20 (36) 
0.09 

Antilymphocyte antibodies 40 (13) 32 (14) 12 (21) 

Immunosuppresion     

Prednisolone dose, (mg/day) 10.0 [7.5-10.0] 10.0 [8.8-10.0] 10.0 [10.0-10.0] 0.1 

Calcineurine inhibitor, n (%) 258 (81) 178 (78) 37 (66) 0.05 

Values are presented as mean ± SD, median [interquartile range] or percentages. Relationships 

between UPE and baseline characteristics were investigated by Pearson χ
2
 analyses for percentages 

and by univariate linear regression analyses for UPE versus baseline characteristics with a continuous 

distribution (log-transformation was applied for variables with a skewed distribution). 

BMI, body mass index; ACE, angiotensin-converting enzyme; LDL, low-density lipoprotein; HDL, high-

density lipoprotein; MI, myocardial infarction; TIA, transient ischemic attack; CVA, cerebrovascular 

accident; HLA, human leukocyte antigen; sICAM, soluble intercellular adhesion molecule type 1; 

sVCAM, soluble vascular cellular adhesion molecule type 1; CRP, C-reactive protein. 

 

 Correlations of UPE with sICAM-1 and sVCAM-1 are shown in figures 1A and 1B 

respectively. UPE was not significantly correlated with sICAM-1 (standardized β=0.04, 

P=0.3), while UPE was significantly correlated with sVCAM-1 (standardized β=0.13, 

P=0.001). 

 A total of 94 (16%) RTR died during median follow up for 5.3 [4.7-5.7] years. UPE in 

RTR who stayed alive during follow up was lower compared to UPE in RTR that died (0.2 

[0.0-0.5] g/24hr versus 0.3 [0.2-0.8] g/24h, P<0.01). In the non-proteinuric subgroup of 

RTR with UPE <0.3 g/24hr 39 (12%) RTR died, whereas 39 (17%) and 16 (29%) RTR died in 

the proteinuric subgroups of RTR with UPE 0.3-1.0 g/24hr and >1.0 g/24hr respectively 

(Log-Rank test: P=0.002). 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Scatter-plots of proteinuria versus (A) sICAM-1 and (B) cVCAM-1 concentrations. 

Significance was tested using linear regression analyses. 
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 ROC analysis of the prediction of mortality revealed a mean (SE) AUC of 0.58 (0.03) for 

sICAM-1, 0.64 (0.03) for sVCAM-1, 0.57 (0.04) for serum creatinine concentration, 0.60 

(0.03) for UPE, and 0.67 (0.03) for creatinine clearance. The AUCs of serum creatinine and 

sICAM-1 were significantly lower (both P<0.05) than the AUC of creatinine clearance. No 

statistically significant differences were found for comparisons of predictive performance 

of other pairs of parameters (P>0.2 for the other comparisons). 

 Table 2 shows the univariate and multivariate Cox regression analyses for mortality in 

RTR.  

 
Table 2. Univariate and multivariate Cox regression analyses for mortality in RTR. 

 
2
log sICAM-1  

2
log sVCAM-1  

2
log UPE 

 HR [95% CI] P-value  HR [95% CI] P-value  HR [95% CI] P-value 

Model 1 2.2 [1.4-3.4] 0.001  2.6 [1.8-3.7] <0.0001  1.7 [1.3-2.3] 0.0003 

Model 2 1.8 [1.2-2.8] 0.008  2.5 [1.7-3.6] <0.0001  2.0 [1.5-2.6] <0.0001 

Model 3 1.9 [1.2-3.0] 0.005  2.0 [1.4-3.0] 0.0005  1.5 [1.1-2.1] 0.009 

Model 4 1.7 [1.0-2.7] 0.04  1.9 [1.3-2.9] 0.003  1.6 [1.1-2.2] 0.02 

Model 5 1.7 [1.1-2.8] 0.02  1.9 [1.3-3.0] 0.003  1.6 [1.1-2.3] 0.01 

Model 1: crude model 

Model 2: adjustment for recipient age and sex 

Model 3: Model 2 + additional adjustment for time between transplantation and inclusion date and 

creatinine clearance 

Model 4: Model 3 + additional adjustment for systolic blood pressure, smoking, MI/CVA/TIA, 

concentration triglycerides, HDL, and LDL, fasting concentration glucose and insulin, percentage 

HBA1c, and diabetes mellitus 

Model 5: Model 4 + additional adjustment for 

• UPE in case of sICAM-1 

• UPE in case of sVCAM-1 

• sICAM-1 and sVCAM-1 in case of UPE 

sICAM-1, sVCAM-1, and urinary protein excretion were entered in the regression analyses as 
2
log 

transformed variables in all analyses. 

sICAM-1, soluble intercellular adhesion molecule type 1; sVCAM-1, soluble vascular cellular adhesion 

molecule type 1;UPE, urinary protein excretion; HR, hazard ratio; CI, confidence interval. 

 

 Two-fold increases in sICAM-1, sVCAM-1 and UPE were associated with hazard ratios 

(HRs) of 2.2 (95% CI 1.4-3.4, P=0.001), 2.6 (95% CI 1.8-3.7, P<0.0001), and 1.7 (95% CI 1.3-

2.3, P=0.0003) respectively for the prediction of all-cause mortality (table 2, Model 1). 

Adjustment for recipient age and sex and further adjustment for time between 

transplantation and inclusion date and creatinine clearance (table 2, Model 2 and 3) did 

not materially change these results. Finally, the associations were adjusted for 

atherosclerotic risk factors: systolic blood pressure, smoking, myocardial infarction, 

cerebrovascular attack, concentration of triglycerides, HDL, and LDL, concentrations of 

glucose and insulin, percentage HBA1c, and diabetes mellitus. After this adjustment, two-

fold increases in sICAM-1, sVCAM-1 and UPE were associated with HRs of 1.7 (95% CI 1.0-
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2.7, P=0.04), 1.9 (95% CI 1.3-2.9, P=0.003), and 1.6 (95% CI 1.1-2.2, P=0.01) respectively 

for prediction of all-cause mortality (table 2, Model 4). Further adjustment of the 

association of sICAM-1 and sVCAM-1 with mortality for UPE and of the association of UPE 

with mortality for sICAM-1 and sVCAM-1 did not materially change these results (table 2, 

Model 5). 

 To investigate whether there was an interaction between proteinuria and 

concentrations of sICAM-1 and sVCAM-1 in predicting mortality, the interactions were 

tested by entering UPE, concentrations of sICAM-1 or sVCAM-1, and their product term in 

Cox-regression analyses as continuous variables. We found a significant interaction 

between UPE and concentration of sICAM-1 (P=0.04) for prediction of mortality and a 

borderline significant interaction between UPE and concentration of sVCAM-1 (P=0.1). 

 Figure 2 shows the results of the Cox regression analysis for the interaction of UPE 

with (a) sICAM-1 and (b) sVCAM-1. sICAM-1 (≤603 and >603 ng/mL) and sVCAM-1 (≤951 

and >951 ng/mL) concentrations were dichotomized for these analyses.  

   

 

 

 

 

 

 

 

 

 
 

 

 

Figure 2. Interactions between UPE (<0.3 g/24hr, 0.3-1.0 g/24hr, and >1.0 g/24hr) and dichotomized 

concentrations of (A) sICAM-1 and (B) sVCAM-1 on the risk of mortality. Numbers in the bars 

represent the hazard ratio for mortality. * P<0.005 and ** P<0.001 compared to non-proteinuric RTR 

with UPE <0.3 g/24hr and low concentrations of sICAM-1 or sVCAM-1.  

 

 RTR with UPE >1.0 g/24hr and high concentration of sICAM-1 or sVCAM-1 were at 

highest risk for death (HR 4.7, 95% CI 2.3-9.7, P<0.0001 and HR 4.2, 95% CI 2.0-8.6, 

P=0.0001, respectively) compared to subjects without proteinuria (UPE <0.3 g/24hr) and 

low concentrations of sICAM-1 or sVCAM-1 (which were considered reference groups, 

with HRs of 1.0 by definition). RTR with UPE 0.3-1.0 g/24hr and high concentrations of 

sVCAM-1 also had an increased risk for death (HR=2.5, 95% CI 1.4-4.6, P=0.003) compared 
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to the non-proteinuric reference group. RTR in the other subgroups did not have an 

increased risk for death. Importantly, RTR with UPE >1.0 g/24hr and low concentrations of 

markers of ED did not have a significantly increased risk for mortality. Additional 

adjustment for time between transplantation and inclusion date and creatinine clearance 

and further adjustment for recipient age and sex did not materially change these results. 

 

DISCUSSION 

 This study shows that UPE and high concentrations of sICAM-1 and sVCAM-1 predict 

mortality late after renal transplantation, independent of risk factors for atherosclerosis. 

RTR with proteinuria and high concentrations of sICAM-1 or sVCAM-1 appear to be at 

highest risk for death. 

 One-year graft survival after renal transplantation has steadily improved from 

approximately 40% in the 1970’s to more than 90% nowadays.
21,22

 Long-term graft 

survival, however, has not paralleled this improvement. Approximately half of all 

cadaveric renal allografts are still lost within 10-12 years after transplantation.
23

 One of 

the major causes of late allograft loss is death, mainly due to cardiovascular disease which 

is mostly a consequence of atherosclerosis.
16

 In this study we showed that UPE predicts 

all-cause mortality in RTR independent of risk factors for atherosclerosis and markers of 

ED. The observation that UPE is a risk factor for all-cause mortality is in accordance with 

other studies.
14,15

 Roodnat et al,
14

 showed that RTR with proteinuria defined as >0.2 g/L 

had an increased risk (HR=2.0) for death compared to non-proteinuric RTR. This was 

consistent with a report of Fernandez-Fresnedo et al,
15

 who found an increased risk for 

recipient death (HR=1.9) in proteinuric RTR (UPE >0.5g/day) compared to non-proteinuric 

RTR. Our study extends these findings, because we adjusted for risk factors for 

atherosclerosis and included data on endothelial function.  

