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Abstract

Background—Statins have uncertain benefits in chronic kidney disease (CKD) as individual

trials may have insufficient power to determine whether treatment effects differ with severity of
CKD.

Purpose—To summarize the benefits and harms of statin therapy for adults with CKD and
examine whether effects of statins vary by kidney disease stage.

Data Sources—Cochrane and EMBASE databases (inception to February 2012).

Study Selection—Randomized trials comparing effects of statins with placebo, no treatment or
another statin on mortality and cardiovascular outcomes.

Data Extraction—Two independent reviewers extracted data and assessed risk of bias.

Data Synthesis—Eighty trials (n=51,099) compared statin with placebo or no treatment.
Treatment effects varied with stage of CKD. In persons not on dialysis, statins reduced all-cause
(relative risk, 0-81, 95% confidence interval, 0-74-0-88) and cardiovascular (0-78, 0-68-0-89)
mortality and cardiovascular events (0-76, 0-73-0-80) in moderate-high quality evidence. For
persons on dialysis, statins had little or no effect on all-cause (0-96, 0-88-1-04) or cardiovascular
(0.94, 0.82-1.07) mortality or cardiovascular events (0-95, 0-87-1-03) in moderate-high quality
evidence. Effects of statins in kidney transplant recipients were uncertain. Statins had little or no
effect on cancer, myalgia, liver function, or withdrawal from treatment, although adverse events
were evaluated systematically in fewer than half of trials.
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Limitations—Reliance on post hoc subgroup data for earlier stages of CKD and lack of data for
primary and secondary prevention.

Conclusions—Statins lower mortality and cardiovascular events in persons with early stages of
CKD, have little or no effect in persons on dialysis, and have uncertain effects in kidney transplant
recipients.

Introduction

Methods

For persons with early stages of chronic kidney disease (CKD) not on dialysis, the absolute
risk of cardiovascular events is similar to that of persons with established coronary artery
disease(1), and for persons on dialysis the risk is 40-50 times higher than the general
population(2). While statin therapy consistently reduces coronary events in the general
population(3), the clinical benefits of lipid-lowering in persons with CKD are less
certain(4-8). The benefits of statins are potentially greater in persons with CKD because of
the substantially higher incidence of occlusive vascular disease. Conversely, statins may be
less effective in CKD because atherosclerosis is a less frequent cause of cardiovascular
events compared with sudden death, arrhythmia and heart failure(9, 10). The evidence that
statins may have lower treatment efficacy in CKD was suggested by two large trials (4D and
AURORA) in persons on hemodialysis that found no benefit of statins on mortality or
cardiovascular events(7, 8). Fewer trial data have been available to evaluate treatment
efficacy in people with milder CKD who are not on dialysis.

While an earlier meta-analysis found no differences in treatment effects based on severity of
CKD(11), additional trials have since been reported, including the Study of Heart and Renal
Protection (SHARP) (12), trials reporting data for persons with CKD not on dialysis (4, 6,
13-15), and the AURORA study in persons on dialysis(8). Considering the SHARP data, an
advisory panel to the Food and Drug Administration (FDA) recently voted to recommend
simvastatin and ezetimibe in earlier stages of CKD, but not in people on dialysis, citing
insufficient evidence for prevention of major vascular events in the latter population(16); the
FDA has subsequently not included chronic kidney disease as a specific indication for the
drug (17).

In light of the recent availability of new data and high-profile treatment and policy
uncertainty, we have conducted a systematic review of the benefits and harms of statin
therapy in persons with CKD, specifically to address whether treatment effects differ
depending on stage of CKD.

The present meta-analysis utilizes methods and definitions from an earlier meta-analysis(11)
and followed published, peer-reviewed protocols(18-20).

Data Sources and Searches

We considered randomized trials in which statins were compared to placebo, no treatment,
standard care, or another statin in which data for adults with CKD (any stage) were reported.
We identified trials from an earlier meta-analysis published in 2008(11) and searched
EMBASE and the Cochrane's Central Register of Controlled Trials (CENTRAL) and Renal
Group's Specialized Register from inception to February 2012 without language restriction.
Details of the search strategies are available from the authors by request.
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Study Selection

Two reviewers independently screened the database search by title and abstract, then full
text, to identify potentially eligible trials that fulfilled inclusion criteria. CKD was defined
according to the National Kidney Foundation Kidney Disease Outcomes Quality Initiative
(KDOQI) criteria(21) (Appendix Table 1; available at www.annals.org). We excluded
studies with follow up less than eight weeks’ duration as such studies would not permit
detection of mortality or cardiovascular outcomes related to statin treatment(103).

