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per g/l), years on haemodialysis (HR 1.03 per year), diabetes 
mellitus (HR 1.38), preexisting coronary heart disease (HR 
1.54) and C-reactive protein (CRP) level (HR 1.14 per mg/l). 
However, conventional risk factors such as smoking, dys-
lipidaemia, systolic and diastolic blood pressure and pulse 
pressure had no significant effect.  Conclusions:  Although 
we identify CRP, low albumin, and high phosphorus as risk 
factors for MACE, lowering CRP did not influence MACE out-
comes in our trial. Caution is therefore warranted in implying 
risk factors being causal in end-stage renal disease. 

 Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 In the general population, the most important risk fac-
tors for cardiovascular disease (CVD) include high blood 
pressure, smoking, diabetes, older age, male sex, obesity, 
preexisting coronary heart disease (CHD), and dyslipi-
daemia  [1–6] . It is well established that in a population of 
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 Abstract 

  Background:  Haemodialysis patients are at high risk for car-
diovascular (CV) events. The aim of the current study was to 
characterise the role of traditional and uraemia-specific CV 
risk factors in this patient population.  Methods:  A post hoc 
analysis of the AURORA trial which enrolled 2,776 haemodi-
alysis patients from 280 centres and had a mean follow-up 
period of 3.2 years. Determinants of CV endpoints (time to 
major cardiovascular event (MACE), cardiac event, CV death) 
were identified by univariate Cox regression analysis. Sub-
sequently, independent determinants were identified by 
multivariate regression analysis.  Results:  For the primary 
endpoint MACE (myocardial infarction, stroke and cardiac 
death), multivariate analysis revealed that independent de-
terminants were: age (hazard ratio (HR) 1.03 per year), serum 
phosphate level (HR 1.50 per mmol/l), albumin level (HR 0.94 
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patients receiving maintenance haemodialysis (HD), the 
prevalence of CVD and cardiovascular (CV) mortality 
are far greater than in the general population  [7] . How-
ever, traditional CV risk factors do not explain the in-
creased risk and interventions such as lipid lowering with 
statin therapy have no benefit in this population  [8, 9] , 
suggesting that the natural history and pathogenesis of 
CVD is different from the general population. In contrast, 
non-traditional, uraemia-related factors such as inflam-
mation, low serum albumin levels, high serum phosphate, 
hyperparathyroidism (HPT) and vitamin D deficiency 
 [10–15]  have been associated with CVD in patients on 
maintenance HD. However, most of these studies had sig-
nificant limitations, such as small sample size or observa-
tional study design.

  AURORA (a study to evaluate the use of rosuvastatin 
in subjects on regular haemodialysis: an assessment of 
survival and CV events) is the largest randomised con-
trolled trial conducted in HD patients, with blinded, in-
dependent adjudication of endpoints, in which 2,776 HD 
patients were followed up for 4 years. Although the study 
failed to show any benefit of rosuvastatin therapy, it pro-
vides a unique resource in which to study the determi-
nants of CVD in patients receiving HD. Thus, in the pres-
ent report we have analysed the impact of traditional and 
non-traditional CV risk factors on CV outcomes in a 
large population of HD patients who participated in the 
AURORA study.

  Materials and Methods 

 Design of the AURORA Study 
 The AURORA study design, main outcome findings, and base-

line data have been described previously  [8] . In short, AURORA 
recruited 2,776 HD patients (treated with HD for at least 3 months), 
aged 50–80 years, from 280 nephrology centres in 25 countries. 
Eligible patients were randomly assigned to receive either rosuva-
statin 10 mg daily, or matching placebo. The mean length of fol-
low-up was 3.2 years. Treatment with rosuvastatin was not associ-
ated with a reduction in the composite primary endpoint of major 
adverse cardiovascular events (MACE)  [8] .

  CV endpoints in AURORA included (i) time to MACE, which 
was a combined endpoint of non-fatal myocardial infarction and 
non-fatal stroke and of death from all CV causes. Again, death 
from all CV causes was defined as death from CHD (definite), 
CHD (suspected), other cardiac cause, other vascular cause, other 
CV cause, ischemic stroke, unclassified stroke and primary intra-
cerebral haemorrhage, cerebellar haemorrhage or both.