 To our knowledge, our study shows for the first time that concentrations of sICAM-1 

and sVCAM-1 are associated with increased mortality in RTR, even after adjustment for 

other risk factors for atherosclerosis. The main cause of mortality after renal 

transplantation is cardiovascular disease which is mostly a consequence of 

atherosclerosis.
16

 Both sICAM-1 and sVCAM-1 are considered markers of ED
19

because they 

play a significant role in the development of atherosclerosis by facilitating the firm 

attachment of leukocytes and their migration into the arterial wall.
24

 Studies in subjects of 

the general population and in patients with type 1 diabetes and end-stage renal disease 

indeed found that high serum concentrations of adhesion molecules predict future 

cardiovascular events and all-cause mortality.
25-28

  

 Several studies have shown that proteinuria predicts mortality, due to cardiovascular 

disease in particular, in patients with diabetes mellitus and in the general population.
1-6

 

Stroes et al
7
 have shown that proteinuria in the nephrotic range is accompanied by 
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impaired endothelium-dependent vasomotion. The literature concerning a potential 

correlation of proteinuria with sICAM-1 and sVCAM-1 is sparse. In patients with primary 

glomerulonephritis, Mackinnon et al
9
 found significant correlations between proteinuria 

and concentrations of sICAM-1 with r=0.19 and sVCAM-1 with r=0.37. Furthermore, it has 

been shown that in patients with macro-albuminuria concentrations of sVCAM-1 and 

sICAM-1 are increased compared to healthy controls, again with the strongest relation for 

sVCAM-1.
8
 Another study in patients with type 2 diabetes reported a similar correlation 

between proteinuria and sVCAM-1 as in our study, and also absence of a correlation 

between proteinuria and sICAM-1.
29

 Proteinuria after renal transplantation is commonly 

believed to be a reflection of renal involvement.
10-13

 In this study, we found that sVCAM-1, 

albeit weakly, but similarly to patients with type 2 diabetes, is correlated with UPE. We 

also found that RTR with UPE >1.0 g/24hr and high concentrations of sICAM-1 or sVCAM-1 

have an increased risk for death compared to RTR with UPE <1.0 g/24hr but low 

concentrations of sICAM-1 or sVCAM-1. These results suggest that generalized ED plays a 

role in linking proteinuria with increased risk for mortality. It furthermore suggests that 

the assessment of circulating adhesion molecules can help to identify RTR in which 

proteinuria is associated with vascular involvement or at least increased risk for mortality.

 This study has some limitations. The RTR were included at different time points after 

transplantation; this could induce healthy survivor bias and therefore it would be 

interesting if future studies would investigate the influence of markers of ED on the 

development of proteinuria at a fixed time point (e.g., 1 year) after transplantation. Also in 

our study, markers of ED and rates of UPE were assessed from samples taken at one time 

point in each patient. It would be interesting to investigate in a future study whether 

sequential measurements of markers of ED could be used as an even earlier marker for 

proteinuria and can be used to predict development of proteinuria. An important strength 

of this study is that follow-up was complete for all patients. 

 In conclusion, this study shows that UPE and concentrations of sICAM-1 and sVCAM-1, 

as markers of ED, independently predict mortality late after transplantation. Furthermore, 

RTR with proteinuria and high concentrations of sICAM-1 or sVCAM-1 appear to be at 

highest risk for death. These results suggest that the association of proteinuria with 

increased mortality after renal transplantation is not merely a reflection of renal 

involvement but that ED also plays a role in this association. Future studies are needed to 

confirm the interaction between markers of ED and proteinuria in predicting mortality in 

RTR. 
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ABSTRACT 

Background 

 Cytomegalovirus (CMV) is a risk factor for rejection and mortality short after renal 

transplantation. Little is known about its consequences longer after transplantation. We 

prospectively investigated whether latent CMV infection is a risk factor for graft failure 

and mortality late after transplantation. 

Methods 

 606 renal transplant recipients (RTR) with a functioning graft for >1 year were 

included. CMV serology was determined using ELISA. RTR were divided into CMV 

seronegative and latent CMV (seropositive + seroconverted). 

Results 

 We measured CMV IgG (median [IQR] 72.0 [0.0-154.5] U/mL) at 6.1 [2.9-11.7] years 

post-transplant. During follow-up (5.3 [4.7-5.7] years), 42 (7%) RTR experienced graft 

failure and 95 (16%) RTR died. Risk for graft failure and mortality was significantly higher 

in RTR with latent CMV compared to CMV seronegative RTR (HR=3.3, P=0.01 and HR=2.2, 

P<0.005, respectively). After adjustment for potential confounders, latent CMV infection 

remained an independent risk factor for graft failure (HR=4.0, P=0.008), whereas not for 

mortality (HR=1.5, P=0.2). 

Conclusion 

 Latent CMV is an independent risk factor for graft failure late after renal 

transplantation and carries a higher risk for graft failure than for mortality. These findings 

confirm the notion that latent CMV is not innocent in transplanted kidneys, possibly in 

conjunction with chronic low-grade alloreactivity. 
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INTRODUCTION 

 Cytomegalovirus (CMV) has been established as the single most important pathogen 

after transplantation.
1-3

 Several studies have shown that, shortly after transplantation, 

CMV reactivation from latency and primary infection are risk factors for both 

immunological rejection and mortality in the first year after transplantation.
4-9

 The 

reactivation from latency that commonly occurs short after transplantation is the 

consequence of a temporary disruption of an otherwise existing balance between 

immunological surveillance and viral replication by treatment with cytotoxic drugs and 

antilymphocyte antibody therapy and by systemic infection and inflammation.
10

 Both in 

case of primary infection and reactivation, CMV as a medical problem slowly diminishes 

with time after transplantation in conjunction with return to latency. It is seldom seen that 

CMV latency has not been achieved within one year after transplantation. However, the 

virus may continuously smoulder in the vascular wall, in particular under conditions of 

chronic immunosuppression, in particular in inflamed tissues.
11,12

 It has indeed been 

shown that latent CMV can be locally active in a transplanted organ with ongoing low-

grade alloreactivity, without systemic signs of activity in the chronic phase after 

transplantation.
13

 As a consequence, investigation of CMV infection and disease short 

after transplantation as a risk factor for graft loss or mortality may have negated the 

possibility that latent CMV is accompanied by ongoing CMV-related inflammation, in the 

transplanted kidney in particular.  

 We therefore aimed to prospectively investigate the impact of CMV serology 

determined more than one year after transplantation on graft failure and mortality late 

after renal transplantation. 

 

MATERIALS AND METHODS 

Study design and patients 

 In this prospective cohort study, all renal transplant recipients (RTR) who visited our 

out-patient clinic between August 2001 and July 2003 and had a functioning graft for at 

least 1 year were eligible to participate at their next visit to the out-patient clinic. 

Recipients were asked to participate at a later visit to the out-patient clinic if they were ill 

or had an infection. A total of 606 RTR signed written informed consent, from an eligible 

847 (72% consent rate). The group that did not sign informed consent was comparable 

with the group that signed informed consent with respect to age, sex, body mass index 

(BMI), serum creatinine, creatinine clearance, and proteinuria. Further details of this study 

have been published previously.
14

 The Institutional Review Board approved the study 

protocol (METc 01/039) which was in adherence to the Declaration of Helsinki.
15
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Outcome events 

 All participating subjects visited the out-patient clinic at least once a year. Information 

on mortality and graft loss is recorded by our renal transplant center and through close 

contact with general practitioners and referring nephrologists. Graft failure was defined as 

return to dialysis or re-transplantation and was censored for death. Mortality and graft 

failure of all RTR were recorded until August 2007. There was no loss to follow-up. 

Renal transplant characteristics  

 Relevant transplant characteristics were taken from the Groningen Renal Transplant 

Database. This database holds information on all renal transplantations performed at our 

center since 1968, including the dialysis history of the individual RTR. Standard 

Immunosuppressive treatment and current medication were described previously.
14

 BMI, 

waist circumference, body surface area (BSA), and blood pressure were measured as 

described previously.
14

 Smoking status and cardiovascular history were recorded with a 

self-report questionnaire. Cardiovascular disease history was considered positive if there 

was a previous myocardial infarction (MI), transient ischemic attack (TIA) or 

cerebrovascular accident (CVA). 

Laboratory measurements 

 Blood was drawn after an 8-12h overnight fasting period. Anti-CMV IgG antibody 

levels were assessed by routine ELISA assay as described previously.
16

 Serum creatinine 

levels were determined using a modified version of the Jaffé method (MEGA AU 510, 

Merck Diagnostica, Darmstadt, Germany). Serum total cholesterol, HDL cholesterol, 

triglycerides, high-sensitivity C-reactive protein (hsCRP), and urinary protein excretion 

were assessed as described previously.
14

 Proteinuria was defined as urinary protein 

excretion ≥0.5 g/24 hr. 

Statistical analysis 

 Analyses were performed with SPSS version 14.0 (SPSS Inc., Chicago, IL) and Sigma 

Plot version 10 (Systat software Inc., Germany). Parametric variables are expressed as 

mean±SD, whereas non-parametric variables are given as median [interquartile range]. A 

two-sided P-value less than P<0.05 indicated statistical significance.   

 Recipient characteristics are shown according groups of CMV serostatus >1 year after 

transplantation: CMV seronegative (CMV IgG ≤1 U/ml at transplantation and beyond one 

year after transplantation), CMV seroconverted (CMV IgG ≤1 U/mL at time of 

transplantation and CMV IgG >1 U/ml beyond one year after transplantation) and CMV 

seropositive (CMV IgG >1 U/mL at time of transplantation and beyond one year after 

transplantation). Latent CMV infection was defined as CMV IgG > 1 U/mL beyond one year 

after transplantation (= CMV seroconverted + CMV seropositive).  
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 In time to event analyses, we first investigated CMV serostatus (seronegative, 

seroconverted, and seropositive) as potential predictor of graft failure and mortality using 

Kaplan-Meier analyses. Statistical significance was tested by Log-Rank test. Finally, 

univariate and multivariate Cox-proportional hazard regression analyses were performed 

to judge whether the potential effect of latent CMV infection on graft failure and mortality 

was independent of potential confounders. In the multivariate analyses, the associations 

of latent CMV infection with graft failure and mortality were adjusted for recipient age 

and sex (Model 2) and for creatinine clearance and time between transplantation and 

inclusion date (Model 3). We, subsequently, adjusted for all other characteristics which 

were significantly associated with CMV serostatus >1 year after transplantation (table 1 

and 2, P<0.05, Model 4). As secondary analysis, the procedure was repeated with 

additional inclusion of variables with a P-value >0.05 and ≤0.1 (Model 5). 

 

RESULTS 

 A total of 606 RTR (55% male, aged 51±12 years, 83% cadaveric transplants) were 

analyzed. Median time between transplantation and baseline measurements was 6.0 [2.6-

11.4] years. Median CMV IgG >1 year after transplantation was 72.0 [0.0-154.5] U/mL. 

Baseline characteristics according to CMV serostatus >1 year after transplantation are 

shown in tables 1 and 2; 174 (29%) RTR were CMV seronegative, 152 (25%) RTR were CMV 

seroconverted, and 280 (46%) RTR were CMV seropositive. CMV serostatus was 

significantly associated with recipient age, BMI, waist circumference, systolic and diastolic 

blood pressure, myocardial infarction, triglyceride concentration, donor age, creatinine 

clearance, dose of prednisolone, and use of calcineurine inhibitors.  

