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ABSTRACT
The efficacy of statins for the prevention of cardiovascular events is well established in the general
population but remains unknown in renal transplant recipients. In this study, the association of statin use
with patient and graft survival was investigated in a cohort of 2041 first-time recipients of renal allografts
between 1990 and 2003. Multivariable Cox regression demonstrated that statin use was independently
associated with lower mortality rates. Twelve-year survival rates were 73% for statin users and 64% for
nonusers (P ⫽ 0.055). The adjusted hazard ratio for all-cause mortality associated with statin use was 0.64
(95% confidence interval 0.48 to 0.86). Graft survival rates during the same time period were 76% for
statin users and 70% for nonusers (P ⫽ 0.055). The adjusted hazard ratio for graft survival associated with
statin use was 0.76 (95% confidence interval 0.55 to 1.04). Results from marginal structural models were
virtually identical. In summary, statin use was associated with prolonged patient survival, but no
difference in graft was detected. Although these results are encouraging, a definitive causal relationship
can be determined only from randomized clinical trials.
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(ALERT) trial, assessed statin therapy in renal
transplant recipients.19 Although the study was underpowered to detect differences in the combined
primary end point, the investigators found a significant reduction of cardiac mortality—a secondary
end point—in the statin-treated group. Furthermore, the ALERT trial was extended to a median
follow-up of 6.7 yr. In this extension trial, the incidence of major adverse cardiac events (MACE)—
the primary end point of the ALERT trial—was re-
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Cardiovascular disease is the leading cause of death
in renal transplant recipients. More than 60% of
these patients die of cardiovascular causes compared with 40% of the general population.1–3 Although renal transplant recipients display certain
peculiarities concerning their cardiovascular risk
profile that discriminate them from nonrenal patients, it is generally believed that the dyslipidemias
are equally important risk factors in renal and nonrenal patients.4 –10
Several trials could firmly establish the treatment of dyslipidemias with statins as one of the
mainstays of cardiovascular pharmacotherapy in
the general population11–17; however, in renal patients, this treatment approach is less well established.18 Moreover, most of the large statin trials
excluded patients with elevated creatinine and patients who had undergone renal transplantation.
Only one randomized clinical trial (RCT), the Assessment of LEscol in Renal Transplantation
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duced in statin-treated patients.20 The P value of 0.035 of this
primary end point, however, was not adjusted for the second
analysis.
Recent guidelines on lipid-lowering therapy in renal transplant
recipients issued by the Kidney Disease Outcomes Quality Initiative (K/DOQI) drew most of their conclusions by extrapolating
the findings of RCT carried out in the general population to kidney transplant recipients.6 The authors stated that more RCT of
lipid-lowering medications in renal transplant recipients would
be warranted; however, considering the necessary size of these
trials and the competition for participation in other trials such as
those assessing new immunosuppressive therapies, their completion seems unlikely in the near future.21
Further insight into the effectiveness of statins in renal transplant recipients will have to be obtained from observational studies and registries. Thus, it was our aim to investigate a possible
association between statin therapy and patient and graft survival
in the Austrian Dialysis and Transplant Registry. Because of the
complete documentation of outcomes, cardiovascular medication, and patients’ comorbidities, this registry is ideally suited for
the assessment of drug effectiveness in this target population.

RESULTS
Baseline Comparison

Our study included a total of 2041 renal transplant recipients.
Of these patients, 302 were statin users and 1739 were nonusers
at baseline. Twenty-five percent of patients received statin
treatment within the first 4 yr. Table 1 displays overall and
stratified baseline characteristics for the entire population. As

is shown, statin-treated patients had a higher cardiovascular
disease burden, a higher prevalence of cardiovascular risk factors, and a higher rate of HLA mismatches as compared with
patients without statins. In total, 1829 patients were alive and
had a functioning graft at day 90 after engraftment and were
included in further data analyses.
Patient Survival