Data Extraction and Quality Assessment

We extracted data for population characteristics, interventions, non-randomized co-
interventions, and risk of bias according to standard criteria(104). We extracted data on the
following outcomes: all-cause and cardiovascular mortality, major cardiovascular events,
fatal or nonfatal myocardial infarction, fatal or nonfatal stroke, end-stage kidney disease,
cancer, end of study estimated glomerular filtration rate and urine protein excretion rate in
individuals not requiring dialysis, myalgia, elevated creatine kinase, abnormal liver function,
withdrawal from treatment, and end of study serum lipid concentrations. Two or more
authors independently evaluated the following risk of bias items based on standardized
methods: sequence generation; allocation concealment; blinding; intention-to-treat analysis;
completeness of outcome data; selective outcome reporting; and other threats to
validity(104).

Data Synthesis and Statistical Analysis

For dichotomous outcomes, we calculated relative risks (RR) and 95% confidence intervals
(CI). For continuous outcomes, we calculated mean differences (MD) with 95% CI. We then
summarized effect estimates using the DerSimonian and Laird random effects model(105).
Data for trials comparing two differing statin regimens could not be summarized due to
insufficient extractable data. We assessed heterogeneity using the % (Cochran Q) statistic
and the 12 test. P<0.10 indicated significant heterogeneity. Values of 12.<25%, 25% to 50%,
and 0% were considered to represent low, moderate, and large heterogeneity,
respectively. We performed additional pre-specified subgroup analyses to explore potential
sources of heterogeneity. We analyzed data for all outcomes within subgroups for CKD
including separate categories for persons not on dialysis, persons on dialysis and kidney
transplant recipients separately, and provided an overall summary treatment effect estimate
when formal tests of interaction indicated no significant difference between subgroups. We
used the standard continuity correction of 0.5 to cells when estimating summary effects for
trials in which no events were reported in one arm. To assess potential bias from small study
effects, we constructed funnel plots for the log risk ratio in individual studies against the
standard error of the risk ratio and formally assessed for plot asymmetry using the Egger
regression test(106). We conducted analyses using Comprehensive Meta-Analysis (Version
2, Biostat, Englewood, NJ, 2005) and macro routines in SAS language(107) (SAS Institute
Inc., Cary, NC; Release 9-1, 2002-2003). Details of the SAS macro routine are available
from the authors by request.

We summarized the quality of the evidence together with absolute treatment effects based
on estimated baseline risks using Grading of Recommendations Assessment Development
and Evaluation (GRADE) guidelines(108). We estimated 134 the absolute numbers of
persons with CKD who had cardiovascular or adverse events avoided or incurred with statin
therapy using the risk estimate (and 95% CI) obtained from the corresponding meta-analysis
for the outcomes of all-cause and cardiovascular mortality, major cardiovascular events, and
elevated creatine kinase together with the absolute population risk for persons with each
stage of CKD (not on dialysis, on dialysis, transplant recipient) derived from previously
published observational cohort studies(109-115).
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Role of the funding source

Results

No specific external funding source contributed to this work. The authors had full
responsibility for data collection, data interpretation, and writing of the report. The first and
last authors had full access to all the data and had the final responsibility to submit the paper
for publication.

Description of trials

We included 50 randomized trials that were reported in an earlier meta-analysis to July
2006(11). Electronic searches conducted in February 2012 identified 2580 additional
citations (Appendix Figure 1; available at www.annals.org). Of these, we included 89
unique trials (95 comparisons) in 56,857 persons with CKD. Appendix Table 2 (available at
www.annals.org) provides full details of included trial acronyms.

Twelve trials provided data for 36,325 persons with CKD not on dialysis(4-6, 13-15, 60, 62,
70, 91, 100, 101). We included published data from SHARP for subgroups of persons on
dialysis and persons not on dialysis separately for analyses of major cardiovascular
events(12, 16). Seven trials or subgroups of trials were only available as conference
proceedings(38, 75, 76, 83, 91, 95, 96), and three studies were only published as letters(22,
84, 97).