 Median follow up was 5.3 [4.5-5.7] years for graft failure and 5.3 [4.7-5.7] years for 

mortality. During follow up, 42 (7%) RTR experienced graft failure and 95 (16%) RTR died. 

In the CMV seronegative group 5 (3%) RTR experienced graft failure and 16 (9%) died, 

while these numbers were 11 (7%) and 28 (18%) for the CMV seroconverted RTR and 26 

(9%) and 51 (18%) for the CMV seropositive RTR (both Log-Rank test: P=0.02, figure 1 A 

and B).  

 Further analyses were performed for latent CMV infection (= CMV seroconverted + 

CMV seropositive) versus CMV seronegative RTR. RTR with latent CMV infection were at 

significantly higher risk for graft failure (hazard ratio (HR)=3.3, 95% confidence interval (CI) 

1.3-8.5, P=0.01) and death (HR=2.2, 95% CI 1.3-3.7, P=0.005) than CMV seronegative RTR 

(Model 1, table 3). Adjustment for recipient age and recipient sex did not materially 

change these associations (Model 2, table 3). After further adjustment for time between 

transplantation and inclusion date and creatinine clearance (Model 3, table 3), CMV 

latency remained significantly associated with graft failure (HR=2.9, 95% CI 1.1-7.6, 

P=0.03), while the association of CMV latency with death lost significance (HR=1.6, 95% CI 



CHAPTER 8 

118 

Table 1. Recipient-related characteristics of renal transplant recipients according to CMV serostatus 

> 1 year after transplantation. 
 CMV serostatus >1 year after transplantation 

P-value 
 Negative Seroconverted Seropositive 

n (%) 174 (29) 152 (25) 280 (46)  

Recipient demographics     

Age (years) 47.9 ± 13.1 52.5 ± 11.4 53.1 ± 11.5 <0.0001 

Male, n (%) 103 (59) 85 (56) 144 (51) 0.3 

Body composition measurements     

BMI (kg/m
2
) 25.2 ± 4.04 26.2 ± 4.45 26.5 ± 4.30 0.01 

Waist circumference (cm) 94.8 ± 13.5 97.8 ± 14.5 98.3 ± 13.2 0.03 

Blood pressure     

Systolic pressure (mmHg) 151 ± 21.4 149 ± 23.1 157 ± 23.0 0.001 

Diastolic pressure (mmHg) 90.1 ± 10.1 88.0 ± 10.4 90.9 ± 9.34 0.01 

Prior history of cardiovascular disease     

MI
a
, n (%) 10 (6) 20 (13) 18 (6) 0.02 

TIA/CVA
b
, n (%) 6 (3) 12 (8) 15 (5) 0.2 

Lipids     

Total cholesterol (mmol/L) 5.6 [4.9-6.2] 5.7 [4.9-6.3] 5.5 [4.9-6.2] 0.6 

LDL (mmol/L) 3.6 [3.0-4.2] 3.6 [3.0-4.2] 3.5 [2.9-4.0] 0.2 

HDL (mmol/L) 1.0 [0.9-1.3] 1.0 [0.8-1.3] 1.1 [0.9-1.3] 0.2 

Triglycerides (mmol/L) 1.8 [1.3-2.4] 1.9 [1.4-2.8] 2.0 [1.4-2.6] 0.02 

Use of statin, n (%) 79 (45) 68 (45) 153 (55) 0.06 

CRP (mg/L) 2.0 [0.7-4.4] 2.1 [0.8-4.9] 2.0 [1.0-5.5] 0.4 
a
MI, myocardial infarction. 

b
TIA/CVA, transient ischaemic attack/cerebrovascular accident. 

 

Table 2. Transplant-related characteristics of renal transplant recipients according to CMV 

serostatus > 1 year after transplantation. 
 CMV serostatus >1 year after transplantation 

P-value 
 Negative Seroconverted Seropositive 

n (%) 174 (29) 152 (25) 280 (46)  

Donor demographics     

Age (years) 35.9 ± 15.4 34.8 ± 14.9 38.7 ± 15.6 0.02 

Male, n (%) 98 (56) 82 (54) 148 (53) 0.8 

Renal allograft function      

Serum creatinine concentration (μmol/L) 136 [112-162] 129 [111-170] 134 [114-166] 0.8 

Creatinine clearance (mL/min) 66.5 ± 21.2 59.6 ± 21.3 60.5 ± 23.5 0.007 

Proteinuria (g/24hr) 0.2 [0.0-0.4] 0.2 [0.0-0.5] 0.2 [0.0-0.5] 0.7 

Prior dialysis duration (mo) 25 [12-47] 26 [15-29] 29 [16-53] 0.09 

Transplantation type, n (%)     

Postmortem donor 137 (79) 134 (88) 232 (83)  

Living donor 33 (19) 15 (10) 35 (12) 0.06 

Combined transplantation 4 (2) 3 (2) 13 (5)  

Number of previous transplants, n (%)     

0 163 (94) 134 (88) 245 (88) 0.01 

1 or more 11 (6) 18 (12) 35 (12)  

Acute rejection, n (%) 77 (44) 77 (51) 118 (42) 0.2 

Immunosuppresion      

Prednisolone dose, (mg/day) 10.0 [7.5-10.0] 10.0 [7.5-10.0] 10.0 [7.5-10.0] 0.04 

Calcineurine inhibitor, n (%) 140 (81) 94 (62) 241 (86) <0.0001 

Proliferation inhibitor, n (%)     

Azathioprine or Mycophenolate mofetil 133 (76) 107 (70) 208 (74) 0.5 
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0.9-2.7, P=0.1). Additional adjustment for variables which were significantly associated 

with CMV serostatus (see table 1 and 2, all variables with a P<0.05) did not materially 

change the outcomes (Model 4, table 3). Subsequent adjustment for variables which were 

borderline significant associated with CMV serostatus (0.05<P<0.10, table 1 and 2) did not 

materially change the outcomes (Model 5, table 3). After multivariate analyses the risk for 

graft failure (HR=4.0, 95% CI 1.4-11.1, P=0.008) in CMV IgG positive RTR was 2.7 times 

higher than the risk for death (HR=1.5, 95% CI 0.8-2.6, P=0.2, Model 5, table 3). 

 

 

 

 

 

 

 

 

 

 

Figure 1. Kaplan-Meier analysis of (A) graft and (B) RTR survival according to CMV serostatus >1 year 

after transplantation. Tested with Log-Rank test. 

 

Table 3. Univariate and multivariate Cox-proportional hazards analyses of the effect of latent CMV 

infection on graft failure and mortality in RTR. 
 Graft failure  Death  

 HR 95% CI P-value  HR 95% CI P-value 

Model 1 3.3 1.3-8.5 0.01  2.2 1.3-3.7 <0.005 

Model 2 3.9 1.5-10.0 <0.005  1.8 1.1-3.1 0.03 

Model 3 2.9 1.1-7.6 0.03  1.6 0.9-2.7 0.1 

Model 4 3.3 1.2-8.9 0.02  1.5 0.8-2.5 0.2 

Model 5 4.0 1.4-11.1 0.008  1.5 0.8-2.6 0.2 

CI: confidence interval 

Model 1: crude model. 

Model 2: model 1 + recipient age and sex. 

Model 3: model 2 + time between transplantation and inclusion date and creatinine clearance. 

Model 4: model 3 + BMI, systolic blood pressure, myocardial infarction, concentration triglycerides, 

donor age, prednisolone dose, and calcineurine inhibitor. 

Model 5: model 4 + use of statin, prior dialysis duration, transplantation type, and number of 

previous transplants. 
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DISCUSSION 

 To the best of our knowledge, our study is the first to prospectively investigate the 

impact of CMV serology determined >1 year after transplantation on graft and RTR 

survival late after renal transplantation. The main finding is that graft survival is 

significantly better in CMV seronegative RTR than in those with latent CMV infection. We 

furthermore found that RTR with latent CMV infection are at 2.7 times higher at risk for 

graft failure than for death, with the increased risk for death loosing significance after 

adjustment for potential confounders. 

 CMV has been established as a major pathogen after renal transplantation and as 

such as an important cause of morbidity and mortality after renal transplantation.
1-3

 CMV 

infection is highly prevalent in RTR (up to around 80% in the western countries), whereas 

25-33% of the infected RTR develop a clinically overt disease after renal transplantation.
17

 

Numerous studies have shown that CMV infection and disease are risk factors for 

immunological rejection and mortality in the first year after transplantation.
4-9

 However, 

all of these studies investigated the effect of CMV in the first few months after 

transplantation because CMV infection and disease usually manifest during this period.
2
 

  Although latent CMV infection lost significance as a risk factor for mortality after 

adjustment for other variables, it can not be excluded that CMV actually acts on mortality, 

in part through these variables. Potential mechanisms underlying an association of latent 

CMV infection with mortality may lie in accelerated atherosclerosis. Active, but also latent 

CMV infection, may be associated not only with overexpression of major 

histocompatibility complex molecules and altered expression of growth factors and 

cytokines, but also with upregulation of pro-inflammatory adhesion molecules, which 

might lead to accelerated atherosclerosis in association with CMV.
2,11,18

 The finding that 

CMV DNA is present in atherosclerotic plaques supports a role for CMV in 

atherogenesis,
19-21

 although some have failed to detect CMV in atherosclerotic tissue.
22,23

 

In a study performed shortly after transplantation, CMV has been suggested to play a role 

in the pathogenesis of post-transplant diabetes mellitus,
24

 which may also exert a pro-

atherogenic effect.  

 The fact that we found that RTR with latent CMV infection are at 2.7-fold higher at 

risk for graft failure than for death is consistent with the recent finding that latent CMV 

may be locally active in a transplanted organ, without systemic signs of activity or 

consequences.
13

 Latent CMV may be particularly active in organs and tissues with ongoing 

inflammation not directly related to CMV.
12

 In transplantation, the allo-surrounding may 

provide the background inflammation on which CMV comes to expression above levels of 

innocence. After cardiac transplantation, it has been shown that CMV is associated with 

development of accelerated coronary artery sclerosis.
25

 A similar process has been 

observed in transplanted kidneys in association with CMV infection.
26,27

 In studies in rats, 
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the interaction between CMV and the alloreactive response on the development of 

chronic rejection and transplant vascular sclerosis was investigated in small bowel and 

heart transplantation models.
13

 It was shown that CMV infection accelerated the time to 

graft chronic rejection and increased the severity of transplant vascular sclerosis in both 

small bowel and heart allografts. 

