
 

 

 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


 

 

CHAPTER 6 

 

THE EFFECT OF SERUM ALBUMIN AS PREDICTOR OF 

GRAFT FAILURE IN RENAL TRANSPLANT RECIPIENTS IS 

STRONGLY MODIFIED BY PROTEINURIA 

 

 

 

 

Rutger M. van Ree 

Sascha Gross 

Jaap J. Homan van der Heide 

Jan P. Schouten
 

Willem J. van Son
 

Reinold O.B. Gans
 

Stephan J.L. Bakker 

 

 

 

 

Submitted  



CHAPTER 6 

84 

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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