80 trials (86 comparisons) compared statin therapy against placebo or no treatment in 51,099
persons (Appendix Table 3; available at www.annals.org). Of these, 48 comparisons
included 39,820 persons not on dialysis, 21 comparisons included 7982 persons on dialysis
and 17 comparisons included 3297 kidney transplant recipients. Ten studies provided
posthoc data for 30,897 persons not on dialysis(4-6, 13-15, 60, 62, 70, 91). Three studies
enrolled 3203 persons with established acute(70) or stable coronary artery disease(4, 13) and
who had CKD. Most trials (60 comparisons [70%]) evaluated statin doses equivalent to
simvastatin 20 mg or less. Median follow up was six months (range 2 months to 5.5 years).
Forty-five (52%; 49,035 persons) comparisons reported industry funding. Overall, nine trials
evaluated statin therapy against the same statin or another statin among 5758 persons with
CKD (Appendix Table 3; available at www.annals.org (94-102). A high proportion of these
active comparator studies enrolled kidney transplant recipients (183 persons) and three
reported funding from industry (100-102).

Risk of bias in individual trials

Risk of bias in trials comparing statin to placebo or no treatment control is summarized in
Figure 1. Less than one-third of placebo or no treatment-controlled studies reported
adequate sequence generation, allocation concealment, blinding of outcome assessment or
completeness of outcome reporting, or provided analyses by intention-to-treat methods. 42
trials (53%) reported one or more other additional risks of bias including posthoc subgroup
analysis, imbalance in participant characteristics at baseline, publication only in conference
proceedings or letter format, insufficient extractable data (not included in meta-analyses),
participant refusal for follow up, early termination, altering intervention after interim
analyses, or allocating participants to treatment without a washout period for statin or related
intervention. Two trials (SHARP and 4D) were at low risk of reporting bias for all the risks
we assessed(7, 93). In the 9 trials comparing a statin versus statin, allocation concealment
was unclear in all except 1 study(100), participants and investigators were blinded in 2
trials(101, 102), outcome assessment was blinded in 4 trials(98, 100-102), analyses were by
intention to treat in 2 trials(100, 101), and completeness to follow up was adequate in 2
trials(100, 101).
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Statin versus placebo or no treatment

All-cause and cardiovascular mortality: Among 32 comparisons in 45,154 persons, there
was evidence of significantly different treatment effects on mortality according to the stage
of CKD (P =0-009) (Figure 2; Table 1) (109-115). In moderate-high quality evidence,
statin treatment reduced all-cause mortality in persons not on dialysis (RR 0-81 [CI 0-74—
0-88]), but had little or no effect in persons on dialysis (RR, 0-96 [CI 0-88—1-04]). Treatment
effects for mortality were uncertain in kidney transplant recipients (RR 1-05 [CI 0-84—1-31])
in generally lower-quality evidence. Data for cardiovascular mortality were available in 27
comparisons among 35,417 persons. Statin therapy reduced cardiovascular mortality in
persons not on dialysis (RR 0-78 [CI 0-68-0-89]), while having little or no effect in persons
on dialysis (RR 0-94 [CI 0-82-1-07]) in moderate-quality evidence. The risk estimate in
kidney transplant recipients suggested benefit, although the analysis included few events and
confidence intervals were wide (0-68 [CI 0-45—1-02]). The formal test of interaction
indicated no significant difference between treatment estimates from the subgroups based on
stage of CKD (P = 0.08), although we were not able to include the data from SHARP(12) or
the trial by Stegmayr et al(73) for persons not dialysis and those on dialysis separately in
analyses of all-cause or cardiovascular mortality, as these data were not available.

Major cardiovascular events: Data for 7899 major cardiovascular events were available
among 45,362 persons. Definitions of major cardiovascular events included in the analyses
are described in Appendix Table 4(available at www.annals.org). We used data for the
primary outcome of SHARP (major atherosclerotic events) in this meta-analysis (12). When
we analyzed treatment effects according to stage of CKD, there was strong evidence that the
treatment effects for statin therapy differed significantly between the subgroups (P<0-0001)
(Figure 2). Statin therapy prevented major cardiovascular events in persons with CKD not
on dialysis (RR 0-76 [CI 0-73—0-80]) but had little or no effect in persons on dialysis (RR
0-95 [CI 0-87-1-03]) in moderate-high quality evidence. The effects of statin treatment in
kidney transplant recipients were uncertain (RR 0-84 [CI 0-66—1-06]) in lower-quality
evidence.