 In our study CMV serostatus >1 year after transplantation was not associated with 

acute rejection. Most of the studies investigating the impact of CMV on acute rejection 

found an association of CMV infection or disease with acute rejection early after 

transplantation.
4,7,8,28

 The absence of an association in our study may be explained by the 

fact that our study was designed to investigate the impact of CMV determined >1 year 

after transplantation on long-term graft and RTR survival.  As a consequence of the fact 

that we only invited RTR with a kidney functioning for >1 year, RTR who lost their kidney 

due to acute rejection in the first year(s) after transplantation were not invited to 

participate in this study. Therefore, in this study the number of RTR who had an acute 

rejection is probably underestimated compared to studies in which RTR were included 

from the moment of transplantation. 

 Currently, two strategies are considered acceptable for CMV prevention: (1) universal 

prophylaxis and (2) preemptive therapy. Prophylaxis is associated with the risk of late-

onset CMV disease and toxicity/costs,
29

 whereas preemptive therapy requires frequent 

monitoring of CMV activity using sensitive methods and patient compliance.
30

 

Furthermore, the impact of preemptive therapy on reducing the indirect effects of CMV is 

questionable.
31

 CMV resistance has been observed with both strategies.
32,33

 Randomized 

clinical trials with a direct head-to-head comparison of prophylactic versus preemptive 

therapy on long-term graft or recipient survival after renal transplantation are very sparse. 

Very recently, Kliem et al
34

 performed the first direct head-to-head comparison of the 

efficacy and effect on long-term graft outcome of ganciclovir prophylaxis or preemptive 

therapy in RTR. The results of this study indicated potential benefits of CMV prophylaxis in 

reduction of CMV infection and improvement of graft survival. Another option to prevent 

asymptomatic CMV infection or CMV disease in RTR who are CMV negative before 

transplantation is to seromatch recipients with the donors concerning their CMV 

serostatus. However, one of the greatest challenges facing the transplant community is 

the shortage of organ supply. The gap between organ demand and supply is widening and 

the waiting time is increasing.
35

 So if one decides to seromatch recipients with donors 

concerning the CMV serostatus the waiting list will be even longer than it is nowadays.  

 The present study has several limitations. First, because the study population almost 

entirely consisted of patients of Caucasian ethnicity, the applicability of our results to 

more racially diverse renal transplant population may be limited.  Furthermore, this study 

was a single centre study and the findings need to be confirmed in other centra and/or 



CHAPTER 8 

122 

multicenter studies. An important strength of this study is that follow-up was complete for 

all patients. Finally, two other members of the β-herpesvirus family, human herpesvirus-6 

(HHV-6) and HHV-7, are increasingly recognized as important pathogens in transplant 

recipients.
36

 Reactivation of HHV-6 and HHV-7 occurs in up to 66% and 46% of the RTR.
37,38

 

Several studies have further demonstrated that HHV-6 and HHV-7 reactivation occurs 

prior to that of CMV, and that HHV-6 and HHV-7 have been implicated as factors for 

subsequent CMV reactivation and disease.
38-41

 It has, however, recently been reported 

that correlation between CMV and HHV-antigens in biopsies of kidney transplant 

recipients with cytomegalovirus infection is low.
42

 Thus, it is unlikely that concurrent HHV-

6 reactivation explains our finding of latent CMV infection as a risk factor for graft failure. 

 In conclusion, graft and recipient survival is significantly better in RTR who are CMV 

seronegative when compared to RTR with latent CMV infection. Furthermore, RTR with 

latent CMV infection are at 2.7-fold higher risk for graft failure than for death. This 

suggests that latent CMV is more active in a transplanted organ, potentially in association 

with chronic ongoing low-grade alloreactivity, or in kidneys in general. Future studies are 

needed to elucidate the mechanism underlying the link of CMV with graft failure and 

mortality late after renal transplantation.  
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 The overall aim of this thesis was to explore the potential relation of systemic markers 

of chronic low-grade inflammation with chronic transplant dysfunction (CTD) – leading to 

graft failure – and mortality after renal transplantation. A local inflammatory process in a 

tissue may lead to shedding of substances into the systemic circulation. The first part of 

the discussion of this thesis will be on markers of which variation in the systemic 

circulation may reflect variation in activity of ongoing local inflammatory processes in the 

transplanted kidney and future perspectives for research around these markers. A way to 

identify such markers is by investigating in a prospective study in renal transplant 

recipients whether they predict decline of renal function and/or occurrence of graft 

failure. If a marker would be predictive of mortality and not of decline of renal function or 

graft failure it may more reflect an ongoing systemic chronic inflammatory process, such 

as atherosclerosis, without particular involvement of the kidney. Such markers may be 

expected to predict (cardiovascular) mortality and/or cardiovascular events rather than 

decline of renal function and/or graft failure. The second part of the discussion of this 

thesis will be on such markers. 

 

SYSTEMIC MARKERS OF CHRONIC LOW-GRADE INFLAMMATION AND THE TRANSPLANTED 

KIDNEY 

 The two most important causes of graft loss longer after renal transplantation are 

CTD and death with a functioning graft, the latter mainly due to atherosclerotic 

cardiovascular disease.
1-4

 Recent insights suggest that CTD and cardiovascular disease 

share chronic low-grade inflammation and accelerated atherogenesis in their 

pathogenesis.
5-8

 For CTD, this suggestion is supported by the histological features of CTD, 

in which equivalents of atherosclerosis, including glomerulosclerosis, hyalinosis, and 

perivascular inflammation are prominent.
9
 Equivalents of atherosclerosis are, however, 

not the only common manifestation of ongoing low-grade inflammation in transplanted 

kidneys: the interstitium can also be importantly involved. A recent revision of the original 

Banff scoring system for international standardization of histological findings in biopsies of 

transplanted kidneys importantly acknowledges this.
10

 During the 9
th

 Banff conference 

held in 2007 a new lesion score, termed ‘ti’ (total interstitial inflammation), was added to 

the Banff schema. This lesion score uses quantitative criteria for mononuclear cell 

interstitial inflammation in total parenchyma (scarred and unscarred) scores.
10

  

 Many centers are reluctant to perform surveillance biopsies, as this is an invasive 

procedure, with an ever existing risk of complications, including intractable bleeding 

necessitating removal of the graft. As a consequence, currently, noninvasively estimates of 

glomerular filtration rate (e.g., creatinine clearance or plasma creatinine) and proteinuria 

are used for the identification of renal transplant recipients at increased risk for CTD.
11-13

 

However, once serum creatinine starts to rise or proteinuria develops, chronic structural 
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lesions are already present and it is usually too late for intervention.
1,14

 So, there is a great 

need for biomarkers that allow for earlier identification or prediction of CTD.
15

  

 In search for new biomarkers it is important to choose an appropriate end-point for 

analyses. For a first exploration biomarkers for of CTD leading to graft failure the 

appropriate end-point would intuitively be graft failure, with censoring for death. If, 

however, the supposed disease process is importantly shared with the end-point of death 

due to cardiovascular disease, a biomarker for this shared process – like CRP for the 

process of atherosclerosis, with the process of atherosclerosis provoking both decline of 

function of the transplanted kidney and development of cardiovascular disease – might 

come out with huge underestimation of predictive performance if graft failure is used as 

end-point, because in particular those with declining renal function would tend to die 

from cardiovascular disease before they can reach the end-point of graft failure, 

particularly if death with a functioning graft would be more common than graft failure 

itself. 

 

1.  C-reactive protein 

 C-reactive protein (CRP) is considered a marker of the chronic low-grade 

inflammatory component of the process of atherosclerosis. So, C-reactive protein as a 

potential early marker for CTD could be particularly susceptible to this “confounding” by 

early death due to accelerated atherosclerosis. To overcome this theoretical problem for 

C-reactive protein we investigated whether C-reactive protein is a predictor of change of 

renal function until end of follow-up. If patients died, last creatinine clearance during 

follow-up was used for evaluation. We indeed found that elevated concentrations of 

hsCRP independently predict accelerated deterioration in renal function (Chapter 3). Our 

study is the first to show that hsCRP can be used for early identification of renal transplant 

recipients at risk for deterioration of graft function, independent of other clinically 

accepted predictors of graft failure such as proteinuria.
16-18

 At the time we performed the 

analyses for this study, too few renal transplant recipients (RTR) had developed graft 

failure defined by need for return to dialysis or retransplantation to allow for multivariate 

evaluation. At that time, rate of death was approximately two times higher than rate of 

graft failure. Later, this difference in rate appeared to persist. Interestingly, in a later 

study, in which we evaluated plasma procalcitonin (PCT) as a potential marker for CTD, it 

appeared that hsCRP is not predictive of death-censored graft failure, but strongly 

predictive of death (Chapter 4), which could be in agreement with our hypothesis that 

hsCRP is a marker for the inflammatory component of the process of atherosclerosis 

which also involves the transplanted kidney. It was, however, not possible to investigate 

whether hsCRP was still predictive of change in renal function, because at the time there 

were enough graft failures and deaths to allow for multivariate evaluation our laboratory
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had shifted to another assay for plasma creatinine. 

 Like already outlined, the inflammatory process in transplanted kidneys frequently 

involves the interstitium in addition to vascular structures.
10

 Where it is currently even in 

biopsy studies still difficult – if not impossible – to determine whether the presence of 

inflammation is due to ongoing alloreactivity or not, this is even more difficult in 

epidemiological studies like the ones we perform. An important point that is not 

mentioned in reports on the Banff classification,
10,19-21

 is that presence of proteinuria in 

other proteinuric diseases like diabetic nephropathy, in which neither alloreactivity nor a 

primary inflammatory insult to the kidney are present, there is an interstitial inflammatory 

process characterized by the presence of macrophages, which strongly correlates with the 

magnitude of proteinuria/albuminuria.
22-24

 Thus, the presence of an interstitial 

inflammatory process in transplanted kidneys could well be aspecific and related to the 

extent to which filtered proteins induce inflammation in the interstitium of kidneys. 

Despite this potential non-specificity of the interstitial infiltrates, their presence offers 

opportunities for identification of new biomarkers for the ongoing inflammatory process 

that need not stringently be related to (peri)vascular inflammation like CRP supposedly is. 

Procalcitonin and hemopexin may be such biomarkers.  

