
Free Radical Research, June 2011; 45(6): 735–745

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

Sa
sk

at
ch

ew
an

 o
n 

12
/0

5/
11

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
                             Reduced glomerular fi ltration rate, infl ammation and HDL 
cholesterol as main determinants of superoxide production in 
non-dialysis chronic kidney disease patients      
    MARION   MORENA  1,2,3  ,       LAURE   PATRIER  1,3,4  ,       ISABELLE     JAUSSENT  5  ,   
    ANNE-SOPHIE     BARGNOUX  1,3  ,       ANNE-MARIE     DUPUY  1  ,       ST É PHANIE     BADIOU  1,3  ,  
     H É L È NE   LERAY-MORAGUES  4  ,       KADA     KLOUCHE  3,6  ,       BERNARD     CANAUD  2,3,4,    
&        JEAN-PAUL   CRISTOL  1,3    

  1  Laboratoire de Biochimie, CHRU Montpellier, F-34000 France; Univ Montpellier 1, Montpellier, F-34000 France  2Institut 
de Recherche et de Formation en Dialyse, CHRU Montpellier, F-34000 France  3  UMR 204, Nutripass, F-34000 France,   
4  Service de Néphrologie-Hémodialyse et Soins Intensifs, CHRU, Montpellier, F-34000 France; Univ Montpellier 1, Montpellier, 
F-34000 France,   5  INSERM, U1061, Montpellier, F-34093 France; Univ Montpellier 1, Montpellier, F-34000 France, and  
 6  Service de Réanimation Métabolique, CHRU Montpellier, F-34000 France; Univ Montpellier 1, Montpellier, F-34000 France                              

(Received date: 28 October 2010; Accepted date: 18 March 2011)
 Abstract 
 Enhanced oxidative stress partly resulting from an over-production of superoxide anion (O 2  

 •  �  ) represents a novel and par-
ticular risk factor in chronic kidney disease (CKD) patients. This study was therefore designed to evaluate O 2  

 •  �   determi-
nants in this population. O 2  

 •  �   production was evaluated using chemiluminescence method in 136 CKD patients (79M/57F, 
median age: 69.5 [27.4 – 94.6]). Renal function (evaluated by the glomerular fi ltration rate using modifi cation of diet in renal 
disease (MDRD)), infl ammation, lipids, nutritional and bone mineral as well as clinical parameters were evaluated. Poten-
tial relationships between O 2  

 •  �   and these clinico-biological parameters were investigated to identify main determinants of 
such a pathological process. Enhanced O 2  

 •  �   production has been observed at the pre-dialysis phase: stages 4 and 5 of CKD 
( p   �  0.0065). In multivariate analysis, low eGFR (MDRD  � 30 mL/min/1.73 m 2 ;  p   �  0.046), high fi brinogen ( � 3.7 g/L; 
 p   �  0.044) and abnormal HDL cholesterol ( � 1.42 mmol/L and  �  1.75 mmol/L;  p   �  0.042) were the main determinants 
of O 2  

 •  �   production in CKD patients.  

  Keywords:   Chronic renal disease  ,   superoxide anion  ,   fi brinogen  ,   lipids.   
  Introduction 

 Oxidative stress results from excessive oxidant pro-
duction and/or impairment in antioxidant defense 
mechanisms and induces chemical alterations of bio-
molecules leading to structural and functional cell 
and tissue alterations. Existence of an oxidative stress, 
as attested by the presence of plasma lipid, protein 
and DNA oxidation markers, has been established in 
patients with chronic kidney disease (CKD) [1 – 6]. 
Initially thought to be related mainly to the dialysis 
process, an increasing body of evidence attests the 
multifactorial origin of oxidative stress among which 
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uremia  per se  and infl ammation are largely incrimi-
nated in its genesis. Uremia-associated metabolic 
abnormalities include complex alterations of oxidant 
production [7]. In a CKD patient population, poly-
morphonuclear neutrophils are in a  ‘ primed ’  state for 
superoxide (O 2  

 •  �  ) anion production [8,9]. Accumula-
tion of uremic toxins, particularly advanced glycation 
end products [10] and homocysteine [11], may play 
a major role in this leukocyte activation. Homo-
cysteine, combined with infl ammation, is indeed a 
major determinant of O 2  

 •  �   production as we previ-
ously reported in a large population of elderly patients 
apeyronie, 371 Avenue du Doyen Gaston Giraud, 34295 Montpellier 
jp-cristol@chu-montpellier.fr    
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[12]. The chronic micro-infl ammatory process that 
occured in uremic patients participates also to this 
oxidant over-production through the up-regulation of 
NADPH oxidase complex, the major source of O 2  

 •  �   
production [13]. In addition to the effect of infl am-
mation on oxygen radicals, it is noteworthy that 
oxidants modulate infl ammatory mediator release 
through activation of transcription factors including 
NF  κ  B, AP-1 and hypoxia inducible factor [14,15], 
leading to amplifi cation loops between oxidative stress 
and infl ammation. Thus, oxidative stress may exhibit 
an ambivalent role, as an  ‘ effector ’  (by oxidant release) 
but also as a  ‘ modulator ’  (in regulating transcription 
factors) of a CKD-dependent chronic micro-infl am-
matory process [16]. Nevertheless, the implication of 
oxidative stress as a pathogenesis cofactor in the 
development of long-term complications including 
vascular diseases, anaemia, malnutrition and amylosis 
observed in this population is well recognized, but its 
determinants remain under scrutiny [17]. 

 We evaluated in this study the relationships between 
CKD, O 2  

 •  �   and CKD-related clinical and metabolic 
disorders (including not only infl ammation and 
hyperhomocysteinemia but also malnutrition, distur-
bance in bone and mineral metabolism and dyslipi-
demia). Our purpose was to identify main determinants 
of an oxidant over-production in a population of non-
dialysis CKD patients.   

 Methods  

 Patients 

 One hundred and thirty-six non-dependent dialysis 
CKD patients (at various stages of kidney disease), 
issued from the outpatient general nephrology con-
sultation of the Lapeyronie university hospital, entered 
this cross-sectional study. All were of caucasian origin. 
Inclusion criteria were age  � 18 years old and presence 
of CKD defi ned by glomerular fi ltration rate in agree-
ment with the National Kidney Foundation [18]. The 
study was conducted according to the principles of 
the Declaration of Helsinki and in compliance with 
International Conference on Harmonization/Good 
Clinical Practice regulations. According to the French 
Law, the study has been registered at  ‘ Minist è re de 
l ’ Enseignement Sup é rieur et de la Recherche ’  after 
approval by our institution ethical committee with the 
following number: DC–2008–417. 

 CKD causes were as follows: glomerulonephritis 
( n   �  20), cystic renal disease ( n   �  11), diabetic neph-
ropathy ( n   �  24), angiosclerosis and hypertensive 
nephropathy ( n   �  58), infectious/obstructive intersti-
tial nephropathy ( n   �  4), renal neoplasia ( n   �  1), 
necrotizing angiitis ( n   �  1), other cause ( n   �  13) and 
unknown cause ( n   �  4). 