This analysis assessed the influence of statin treatment on allcause mortality after 90 d of engraftment. Twelve-year survival
rates were 73% in the statin group and 64% in the nonstatin
group (unadjusted P ⫽ 0.055). When patients who died within
the first 90 d after engraftment were included in the analysis,
12-yr survival was 72% in the statin group and 61% in the
nonstatin group (unadjusted P ⫽ 0.009). Of all 692 deaths that
occurred after 90 d after transplantation, 181 (26%) were due
to cardiac causes. Statin use was not associated with decreased
overall mortality rates in the univariate analysis (hazard ratio
[HR] 0.77; 95% CI 0.59 to 1.00; P ⫽ 0.055; Table 2, Figures 1
and 3); however, when confounding was accounted for in the
multivariable model, the association reached statistical significance (HR 0.64; 95% CI 0.48 to 0.86; P ⫽ 0.003; Table 2).
Similar results were obtained by the marginal structural model
(MSM) analysis (HR 0.69; 95% CI 0.5 to 0.95; P ⫽ 0.022; Table
2, Figure 3). These results were virtually unchanged when
events occurring ⬍90 d after engraftment were included (see
uncensored MSM in Figure 3). The HR for cardiovascular
death using MSM analysis (adjusting for informative censoring as a result of death of other causes and graft loss) was 0.59
(95% CI 0.34 to 1.01). With the exception of moderate modification of the HR of statin use by hemoglobin and mean arte-

Table 1. Baseline characteristics of study patients, stratified by statin use at time of transplantationa
Characteristic

No. of Patients
(Statin/No Statin)

Statins

No Statins

P

Recipient age (mean [SD])
Donor age (mean [SD])
Recipient female gender (n [%])
Donor female gender (n [%])
Cadaveric organ donor (n [%])
Time on dialysis (yr; median [IQR])
Body weight, kg (mean [SD])
Diabetes (%)
HbA1c level (%; median [IQR])
Panel reactive antibodies (%; median [SD])
Sum of HLA mismatches (mean [SD])
Cold ischemic time (h; mean [SD])
Arterial hypertension (n [%])
No. of BP drugs (median [IQR])
SBP (mmHg; mean [SD])
DBP (mmHg; mean [SD])
Cholesterol level, mg/dl (mean [SD])
Coronary heart disease (n [%])
Other heart disease (n [%])
Vascular disease (n [%])

2041 (302/1739)
1962 (285/1677)
1971 (286/1685)
1971 (286/1685)
2041 (302/1739)
2041 (302/1739)
1337 (241/1096)
2041 (302/1739)
1185 (229/958)
1949 (298/1651)
1819 (291/1528)
1768 (258/1510)
2041 (302/1739)
2041 (302/1739)
1253 (227/1026)
1253 (227/1026)
1636 (293/1343)
1242 (250/992)
1236 (250/992)
1159 (244/915)

54 (11.8)
46.8 (15.3)
127 (44.4)
127 (44.4)
276 (91.4)
2.2 (1.2 to 3.3)
74 (14.1)
98 (32.5)
6.2 (5.7 to 6.9)
4.0 (10.9)
2.7 (1.4)
14.5 (7.5)
292 (96.7)
3 (2 to 4)
138.7 (15.9)
82.9 (48.7)
205.5 (53.0)
79 (31.6)
120 (48.0)
79 (32.4)

47 (15.8)
42.7 (16.1)
664 (39.4)
673 (39.9)
1576 (90.6)
1.7 (0.8 to 3.0)
70 (16.8)
285 (16.4)
6.1 (5.6 to 6.6)
5.2 (14.1)
2.4 (1.5)
18.3 (8.4)
1364 (78.4)
2 (0 to 3)
140.2 (39.0)
82.5 (24.0)
207.9 (77.9)
238 (24.0)
391 (39.7)
254 (27.8)

⬍0.001
⬍0.001
0.110
0.160
0.670
0.002
⬍0.001
⬍0.001
0.033
0.150
0.006
⬍0.001
⬍0.001
⬍0.001
0.570
0.840
0.610
0.014
0.017
0.160

a

DBP, diastolic BP; SBP, systolic BP.
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Table 2. Survival analysis assessing the effect of statins on all-cause mortality and functional graft survival in an
unadjusted and three adjusted models
Parameter

All-Cause
Mortality

Functional Graft
Survival

Events (statin-treated/nontreated)
Person-time (yr; statin-treated/nontreated)
HR, unadjusted model
HR, adjusted model
HR, clinical experience model
HR, MSM