 

2.  Procalcitonin 

 Procalcitonin (PCT) is best known as for being evaluated as a biomarker for bacterial 

infections and sepsis.
25,26

 Recently, however, it has been found that parenchymal cells 

stimulated by activated macrophages in infected tissues rather than peripheral blood 

mononuclear cells underlie very high concentrations of circulating PCT during sepsis.
27,28

 

PCT might thus be a marker of non-infectious inflammation driven tissue damage. In 

Chapter 4 we showed that PCT was independently associated with an increased risk for 

graft failure and, to a lesser degree, with mortality. Some of our findings in this study are 

of particular interest. First, the predictive performance for graft failure of PCT was similar 

to those of creatinine clearance and proteinuria, suggesting that measurement of PCT 

could be of additional value, next to measurement of creatinine clearance and proteinuria, 

for the identification of renal transplant recipients at risk for graft failure. Furthermore, 

the predictive performance of hsCRP, the prototypical acute phase reactant marker of 

inflammation, in predicting mortality was similar to that of PCT, while hsCRP was not a 

predictor for graft failure. This suggests that PCT is much more than hsCRP a specific 

marker for the ongoing inflammatory process local in the kidney. One of the possible 

underlying mechanisms linking increased PCT concentration to graft failure may lie in 

proteinuria. One of the hallmarks of proteinuric renal disease is infiltration of renal 

interstitial tissue by activated macrophages.
22-24

 Using adipocytes as a model for 

parenchymal cells of all kinds of tissues, it was recently demonstrated that parenchymal 



SUMMARY AND GENERAL DISCUSSION 

129 

cells secrete PCT in response to stimulation by activated macrophages.
27,28

 Thus, our 

finding of high circulating PCT concentrations to predict graft failure may be a reflection of 

the release of PCT into the circulation by renal parenchymal cells in response to renal 

macrophage infiltration and activation in relation to proteinuria. Importantly, however, in 

our secondary analyses, we found PCT to be particularly predictive for development of 

graft failure in RTR without proteinuria. One possibility is that the cascade with 

macrophage activation and interstitial inflammation is already fully activated when the 

amount of protein in urine is still below the upper limit of the reabsorption capacity of the 

tubular epithelial cells. There is recent evidence that much more protein is filtered than 

has previously been thought and that active processing by tubular epithelial cells prevents 

it from appearing in urine.
29-31

 The concentration of PCT will then already be elevated in 

RTR when proteinuria is not yet detectable. This leads to the hypothesis that PCT is not 

only a biomarker for the existence of proteinuria, but could also be an early marker for a 

tendency for development of proteinuria. One way to substantiate this possibility would 

be by demonstration of a relationship between PCT and urinary albumin excretion in the 

general population, e.g. in the Groningen Prevention of End-stage Renal and Vascular 

Disease (PREVEND) study. Another possible mechanism linking PCT to development of 

graft failure may lie in alloreactivity. An ongoing chronic low-grade immunological 

response against non-self epitopes in the transplanted kidney may provoke an ongoing 

inflammatory process in the transplanted kidney which may lead to increased synthesis 

and release of PCT into the circulation from parenchymal renal cells and also from 

immune cells in the kidney. If proteinuria would be the trigger for PCT release from the 

kidney into the circulation, PCT should also be a marker of development of end-stage renal 

disease in non-inflammatory, non-transplant proteinuric diseases such as for instance 

diabetic nephropathy. If alloreactivity would be the trigger, PCT is more likely to not be a 

marker of development of end-stage renal disease in diabetic nephropathy. PCT might 

then also be promising as a marker of allograft dysfunction in other transplant populations 

such as, for example, lung, heart, liver transplant recipients.  

 It has been shown that immunoneutralization by an antiserum that is reactive to PCT 

ameliorates the symptomatology and also markedly improves survival of severely infected 

animals (i.e., hamsters and pigs).
32-34

 It may therefore also be interesting to intervene on 

PCT in RTR with high PCT concentrations and high risk for development of graft failure in 

the near future.  

 

3.  Hemopexin activity 

 Hemopexin is mainly expressed in liver, and belongs to the acute phase reactants, the 

synthesis of which is induced after inflammation.
35

 Recent studies suggest a role for 

hemopexin, an acute phase protein, in inflammation and kidney damage. We 
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hypothesized that hemopexin might be involved in non-infectious inflammation driven 

deterioration of renal allograft function. In chapter 5 we showed that hemopexin activity 

late after transplantation is associated with a higher risk for graft failure in renal 

transplant recipients independent of possible confounders. There is accumulating 

evidence pointing to hemopexin as a key player in determining integrity of the glomerular 

filtration barrier. First, hemopexin infusion in rats induces reversible proteinuria.
36

 Second, 

in vitro data have indicated that hemopexin is involved in the cytoskeleton reorganisation 

of human podocytes, and is capable of increasing glomerular permeability by degrading 

the glycocalyx.
37

 In humans, the idea is supported by a study in children with minimal 

change nephrotic syndrome having higher levels of activated hemopexin.
38

 However in 

our study the predictive role of hemopexin activity for graft failure was independent of 

proteinuria, which suggests that proteinuria does not play a(n important) role in the 

mechanism underlying the association of hemopexin activity with increased graft failure. 

There are several putative underlying mechanisms explaining the association of 

hemopexin activity with increased risk for graft failure after renal transplantation. First, 

the association might be causal, which would mean that higher hemopexin activity itself 

leads to graft failure. Second, hemopexin activity may be a marker of an  inflammatory 

process in the kidney. Inflammation in the kidney would then lead to local increased 

hemopexin activity, with hemopexin activity only acting as a marker for an increased 

tendency for development of graft failure after renal transplantation. More studies are 

needed to acquire further understanding of the role of hemopexin activity in development 

of graft failure. If hemopexin activity would be actively involved, it could lead to 

identification of new therapeutic agents and strategies. 

 

SYSTEMIC INFLAMMATORY PROCESSES AND MARKERS OF INFLAMMATION IN RENAL 

TRANSPLANT RECIPIENTS 

1.  Determinants of CRP in renal transplant recipients 

 In renal transplant recipients, slightly elevated levels of CRP have recently been 

demonstrated to be an independent predictor of coronary heart disease and total 

mortality.
39,40

 Importantly, a recent study has identified post-transplant CRP also as a 

predictor of chronic allograft nephropathy in a univariate analysis.
41

 However, in renal 

transplant patients it is not known what factors determine plasma CRP concentrations. In 

chapter 2 we have shown that waist circumference, as a measure of obesity, is the 

strongest, modifiable risk factor for a high hsCRP in renal transplant recipients.
42

 The 

association of CRP with measures of obesity have also been shown in the general 

population and in patients with various degrees of renal insufficiency.
43-51

 Adipose tissue is 

nowadays regarded as a very active endocrine organ, which secretes numerous hormones 

and pro-inflammatory cytokines, including tumor necrosis factor-α and IL-6 into the 
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circulation.
52,53

 Approximately 25% of basal circulating IL-6 originates in human adipose 

tissue,
54

 with production in intra-abdominal fat 3 times that of subcutaneous fat.
55

 These 

pro-inflammatory cytokines stimulate the liver in synthesis and secretion of CRP. The 

majority (60%) of renal transplant recipients in the United States are currently overweight 

or obese at the time of transplantation. Furthermore, many renal transplant recipients 

experience a 10% weight gain after transplantation,
56

 predominantly because of an 

increase in fat mass.
57

 Although there have been only few large, controlled studies that 

have rigorously assessed the effect of weight loss on CRP level, the studies that have been 

done suggest that weight loss may be an effective nonpharmacologic strategy for lowering 

CRP level.
58

 Whether this is also true in renal transplant recipients has to be shown in 

future studies 

 

2.  Cytomegalovirus 

 Cytomegalovirus (CMV) is the most important pathogen after renal transplantation 

occurring in 20 to 60 percent of the renal transplant recipients.
59

 In part this reflects the 

ubiquitous nature of the virus as it is estimated that 60 to 70 percent of the general 

population are infected with CMV.
60

 However, renal transplant recipients are more 

susceptible for reactivation of latent CMV compared to the general population. This 

occurs in particular in the first months after transplantation as a consequence of a 

temporary disruption of an otherwise existing balance between immunological 

surveillance and viral replication by treatment with cytotoxic drugs and antilymphocyte 

antibody therapy and by systemic infection and inflammation.
3
 CMV reactivation from 

latency and primary infection are risk factors for both immunological rejection and 

mortality in the first year after transplantation.
61-66

 Relevance of CMV as an urgent 

medical problem slowly diminishes with time after transplantation in conjunction with 

return to latency. However, the virus may continuously smoulder under conditions of 

chronic immunosuppression, in particular in inflamed tissues.
67,68

 It has indeed been 

shown that latent CMV can be locally active in a transplanted organ with ongoing low-

grade alloreactivity, without systemic signs of activity in the chronic phase after 

transplantation.
69

 In Chapter 8 it is described that both graft and recipient survival is 

significantly better in CMV seronegative renal transplant recipients compared to CMV 

seroconverted or seropositive renal transplant recipients when CMV serology is 

determined more than one year after transplantation. Furthermore, renal transplant 

recipients who are CMV IgG seropositive are at 2.7 times higher risk for graft failure than 

for death. These findings suggest that latent CMV is more active in a transplanted organ, 

potentially in association with chronic ongoing low-grade alloreactivity, or in kidneys in 

general. An important implication of this study would be that there should be more focus 

on matching for CMV status because, apparently, it is not only important to prevent CMV 
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disease, but to prevent occurrence of CMV infection at all. Current treatment guidelines 

recommend CMV prophylaxis for all recipients of solid organ transplants, who receive 

immunosuppression with antilymphocyte antibody products and for CMV negative 

recipients of CMV positive organs.
70-72

 However, it has been shown that up to 30% of CMV 

seronegative recipients receiving an organ from a CMV seropositive donor develop CMV 

disease after cessation of CMV prophylaxis (i.e., delayed-onset primary CMV disease).
72,73

 

This suggests that the virus may continuously smoulder during prophylactic therapy and is 

reactivated after cessation of CMV prophylactic therapy. Another option to prevent CMV 

after renal transplantation is the development of a safe and effective vaccine. Several 

earlier trials tested a live, attenuated CMV vaccine in patients before renal transplantation 

but failed to show benefits in reducing the incidence of CMV disease. However, severe 

CMV disease was less frequent among the vaccinated CMV seronegative patients who 

received a kidney from a seropositive donor, and survival was significantly improved.
74

 

Other recombinant vaccines from viral particles remain in preclinical or earlier clinical 

phases (I/II) of development.
75-77

 

 

3.  Serum albumin as negative acute phase protein  

 Hypoalbuminemia is common after renal transplantation.
78,79

 Serum albumin is a 

negative acute phase protein, and hypoalbuminemia may therefore be reflecting ongoing 

chronic low-grade inflammation.
80,81

 Other potential explanations for hypoalbuminemia 

are poor nutritional status and loss of protein, in particular with proteinuria.
80,81

 Low 

serum albumin has been shown to be a predictor for both graft failure
78,82

 and 

mortality
79,82-84

 in renal transplant recipients. In the cross-sectional part of Chapter 6, we 

found independent inverse associations of serum albumin with hsCRP and urinary protein 

excretion. Prospectively, we found that RTR with low serum albumin concentrations at 

baseline are at increased risk for graft failure and mortality during follow-up, which is in 

line with existing literature.
78,79,82-84

 Despite the cross-sectional associations of serum 

albumin with hsCRP and urinary protein excretion at baseline, the association of serum 

albumin with graft failure was not explained by hsCRP, while the association of serum 

albumin with mortality was explained by hsCRP only to a very small extent (change in 

hazard ratio from 0.39 to 0.41). Importantly, we found that the association between 

serum albumin and graft failure was only present in RTR with proteinuria. This observation 

suggests that low albumin concentrations are not a risk factor for graft failure by 

themselves. Rather, it is strongly suggestive that proteinuria is involved. One reason may 

be that severity of proteinuria in some RTR is underestimated as a consequence of errors 

in collecting 24h urine samples. It is well-known that 24h urine collection is prone to 

collection errors.
85-88

 Another reason may be that low albumin concentrations in the 

presence of proteinuria are an indication of detrimental effects or urinary loss of peptides 
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undetected by urinary protein assays as a consequence of tubular processing.
29-31

 For 

mortality, the impact of serum albumin was similar in RTR with and without proteinuria 

suggesting that malnutrition might be an important pathway linking serum albumin to 

mortality. 