 Detailed medical history including age, gender, 
weight, height, waist-to-hip ratio (defi ned as the waist 
girth/hip girth ratio), diabetes mellitus, hypertension, 
past or current smoking and current medication was 
recorded. 

 Existence of hypertension was defi ned by brachial 
blood pressure higher or equal to 130/80 mmHg and/
or by a current anti-hypertensive treatment. Pulse 
pressure (PP), as an index of aortic stiffness, was 
defi ned by the difference between systolic and dia-
stolic blood pressure [19]. All elements of clinical 
examination were also recorded. 

 Fifty healthy normal subjects, free of kidney dam-
age (including absence of abnormalities in the com-
position of blood or urine or absence of abnormalities 
in imaging tests) and with a GFR  � 60 mL/min/1.73 
m 2  for  �  3 months were chosen to serve as a control 
group.   

 Laboratory measurements 

 Blood samples were collected as part of our regular 
CKD patient follow-up, centrifuged and supernatant 
was processed for the following parameters: creatinine, 
urea, high sensitive C reactive protein (CRP), fi brino-
gen, alpha-1 acid glycoprotein, ceruloplasmin, homo-
cysteine, total cholesterol, LDL and HDL cholesterol, 
triglycerides, plasma vitamin E, albumin, transthyre-
tin, calcium, phosphate, intact parathormone (PTH), 
1.25(OH) 2  vitamin D, haemoglobin, iron and ferritin. 
In addition, from these same blood samples, an ali-
quot of whole blood was immediately prepared after 
collection in order to perform O 2  

 •  �   production.   

 Biological parameters in plasma or serum 

 Plasma creatinine was measured by enzymatic method 
(Olympus apparatus, Rungis, France) using reagents 
from Randox (Mauguio, France) and previously vali-
dated with the Roche enzymatic method [20]. Plasma 
urea was also evaluated by enzymatic method (Olym-
pus apparatus). Plasma CRP was determined by 
immunoturbidimetry method (Olympus apparatus) 
using reagents from Randox (Randox). Fibrinogen 
was measured by Von Clauss method (STA Fibrino-
gen, Diagnostica Stago, Asni è res, France). Serum 
albumin, transthyretin, alpha-1 acid glycoprotein and 
ceruloplasmin were measured by nephelometry tech-
nique (Immage Beckman Coulter, Villepinte, France). 
Homocysteine was measured by using a commercial 
Recipe high performance liquid chromatography 
(HPLC) analytical kit (Recipe Chemicals  &  Instru-
ments, Munich, Germany). Triglycerides (TG), total 
cholesterol (TC) and HDL cholesterol (HDL) levels 
were measured by enzymatic method (Konelab DPC 
France, La Garenne Colombes, France). The LDL 
cholesterol (LDL) rate was calculated by the Fried-
wald ’ s formula: [LDL]  �  [TC]  -  ([TG]/5)  -  [HDL]. 
Plasma calcium, phosphate and iron were assessed by 
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colourimetric method (Olympus apparatus). Plasma 
vitamin E concentrations were measured by HPLC 
using Waters-chromatography (Millipore Waters, Les 
Ulisses, France). Intact PTH was measured by immu-
noradiometric assay (Elsa-PTH, Cis Bio International, 
Gif sur Yvette, France). 1.25(OH) 2  vitamin D was 
measured by radioimmunoassay (Immunodiagnostic 
Systems, Bolton, UK). Haemoglobin was determined 
by photometry (ABX Pentra, Montpellier, France). 
Ferritin was evaluated using immunoenzymometric 
assay with chemiluminescence detection (UniCel DxI 
800, Beckman Coulter, Villepinte, France). 

 Glomerular fi ltration rate (GFR) was estimated 
(eGFR) using the re-expressed 4-variable Modifi ca-
tion of Diet in Renal Disease (MDRD) study equation 
(eGFR  �  175  �  standardized S cr  

 � 1.154   �  age  � 0.203   
�  1.212 [if black]  �  0.742 [if female]) [21].   

 Determination of O 2  
 •  �   anion production by whole blood 

 O 2  
 •  �   production was determined in 200  μ L of fresh 

whole blood (treated immediately after collection) 
diluted in 820  μ l of DMEM medium and 200  μ L of 
lucigenin (1.5  �  10  � 4  mol/L) (Sigma Chemical, Saint 
Quentin Fallavier, France) [12]. After a 20-min incu-
bation at 37 ° C under gentle agitation, whole blood 
was stimulated by using phorbol 12-myristate 13-
acetate (PMA) (a specifi c activator of protein kinase 
C, thus leading to activation of NADPH oxidase) 
(10  � 7  M) and the luminescence was immediately 
recorded at 37 ° C by means of a Victor ²  Wallac lumi-
nometer (Perkin Elmer, Turku, Finland). Lumines-
cence intensity was normalized to leukocyte count. 
Response of PMA-free whole blood (basal O 2  

 •  �   pro-
duction) incubated simultaneously was used as 
control and considered as equal to 100%. 

 To rule out auto-production of O 2  
 •  �   by lucigenin 

or by plasma compounds, O 2  
 •  �   production was deter-

mined in whole blood, de-leukocyted blood, plasma 
and culture medium. As expected, these preliminary 
experiments confi rmed an enhanced O 2  

 •  �   production 
in whole blood (181  	  10%;  p   �  0.001), whereas 
using de-leukocyted blood, plasma or culture medium 
did not result in any O 2  

 •  �   production. 
 Imprecision studies of O 2  

 •  �   production measure 
were as follows: intra-assay CV  �  3.5% (basal O 2  

 •  �   
production) and 3.9% (PMA-stimulated O 2  

 •  �   pro-
duction); inter-assay CV  �  5.0% (basal O 2  

 •  �   produc-
tion) and 9.7% (PMA-stimulated O 2  

 •  �   production). 
 Finally, in order to evaluate the variability of O 2  

 •  �   
production measure, determination was repeated at 
1-year period of time on a sub-group of these CKD 
patients ( n   �  60). Analysis of sequential samples 
using Wilcoxon signed-rank test could not evidence 
any signifi cant difference in O 2  

 •  �   production 
( p   �  0.37). Infl ammatory parameters including CRP 
were not signifi cantly changed as well between the 
two periods ( p   �  0.99).   
 Statistical analyses 

 The sample was described using percentages for cat-
egorical variables and median and range for quantita-
tive variables as their distributions were tested with 
the Shapiro-Wilk statistic and were skewed. 

 Distribution of some continuous variables were 
compared according to renal function (MDRD  �  60, 
[60 – 30] and  �  30 mL/min/1.73 m 2 ) using Kruskall 
Wallis and Mann-Whitney non-parametric tests with 
Bonferroni post-hoc test. 

 To study differences in O 2  
 •  �   production between 

healthy control subjects and CKD patients, a multi-
nomial logistic regression (with adjustment for age 
and sex and further Bonferroni correction) was 
performed. 