  Further CV endpoints in AURORA were (ii) time to athero-
sclerotic cardiac event (including definite or probable non-fatal 
myocardial infarction, and deaths due to CHD), and (iii) CV death 
(including death from all CV causes). All events were reviewed and 
adjudicated by an independent endpoint committee blinded to 

treatment allocation  [8] . The study adhered to the International 
Conference on Harmonisation Guidelines for Good Clinical Prac-
tice and was conducted in accordance with the Declaration of Hel-
sinki. All participants provided written informed consent, and the 
ethics committee at each participating centre approved the trial.

  Risk Factor Analysis 
 All analyses were conducted using SAS statistics (SAS Institute, 

Cary, N.C., USA). The current risk factor analysis was conducted 
in both treatment arms combined, as there were no significant dif-
ferences in CV events between the two treatment groups  [8] . Po-
tential risk factors included demographic characteristics (age, sex, 
body mass index (BMI), smoking, years on HD, Kt/V); co-morbid 

Table 1.  Baseline demographic characteristics

Age, years 64.2 ± 8.7
Female sex, n (%) 1,050 (37.9)
BMI 25.4 ± 4.9
Current smoker, n (%) 429 (15.5)
Calcium, mmol/l 2.3 ± 0.22
Phosphate, mmol/l 1.8 ± 0.56
Albumin, g/l 39.7 ± 3.5
TC, mmol/l 4.4 ± 1.1
HDL-C, mmol/l 1.2 ± 0.4
LDL-C, mmol/l 2.6 ± 0.9
Triglycerides, mmol/l 1.8 ± 1.1
ApoB/ApoA-1 ratio 0.7 ± 0.3
Oxidized LDL, mmol/l 34 ± 14
Haematocrit ratio 0.4 ± 0.05
Haemoglobin, g/l 117 ± 16
SBP, mm Hg 137 ± 24
DBP, mm Hg 76 ± 13
PP, mm Hg 61 ± 19
Calculated Kt/V 1.2 ± 0.3
On HD, years 3.5 ± 3.8
Diabetes mellitus, n (%) 731 (26.4)
History of CHD, n (%) 1,424 (51.4)
Use of ACEi, n (%) 1,020 (36.8)
Use of β-blocker, n (%) 1,032 (37.4)
Use of sevelamer, n (%) 506 (18.3)
New centre, n (%) 718 (25.9)
hsCRP, mg/l 5.0 (2.0 – 14.4)
log CRP 1.6 ± 1.3

 The body mass index (BMI) is the weight in kilograms divided 
by the square of the height in meters. Values are presented as mean 
± SD or median (interquartile range), unless otherwise indicated.

TC = Total cholesterol; HDL = high-density lipoprotein; 
LDL = low-density lipoprotein; ApoB/ApoA-1 = ratio of apolipo-
protein B and apolipoprotein A-1; SBP = systolic blood pressure; 
DBP = diastolic blood pressure; PP = pulse pressure; Kt/V = dia-
lyzer clearance of urea and dialysis time divided with volume of 
distribution of urea; CHD = coronary heart disease; CRP = C-re-
active protein.



 Schneider    et al.  Am J Nephrol 2013;37:144–151 
DOI: 10.1159/000346710

146

disease (diabetes mellitus, preexisting CHD); systolic (SBP) and 
diastolic (DBP) blood pressure, or pulse pressure (PP); informa-
tion on use of concomitant medication (ACE inhibitors (ACEi), 
β-blocker, sevelamer); baseline routine laboratory assessments 
(haematocrit, haemoglobin, and serum calcium, phosphate, albu-
min, total cholesterol (TC), high-density lipoprotein cholesterol 
(HDL-C), low-density lipoprotein cholesterol (LDL-C), triglyc-
eride), and non-routinely used biomarkers (apolipoprotein-A1 
(ApoA-1) and apolipoprotein-B (ApoB), oxidatively modified 
low-density cholesterol (OX-LDL), highly sensitive C-reactive 
protein (hsCRP)) ( table 1 ).

  Determinants of CV endpoints were identified first by univar-
iate Cox regression analysis, then hazard ratios (HR) with 95% 
confidence intervals and p values were generated for independent 
risk factors by using a stepwise Cox regression analysis. For param-
eters that were closely related (e.g. haemoglobin and haematocrit, 
PP and SBP or DBP, or ApoA-1 and HDL-C), single variables were 
inserted to identify the best fit in the multivariate analysis. Several 
potential risk factors were analysed for each outcome before mod-
el building. In the Cox multivariate model, the p value for inclusion 
and exclusion was set at 0.01.