Myocardial infarction and stroke: Information was available for 983 fatal or nonfatal
myocardial infarctions among 24,580 persons and 737 fatal or nonfatal strokes among
24,191 persons. Effect estimates for myocardial infarction were modified by stage of CKD
(P =0.03) (Figure 2). Overall, statin therapy reduced myocardial infarction in persons not
on dialysis (RR 0-55 [CI 0-42-0-72]) but treatment effects were uncertain in persons on
dialysis (RR 0-87 [CI 0-71-1-07]) and in kidney transplant recipients (RR 0.70 [CI 0.48—
1-01]). There was no significant difference in treatment effects for stroke between stages of
CKD (P = 0-07), due in part to imprecise effect estimates for persons on dialysis or after
kidney transplantation (Figure 2). Statin reduced stroke in persons not on dialysis (RR 0-61
[CI 0-38—0-98]) but were uncertain in persons on dialysis (RR 1-30 [CI 0-79-2-11]) and
kidney transplant recipients (RR 1-18 [0-62-2-24]). Overall, in all stages of CKD effects of
statin therapy on stroke were uncertain (RR 0-86 [CI 0-62—1-20]).

Adverse events: Adverse events were evaluated and reported systematically in fewer than
half of the comparisons (33 comparisons; 45,568 persons) (Figure 3)(4-8, 13, 15, 29, 39, 43,
46, 48, 53, 56, 58, 60-63, 66, 68, 70, 72, 74, 80, 82, 85, 93). Statins had little or no risks of
adverse events including cancer (RR 0-96, CI 0-89—1-04), myalgia (RR 0-99, CI 0-94-1-04),
elevated creatine kinase (RR 1-11, CI 0-80—1-56), abnormal liver function (RR 0-99, CI
0-70-1-40), or withdrawal from treatment (RR 1-07, CI 0-91-1-26) without significant
heterogeneity in the analyses.
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Lipid levels: Statin therapy lowered serum total cholesterol concentrations, low density
lipoprotein concentrations, and serum triglycerides but not high-density lipoprotein
cholesterol (Appendix Table 5; available at www.annals.org).

Proteinuria and glomerular filtration rate: Effects of statin therapy on creatinine
clearance or glomerular filtration rate (in ml/min or ml/min/1.73 m?) were uncertain with
significant heterogeneity in the analysis (Appendix Table5; available at www.annals.org).
Statin treatment reduced proteinuria with significant heterogeneity in the analysis
(Appendix Table 5; available at www.annals.org).

Exploration of heterogeneity and Sensitivity Analyses: We explored potential sources of
the heterogeneity observed in treatment effects for all-cause mortality, major cardiovascular
events and serum cholesterol levels. In univariate meta-regression for all-cause mortality,
stage of CKD explained 88% of the variation in treatment estimates between trials, as well
as statin type (78%), estimated glomerular filtration rate (100%), baseline serum cholesterol
(66%), and proportion of persons with diabetes (100%) (Appendix Figure 2; available at
www.annals.org). For major cardiovascular events, stage of CKD explained 100% of the
heterogeneity observed (Appendix Figure 3; available at www.annals.org). In subgroup
analyses, when summary treatment estimates were calculated separately by stage of CKD,
there was no important residual heterogeneity observed in treatment estimates for total or
cardiovascular mortality, major cardiovascular events, myocardial infarction or stroke
between trials (Table 1). On univariate metaregression, statin dose (13.0%), baseline
cholesterol (26.9%) and allocation concealment (9-51%), but not stage of CKD, were
responsible for heterogeneity in treatment effects on total cholesterol (Appendix Table 6;
available at www.annals.org).

When we limited analyses to comparisons with follow up of 12 months or longer we
observed similar treatment effects (data not shown). Given that SHARP evaluated the effect
of combined simvastatin-ezetimibe therapy, rather than statin alone, we conducted analysis
for major cardiovascular events with SHARP excluded and found similar differential
treatment effects for persons not on dialysis (RR 0-74, CI 0-69-0-79) and dialysis (RR 0-96,
CI 0-85-1-08)(P <0-001). When we used major vascular event(16) (nonfatal myocardial
infarction or any cardiac death, any stroke, or any arterial revascularization excluding
dialysis procedures)rather than major atherosclerotic event (major vascular event minus non-
coronary cardiac death and hemorrhagic stroke) from SHARP in the meta-analysis for major
cardiovascular event, the overall risks were similar (not on dialysis; RR 0-77, CI 0-73-0-80,
dialysis; RR 0-96, CI, 0-89-1-02, kidney transplant recipients; RR 0-84, CI 0-66—1-06). Stage
of CKD remained an effect modifier explaining 100% of the variance observed.