 In order to evaluate the relationships between clin-
ical characteristics or biological parameters and oxi-
dative stress (O 2  

 •  �   production level), patients were 
divided into two groups, those with a low O 2  

 •  �   pro-
duction level ( � 203.358% corresponding to the 1 st  
and 2 nd  tertiles, as no signifi cant association between 
variables — except for ceruloplasmin and ferritin —
 and superoxide production was observed when com-
paring 1 th  and 2 nd  tertiles) and those with a high O 2  

 •  �   
production level ( � 203.358% corresponding to the 
3 rd  tertile). 

 In a fi rst step, a univariate analysis was performed 
to determine differences in unadjusted clinical char-
acteristics or biological parameters between patients 
with and without high O 2  

 •  �   production level. Odds 
ratios (OR) and 95% confi dence intervals (CI) were 
obtained for each potential characteristic or biological 
parameter (divided into tertiles or clinical cut-offs). 
In a second step, multivariate logistic regression 
analysis was performed with all variables with  p -
values  
  0.1 in the univariate analysis as potential 
candidates. 

 Signifi cance of variables was set at  p   �  0.05. All 
analyses were carried out with SAS software, version 
9.1 (SAS Institute, Cary, NC) and STATA software, 
version 9.2 (Statacorp, 2007).    

 Results  

 Characteristics of the population 

 Clinical and biological characteristics for the 136 
CKD patients are summarized in Table I. 

 Sex ratio of the patients was 79/57 (male/female), 
median age was 69.5 with a range of 27.4 – 94.6 years 
old. 

 Seventy (51.5%) patients had ever smoked. Diabetes 
mellitus and hypertension were found in 35 (25.7%) and 
124 (91.2%) patients, respectively. One hundred and 
twenty-two (89.7%) patients received anti-hypertensive 
drugs including betablockers ( n   �  64; 47.1%), angio-
tensin receptor blockers and angiotensin converting 
enzyme inhibitors ( n   �  102; 75.0%). Fifty-fi ve (40.4%) 
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  Table I. Characteristics of chronic kidney disease patients.  

Variable  n % Median [min – max]

Gender, male 79 58.1
Age, years 136 69.5 [27.4 – 94.6]
BMI, kg/m 2 

  �  25 60 44.1
25 – 30 52 38.2
  �  30 24 17.7

Smoking habits 70 51.5
Diabetes mellitus 35 25.7
Hypertension 124 91.2
Pulse pressure (mmHg) 136 62.25 [33.00 – 124.5]
O 2  

 •  �   production (% activation) 136 181.14 [100.00 – 586.97]
Homocysteine ( μ mol/L) 136 20.95 [8.80 – 75.30]
CRP (mg/L) 136 2.17 [0.20 – 42.00]
Fibrinogen (g/L) 136 4.00 [2.10 – 7.80]
alpha-1 acid glycoprotein (g/L) 136 0.95 [0.43 – 1.89]
Total cholesterol (mmol/L) 136 5.34 [3.13 – 9.16]
HDL cholesterol (mmol/L) 136 1.54 [0.73 – 3.37]
LDL cholesterol (mmol/L) 136 2.93 [1.12 – 6.46]
Triglycerides (mmol/L) 136 1.36 [0.36 – 4.93]
Albumin (g/L) 136 40.9 [27.4 – 58.0]
Plasma creatinine ( μ mol/L) 136 172.0 [60.0 – 666.0]
MDRD (mL/min/1.73 m 2 ) 136 32.45 [6.48 – 91.93]
Plasma iron ( μ mol/L) 136 14.5 [4.9 – 35.0]
Ferritin (ng/mL) 136 141.5 [26.0 – 1229.0]
Haemoglobin (g/dL) 136 13.3 [8.9 – 16.9]
Ceruloplasmin (g/L) 134 0.34 [0.18 – 1.04]

   Values were described by using proportions for categorical variables and median [minimum – maximum] for quantitative variables.   
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patients received statin therapy. Sixteen (11.8%) 
patients received fi brates. Erythropoiesis stimulating 
agents were administered to 25 (18.4%) patients. 
Eighty-seven (64.0%) patients received vitamin D 
supplementation and fi nally phosphate binders were 
administered to 31 (22.8%) patients.   

 Low eGFR is associated with an enhancement in O 2  
 •  �   

production, fi brinogen and homocysteine 

 As shown in Figure 1, low eGFR was associated with 
an increased O 2  

 •  �   production beginning from stages 
4 and 5 of CKD ( p   �  0.0065) (MDRD  �  30 mL/
min/1.73 m 2  vs MDRD  �  30 mL/min/1.73 m 2 , 
 p   �  0.0017; MDRD [30 – 60] mL/min/1.73 m 2  vs 
MDRD  �  30 mL/min/1.73 m 2 ,  p   �  0.0126). As 
shown in Table II, no signifi cant difference ( p   �  0.99) 
between control subjects and CKD patients with high 
GFR (MDRD  �  30 mL/min/1.73 m 2 ) was observed 
while a signifi cant difference ( p   �  0.027) between 
control subjects and CKD with lower GFR 
(MDRD  �  30 mL/min/1.73 m 2 ) was reported. 

 Among biomarkers of infl ammation, only fi brino-
gen signifi cantly changed according to the stage of 
CKD. An enhancement in fi brinogen activity was 
observed with higher stages (4 and 5) of CKD 
( p   �  0.0075; MDRD  �  30 mL/min/1.73 m 2  vs 
MDRD  �  30 mL/min/1.73 m 2 ,  p   �  0.0018; MDRD 
[30 – 60] mL/min/1.73 m 2  vs MDRD  �  30 mL/
min/1.73 m 2 ,  p   �  0.0105). In contrast, CRP, as a 
marker of acute infl ammation with earlier kinetics, 
was not signifi cantly modifi ed according to CKD 
stages. 

 A similar pattern was observed with homocysteine 
level ( p   �  0.001; MDRD  �  60 mL/min/1.73 m 2  vs 
MDRD [30 – 60] mL/min/1.73 m 2 ,  p   �  0.003).   
Figure 1.     Infl uence of glomerular fi ltration rate on whole blood 
O 2  

 •  �   production in 136 patients with chronic kidney disease. 
Patients were divided into tertiles of MDRD (  �  60, 60 – 30 
and  �  30 mL/min/1.73 m 2 ) and O 2  

 •  �   production evaluated. 
Enhanced O 2  

 •  �   production is already present at the pre-dialysis 
phase (stage 4 and 5) of CKD ( p   �  0.0065) (MDRD  �  30 mL/
min/1.73 m 2  vs MDRD  �  30 mL/min/1.73 m 2 :  p   �  0.0017, 
MDRD 60 – 30 mL/min/1.73 m 2  vs MDRD  �  30 mL/min/1.73 m 2 : 
 p   �  0.0126) (NS  �  Not signifi cant).  
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 Kidney disease, fi brinogen and HDL cholesterol are the 
major determinants of O 2  

 •  �   production in CKD patients 

 On univariate analysis, none of the clinical variables 
was associated with an increased O 2  

 •  �   production (see 
Table III). 