  Further, variable importance for MACE was calculated by us-
ing a random survival forest (RSF) model. RSF modelling reduces 
variance and bias by using all variables collected and assessing for 
non-linear effects and complex interactions.

  Results 

 To identify CV risk factors in patients receiving main-
tenance HD, we analysed three major CV endpoints: 
MACE, atherosclerotic cardiac events and CV death ( ta-
bles 2–4 ).

  Time to Major CV Event 
 In AURORA, the primary endpoint of MACE was re-

corded in 804 patients (18.7 events per 100 patient-years). 
The major univariate risk factors for this endpoint were 
age (HR 1.04), phosphate (HR 1.30), albumin (HR 0.92), 

Table 2.  Risk factors for MACE: uni- and multivariate analyses

Variable Univariate HR
(95% CI for HR)

p Multivariate HR
(95% CI for HR)

p

Age (per year) 1.04 (1.03 – 1.05) <0.001 1.03 (1.02 – 1.04) <0.001
Female sex 1.09 (0.95 – 1.26) 0.221
BMI 1.01 (0.99 – 1.02) 0.405
Current smoker 1.07 (0.89 – 1.29) 0.463
Calcium (mmol/l) 0.73 (0.53 – 1.01) 0.060
Phosphate (mmol/l) 1.30 (1.15 – 1.48) <0.001 1.50 (1.31 – 1.70) <0.001
Albumin (g/l) 0.92 (0.90 – 0.94) <0.001 0.94 (0.92 – 0.96) <0.001
TC (1.3 mmol/l) 0.92 (0.86 – 0.98) 0.013
HDL-C (1.3 mmol/l) 0.86 (0.72 – 1.04) 0.113
LDL-C (1.3 mmol/l) 0.94 (0.87 – 1.02) 0.155
Triglycerides (0.6 mmol/l) 0.93 (0.87 – 0.99) 0.040
ApoB/ApoA-1 ratio 1.18 (0.90 – 1.60) 0.239
ApoB (mg/dl) 0.92 (0.69 – 1.23) 0.567
ApoA-1 (mg/dl) 0.63 (0.48 – 0.82) 0.001
Oxidized LDL (mmol/l) 0.99 (0.99 – 1.00) 0.326
Haematocrit ratio 0.22 (0.05 – 0.93) 0.040
Haemoglobin (g/l) 0.99 (0.99 – 1.00) 0.007
SBP (mm Hg) 1.00 (0.99 – 1.00) 0.137
DBP (mm Hg) 0.99 (0.99 – 1.00) 0.018
PP (mm Hg) 1.00 (1.00 – 1.01) 0.001
Calculated Kt/V 0.78 (0.60 – 1.00) 0.049
On HD (per year) 1.02 (1.00 – 1.03) 0.046 1.03 (1.01 – 1.05) 0.002
Diabetes mellitus 1.70 (1.46 – 1.96) <0.001 1.38 (1.14 – 1.67) 0.001
History of CHD 2.05 (1.77 – 2.37) <0.001 1.54 (1.28 – 1.85) <0.001
Use of ACEi 1.12 (0.97 – 1.29) 0.111
Use of β-blocker 1.04 (0.90 – 1.20) 0.575
Use of sevelamer 0.88 (0.73 – 1.05) 0.159
New centre 0.78 (0.65 – 0.92) 0.004
hsCRP (mg/l) 1.02 (1.01 – 1.02) <0.001
log CRP 1.21 (1.15 – 1.28) <0.001 1.14 (1.07 – 1.20) <0.001
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ApoA-1 (HR 0.63), calculated Kt/V (HR 0.78), years on 
HD (HR 1.02), diabetes (HR 1.70), history of CHD (HR 
2.05) and hsCRP (HR 1.02) ( table 2 ). There were univar-
iate associations with TC (HR 0.92), however not with 
HDL-C or LDL-C. No significant associations were found 
with smoking status or BMI. In the corresponding multi-
variate analysis, the major determinants of MACE were: 
age (HR 1.03), phosphate (HR 1.50), albumin (HR 0.94), 
years on HD (HR 1.03), diabetes (HR 1.38), history of 
CHD (HR 1.54) and log CRP (HR 1.14). In the RSF mod-
el, the five most powerful risk factors for MACE were age, 
diabetes, hsCRP, phosphate and albumin ( fig. 1 ).