 

4.  Endothelial dysfunction as marker of the inflammatory process of the vascular wall 

 Activation of the inflammatory cascade leads to endothelial dysfunction (ED) which 

sets the stage for both initiation and progression of atherosclerotic lesions.
89

 Besides 

inducing atherosclerosis, ED leads to increased vascular permeability for proteins resulting 

in, for example, proteinuria. Proteinuria is an established predictor of mortality, in 

particular cardiovascular mortality, in several populations, including renal transplant 

recipients.
17,90-96

 The association of proteinuria with ED is considered to be a mechanism 

underlying the elevated mortality in proteinuria.
97-99

 However, whether ED is involved in 

the prognostic impact of proteinuria in renal transplant recipients is unknown. In Chapter 

7 we show that urinary protein excretion and concentrations of sICAM-1 and sVCAM-1, as 

markers of ED, independently predict mortality late after transplantation. Furthermore, 

renal transplant recipients with proteinuria and high concentrations of sICAM-1 or sVCAM-

1 appear to be at highest risk for death compared to renal transplant recipients without 

proteinuria and with low concentrations of sICAM-1 or sVCAM-1. These results suggest 

that ED plays a role in the association of proteinuria with mortality after renal 

transplantation. 

 

CONCLUSION 

 In conclusion, we have investigated role of chronic low-grade inflammation in CTD 

and mortality after renal transplantation. One of the main findings is that hsCRP can be 

used as an early marker accelerated deterioration of graft function. We furthermore have 

shown that procalcitonin, to date only known to reflect microbial inflammation, is a strong 

predictor of graft failure, independent of creatinine clearance and proteinuria. The overall 

findings in this thesis support the growing notion that inflammation plays a role in the 

development of graft failure after renal transplantation. 

 Future studies are needed to investigate the mechanism underlying the role of 

chronic low-grade inflammation in the deterioration of renal function, the development of 

CTD, and mortality and whether treatment of chronic low-grade inflammation has a 

positive effect on graft and recipient survival after renal transplantation. 
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De eerste niertransplantatie 

De eerste succesvolle niertransplantatie vond plaats in 

Boston op 23 december 1954 en werd uitgevoerd door Dr. 

Joseph E. Murray (zie foto). Dit betrof een transplantatie 

tussen Ronald en Richard Herrick, een eeneiige tweeling. 

Omdat het een tweeling betrof dachten de artsen dat het 

lichaam de nier niet zou afstoten, hetgeen inderdaad zo 

bleek te zijn. Richard overleed in 1962 omdat de 

oorspronkelijke nierziekte terugkwam in de getransplan-

teerde nier. 

Functie van de nier 

De mens heeft twee nieren. De nieren hebben als taak de 

samenstelling van het bloed constant te houden door 

ongewenste stoffen, zoals geneesmiddelen, afvalstoffen van 

de stofwisseling en via het voedsel opgenomen vergiften, te 

verwijderen. Deze worden vervolgens met de urine 

uitgescheiden. De nieren hebben ook nog andere functies, 

zoals het maken van erytropoëtine (EPO) en actief vitamine D. 

 

Eindstadium nierfalen 

Eindstadium nierfalen is het complete of bijna complete falen 

van de nier(en). 

INTRODUCTIE 

 Wereldwijd neemt het aantal mensen met een chronische nierziekte toe waardoor 

ook het aantal mensen met 

eindstadium nierfalen 

toeneemt. De belangrijkste 

oorzaken van chronische 

nierziekten zijn suikerziekte 

(diabetes mellitus) en hoge 

bloeddruk. Mensen met een 

chronische nierziekte en 

eindstadium nierfalen 

hebben een grotere kans op 

hart- en vaatziekten en voortijdig overlijden dan gezonde mensen. Voor het behandelen 

van eindstadium nierfalen bestaan op dit moment twee therapieën: dialyse en 

niertransplantatie. De behandeling bij uitstek voor patiënten met eindstadium nierfalen is 

echter een niertransplantatie. Dit vanwege een toename in levensverwachting en een 

toename van de kwaliteit van 

leven in vergelijking met mensen 

die dialyseren. De afgelopen 30 

jaar is de korte termijn 

overleving (1 jaar) van 

getransplanteerde nieren na 

niertransplantatie toegenomen 

van ongeveer 40% in de jaren 70 

naar bijna 95% tegenwoordig. 

Dit is met name te danken aan 

de komst van betere medicijnen 

die  acute afstoting tegengaan. 

Lang werd gedacht dat deze 

indruk-wekkende verbetering in 

korte termijn 

transplantaatoverleving zich zou 

gaan vertalen naar een 

verbetering van de resultaten op 

lange termijn. Dit is echter niet 

het geval geweest. Bij ongeveer de helft van de mensen met een functionerend 

niertransplantaat treedt binnen 10-12 jaar na de transplantatie verlies van 

transplantaatfunctie op. De twee belangrijkste oorzaken van het verliezen van de 
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Ontsteking 

Een ontsteking is een reactie van het lichaam op 

beschadiging van weefsel of prikkels van buiten. Deze 

prikkels kunnen microbiologisch (bacteriën, virussen, 

schimmels), chemisch (irriterende stoffen enz.) of fysisch 

(hitte, UV-straling etc.) zijn. De ontsteking kan ook het 

gevolg zijn van een auto-immuun reactie van het lichaam 

zoals onder meer bij reuma. Een ontsteking heeft als doel 

de binnendringer te verwijderen en schade te herstellen. 

 

Infectie 

Men spreekt over een infectie als een micro-organisme, 

virus of parasiet in een levend wezen is binnengedrongen 

en daar schade aanricht. In het ergste geval kan een 

infectie leiden tot de dood van het geïnfecteerde individu. 

Het micro-organisme wordt bij een infectie ook wel het 

pathogeen of de ziekteverwekker genoemd. Een infectie 

heeft vaak een ontsteking tot gevolg. 

 

Er bestaat wel eens de neiging om ontsteking en infectie 

met elkaar gelijk te stellen, maar lang niet alle 

ontstekingen worden veroorzaakt door infectie. 

nierfunctie op de lange termijn zijn transplantaatfalen en het voortijdig overlijden van de 

patiënt. 

 Chronische transplantaat dysfunctie is de belangrijkste oorzaak van laat 

transplantaatfalen en houdt in dat de nierfunctie langzaam achteruit gaat. Het langzaam 

achteruitgaan van de nierfunctie gaat vaak gepaard met het lekken van eiwitten in de 

urine (proteïnurie) en een verhoogde bloeddruk. De belangrijkste doodsoorzaak na een 

niertransplantatie zijn hart- en vaatziekten welke meestal een gevolg zijn van ‘versnelde’ 

slagaderverkalking (atherosclerose). 

 

CHRONISCHE TRANSPLANTAAT DYSFUNCTIE, ATHEROSCLEROSE EN ONTSTEKING 

 Uit recent onderzoek is 

gebleken dat chronische 

transplantaat dysfunctie en 

atherosclerose chronische laag-

gradige ontsteking als gemeen-

schappelijke deler hebben. 

Chronische ontsteking kan 

worden vastgesteld door het 

meten van bepaalde ontstekings-

eiwitten in het bloed. Eén van de 

bekendste ontstekingseiwitten is 

het ‘high sensitivity C-reactive 

protein’ (hsCRP). Uit onderzoek is 

gebleken dat verhoogd hsCRP 

zowel een voorspeller is voor het 

ontstaan van transplantaatfalen 

als voor het ontstaan van hart- en 

vaatziekten bij niertransplantatie 

patiënten. 
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DOEL VAN HET PROEFSCHRIFT 

Het doel van dit proefschrift is het onderzoeken van de rol van chronisch laaggradige 

ontsteking in het ontstaan van transplantaatfalen en het overlijden na niertransplantaties. 

 

SYSTEMISCHE MARKERS VAN CHRONISCH LAAGGRADIGE ONTSTEKING EN DE GETRANSPLANTEERDE NIER 

1 C-reactieve proteïne 

 C-reactieve proteïne (CRP) wordt beschouwd als een belangrijke marker van 

chronisch laaggradige ontsteking. Verschillende studies hebben laten zien dat een 

verhoogd CRP een voorspeller is voor het ontstaan van transplantaatfalen. Echter, op het 

moment dat er sprake is van transplantaatfalen is er sprake van een onomkeerbare 

situatie. Daarom is het van groot belang dat er factoren gevonden worden die als 

voorspeller voor de achteruitgang van de nierfunctie, voor er sprake is van onomkeerbare 

schade, kunnen worden gebruikt. Wij hebben laten zien dat verhoogd hsCRP een 

voorspeller is voor de achteruitgang van de nierfunctie is, nog voor er sprake is van 

onomkeerbare schade (hoofdstuk 3). Dit zou betekenen dat hsCRP gebruikt kan worden 

om niertransplantatie patiënten met een verhoogd risico op het achteruitgaan van de 

nierfunctie te identificeren. Tevens zijn de resultaten van deze studie weer een extra 

aanwijzing dat ontsteking een rol speelt bij het ontstaan van transplantaatfalen. 