59/244
2429/8237
0.77 (0.59 to 1.00)
0.64 (0.48 to 0.86)a
0.65 (0.47 to 0.89)c
0.69 (0.50 to 0.95)

49/236
2429/8237
0.76 (0.58 to 1.00)
0.76 (0.55 to 1.04)b
0.81 (0.59 to 1.12)c
0.84 (0.61 to 1.17)

a

Adjusted for age, year of transplantation, MAP, cholesterol, hemoglobin, the presence of diabetes, CHD, peripheral arterial disease, and cardiomyopathy.
Adjusted for age, year of transplantation, the number of BP medications, cholesterol, hemoglobin, immunosuppressive therapy, the presence of diabetes,
coronary artery disease, peripheral vascular disease, and cardiomyopathy.
c
Adjusted for HLA mismatch, induction therapy, cold ischemia time, and donor age in addition to the covariates of the adjusted models.
b

Figure 1. Kaplan-Meier curves of patient survival (all-cause mortality) according to statin use treated as a time-dependent variable. Figures on the bottom indicate patients at risk at different
times of follow-up.

Figure 2. Kaplan-Meier curves of functional graft survival (end
point: graft failure, death treated as censored) according to statin
use treated as a time-dependent variable. Figures on the bottom
indicate patients at risk at different times of follow-up.

rial pressure (patients with higher hemoglobin or mean arterial
pressure (MAP) benefit more from statin treatment), we could
not identify any interaction between statin treatment and
other covariates of the multivariable model. The inspection of
Schoenfeld residuals suggests a stronger association of statin
use with outcomes in the first few posttransplantation years,
but violation of the proportional hazards assumption could
not be statistically confirmed (P ⫽ 0.081).

to 1.17; P ⫽ 0.31]; Table 2, Figure 3). These results were unchanged when events occurring ⬍90 d after engraftment were
included (see uncensored MSM in Figure 3). There was no
interaction between statin treatment and the covariates of the
multivariable model. Time to biopsy-confirmed acute rejection was also not different in an adjusted multivariable analysis
(HR 0.91; 95% CI 0.70 to 1.17).
The HR estimates for actual graft survival, counting death
as event, were between the estimates for patient survival and
functional graft survival both in the multivariable model (HR
0.68; 95% CI 0.55 to 0.84; P ⬍ 0.001) and in the MSM analysis
(HR 0.73; 95% CI 0.58 to 0.92; P ⫽ 0.007). There was no
interaction between statin treatment and any of the covariates
of the multivariable model.

Functional Graft Survival

Functional graft survival was defined as graft failure occurring
after the 90th day after engraftment with death being rightcensored. Twelve-year functional graft survival after 90 d was
76% in the statin-treated group and 70% in the nonstatin
group (unadjusted P ⫽ 0.055). Statin treatment was not associated with improved functional graft survival in the univariate
analysis (HR 0.76; 95% CI 0.58 to 1.00; P ⫽ 0.055; Table 2,
Figures 2 and 3). Similarly, both multivariable and MSM analyses did not find an association (multivariable model: HR 0.76
[95% CI 0.55 to 1.04; P ⫽ 0.086]; MSM: HR 0.84 [95% CI 0.61
J Am Soc Nephrol ●●: ●–●, 2008

DISCUSSION

Our study showed that statin use was associated with reduced
mortality rates in a large cohort of kidney transplant recipients;
Statins and Outcomes in Renal Transplant Recipients
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Figure 3. Crude and adjusted HR estimates and 95% CI associated with statin use for patient survival (all-cause mortality) and
functional graft survival. In our main analyses, events occurring
⬍90 d after engraftment were censored, whereas the models
called “MSM uncensored” also included these events.