  Atherosclerotic Cardiac Event 
 Patients in this study experienced 524 atherosclerotic 

cardiac events (12.0 events per 100 patient-years). The 
univariate risk factors for this endpoint ( table 3 ) were age 

(HR 1.04), calcium (HR 0.65), phosphate (HR 1.26), al-
bumin (HR 0.92), ApoB/ApoA-1 ratio (HR 1.46), ApoA-
1 (HR 0.48), diabetes (HR 1.87), history of CHD (HR 
2.44), use of sevelamer (HR 0.77) and hsCRP (HR 1.02). 
In the multivariate analysis of this endpoint, six risk fac-
tors remained as independent predictors: age (HR 1.03), 
phosphate (HR 1.42), albumin (HR 0.96), ApoA-1 (HR 
0.60), history of CHD (HR 2.15) and log CRP (HR 1.23).

  CV Death 
 During the study, there were 648 CV deaths with a cor-

responding event rate of 14.5 per 100 patient-years. By 
univariate analysis ( table  4 ), risk factors were age (HR 
1.04), calcium (HR 0.65), phosphate (HR 1.36), albumin 
(HR 0.91), ApoA-1 (HR 0.61), oxidized LDL (HR 0.99), 
calculated Kt/V (HR 0.63), diabetes (HR 1.83), history of 
CHD (HR 2.26), use of ACEi (HR 1.20), use of sevelamer 

Table 3.  Risk factors for cardiac event: uni- and multivariate analyses

Variable Univariate HR
(95% CI for HR)

p Multivariate HR
(95% CI for HR)

p

Age (per year)  1.04 (1.03 – 1.05) <0.001  1.03 (1.02 – 1.04) <0.001
Female sex  1.22 (1.02 – 1.46) 0.034
BMI  1.01 (0.99 – 1.02) 0.572
Current smoker  1.10 (0.87 – 1.38) 0.444
Calcium (mmol/l)  0.65 (0.44 – 0.97) 0.036
Phosphate (mmol/l)  1.26 (1.08 – 1.47) 0.003  1.42 (1.21 – 1.67) <0.001
Albumin (g/l)  0.92 (0.90 – 0.95) <0.001  0.96 (0.93 – 0.98) 0.002
TC (1.3 mmol/l)  0.94 (0.87 – 0.98) 0.013
HDL-C (1.3 mmol/l)  0.77 (0.60 – 0.97) 0.025
LDL-C (1.3 mmol/l)  0.97 (0.88 – 1.07) 0.546
Triglycerides (0.6 mmol/l)  0.96 (0.89 – 1.05) 0.369
ApoB/ApoA-1 ratio  1.46 (1.04 – 2.04) 0.027
ApoB (mg/dl)  0.97 (0.67 – 1.38) 0.845
ApoA-1 (mg/dl)  0.48 (0.34 – 0.67) <0.001  0.60 (0.41 – 0.87) 0.007
Oxidized LDL (mmol/l)  0.99 (0.99 – 1.00) 0.105
Haematocrit ratio  0.21 (0.34 – 1.29) 0.092
Haemoglobin (g/l)  0.99 (0.99 – 1.00) 0.024
SBP (mm Hg)  1.00 (0.99 – 1.00) 0.990
DBP (mm Hg)  0.99 (0.98 – 1.00) 0.002
PP (mm Hg)  1.01 (1.00 – 1.01) 0.042
Calculated Kt/V  0.79 (0.58 – 1.09) 0.148
On HD (per year)  1.00 (0.98 – 1.03) 0.820
Diabetes mellitus  1.87 (1.56 – 2.23) <0.001
History of CHD  2.44 (2.03 – 2.93) <0.001  2.15 (1.76 – 2.62) <0.001
Use of ACEi  1.07 (0.90 – 1.28) 0.429
Use of β-blocker  0.99 (0.84 – 1.19) 0.971
Use of sevelamer  0.77 (0.61 – 0.98) 0.033
New centre  0.85 (0.69 – 1.05) 0.137
hsCRP (mg/l)  1.02 (1.01 – 1.03) <0.001
log CRP  1.25 (1.17 – 1.34) <0.001  1.23 (1.06 – 1.23) 0.001
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(HR 0.76) and hsCRP (HR 1.02). There were also uni-
variate associations with TC (HR 0.90), but not with 
HDL-C and LDL-C. In the multivariate analysis, six fac-
tors independently predicted CV death: age (HR 1.03), 
phosphate (HR 1.56), albumin (HR 0.93), diabetes (HR 
1.32), history of pre-existing CHD (HR 1.70) and log CRP 
(HR 1.16).