 

2 Procalcitonine 

 Procalcitonine (PCT) is het voorlopereiwit van calcitonine en wordt onder normale 

omstandigheden geproduceerd in de C-cellen van de schildklier. De concentratie van PCT 

in het bloed is onder normale omstandigheden zo laag dat het vrijwel niet te meten is. Als 

er echter sprake is van een bacteriële infectie of bloedvergiftiging (sepsis) wordt PCT door 

andere cellen gemaakt. Hierdoor stijgt de concentratie van PCT en kan het wel gemeten 

worden. PCT is dus een ‘marker’ voor ontstekingen veroorzaakt door bacteriële infectie of 

sepsis. Omdat de gedachte is dat ontsteking een rol speelt bij het ontstaan van 

transplantaatfalen hebben we onderzocht of de PCT concentratie in het bloed een 

voorspeller is voor het ontstaan van transplantaatfalen (hoofdstuk 6). We hebben PCT 

gemeten met een nieuwe, zeer gevoelige methode waardoor het mogelijk is om heel lage 

concentraties PCT in het bloed te meten. Op deze manier konden we variatie van de PCT 

concentratie binnen de normale grenzen ook meten. We vonden dat een relatief hoge PCT 

concentratie in het bloed een goede voorspeller is voor het ontstaan van 

transplantaatfalen. Bovendien was het voorspellend vermogen van PCT voor het ontstaan 

van transplantaatfalen net zo goed als het voorspellende vermogen van de nierfunctie en 

proteïnurie, welke tot nu toe gezien worden als de best beschikbare voorspellers voor het 



NEDERLANDSE SAMENVATTING 

143 

ontstaan van transplantaatfalen. Het meten van de PCT waarde heeft dus een 

toegevoegde waarde, naast het meten van de nierfunctie en de mate van proteïnurie. We 

vonden ook dat PCT een voorspeller is voor overlijden. Toekomstige studies moeten 

uitwijzen wat precies het mechanisme is tussen PCT en een verhoogde kans op 

transplantaatfalen en overlijden.  

 

3 Hemopexine 

 Hemopexine is een eiwit dat voornamelijk geproduceerd wordt door de lever. De 

belangrijkste functie van hemopexine is het wegvangen van vrij haem in de bloedsomloop. 

Haem is de stof die indien het in rode bloedcellen zit, het zuurstof in het lichaam 

transporteert. Hemopexine is net als hsCRP een acute fase eiwit en is verhoogd bij 

ontstekingen. Onderzoek heeft laten zien dat bepaalde niercellen in staat zijn om 

hemopexine te maken na activatie door stoffen die vrijkomen bij ontstekingen. Tevens is 

hemopexine geassocieerd met proteïnurie wat een maat is van nierschade. Wij laten in 

hoofdstuk 7 zien dat verhoogd hemopexine een voorspeller is voor het ontstaan van 

transplantaatfalen, onafhankelijk van proteïnurie. Het meten van hemopexine heeft dus 

een toegevoegde waarde, naast het meten van de mate van proteïnurie. Toekomstige 

studies moeten uitwijzen wat precies het onderliggende mechanisme is van het verband 

tussen hemopexine en een verhoogde kans op transplantaatfalen en overlijden.  

 

SYSTEMISCHE ONTSTEKINGSPROCESSEN EN MARKERS VAN ONTSTEKING IN NIERTRANSPLANTATIE PATIËNTEN 

1 Determinanten van CRP in niertransplantatie patiënten 

 Zoals eerder beschreven is een verhoging van CRP concentraties een voorspeller van 

chronisch transplantaatfalen en overlijden na niertransplantatie. Echter, wil men CRP voor 

routine screening gebruiken, dan is het belangrijk om te weten welke factoren er voor 

zorgen dat de CRP concentratie stijgt. Dit is niet bekend bij niertransplantatie patiënten. 

Wij laten in hoofdstuk 2 zien dat de taille omtrek, welke een maat is voor centrale 

obesitas, en roken de belangrijkste determinanten zijn van een verhoogd CRP. Deze relatie 

heeft men ook laten zien in de gewone populatie en bij patiënten met nierinsufficiëntie. In 

theorie zal afvallen en stoppen met roken leiden tot een minder hoog CRP. Of dit ook zal 

leiden tot een verlaagde kans op transplantaatfalen of overlijden moeten toekomstige 

studies uitwijzen.  

 

2 Cytomegalovirus 

 De op één na belangrijkste doodsoorzaak na niertransplantatie is infectie. 

Cytomegalovirus (CMV) is de belangrijkste ziekteverwekker na niertransplantatie. In het 
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verleden is er veel onderzoek gedaan naar het optreden van CMV infectie vlak na 

niertransplantatie. Het is gebleken dat het hebben van een CMV infectie vlak na 

niertransplantatie een risicofactor is voor het ontstaan van transplantaatfalen en voor 

overlijden vlak na niertransplantatie. CMV onderscheidt zich van vele andere 

ziekteverwekkers omdat het ‘slapend’ (latent) aanwezig kan zijn. Er is echter nog nooit 

onderzocht of het hebben van CMV langer dan een jaar na niertransplantatie geassocieerd 

is met het ontstaan van chronische transplantaat dysfunctie en transplantaatfalen. Dit 

hebben wij gedaan in hoofdstuk 8. We hebben hiervoor de patiënten verdeeld in drie 

groepen: patiënten zonder CMV (CMV seronegatief), patiënten die voor de transplantatie 

negatief waren maar een nier mét CMV ontvingen (CMV serogeconverteerd) en patiënten 

die voor de transplantatie al CMV hadden (CMV seropositief). Uit deze studie is gebleken 

dat CMV seropositieve en serogeconverteerde patiënten een grotere kans hebben op 

transplantaatfalen en overlijden dan CMV seronegatieve patiënten. We laten ook zien dat 

patiënten die CMV positief zijn een 2,7 keer grotere kans hebben op het optreden van 

transplantaatfalen dan op overlijden. Dit laatste zou er op kunnen duiden dat “latent” 

CMV niet altijd echt latent is en dat het lokaal meer actief is in de getransplanteerde nier 

dan in de rest van het lichaam. De uitkomsten van deze studie betekenen dat het eigenlijk 

beter is om helemaal geen CMV te hebben. De enige manier om dit op dit moment te 

voorkomen zou zijn door de donor met de ontvanger te ‘matchen’ wat betreft de CMV 

status. Een ontvanger die nooit een CMV infectie heeft gehad zou in deze situatie alleen 

een nier kunnen ontvangen van een donor die ook nog nooit een CMV infectie heeft 

gehad. Op dit moment is dit geen optie omdat de wachtlijsten al lang zijn en er een groot 

tekort is aan donoren. Een andere manier om CMV te voorkomen zou wellicht kunnen zijn 

door middel van vaccinatie. Op dit moment wordt er veel onderzoek gedaan naar 

mogelijke vaccinatie. 

 

3 Albumine 

 Albumine is één van de belangrijkste eiwitten in het bloed en is een negatief acute 

fase eiwit. Dit betekent dat als er sprake is van een ontsteking, de albumineconcentratie 

daalt. Een lage concentratie albumine komt vaak voor bij niertransplantatiepatiënten en 

wordt meestal verklaard door ofwel verlies van eiwit met de urine, ofwel het aanwezig zijn 

van een ontsteking of ondervoeding. Het is gebleken dat niertransplantatie patiënten met 

een verlaagd albumine een hogere kans hebben op transplantaatfalen en overlijden. Men 

denkt dat het onderliggende mechanisme weleens ontsteking zou kunnen zijn. In 

hoofdstuk 4 laten we zien dat een verlaagd albumine zowel voorspellend is voor het 

ontstaan van transplantaatfalen als overlijden, wat overeenkomt met wat tot nu toe 

bekend is uit de literatuur. Verder laten we zien dat deze relaties onafhankelijk zijn van 

hsCRP, wat, zoals gezegd een maat is voor ontsteking. Daarentegen lijkt de associatie van 
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verlaagd albumine met transplantaatfalen te worden verklaard door proteïnurie. Het lijkt 

er dus op dat het onderliggende mechanisme niet bestaat uit ontsteking. Andere 

mogelijke mechanismen zouden kunnen zijn: ondervoeding, verhoogde doorgankelijkheid 

van vaatwanden in de context van andere ziektes zoals diabetes mellitus of verminderde 

aanmaak, of verhoogde afbraak van albumine door het gebruik van geneesmiddelen die 

afstoting voorkomen. 

 

4 Endotheeldysfunctie als een marker voor ontstekingen van de vaatwand 

 Ontstekingen kunnen leiden tot het niet goed functioneren van endotheelcellen 

(endotheeldysfunctie). Endotheelcellen zijn cellen die de binnenkant van bloedvaten 

bekleden (het endotheel). Endotheeldysfunctie leidt ook tot een verhoogde 

vaatdoorlaatbaarheid van bloedvaten. In de nier kan dit leiden tot proteïnurie. Proteïnurie 

is vaak een uiting van een nierziekte en is een voorspeller van transplantaatfalen en 

overlijden, dit laatste met name ten gevolge van hart- en vaatziekten. Endotheeldysfunctie 

leidt ook tot een verhoging van een aantal stoffen in het bloed waaronder 

adhesiemoleculen zoals vascular adhesion molecule-1 (VCAM-1) en intercellular adhesion 

molecule-1 (ICAM-1). Deze stoffen kunnen gemeten worden, en gebruikt als maat voor 

endotheeldysfunctie. Wij hebben onderzocht of endotheeldysfunctie het onderliggende 

mechanisme voor de relatie tussen proteïnurie en een verhoogde kans op 

transplantaatfalen of overlijden zou kunnen zijn (hoofdstuk 5). Uit dit onderzoek is 

gebleken dat niertransplantatie patiënten mét proteïnurie én een hoge concentratie van 

ICAM-1 of VCAM-1 een verhoogd risico hebben op overlijden in vergelijking met patiënten 

zonder proteïnurie en een lage ICAM-1 of VCAM-1 concentratie. Dit betekent dat de 

relatie tussen proteïnurie en een verhoogde kans op sterfte niet alleen een uiting is van 

een nierziekte, maar dat endotheeldysfunctie mogelijk een rol speelt in de relatie tussen 

proteïnurie en een verhoogde kans op overlijden. 

 

BLIK OP DE TOEKOMST 

 De afgelopen jaren hebben wij onderzocht wat de voorspellende waarde van 

verschillende stoffen is op het ontstaan van transplantaatfalen en het overlijden na 

niertransplantatie. Uit dit onderzoek zijn verschillende bevindingen uit het verleden 

bevestigd, maar bovenal zijn er zeer interessante en nieuwe bevindingen uit 

voortgekomen. De twee belangrijkste zijn de associaties van PCT en hemopexine met 

transplantaatfalen. Daarnaast is onze bevinding dat “latent” CMV meer dan een jaar na 

transplantatie belangrijke consequenties heeft een relevant nieuw inzicht. De bevindingen 

beschreven in dit proefschrift zullen in de toekomst leiden tot meer onderzoek en 
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mogelijk aanleiding zijn tot opheldering van het ontstaan van transplantaatfalen en 

overlijden na niertransplantatie. Uiteindelijk moet dit leiden tot een langere 

overlevingsduur van zowel de getransplanteerde nier als de patiënt zelf.  
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 Allereerst wil ik alle niertransplantatiepatiënten die mee hebben gewerkt aan het 

onderzoek waarop dit proefschrift is gebaseerd heel hartelijk bedanken. Zonder jullie was 

dit proefschrift er nooit gekomen! 