 Regarding biological variables, as shown in 
Table IV, kidney dysfunction (plasma creatinine  � 204 
 μ mol/L: OR  �  5.05 [1.93 – 13.20],  p   �  0.003; 
and MDRD  � 30 mL/min/1.73 m 2 : OR  �  5.64 
[1.17 – 27.23],  p   �  0.0037) was signifi cantly associ-
ated with an increased O 2  

 •  �   production. Among the 
studied infl ammatory parameters, a high fi brinogen 
( � 3.7 g/L) was the only one to be associated with an 
increase in O 2  

 •  �   production (OR  �  3.40 [1.23 – 9.42] 
and 3.67 [1.38 – 9.77] in the 2 nd  and 3 rd  tertiles, 
respectively;  p   �  0.024). An association was also 
found between high PTH level ( � 72 pg/mL) and 
high O 2  

 •  �   production (OR  �  2.18 [1.04 – 4.58]; 
 p   �  0.039). None of the other calcium phosphate 
metabolism parameters was associated with O 2  

 •  �   pro-
duction. Low ( � 1.42 mmol/L) and high ( � 1.75 
mmol/L) HDL cholesterol levels were associated with 
high O 2  

 •  �   production (OR  �  2.89 [1.10 – 7.62] vs 
3.46 [1.32 – 9.06] in HDL cholesterol  � 1.42 and  � 1.75 
mmol/L, respectively;  p   �  0.03), drawing a U-shaped 
curve. Low haemoglobin level ( � 12.6 g/dL) was also 
signifi cantly associated with an increased O 2  

 •  �   pro-
duction (OR  �  2.77 [1.13 – 6.81],  p   �  0.0256). Lastly, 
no signifi cant association was observed between O 2  

 •  �   
production and all other parameters including homo-
cysteine, nutritional markers or iron status. 

 Multivariate analysis was performed with all vari-
ables with  p -values  
  0.1 in order not to fail the iden-
tifi cation of variables known to be important [22]. 
The variables retained in the model were renal func-
tion, fi brinogen, PTH, HDL cholesterol and haemo-
globin. MDRD (instead of creatinine plasma level) 
has been used as a determinant of renal function. 
Stages 1, 2 and 3 were pooled vs stages 4 and 5. In 
the same manner, 1 st  and 2 nd  tertiles of fi brinogen 
were pooled vs 3 rd  tertile. As shown in Table V, MDRD 
( p   �  0.046), fi brinogen ( p   �  0.044) and HDL cho-
lesterol ( p   �  0.042) remained independently associ-
ated with O 2  

 •  �   production. An association between 
HDL cholesterol and O 2  

 •  �   production, as a U-shaped 
curve, was still observed. No independent association 
between PTH or haemoglobin and O 2  

 •  -   production 
was observed.    

 Discussion 

 Our study provided new insights and comprehensive 
elements about the complex relationships between 
kidney dysfunction, O 2  

 •  -   production and CKD-related 
clinical and metabolic disorders. Indeed, our results 
showed that low GFR (stages 4 and 5 of CKD) was 
accompanied by an increase in O 2  

 •  -   production, 
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  Table III. Associations between clinical parameters and O 2  
 •  �   production in 136 CKD patients.  

O 2  
 •  �   production (% activation)

  �  203.358 ( n   �  90)   �  203.358 ( n   �  46)

Variable  n %  n % OR [CI 95%]  p -value ∗ 

Gender
Male 53 58.89 26 56.52 1 0.79
Female 37 41.11 20 43.48 1.10 [0.54 – 2.26]

Median age (min – max), 
OR for 10 years increased

68.93 
[27.39 – 94.57]

71.31 
[36.50 – 86.45]

1.08 [0.82 – 1.42] 0.60

Diabetes mellitus
no 70 77.78 31 67.39 1 0.19
yes 20 22.22 15 32.61 1.69 [0.77 – 3.74]

Smoking
no 44 48.89 22 47.83 1 0.91
yes (past  �  present) 46 51.11 24 52.17 1.04 [0.51 – 2.12]

Hypertension
no 11 12.22 1 2.17 1 0.08
yes 79 87.78 45 97.83 6.27 [0.78 – 50.1]

Pulse pressure (mmHg)
  �  57.5 33 37.08 10 22.22 1 0.22
57.5 – 69.5 29 32.58 17 37.78 1.93 [0.77 – 4.89]
  �  69.5 27 30.34 18 40.00 2.20 [0.87 – 5.55]

Body mass index
  �  25 37 41.11 23 50.00 1 0.41
25 – 30 38 42.22 14 30.43 0.59 [0.27 – 1.32]
  �  30 15 16.67 9 19.57 0.97 [0.36 – 2.56]

Waist-to-hip ratio
  �  1 72 80.00 38 82.61 1 0.71
  �  1 18 20.00 8 17.39 0.84 [0.34 – 2.11]

Anti-hypertensive drugs
no 13 14.44 1 2.17 1 0.06
yes 77 85.56 45 97.83 7.60 [0.96 – 60.0]

Erythropoiesis stimulating 
agent
no 74 82.22 37 80.43 1 0.80
yes 16 17.78 9 19.57 1.13 [0.45 – 2.79]

Phosphate binders
no 73 81.11 32 69.57 1 0.13
yes 17 18.89 14 30.43 1.88 [0.83 – 4.27]

Vitamin D supplementation
no 36 40.00 13 28.26 1 0.18
yes 54 60.00 33 71.74 1.69 [0.79 – 3.65]

Statins
no 55 61.11 26 56.52 1 0.61
yes 35 38.89 20 43.48 1.21 [0.59 – 2.49]

Fibrates
no 78 87.64 41 89.13 1 0.80
yes 11 12.36 5 10.87 0.86 [0.28 – 2.66]

    ∗  p -value (for variables with more than two categories. the  p -value of the test for trend is given).   
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fi brinogen and homocysteine levels. When further 
attempting to determine possible determinants of this 
oxidant over-production, our analysis found low 
MDRD, high fi brinogen and fi nally low and high 
HDL cholesterol to be associated with an increased 
O 2  

 •  �   production in this sample of 136 patients. PTH 
and haemoglobin levels were associated with high 
O 2  

 •  �   in the univariate analysis only. Finally, no asso-
ciation was observed between medication or iron sta-
tus and increased O 2  

 •  �   production. 
 To our knowledge, no previous study investigated 

the distribution of O 2  
 •  �   production according to renal 

function level. Chen et al. [9] only observed an 
enhanced O 2  
 •  �   basal level in haemodialysis vs control 

subjects, suggesting leukocytes from chronically dial-
ysed patients were in a  ‘ primed ’  state. We report here 
that oxygen radical production signifi cantly increases 
from stages 4 and 5 of CKD. In addition, it was inter-
esting to note that O 2  

 •  �   levels were not signifi cantly 
different between lower stages of CKD (representing 
higher GFR levels) and healthy volunteers. Taken 
together, these data suggest a late occurrence of oxi-
dative process in the course of kidney disease. 
Although univariate and multivariate analyses clearly 
showed that MDRD represents the main determinant 
of O 2  

 •  �   enhancement, no signifi cant increase in O 2  
 •  �   
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  Table IV. Associations between biological parameters and O 2  
 •  �   production in 136 CKD patients.  