Discussion

Our results show that the benefits of statin therapy differ significantly depending on stage of
CKD for mortality and cardiovascular outcomes. Statins (generally at doses equivalent to
simvastatin 20mg) reduce all-cause and cardiovascular mortality and major cardiovascular
events in persons not on dialysis by approximately one-fifth to one-quarter during
approximately five years of treatment in moderate-high quality evidence. In absolute terms,
1000 persons with CKD not on dialysis need to receive statin treatment to prevent
approximately 5 deaths each year. In persons not on dialysis, occlusive vascular events (fatal
or nonfatal stroke or myocardial infarction) are proportionally reduced with statin therapy by
40-50%. By contrast, for people on dialysis statins have little or no effect on all-cause
mortality, cardiovascular mortality, and major cardiovascular events (including myocardial
infarction and stroke) in moderate-high quality evidence, despite lowering of serum
cholesterol levels (40 mg/dl [1-0 mmol/1]). Evidence for statin treatment in kidney transplant
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recipients is sparse and uncertain. Overall, differences in treatment effects of statins on
mortality and major cardiovascular events in individual trials are largely or entirely
explained by stage of CKD. Overall, statins have little or no effect on cancer incidence,
myalgia, elevated creatine kinase, or abnormal liver function or treatment withdrawal
compared to placebo in lower-quality evidence hampered by lack of systematic reporting of
adverse events in over half of trials. Insufficient direct comparisons were available to draw
conclusions on the efficacy of different higher versus lower doses of an individual statin, or
of one statin versus another. Treatment effects for statins alone are similar to combined
therapy with statin plus ezetimibe.

Interventions including statins, angiotensin-converting enzyme inhibitors, and beta blockers,
which clearly prevent adverse cardiovascular events in general populations, have not been
proven to improve cardiovascular or mortality outcomes in persons with advanced
CKD(116). Few randomized trials evaluate cardioprotective drugs in persons with CKD
(who are often systematically excluded), and the quality and coverage of evidence on which
to guide decision-making in this population is suboptimal(117) despite a persistently high
annual mortality(10). Benefits of statins in other populations (primary care, hypertension,
diabetes, or existing cardiovascular disease) may not be generalizable to persons who have
CKD as the pathobiology of cardiovascular disease is dominated by vascular calcification,
cardiac hypertrophy, and arterial stiffening(118). Consistent with this hypothesis, trials of
statin therapy in dialysis have been negative(7, 8), although the relative overall paucity of
statin trials in earlier stages of CKD has led to combining outcomes for persons with
different stages of CKD (dialysis and not on dialysis) to provide summary estimates of
effect(11, 12). This approach may be unreliable for both groups. The validity of negative
findings in statin trials in dialysis has also been questioned based on concerns that such trials
may have had insufficient statistical power, due to lower than expected event rates and
primary composite outcomes that include non-atherosclerotic events which are potentially
unmodified by statin treatment(119). To address the persistent uncertainties about statin
effects across the spectrum of CKD for patients, clinicians and policy-makers, this meta-
analysis incorporates recent published trial data for statin therapy in over 50,000 individuals
to allow sufficient power to quantify treatment effects for statins based on stage of CKD.

The proportional reductions in major cardiovascular and mortality outcomes and serum
cholesterol in trials of CKD (predialysis) with statin treatment are similar to or larger than
those observed in trials in other at-risk populations(3). When baseline risk of disease is
accounted for, statin therapy over 5 years prevents approximately 25 individuals with CKD
experiencing a major cardiovascular event per 1000 treated, which is similar to the benefit
observed in broader populations with existing coronary heart disease(3).