however, graft survival was unaffected by these drugs. Previous
trials have consistently demonstrated that statins reduce cardiovascular morbidity and mortality in the general population;
however, in renal patients— especially in renal transplant recipients—the beneficial effects of statins are less well established.
Several trials reported that the hyperlipidemias predict cardiovascular disease and mortality after renal transplantation.4,5,19,22 This finding nurtured the idea that lipid-lowering
therapy might also be useful in these patients. Further support
for this idea came from the observational study by Cosio and
coworkers.23 These investigators reported that lipid-lowering
therapy with a statin was associated with a 24% reduction in
all-cause mortality in 1574 patients after renal transplantation.
It has to be acknowledged, however, that these investigators
did not apply adequate statistical techniques to account for
“confounding by indication” that is likely to occur in this type
of study design. It is therefore possible that the reported results
could be due to residual confounding rather than to statin
treatment.
In 2004, the National Kidney Foundation recommended
that kidney transplantation be treated as “coronary heart disease (CHD) risk equivalent” and that LDL should be lowered
to ⬍100 mg/dl in these patients6; however, the evidence supporting these guidelines came from only one randomized trial
in the field, the ALERT trial, and its extension study.19,20 In
addition, this trial produced rather equivocal results insofar as
statin treatment reduced cardiac mortality whereas it seemed
to leave all-cause mortality and MACE unaffected. The level of
evidence of these guidelines was therefore classified as moderate (grade B). The task force stated that additional RCT in the
field would be needed to undermine their recommendations;
however, bearing in mind that further RCT in the field are
missing and that they probably will not become available soon,
our study—with approximately the same sample size as
4
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ALERT but up to 12 yr of follow-up—provides important endorsement of the task force’s guidelines.
In this trial, statins were not associated with prolonged graft
survival. A possible renoprotective effect of statins was previously postulated because several observational trials found an
interrelation between lipid levels and kidney function in the
general population, in patients with chronic kidney disease,
and in kidney transplant recipients.9,24 –26 Moreover, a metaanalysis of 13 trials found that treatment of hyperlipidemia
preserved GFR in patients with chronic kidney failure.27 In
addition, a recent reanalysis of the Treating to New Targets
(TNT) study revealed that atorvastatin improved GFR in
10,001 patients with CHD. This effect was significantly greater
in patients on high-dosage atorvastatin compared with those
on low-dosage therapy.28 Chronic allograft nephropathy is the
most common cause of late graft failure, it displays many similarities with atherosclerosis, and it has been associated with
hypercholesterolemia.9 Alluding to this observation, some investigators therefore suggested that statin treatment could also
preserve renal allograft function by reducing the incidence of
graft rejection.29 To the surprise of the investigators of the
ALERT trial, reducing hypercholesterolemia with a statin had
no influence on graft loss or doubling of serum creatinine in
their study.19 Similarly, three smaller trials failed to show an
association between statin use and acute graft rejection.29 –31 In
accordance with these studies, the results reported in this study
lend further credence to the notion that statins do not affect
graft survival in renal transplant recipients.
Some caution is warranted when interpreting our results.
Because our study patients were not randomly allocated to
statin treatment, the possibility of bias from phenomena such
as “confounding by indication” must be considered. Confounding by indication refers to a situation in which the patient’s risk profile influences the prescription of a given drug.
In the case of statins, an unfavorable cardiovascular risk profile
could have prompted the treating physicians to prescribe lipidlowering medication, which would inadvertently bias the statin-treated group. Apparently, this is what happened in our
data. Table 1 clearly indicates that statin-treated patients had
higher rates of heart disease and worse cardiovascular risk profiles, and these covariates were more completely reported in
statin users. They also received more antihypertensive drugs,
which may be proxy for better care. We accounted for this
potential source of bias by adjusting for this covariate in the
models and conducted an additional analysis to assess whether
informative missingness of covariates affected our conclusions. This was not the case, as shown in the supplemental data.
It is likely that confounding by indication explains why we
found no association between statin treatment and mortality
in the unadjusted analysis.
In an attempt to remove these sources of bias, we followed
two different state-of-the-art modeling strategies. The first
strategy used multivariable Cox regression, including, among
all available variables, those that are likely to confound the
association of statin use and our outcomes. The second stratJ Am Soc Nephrol ●●: ●–●, 2008
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egy used MSM. In both models, a significant association of
statin use and patient survival emerged. Marginal structural
models were recently proposed as a tool to estimate the causal
treatment effect from observational trials. MSM creates a pseudorandomized study population with balanced treatment allocation. In all outcomes, we observed slightly less pronounced
effects by MSM than by multivariable modeling. This finding
lets us conclude that the causal relationship between statin
treatment and these long-term outcomes is weaker than their
pure nondirected association.
Notwithstanding the encouraging findings of our trial, it
has to be acknowledged that even the most state-of-the-art
statistical techniques can adjust only for measured confounders. Unmeasured confounders are not taken into account, and
they can be addressed only by truly randomized clinical trials.
This study provides evidence that statin treatment is associated with reduced all-cause mortality in renal transplant recipients; however, the nonrandomized nature of our trial does
not provide definitive evidence as to whether the observed associations are truly causal. This question will have to be answered by larger RCT.