O 2  
 •  �   production (% activation)

  �  203.358 ( n   �  90)   �  203.358 ( n   �  46)

 p -value*
Variable  n %  n % OR [CI 95%]

Plasma creatinine ( μ mol/L)
  �  142 37 41.11 8 17.39 1 0.003
142 – 204 31 34.44 14 30.43 2.09 [0.78 – 5.63]
  �  204 22 24.44 24 52.17 5.05 [1.93 – 13.20]

MDRD (mL/min/1.73 m 2 )
  �  30 33 36.67 31 67.39 5.64 [1.17 – 27.23] 0.0037
30 – 60 45 50.00 13 28.26 1.73 [0.34 – 8.75]
  �  60 12 13.33 2 4.35 1

MDRD (mL/min/1.73 m 2 )
  �  30 33 36.67 31 67.39 3.57 [1.69 – 7.56] 0.0009
  �  30 57 63.33 15 32.61 1

Plasma urea (mmol/L)
  �  10 34 37.78 11 23.91 1 0.004
10 – 15.9 35 38.89 11 23.91 0.97 [0.37 – 2.54]
  �  15.9 21 23.33 24 52.17 3.53 [1.44 – 8.67]

CRP (mg/L)
  �  1.4 30 33.33 18 39.13 1 0.66
1.4 – 3.2 30 33.33 12 26.09 0.67 [0.27 – 1.62]
  �  3.2 30 33.33 16 34.78 0.89 [0.38 – 2.06]

Fibrinogen (activity) (g/L)
  �  3.7 35 38.89 7 15.22 1 0.024
3.7 – 4.4 25 27.78 17 36.96 3.40 [1.23 – 9.42]
  �  4.4 30 33.33 22 47.83 3.67 [1.38 – 9.77]

alpha – 1 acid glycoprotein (g/l)
  �  0.84 34 37.78 13 28.26 1 0.32
0.84 – 1.06 30 33.33 14 30.43 1.22 [0.50 – 3.00]
  �  1.06 26 28.89 19 41.30 1.91 [0.80 – 4.57]

Ceruloplasmin (g/L)
  
  0.31 34 38.20 12 26.67 1 0.37
0.31 – 0.38 27 30.34 18 40.00 1.89 [0.78 – 4.59]
  �  0.38 28 31.46 15 33.33 1.52 [0.61 – 3.77]

Calcium (mmol/L)
  �  2.30 36 40.00 12 26.09 1 0.25
2.30 – 2.42 24 26.67 17 36.96 2.12 [0.86 – 5.23]
  �  2.42 30 33.33 17 36.96 1.70 [0.70 – 4.11]

Phosphate (mmol/L)
  �  0.96 35 38.89 11 23.91 1 0.22
0.96 – 1.15 27 30.00 18 39.13 2.12 [0.86 – 5.23]
  �  1.15 28 31.11 17 36.96 1.93 [0.78 – 4.78]

Intact PTH (pg/mL)
  �  72 65 72.22 25 54.35 1 0.039
  �  72 25 27.78 21 45.65 2.18 [1.04 – 4.58]

1.25 (OH) 2  vitamin D
  
  22 30 33.33 16 34.78 1 0.89
22 – 37 29 32.22 16 34.78 1.03 [0.44 – 2.45]
  �  37 31 34.44 14 30.43 0.85 [0.35 – 2.03]

Total cholesterol (mmol/L)
  �  4.94 29 32.22 16 34.78 1 0.95
4.94 – 5.70 31 34.44 15 32.61 0.88 [0.37 – 2.09]
  �  5.70 30 33.33 15 32.61 0.91 [0.38 – 2.16]

Triglycerides (mmol/L)
  �  1.09 30 33.33 15 32.61 1 0.50
1.09 – 1.70 27 30.00 18 39.13 1.33 [0.56 – 3.15]
  �  1.70 33 36.67 13 28.26 0.79 [0.32 – 1.92]

Vit E/(Triglycerides  �  Total 
cholesterol)
  �  4.68 32 37.21 12 27.27 1.58 [0.66 –  3.77] 0.51
4.68 – 5.5 28 32.56 15 34.09 1
  �  5.5 26 30.23 17 38.64 1.03 [0.42 – 2.52]

HDL cholesterol (mmol/L)
  �  1.42 28 31.11 18 39.13 2.89 [1.10 – 7.62] 0.03
1.42 – 1.75 36 40.00 8 17.39 1

(Continued)
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  Table IV. (Continued)  

O 2  
 •  �   production (% activation)

  �  203.358 ( n   �  90)   �  203.358 ( n   �  46)

 p -value*
Variable  n %  n % OR [CI 95%]

  �  1.75 26 28.89 20 43.48 3.46 [1.32 – 9.06]
LDL cholesterol (mmol/L)

  �  2.68 30 33.33 15 32.61 1 0.99
2.68 – 3.24 30 33.33 15 32.61 1.00 [0.42 – 2.40]
  �  3.24 30 33.33 16 34.78 1.07 [0.45 – 2.54]

Homocysteine ( μ mol/L)
  �  17.5 31 34.44 13 28.26 1 0.76
17.5 – 24.5 29 32.22 16 34.78 1.32 [0.54 – 3.20]
  �  24.5 30 33.33 17 36.96 1.35 [0.56 – 3.26]

Albumin (g/L)
  �  39.0 26 28.89 16 34.78 1 0.47
39.0 – 42.7 35 38.89 13 28.26 0.60 [0.25 – 1.47]
  �  42.7 29 32.22 17 36.96 0.95 [0.40 – 2.26]

Transthyretin (g/L)
  �  0.28 30 33.33 11 23.91 1 0.34
0.28 – 0.36 30 33.33 14 30.43 1.27 [0.50 – 3.25]
  �  0.36 30 33.33 21 45.65 1.91 [0.79 – 4.64]

Haemoglobin (g/dL)
  �  12.6 21 23.33 20 43.48 2.77 [1.13 – 6.81] 0.054
12.6 – 14.0 35 38.89 12 26.09 1
    �  14.0 34 37.78 14 30.43 1.20 [0.49 – 2.97]

Ferritin (ng/mL)
  �  108 28 31.11 17 36.96 1 0.78
108 – 196 31 34.44 14 30.43 0.74 [0.31 – 1.78]
  �  196 31 34.44 15 32.61 0.80 [0.34 – 1.89]

Plasma iron ( μ mol/L)
  �  12.5 27 30.00 18 39.13 1 0.56
12.5 – 16.6 31 34.44 14 30.43 0.68 [0.28 – 1.61]
  �  16.6 32 35.56 14 30.43 0.66 [0.28 – 1.56]

∗p-value (for variables with more than two categories. the p-value of the test for trend is given).
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was observed from stage 3. However, due to its 
 heterogeneity, stage 3 could be split into early (3A) 
and late (3B) components with a cut-off value at 45 
mL/min (recommendations from the National Insti-
tute for Health and Clinical Excellence. Clinical 
guideline 73: Chronic kidney disease. London; 2008). 
Interestingly, the fi rst tertile of MDRD in our popu-
lation is close to this value (  �  40.95 mL/min). If 
we consider O 2  

 •  �   production in patients with 
MDRD  �  40.95 mL/min (stages 1, 2 and 3A), it is 
signifi cantly lower compared with patients of stages 
3B, 4 and 5 (MDRD  �  40.95 mL/min) ( p   �  0.007). 