  Discussion 

 In patients receiving maintenance HD, two large-scale 
prospective trials, AURORA and 4D, have shown no ben-
efit from statin treatment on a combined CV endpoint  [8, 
9] , although post hoc analyses suggest an advantage in 
some subgroups  [16] . The recently published SHARP 
study, which included 9,720 patients with CKD (of whom 

3,023 were on maintenance dialysis therapy), reported 
that allocation to simvastatin plus ezetimibe was associ-
ated with a 17% reduction in major atherosclerotic events 
 [17] . However, the majority of patients in SHARP were 
not on dialysis and analysis of the subgroup of patients on 
HD did not show a benefit of lipid-lowering therapy. 
Therefore, in the face of a limited efficacy of preventative 
strategies that are proven and well established in other 
patient groups, there is a pressing need to identify risk 
factors (and potential therapeutic targets) for CV disease 
in patients with end-stage renal disease receiving HD.

  In this post hoc analysis of the AURORA study, tradi-
tional CV risk factors such as smoking status, BMI, LDL-
C or SBP were not associated with CV outcomes in HD 
patients, confirming previous reports  [18, 19] . In con-
trast, the present study showed that non-traditional risk 
factors that are specific to end-stage renal disease play an 

Table 4.  Risk factors for CV death: uni- and multivariate analyses

Variable Univariate HR
(95% CI for HR)

p Multivariate HR
(95% CI for HR)

p

Age (per year)  1.04 (1.03 – 1.05) <0.001  1.03 (1.02 – 1.04) <0.001
Female sex  1.02 (0.87 – 1.12) 0.817
BMI  1.00 (0.99 – 1.02) 0.586
Current smoker  0.94 (0.76 – 1.17) 0.578
Calcium (mmol/l)  0.65 (0.45 – 0.93) 0.018
Phosphate (mmol/l)  1.36 (1.19 – 1.56) <0.001  1.56 (1.36 – 1.80) <0.001
Albumin (g/l)  0.91 (0.89 – 0.93) <0.001  0.93 (0.91 – 0.96) <0.001
TC (1.3 mmol/l)  0.90 (0.84 – 0.97) 0.007
HDL-C (1.3 mmol/l)  0.85 (0.69 – 1.03) 0.107
LDL-C (1.3 mmol/l)  0.93 (0.85 – 1.01) 0.095
Triglycerides (0.6 mmol/l)  0.92 (0.85 – 0.99) 0.044
ApoB/ApoA-1 ratio  1.11 (0.82 – 1.51) 0.493
ApoB (mg/dl)  0.90 (0.65 – 1.23) 0.498
ApoA-1 (mg/dl)  0.61 (0.45 – 0.81) 0.001
Oxidized LDL (mmol/l)  0.99 (0.99 – 1.00) 0.033
Haematocrit ratio  0.07 (0.01 – 0.35) 0.001
Haemoglobin (g/l)  0.99 (0.99 – 1.00) <0.001
SBP (mm Hg)  1.00 (0.99 – 1.01) 0.383
DBP (mm Hg)  0.99 (0.98 – 1.00) 0.002
PP (mm Hg)  1.01 (1.00 – 1.01) 0.002
Calculated Kt/V  0.63 (0.47 – 0.84) 0.002
On HD (per year)  1.01 (0.99 – 1.03) 0.263
Diabetes mellitus  1.83 (1.56 – 2.14) <0.001  1.32 (1.08 – 1.61) 0.006
History of CHD  2.26 (1.92 – 2.67) <0.001  1.70 (1.38 – 2.09) <0.001
Use of ACEi  1.20 (1.03 – 1.41) 0.018
Use of β-blocker  0.99 (0.85 – 1.16) 0.912
Use of sevelamer  0.76 (0.62 – 0.94) 0.013
New centre  0.92 (0.76 – 1.10) 0.368
hsCRP (mg/l)  1.02 (1.01 – 1.03) <0.001
log CRP  1.24 (1.16 – 1.32) <0.001  1.16 (1.09 – 1.24) <0.001
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important role for CV events in HD patients. In the mul-
tivariate analyses, older age, increased serum phosphate 
levels, lower serum albumin levels, preexisting CHD, 
years on HD, diabetes and increased CRP levels were in-
dependent risk factors for the primary endpoint   MACE. 
Age was a risk factor for all pre-specified CV endpoints, 
including MACE, atherosclerotic cardiac events, and CV 
death. This confirms previous findings, such as those in 
an observational study of 34,741 dialysis patients by Rob-
erts et al.  [20]  demonstrating that older age is a risk factor 
for CVD. Similarly, in a post hoc analysis from the ran-
domized FOSIDIAL trial, the investigators also showed 
advanced age as a strong risk predictor for CV events in 
HD patients  [21] . However, age is an unmodifiable risk 
factor, and the identification of potentially modifiable 
risk factors is of paramount importance. In the present 
study, we found that increased serum phosphate level was 
an independent risk factor for all endpoints. Various ob-
servational studies also suggest that serum phosphate lev-
el is a risk factor for CVD and mortality in HD patients 
 [12, 13] . For example, in a cohort study in 9,076 HD pa-
tients, an elevated phosphate level was identified as a pre-
dictor of mortality, independent of parathyroid hormone 
 [12] . In another study with 12,833 HD patients, higher 