CONCISE METHODS
Patient Population and Registries
The study population consisted of 2041 consecutive patients who received their first kidney transplant at the Medical University of Vienna between January 1, 1990, and December 31, 2003, and who were
followed-up until December 31, 2005. Selected data from three databases were merged to combine information on recipients, donors,
and biopsy results.

Oesterreichisches Dialyse und Transplant Register.
This registry was established by the Austrian Society of Nephrology
and mainly provided information on allograft recipients. It has almost
complete follow-up; only 17 patients were lost to follow-up since
1990. This database provided baseline information on recipients’ demographics; underlying renal disease; course of renal replacement
therapies; panel reactive antibodies (highest and latest); hepatitis B
virus, hepatitis C virus, and cytomegalovirus serologies; immunosuppressive regimen; and immediate posttransplantation course. Annual
follow-up data included patient and graft status, transplant function,
comorbidities (diabetes, cardiovascular, liver, lung, hypertension,
malignancies), immunosuppressive therapy, and clinical chemistry
values.

EUROTRANSPLANT Registry.
This database contains complete information on organ donor characteristics from transplantations performed in the EUROTRANSPLANT region. It provided information on donor characteristics such
as cold ischemia time; HLA mismatches in A, B, and DR; age; gender;
cytomegalovirus serology; cause of death; last serum creatinine; and
use of vasopressors during the intensive care unit stay. Hepatitis B
virus– or hepatitis C virus–positive donors were not accepted.
J Am Soc Nephrol ●●: ●–●, 2008
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Vienna Kidney Biopsy Registry.
The registry holds information on all native and transplant kidney
biopsies performed at the Medical University of Vienna since 1990.
The Banff ’93 and ’97 criteria were used to define biopsy-confirmed
acute rejection (BCAR) and chronic allograft nephropathy.32,33 A total of 3546 biopsies were performed within the study period. A total of
248 biopsies performed before 1994 were reclassified according to the
Banff ’97 criteria. Biopsy-confirmed acute rejection was classified as
Banff borderline and higher grades of cellular rejection. Lesions of
native kidney biopsies and of donor kidneys before transplantation
were graded according to the World Health Organization classification.34
The aforementioned databases did not provide information on
therapies other than immunosuppressive agents. The pertinent information was obtained from health insurance companies. Health insurance is mandatory in Austria, and prescription drugs are available to
the public for a small dispensing fee; therefore, information on prescription drug usage can be assumed to be complete.

Patient Comorbidities and Immunosuppressive
Therapies
Patients were classified as hypertensive when the mean arterial BP was
⬎107 mmHg or when the patient received at least one antihypertensive drug for at least 50% of the time at risk. CHD was judged to be
present when patients had received a diagnosis of CHD through angiography or radioisotopic techniques, when they had a history of
myocardial infarction, or when they experienced symptoms of angina
pectoris. Noncoronary vascular disease was defined as cerebrovascular or peripheral vascular disease. Immunosuppressive regimens were
classified into four groups: (1) Standard immunosuppression (a triple
therapy consisting of corticosteroids, mycophenolate mofetil, and a
calcineurin inhibitor); (2) triple therapy with corticosteroids, azathioprine, and cyclosporine; (3) all corticosteroid-free regimens; and
(4) calcineurin inhibitor–free immunosuppression or other. Induction therapies with either a polyclonal antibody or an IL-2 antibody
were not analyzed separately.

Outcomes
Patient survival was classified as time from kidney transplantation
until death or end of follow-up. Patients who survived ⬍3 mo were
censored. Functional graft survival was defined as time from kidney
transplantation to dialysis, retransplantation, or end of follow-up
with death being censored. Grafts lost before 90 d from transplantation were also treated as censored.