 This over-production of O 2  
 •  �   has been previously 

observed and reported in such settings. In a recent 
work, Karamouzis et al. [23] reported a signifi cant 
increase in isoprostanes with the renal function decline 
without affecting antioxidant defense mechanisms 
confi rming that imbalance between oxidant and anti-
oxidant systems already exists at the pre-dialysis 
phase. However, increase in oxidative stress concom-
itantly with progression of kidney disease remains a 
question of debate. While Terawaki et al. [24] could 
evidence positive correlation between oxidative stress 
and plasma creatinine, Oberg et al. [25] failed to do 
so. The fact that most uremic toxins involved in 
 oxidative stress are protein-bound molecules of high 
or middle molecular weight not necessarly regulated 
by glomerular fi ltration may be one possible explana-
tion. The occurrence of reactive oxygen species over-
production before onset of dialysis is all the more 
interesting since no signifi cant difference in oxidative 
stress markers between pre-dialysis stage 5 and hae-
modialysis patients is hence observed [26] (mainly 
due to better biocompatibility of dialysis process). 
This strongly suggests that nowadays uremia  per se  
and not dialysis anymore is incriminated in this 
oxidant over-production. 

 Regarding infl ammatory markers, our study showed 
that advanced stages of CKD (stages 4 and 5) were 
accompanied by an increase in fi brinogen level simi-
larly to O 2  

 •  �   increase. None of the other infl ammatory 
parameters, particularly CRP, was affected by CKD 
stages. Our observations were also reported by another 
group [27], whereas Stuveling et al. [28] observed 
an enhancement in CRP concomitantly with progres-
sion of renal failure. This fi rstly suggests that fi brino-
gen constitutes a better marker of sub-acute (slow 
process) infl ammation compared to CRP, alpha-1 acid 
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  Table V. Multivariate analysis to show the association of clinical 
and biological variables with O 2  

 •  �   production among 136 CKD 
patients.  

Variable OR [CI 95%]  p -value

Fibrinogen (activity) (g/L)
  �  3.7 1 0.044
  �  3.7 2.70 [1.03 – 7.10]

HDL cholesterol (mmol/L)
  �  1.42 2.39 [0.84 – 6.74] 0.042
1.42 – 1.75 1
  �  1.75 3.84 [1.34 – 10.96]

MDRD (mL/min/1.73 m 2 )
  �  30 2.55 [1.02 – 6.40] 0.046
  �  30 1

Intact PTH (pg/mL)
  �  72 1 0.52
  �  72 1.35 [0.54 – 3.36]

Haemoglobin (g/dL)
  �  12.6 1 0.37
  �  12.6 0.67 [0.28 – 1.61]
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glycoprotein or ceruloplasmin for prediction of oxida-
tive status. It seems that fi brinogen is a marker with 
slower kinetics compared to the rapid ones described 
for CRP. Second, the association observed between 
fi brinogen and O 2  

 •  �   in our study is in total agreement 
with the established amplifi cation loops between 
infl ammatory and oxidative processes previously 
described. 

 Interestingly, our analysis revealed that low and 
high levels of HDL cholesterol were associated with 
an increase in O 2  

 •  �  . The expected association between 
low HDL cholesterol levels and O 2  

 •  �   could be related 
to antioxidant and anti-infl ammatory properties of 
HDL such as the protective role against LDL oxida-
tion, inhibiting role of chemoattractant molecule 
MCP-1 expression and adhesion molecules [29]. 
HDL-associated Apo A1 and ApoE apolipoproteins 
also confer antioxidant capacity [30]. Presence of 
enzymes such as LCAT [31], PON1 [32] and PAF-AH 
[33] which are able to remove oxidized lipids empha-
size the antioxidant properties of these particles. In 
contrast, the link we found between high HDL cho-
lesterol and high O 2  

 •  �   was more surprising. Several 
authors including us reported qualitative alterations 
of HDL from chronic haemodialysis patients, leading 
to an impairment in their antioxidant capacities 
[34,35], which could partly explain these results. 
HDL can also become pro-oxidant and pro-infl am-
matory molecules consequently to physicochemical 
modifi cations [36]. Indeed, oxidants including cop-
per, peroxyl and hydroxyl radicals, aldehydes, peroxi-
dases and lipooxigenase could oxidize HDL cholesterol 
leading to physico-chemically and biologically modi-
fi ed lipoparticles being able to generate lipid peroxi-
dation and oxygen radicals [37]. Interestingly, in 
another work, Van Lenten et al. [37] observed that, 
during acute phase response, a displacement and/or 
exchange of proteins associated with HDL (ApoA1, 
PON1 against SAA) resulted in a pro-infl ammatory 
molecule, with a pro-oxidant role in LDL oxidation, 
monocyte adhesion, pro-infl ammatory cytokine release 
and diminution in PPAR-alpha nuclear receptor expres-
sion. CKD being a chronic microinfl ammatory disease, 
we could hypothetize such uremia-induced modifi cation 
of antioxidant HDL into pro-infl ammatory lipoparticle. 

 When considering bone and mineral metabolism 
disorders, we identifi ed a signifi cant association 
between PTH ( � 72 pg/mL) and O 2  

 •  �   production. 
This third tertile of PTH ( � 72 pg/mL) is closed 
to the upper limit of normal range from our labora-
tory ( � 62 pg/mL) recommended by the KDOQI 
 guidelines as a target for PTH level before onset of 
dialysis. Even though this association did not reach 
signifi cance in the multivariate analysis, several argu-
ments converge to demonstrate the implication of 
PTH in oxidative stress. Firstly, Mitnick et al. [38] 
reported a stimulatory effect of PTH on pro-infl am-
matory IL-6 secretion with subsequent activation of 
oxidative stress. PTH can also generate a NADPH 
oxidase-dependent oxidative stress through intracel-
lular calcium induction [39]. Lastly, a role of PTH in 
the FGF23/Klotho axis has been evidenced knowing 
that the Klotho gene would increase resistance to oxi-
dative stress [40]. 

 We observed in this sample of patients an associa-
tion which tends to signifi cance ( p   �  0.054) between 
high O 2  

 •  �   production and low haemoglobin level. 
These results, which suggest a protective role of hae-
moglobin against oxidant over-production, may be 
attributable to the scavenger action of red blood cell 
superoxide dismutase. However, no independant 
association remained in the multivariate analysis. 