The finding that statin therapy does not clearly reduce major cardiovascular events in people
on dialysis appears to contradict the findings of SHARP, the recent and much-anticipated
large trial of combined simvastatin and ezetimibe in over 9000 individuals with a broad
range of kidney function including those on dialysis. SHARP investigators concluded that,
after nearly five years of treatment, major atherosclerotic events are safely reduced in a wide
range of patients with advanced CKD including persons requiring dialysis at baseline. In
SHARP, analyses of the primary endpoint (major atherosclerotic events, defined as coronary
death, myocardial infarction, ischemic stroke, or any revascularization procedure) were
conducted separately in dialysis and non-dialysis patients, and a test for interaction did not
indicate that proportional treatment effects were statistically different between the two
different populations although it was acknowledged that the trial was underpowered for such
an analysis(16). While no statistical difference (at the P<0-05 level) was observed for
treatment effects in each population (dialysis or not), point estimates for major
cardiovascular events for the predialysis and dialysis populations in SHARP were
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statistically similar to summary effects observed in the present meta-analysis, which finds
(with more events) that stage of CKD significantly modifies treatment efficacy. The present
data are also consistent with earlier trials (4D(7) and AURORA(8)) finding no treatment
benefit for composite cardiovascular outcomes in the dialysis population and that treatment
benefits of statins for dialysis patients are likely to be small at best. Notably, our sensitivity
analysis excluding SHARP from summary estimates for major cardiovascular events
demonstrated similar and significant differences in treatment efficacy based on category of
kidney disease, suggesting that even without SHARP data, the present findings are robust.

The choice of endpoint has been previously mooted as a potential reason for negative trials
in dialysis(119), as primary outcome events in the 4D(7) and AURORA(8) trials may have
included a smaller proportion of modifiable vascular events (dominated by vascular deaths)
whereas SHARP events were predominantly non-fatal atherosclerotic events (stroke or
myocardial infarction), and over half were revascularization procedures. Although this is
plausible, the current analysis suggests otherwise. Even outcomes that are clearly related to
atherosclerotic occlusion (myocardial infarction and stroke) were not clearly reduced by
statin therapy in dialysis patients. However, relatively fewer of these events were available
in the current meta-analysis, which may have reduced the power of the analyses to find a
difference between treatment groups based on stage of CKD.

The present meta-analyses reminds us again that modification of a surrogate marker, in this
case cholesterol, in people with advanced CKD does not necessarily reduce disease
burden(120, 121). In the dialysis population, lowering serum cholesterol by proportions
equivalent to that achieved in trials in the general population and in people with earlier
stages of CKD has little or no effect on cardiovascular outcomes, as might be hoped.
Notably, in the four trials in dialysis that reported major cardiovascular events, baseline
serum cholesterol was generally lower (178 mg/dl [4.6 mmol/1]), although meta-regression
could not be performed in these trials to evaluate whether serum cholesterol modified
treatment effects of statins in this population. Nevertheless, in a large trial of rosuvastatin
(JUPITER) in apparently healthy men and women with LDL cholesterol levels below 130
mg/dl [3.4 mmol/1)(122), statin treatment nearly halved the risk of major cardiovascular
events, suggesting that relatively lower baseline cholesterol levels in people on dialysis does
not explain the reduced benefit from statins in the dialysis population.

Our study does have potential limitations. First, data for treatment effects in people with
earlier stages of CKD not on dialysis were frequently sourced from reported posthoc
analyses of larger trials, which may be less reliable(123). Second, 354 meta-regression
analyses to determine the effects of baseline cholesterol on treatment effects in trials in
dialysis were not possible due to insufficient trial-level data. Third, we were not able to
analyse the relationship between serum cholesterol lowering and treatment effects (to report
risk reduction per unit change in serum cholesterol), as trials that general reported the
change in serum cholesterol with treatment did not report clinical outcome data and vice
versa. Finally, we could not analyze the relative benefits of statin therapy in the primary
prevention of cardiovascular disease as compared to secondary prevention as too few trials
provided sufficient data in these specific populations.

In conclusion, persons with early stages of CKD have an estimated 10-year risk of
cardiovascular disease of 20% or more and experience absolute benefits from statin therapy
approximately equivalent to persons with existing coronary artery disease. Statin therapy has
little or no effect in people on dialysis. Although it is unclear whether statins should be
discontinued in patients initiating dialysis, the benefits in this population are likely to be
small at best. Evidence for statin therapy in kidney transplant recipients is sparse and
uncertain.
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Figure2.

Effect of statin therapy versus placebo or no treatment control on total and cardiovascular
mortality and major cardiovascular events, grouped by stage of chronic kidney disease. 95%
CI, 95% confidence interval; CKD, chronic kidney disease. *Subsets of trials refers to
presence of data from subgroups with chronic kidney disease not on dialysis or cohorts on
various types of dialysis (peritoneal dialysis or hemodialysis) within broader trials
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Figure 3.

Summary of adverse effects for statins versus placebo or no treatment control in people with
chronic kidney disease (any stage). 95% CI, 95% confidence interval; CKD, chronic kidney
disease
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