Data Analysis
For the description of characteristics of patients at time of transplantation, we used frequencies and percentages for categorical variables,
median, 25th and 75th percentiles for skewed continuous variables,
and mean and SD for normally distributed continuous variables.
These characteristics were compared between statin users and nonusers using 2 tests, Wilcoxon rank-sum tests and t test, respectively. In
all analyses of patient survival, actual graft survival, and functional
graft survival, statin use was entered as a time-dependent variable and
was defined according to the intention-to-treat principle (i.e., once
Statins and Outcomes in Renal Transplant Recipients
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statin treatment was started in a patient, that patient was counted as a
statin user from time of treatment onset until the end of follow-up,
irrespective of discontinuation of treatment; Figure 4). Extended
Kaplan-Meier plots were used to compare the survival between statin
users and nonusers.35
The association of statin use with patient and graft survival was
further quantified by HR estimates and 95% CI resulting from Cox
regression analysis.36 In addition to a univariate analysis of statin use,
we applied two different approaches to address confounding by indication and to obtain adjusted HR estimates. In each of the approaches,
we considered static and time-dependent variables as potential confounders. Static confounders were time on dialysis before transplantation, age at transplantation, and year of transplantation. Time-dependent variables were number of prescribed BP-lowering drugs,
diabetes status, coronary or other heart disease, cerebrovascular disease, peripheral vascular disease, type of immunosuppressive therapy,
median hemoglobin level per calendar year, median of the MAP by
calendar year, and median cholesterol level per calendar year. All variables that were treated as time dependent in the Cox analysis were also
treated as time dependent in the analysis using MSM; however,
changes that occurred after the initiation of statin treatment were not
considered because these changes could be a consequence of statin
treatment and lead to “overadjustment” of the model.
As a first approach to obtain confounder-adjusted HR estimates,
we performed multivariable Cox regression analysis. Selection of confounders for use in multivariable models was based on an adaptation
of the Purposeful Selection algorithm for Cox regression.37 This algorithm was proposed as improvement to P value– based stepwise selection procedures. The algorithm selects confounders that would
change the log hazard of the variable(s) of interest by ⬎15% after the
confounder is excluded from the model; therefore, we can safely assume that among all potential confounders considered, those selected
for the final multivariable models were sufficient to adjust the HR of

statin use. We assessed presence of effect modification by evaluating
the significance of interaction terms of statin use with any other variables in the models.
The assumption of linearity of the effects of continuous-scaled
covariates (hemoglobin, cholesterol level, MAP, age, and year of
transplantation) was assessed by fitting another multivariable Cox
model that included continuous-scaled covariates using restricted cubic splines with four knots placed at their fifth, 35th, 65th, and 95th
percentiles. Because the nonlinear treatment of these variables did not
lead to a marked change in the adjusted HR of statin use in any of our
outcomes, we chose to report only on the final models for which all
continuous-scaled variables were treated as linear. Scaled Schoenfeld
residuals were computed and plotted against time to evaluate potential violations of the proportional hazards assumption.38
The second approach to obtain confounder-adjusted estimates
applied the recently proposed technique of MSM.39 This approach
first uses logistic regression to estimate the probabilities of statin
treatment initiation in any 3-mo interval after transplantation, depending on the patients’ covariates up to the beginning of each interval. The reciprocal values of these probabilities are then used as
weights (inverse probability of treatment weights) in a Cox regression
analysis. At any time after transplantation, the sum of weights of patients on statins equals the sum of weights of patients not on statins,
irrespective of their covariates. Thus, MSM retrospectively simulates
random allocation of drug therapy. Unlike an RCT, MSM can control
only for confounders that were actually measured; the so-called assumption of no unmeasured confounders remains untestable. More
details on this method can be found in the literature.39 – 41
Before all analyses, we applied multiple imputation, generating 20
completed versions of the data set. All analyses were performed on
each completed data set, and results were combined using SAS/PROC
MIANALYZE. Results from multiple imputation were cross-checked
against a complete-case-only analysis, and the sensitivity of the results
to the assumption of randomly missing data was assessed. The gain in
precision using multiple imputation was substantial, particularly for
variables such as statin use that were completely documented. We
used SAS 9.1 (SAS Institute, Cary, NC) for all statistical computations.
P ⬍ 0.05 was considered as indicating significance.
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