 Finally, the lack of association observed between 
O 2  

 •  �   production and plasma vitamin E is not surpris-
ing and may be explained by the downstream action 
of vitamin E in the oxidative stress pathway. More-
over, over-production of O 2  

 •  �   as a signalling molecule 
in several pathological processes including amplifi ca-
tion of infl ammation or cell transdifferenciation has 
been reported [41,42]. These intracellular actions 
may affect cellular rather than plasma defence mech-
anisms. Indeed, it has been shown that oxidative stress 
is not associated with an impairment in plasma (but 
rather in erythrocyte) vitamin E in CKD patients. 

 Our study acknowledged some limitations. The 
relatively small sample size of this cross-sectional 
study may have prevented some of the detected asso-
ciations from being statistically signifi cant. This sam-
ple of patients being issued from the same area, 
eliminating possible regional variations in oxidative 
stress (as we previously reported with LDL oxidiz-
ability [43]) may have infl uenced the results. 

 To conclude, CKD patients present an increased 
cardiovascular mortality that cannot be explained 
entirely by conventional cardiovascular risk factors. 
Enhanced O 2  

 •  �   is a novel non-traditional risk factor 
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in CKD patients that occurs at stages 4 – 5 and clearly 
prior onset of dialysis. We identifi ed infl ammation 
(fi brinogen) and abnormal HDL levels as the main 
determinants of this oxidant over-production suggest-
ing that these clinico-biological disorders should be 
targeted for more effi cient preventive intervention.   

 Acknowledgements 

 The authors would like to acknowledge the nurses 
from Policlinique at Lapeyronie Hospital, especially 
Anne Bebengut and H é l è ne Lebihan. 

  Declaration of interest   

This work was partly supported by a grant from 
Ministère de la Santé (PHRC-UF 7853). The authors 
report no confl icts of interest. The authors alone are 
responsible for the content and writing of the paper. 

         References 

  Loughrey CM, Young IS, Lightbody JH, McMaster D, [1] 
McNamee PT, Trimble ER. Oxidative stress in haemodialysis. 
Q J Med 1994;87:679 – 683.  
  Cristol JP, Maggi MF, Bosc JY, Badiou S, Delage M, Vernet [2] 
MH, Michel F, Castel J, Canaud B, Descomps B. Oxidative 
stress and chronic renal insuffi ciency: what can be a prophylac-
tic approach? C R Seances Soc Biol Fil 1997;191:603 – 616.  
  Witko-Sarsat V, Friedlander M, Capeillere-Blandin C, [3] 
Nguyen-Khoa T, Nguyen AT, Zingraff J, Jungers P, Descamps-
Latscha B. Advanced oxidation protein products as a novel 
marker of oxidative stress in uremia. Kidney Int 1996;49:
1304 – 1313.  
  Witko-Sarsat V, Friedlander M, Nguyen Khoa T, [4] 
Capeillere-Blandin C, Nguyen AT, Canteloup S, Dayer JM, 
Jungers P, Drueke T, Descamps-Latscha B. Advanced oxida-
tion protein products as novel mediators of infl ammation and 
monocyte activation in chronic renal failure. J Immunol 
1998;161:524 – 2532.  
  Tarng DC, Huang TP, Liu TY, Chen HW, Sung YJ, Wei YH. [5] 
Effect of vitamin E-bonded membrane on the 8-hydroxy 2 ’ -
deoxyguanosine level in leukocyte DNA of hemodialysis 
patients. Kidney Int 2000;58:790 – 799.  
  Massy ZA, Stenvinkel P, Drueke TB. The role of oxidative stress [6] 
in chronic kidney disease. Semin Dial 2009;22:405 – 408.  
  Hasselwander O, Young I. Oxidative stress in chronic renal [7] 
failure. Free Radic Res 1998;29:1 – 11.  
  Ward R, MCLeish K. Polymorphonuclear leukocyte oxidative [8] 
burst is enhanced in patients with chronic renal insuffi ciency. 
J Am Soc Nephrol 1994;5:1697 – 1702.  
  Chen MF, Chang CL, Liou SY. Increase in resting levels of [9] 
superoxide anion in the whole blood of uremic patients on 
chronic hemodialysis. Blood Purif 1998;16:290 – 300.  
  Figarola JL, Shanmugam N, Natarajan R, Rahbar S. [10] 
Anti-infl ammatory effects of the advanced glycation end 
product inhibitor LR-90 in human monocytes. Diabetes 
2007;56:647 – 655.  
  Ungvari Z, Csiszar A, Edwards JG, Kaminski PM, Wolin MS, [11] 
Kaley G, Koller A. Increased superoxide production in coro-
nary arteries in hyperhomocysteinemia: role of tumor necrosis 
factor-alpha, NAD(P)H oxidase, and inducible nitric oxide 
synthase. Arterioscler Thromb Vasc Biol 2003;23:418 – 424.  
  Ventura E, Durant R, Jaussent A, Picot MC, Morena M, [12] 
Badiou S, Dupuy AM, Jeandel C, Cristol JP. Homocysteine 
and infl ammation as main determinants of oxidative stress in 
the elderly. Free Radic Biol Med 2009;46:737 – 744.  
  Prasad K. C-reactive protein increases oxygen radical genera-[13] 
tion by neutrophils. J Cardiovasc Pharmacol Ther 2004;9:
203 – 209.  
  Lander H. An essential role for free radicals and derived spe-[14] 
cies in signal transduction. FASEB J 1997;11:118 – 124.  
  Acker H. The oxygen sensing signal cascade under the infl u-[15] 
ence of reactive oxygen species. Philos Trans R Soc Lond B 
Biol Sci 2005;360:2201 – 2210.  
  Lonnemann G. Chronic infl ammation in hemodialysis: the role [16] 
of contaminated dialysate. Blood Purif 2000;18:214 – 223.  
  Zoccali C. Traditional and emerging cardiovascular and renal [17] 
risk factors: an epidemiologic perspective. Kidney Int 
2006;70:26 – 33.  
  Goolsby MJ. National Kidney Foundation Guidelines for [18] 
chronic kidney disease: evaluation, classifi cation, and stratifi -
cation. J Am Acad Nurse Pract 2002;14:238 – 242.  
  Benetos A, Safar M, Rudnichi A, Smulyan H, Richard JL, [19] 
Ducimetieere P, Guize L. Pulse pressure: a predictor of long-
term cardiovascular mortality in a French male population. 
Hypertension 1997;30:1410 – 1415.  
  Badiou S, Dupuy AM, Descomps B, Cristol JP. Comparison [20] 
between the enzymatic vitros assay for creatinine determina-
tion and three other methods adapted on the Olympus 
analyzer. J Clin Lab Anal 2003;17:235 – 240.  
  Levey AS, Coresh J, Greene T, Stevens LA, Zhang YL, [21] 
Hendriksen S, Kusek JW, Van Lente F. Using standardized 
serum creatinine values in the modifi cation of diet in renal 
disease study equation for estimating glomerular fi ltration 
rate. Ann Intern Med 2006;145:247 – 254.  
  Mickey RM, Greenland S. The impact of confounder selec-[22] 
tion criteria on effect estimation. Am J Epidemiol 
1989;129:125 – 137.  
  Karamouzis I, Sarafi dis PA, Karamouzis M, Iliadis S, Haidich [23] 
AB, Sioulis A, Triantos A, Vavatsi-Christaki N, Grekas DM. 
Increase in oxidative stress but not in antioxidant capacity 
with advancing stages of chronic kidney disease. Am J Neph-
rol 2008;28:397 – 404.  
  Terawaki H, Yoshimura K, Hasegawa T, Matsuyama Y, Negawa [24] 
T, Yamada K, Matsushima M, Nakayama M, Hosoya T, Era 
S. Oxidative stress is enhanced in correlation with renal dys-
function: examination with the redox state of albumin. Kidney 
Int 2004;66:1988 – 1993.  
  Oberg BP, McMenamin E, Lucas FL, McMonagle E, Morrow [25] 
J, Ikizler TA, Himmelfarb J. Increased prevalence of oxidant 
stress and infl ammation in patients with moderate to severe 
chronic kidney disease. Kidney Int 2004;65:1009 – 1016.  
  Himmelfarb J, McMonagle E, McMenamin E. Plasma pro-[26] 
tein thiol oxidation and carbonyl formation in chronic renal 
failure. Kidney Int 2000;58:2571 – 2578.  
  Landray MJ, Wheeler DC, Lip GY, Newman DJ, Blann AD, [27] 
McGlynn FJ, Ball S, Townend JN, Baigent C. Infl ammation, 
endothelial dysfunction, and platelet activation in patients with 
chronic kidney disease: the chronic renal impairment in Bir-
mingham (CRIB) study. Am J Kidney Dis 2004;43:244 – 253.  
  Stuveling EM, Hillege HL, Bakker SJ, Asselbergs FW, de Jong [28] 
PE, Gans RO, de Zeeuw D. C-reactive protein and microalbu-
minuria differ in their associations with various domains of 
vascular disease. Atherosclerosis 2004;172:107 – 114.  
  Clay MA, Pyle DH, Rye KA, Vadas MA, Gamble JR, Barter [29] 
PJ. Time sequence of the inhibition of endothelial adhesion 
molecule expression by reconstituted high density lipopro-
teins. Atherosclerosis 2001;157:23 – 29.  
  Navab M, Hama SY, Cooke CJ, Anantharamaiah GM, [30] 
Chaddha M, Jin L, Subbanagounder G, Faull KF, Reddy ST, 
Miller NE, Fogelman AM. Normal high density lipoprotein 