 

 Dr. S.J.L. Bakker en prof. dr. R.O.B. Gans, mijn eerste copromotor en promotor. Beste 

Stephan, jij hebt de grootste bijdrage geleverd aan dit proefschrift. Met name in de laatste 

fase heb ik je ‘opgezadeld’ met steeds weer nieuwe versies van artikelen en delen van het 

proefschrift. Ik heb enorme waardering voor je positiviteit, je kennis en je altijd 

enerverende en motiverende ideeën (onder andere over allerlei stofjes) voor vervolg en 

nieuw onderzoek. Keep on smiling! Professor R.O.B. Gans, beste Rijk, tijdens onze 

driemaandelijkse bijeenkomsten heb ik mij altijd weer, in zeer positieve zin, verbaasd over 

de enorme kennis die jij hebt over alles. Jij stond altijd open voor suggesties en nieuwe 

ideeën. Wat ik misschien wel het meest gewaardeerd heb is dat jij mij altijd gestimuleerd 

hebt om datgene te doen wat ik wil(de), ook al is dat de interne geneeskunde voor de 

kleine mens. 

 

 Dr. W.J. van Son en dr. J.J. Homan van der Heide, tweede en derde copromotor. Beste 

Willem, ik heb jou al ontmoet tijdens de zij-instroom van de studie geneeskunde. Toen al 

viel het op met welke passie jij studenten begeleidt, zowel tijdens de studie als bij het 

wetenschappelijke onderzoek. Dank voor alle suggesties bij het schrijven van artikelen en 

zeker niet te vergeten de onderwijsmomenten. Beste Jaap, jij bent iets later betrokken 

geraakt bij het proefschrift. Ik wil je bedanken voor alle suggesties en verbeteringen die je 

hebt aangedragen voor de artikelen en het proefschrift. 

 

 De leden van de beoordelingscommissie prof. dr. R. Stolk,  prof. dr. P.M. ter Wee en 

prof. dr. T.S. van der Werf wil ik hartelijk danken voor hun bereidheid mijn proefschrift te 

beoordelen. 

 

 Aiko de Vries, de ‘vader’ van de CTD-studie. Beste Aiko, jij hebt deze studie opgezet. Ik 

heb enorme waardering voor de wijze waarop jij dat gedaan hebt. Tijdens de laatste 

loodjes van dit boekwerk ben ik er achter gekomen hoe zwaar het is om wetenschap te 

combineren met het klinisch werk. Bedankt dat wij (Leendert en ik) jou kindje mochten 

vertroetelen. 

 

 Dan de Kidney Alley. Mieneke, Femke, Folkert, Jan, Titia, Steef, Hilde, Maartje, Else, 

Dorien, Sasscha en Solma. Zonder jullie was het promoveren veel minder leuk geweest. 

Bedankt voor alle grappen en grollen, de serieuze discussies, maar bovenal de leuke 

sociale momenten (biertje in de kroeg, de congressen, de kerstborrel (hohoho), noem 
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maar op). Lieve Mieneke, bedankt voor alle gezelligheid en alle gesprekken over van alles 

en nog wat. Bovenal bedankt voor het ontwerpen en het maken van de voorkant van dit 

proefschrift. Het is super mooi geworden! Beste Jan, de man met vele gezichten. Jouw 

hulp als financial manager, professor in statistics maar bovenal als waardig opvolger van 

de kerstman heb ik zeer gewaardeerd. Blijf zoals je bent! Ennuh, lang leve de hemopexine. 

Beste Folkert, de ‘stille kracht’ van de nefrologie, tenminste tot we in San Diego een 

congres bezochten. Daar ontpopte jij je als een echte ‘barhanger’. Ik heb er respect voor 

dat jij je hoofd boven water gehouden hebt als enige haan in het kippenhok. Beste rooie 

rakkers, wat zijn jullie toch een mooi stel! 

 

 Een speciaal woord voor Giuseppe, alias Peppie. Beste Giuseppe, jij stond, ondanks 

alle tegenslagen die je hebt gehad, altijd zo positief in het leven. Dat jij er niet meer bent is 

een enorm verlies voor de Kidney Alley. 

 

 Dank aan alle andere collega’s van de pathologie, PREVEND, klinische farmacologie en 

cardiologie: Janna, Alaa, Auke, Willemijn, Ferdau, Nynke, Mirjan, Esther, Jarir, Pramod, 

Kyran, Carolien, Cornelis, Heleen, Jelena, Eelke, Wynand, Marije, Els, Inge, Martin, Maurits 

en Jasper. Bedankt voor alle enerverende werkbesprekingen en sociale bijeenkomsten. 

 

 Tijdens het onderzoek was ik te gast op de afdeling nefrologie en was ik gestationeerd 

in de NIO (nefroloog in opleiding) kamer. Prof. Dr. de Jong, beste Paul, bedankt voor de 

gastvrijheid, de leerzame werkbesprekingen en voor alle suggesties ter verbetering van de 

artikelen. Ik wil alle NIO’s, Luuk, Margo, Patricia, Riko, Akin, Arnold, Laila, Kwok-Wai, Goos, 

Peter, Paulien en Bas, bedanken voor de gezelligheid en natuurlijk de tijd die werd 

genomen om nefrologische knelpunten en onduidelijkheden uit te leggen. Kwok-Wai, met 

jou heb ik het langst tijd op de kamer gezeten. Jouw vrolijkheid (met name je giecheltjes) 

en positiviteit hebben zeker bijgedragen aan dit proefschrift. 

 

 Dan natuurlijk de ondersteuning. Beste Winnie, als moeder van de Nefro Nerds, staat 

jouw deur altijd open. Bedankt voor alle hulp en de gesprekken (en roddels) over van alles 

en nog wat. Beste Joke, jouw vrolijkheid maar ook jouw hulp, met name bij de afrondende 

fase, was onmisbaar. Komen er binnenkort weer wat leuke mails? Het secretariaat 

niertransplantatie wil ik ook graag bedanken. Geertien, zonder jou loopt het secretariaat 

totaal in de soep. Roelie en Marjan van de nierfunctiekamer. Hoewel wij elkaar niet veel 

gezien hebben wil ik jullie bedanken voor de goede zorgen voor ‘onze’ 

niertransplantatiepatiënten.
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 Dit proefschrift is geboren uit een zogenaamd MD/PhD traject. Dat betekent dat het 

onderzoek onderbroken werd door twee jaar coschappen. Ik wil alle andere coschappers 

bedanken voor de gezelligheid gedurende de twee leerzame en gezellige jaren waarin we 

de overstap van student naar arts hebben gemaakt. Beste Karina, met jou naar Delfzicht in 

Delfzijl was een bijzonder goed avontuur. Bedankt voor de gezelligheid. Beste Janneke, 

Liza en Annegriet, het was mij een genoegen om de coschappen met jullie te lopen. 

 

 Dan de mensen achter schermen. Geachte heren van het mooie dispuut Despinoza, 

hoewel jullie het je misschien niet beseffen hebben jullie een enorme bijdrage geleverd 

aan de totstandkoming van dit proefschrift. Bedankt voor alle interesse die jullie getoond 

hebben maar bovenal bedankt voor alle supermooie momenten (ennuh Tunesië is 

absoluut wél een mooi land…). Beste Chris, jouw gastvrijheid, je interesse en 

belangstelling heb ik enorm gewaardeerd. Beste Willem, ik heb enorm genoten van onze 

momenten in de Folkingestraat: Huize Reezicht HOOG! Geachte amice, beste Wouter – is 

jouw boekje al af? - Schuurman, binnenkort toch maar een bakkie in het WKZ? Beste 

Reuder, ouwe gek, het is altijd weer mooi met jou. Sebastiaan en Rob, wat zal ik zeggen, 

Valencia zal nooit meer hetzelfde zijn. 

 

 Vele zaterdagen heb ik gewerkt in de Mitra. Beste Gijs, met jou heb ik daar de meeste 

tijd doorgebracht. Het was altijd weer een feest om naast jou te mogen staan. 

 

 De paranimfen, Mannes Geurts en Leendert Oterdoom. Beste Mannes, met jou heb ik 

alle fasen van student tot heden doorlopen. Jij bent er altijd tijdens de mooie momenten, 

maar, misschien nog wel belangrijker, ook tijdens de moeilijke momenten. Wat is het fijn 

dat je naast me staat tijdens de promotie. Beste Leendert, samen hebben wij de ‘CTD 

studie’ voortgezet. Bedankt voor de (niet altijd) relativerende gesprekken en bovenal voor 

alle gezelligheid en onzin. Het was mij een genoegen. 

 

 Lieve familie Buwalda, bedankt voor alle interesse die jullie getoond hebben in mijn 

onderzoek. Bovenal bedankt voor alle gezelligheid (Sinterklaas zal nooit meer hetzelfde 

zijn…). 

 

 Lieve papa en mem, jullie hebben mij altijd gesteund en gemotiveerd bij hetgeen ik 

wilde doen. Dankzij jullie heb ik alsnog de mogelijkheid gekregen om geneeskunde te 

studeren en het vak uit te oefenen waar ik van droomde. Lieve Hermen Jan, ik heb respect 

voor alle dingen die jij onderneemt. Ik hoop dat we elkaar in de toekomst wat vaker zien 

als je misschien weer naar Nederland komt. Lieve Loes, schoonzusje, het is altijd weer 

gezellig met jou. Lieve Maria, ik ben trots op hoe je het allemaal klaar speelt met de zorg 
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voor Kenny, je baan en je opleiding. Lieve Christa, het is altijd weer mooi om te zien hoe 

ondernemend en heerlijk chaotisch jij in het leven staat. Het is altijd weer fijn om jullie 

allemaal te zien en samen te zijn. 

 

 Lieve Femke, steun en toeverlaat, jij hebt wel het meeste geduld van iedereen op 

moeten brengen. Jij moest af en toe op de rem trappen om mij eraan te herinneren dat er 

ook nog andere leuke(re) dingen zijn. Zo is een dagje niks doen best leuk… Ik zie uit naar 

de tijd dat het wat minder druk is, zodat we nog meer met zijn tweeën, maar vooral van 

elkaar kunnen genieten! 
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