phosphate levels were associated with increased CV mor-
tality  [13] . This is consistent with functional studies that 
have shown elevated phosphate to be associated with im-
paired endothelial function in vitro and in vivo  [22] . En-
dothelial dysfunction, in turn, is closely correlated with 
arterial stiffness, which is a powerful determinant of CV 
events in HD patients  [23] . Furthermore, as a structural 
mechanism, high phosphate levels may contribute to vas-
cular calcification, which is closely related to arterial stiff-
ness  [24] . The results from our current analysis support 
the notion that maintaining serum phosphate in the nor-
mal range should be a major treatment goal to prevent 
CVD in HD patients. On the other hand, it is possible that 
high phosphorus reflects non-compliance with diet, 
missed, or shortened dialysis treatments all of which can 
affect mortality.

  Several clinical studies have demonstrated that elevat-
ed CRP levels and lower albumin levels are associated 
with increased CV mortality in HD patients  [21, 25–28] . 
In our current   analysis, these parameters were also inde-
pendent risk factors for all pre-specified CV endpoints. 
The common occurrence of inflammation, malnutrition 
and atherosclerosis in HD patients has led to the sugges-
tion of pattern of disease termed malnutrition, inflamma-
tion, and atherosclerosis (MIA) syndrome  [29] . This syn-
drome has been associated with mortality in dialysis pa-
tients  [29, 30] . The FINE study, a prospective, randomised, 
controlled trial in 186 malnourished dialysis patients, 
demonstrated that improvement in the nutritional pa-
rameter pre-albumin, in response to nutritional supple-
ments, was associated with a significant decrease in mor-
tality  [31] . Another randomised, controlled study from 
Recio-Mayoral et al.  [32]  in 76 CKD patients found that 
inflammation status correlates with endothelial dysfunc-
tion and the degree of atherosclerosis. Taken together 
with the findings of our large-scale study, these data sug-
gest that interventions aimed at improving nutritional 
status and lowering the burden of inflammation, e.g. by 
using anti-cytokine therapy in HD patients  [33] , may be 
an effective strategy to prevent CV events in these pa-
tients. However, caution is warranted. Despite large re-
ductions in hsCRP of about 50% in the AURORA study, 
we found no reduction in CV outcomes. It is possible that 
the link between inflammation and mortality is not a 
causal one. Measurements of conventional risk factors 
such as blood pressure were not made using ambulatory 
blood pressure recordings, therefore we are unable to dis-
miss the effects of such recordings on hard outcomes.

  In conclusion, although CV risk in patients receiving 
HD is increased 10–20 times to that of the general popu-
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  Fig. 1.  Variable importance calculated by the RSF model for 
MACE. 
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lation, the disease pattern, natural history and associated 
risk factors are very different. The AURORA trial dem-
onstrated that rosuvastatin lowered LDL-C, but had no 
significant effects on CV events in nearly 3,000 HD 
 patients followed for up to 4 years. We have used the 
 AURORA trial database to explore risk factor relation-
ships – for conventional and unconventional CV risk fac-
tors – for three independently validated CV endpoints. 
The results show that conventional risk factors, such as 
dyslipidaemia and smoking, have little impact on CV 
events, whereas elevated phosphate and evidence of in-
flammation are important potentially modifiable risk fac-
tors.
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