   Determinants of O2°- production in CKD patients    745

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

Sa
sk

at
ch

ew
an

 o
n 

12
/0

5/
11

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
inhibits three steps in the formation of mildly oxidized low 
density lipoprotein: step 1. J Lipid Res 2000;41:1481 – 1494.  
  Van Lenten BJ, Navab M, Shih D, Fogelman AM, Lusis AJ. [31] 
The role of high-density lipoproteins in oxidation and infl am-
mation. Trends Cardiovasc Med 2001;11:155 – 161.  
  Arakawa H, Qian JY, Baatar D, Karasawa K, Asada Y, Sasaguri [32] 
Y, Miller ER, Witztum JL, Ueno H. Local expression of plate-
let-activating factor-acetylhydrolase reduces accumulation of 
oxidized lipoproteins and inhibits infl ammation, shear stress-
induced thrombosis, and neointima formation in balloon-in-
jured carotid arteries in nonhyperlipidemic rabbits. Circulation 
2005;111:3302 – 3309.  
  Mertens A, Verhamme P, Bielicki JK, Phillips MC, Quarck R, [33] 
Verreth W, Stengel D, Ninio E, Navab M, Mackness B, Mackness 
M, Holvoet P. Increased low-density lipoprotein oxidation and 
impaired high-density lipoprotein antioxidant defense are asso-
ciated with increased macrophage homing and atherosclerosis 
in dyslipidemic obese mice: LCAT gene transfer decreases 
atherosclerosis. Circulation 2003;107:1640 – 1646.  
  Jurek A, Turyna B, Kubit P, Klein A. The ability of HDL to [34] 
inhibit VCAM-1 expression and oxidized LDL uptake is 
impaired in renal patients. Clin Biochem 2008;41:1015 – 1018.  
  Morena M, Cristol JP, Dantoine T, Carbonneau MA, [35] 
Descomps B, Canaud B. Protective effects of high-density lipo-
protein against oxidative stress are impaired in hae modialysis 
patients. Nephrol Dial Transplant 2000;15:389 – 395.  
  Vaziri ND. Dyslipidemia of chronic renal failure: the nature, [36] 
mechanisms, and potential consequences. Am J Physiol Renal 
Physiol 2006;290:262 – 272.  
  Van Lenten BJ, Hama SY, de Beer FC, Stafforini DM, [37] 
McIntyre TM, Prescott SM, La Du BN, Fogelman AM, 
Navab M. Anti-infl ammatory HDL becomes pro-infl amma-
tory during the acute phase response. Loss of protective effect 
of HDL against LDL oxidation in aortic wall cell cocultures. 
J Clin Invest 1995;96:2758 – 2767.  
  Mitnick MA, Grey A, Masiukiewicz U, Bartkiewicz M, [38] 
Rios-Velez L, Friedman S, Xu L, Horowitz MC, Insogna K. 
Parathyroid hormone induces hepatic production of bioactive 
interleukin-6 and its soluble receptor. Am J Physiol Endocri-
nol Metab 2001;280:405 – 412.  
  Sun Y, Ahokas RA, Bhattacharya SK, Gerling IC, Carbone [39] 
LD, Weber KT. Oxidative stress in aldosteronism. Cardiovasc 
Res 2006;71:300 – 309.  
  Yamamoto M, Clark JD, Pastor JV, Gurnani P, Nandi A, [40] 
Kurosu H, Miyoshi M, Ogawa Y, Castrillon DH, 
Rosenblatt KP, Kuro-o M. Regulation of oxidative stress 
by the anti-aging hormone klotho. J Biol Chem 2005;280: 
38029 – 38034.  
  Djamali A, Vidyasagar A, Adulla M, Hullett D, Reese S. Nox-2 [41] 
is a modulator of fi brogenesis in kidney allografts. Am J Trans-
plant 2009;9:74 – 82.  
Goux A, Feillet-Coudray C, Jover B, Fouret G, Bargnoux AS, [42] 
Cassan C, Richard S, Badiou S, Cristol JP. NADPH oxidase 
activity is associated with cardiac osteopontin and pro-collagen 
type I expression in uremia. Free Radic Res. 2011 Apr;45(4): 
454–460    .
  Morena M, Gausson V, Mothu N, Bouchet JL, Chanas M, [43] 
Grandvuillemin M, Robert A, Vela C, Canaud B, Cristol JP, 
Olmer M. Regional variations of low-density lipoprotein oxi-
dizability in hemodialysis patients may explain discrepancies 
in interventional therapy on oxidative profi le. Blood Purif 
2008;26:300 – 310.    
This paper was fi rst published online on Early Online on 11 April 
2011.


