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a b s t r a c t
The available studies have reported the beneﬁts of statins on all-cause and cardiovascular mortality in
chronic kidney disease (CKD) patients. However studies in end-stage renal disease patients on dialysis yielded conﬂicting results. Therefore, we performed a meta-analysis and provide the most reliable
trial data to date on the impact of statin therapy on cardiovascular events and death from all causes in
CKD patients. Data from PubMed, Web of Science, Cochrane Library, and Scopus for the years 1966 to
October 2012 were searched. The ﬁnal meta-analysis included 11 randomized controlled trials involving
21,295 participants with CKD. Among them 6857 were on dialysis. The use of statins in subjects with
non-dialysis-dependent CKD resulted in a marked reduction in death from all causes (relative risk [RR]:
0.66; 95% conﬁdence interval [CI]: 0.55–0.79; p < 0.0001), cardiac causes (RR: 0.69; 95%CI: 0.55–0.68;
p = 0.0012), cardiovascular events (RR: 0.55; 95%CI: 0.4–0.75; p = 0.0001) and stroke (RR: 0.66; 95%CI:
0.5–0.88; p = 0.0022). The use of statins in dialysis-dependent CKD patients resulted in a non-signiﬁcant
effect on death from all causes (RR: 0.99; 95%CI: 0.88–1.11; p = 0.85) and stroke (RR: 1.31; 95%CI: 0.9–1.89;
p > 0.05), but had the effect of reducing death from cardiac causes (RR: 0.79; 95%CI: 0.64–0.98; p < 0.05)
and cardiovascular events (RR: 0.81; 95%CI: 0.7–0.94; p < 0.05). In conclusion, the use of statins should
be indicated in cardiovascular disease prevention especially in patients with non-dialysis-dependent
CKD. According to the very limited data the obtained results suggest caution in expecting a reduction in
cardiovascular events in patients on dialysis.
© 2013 Elsevier Ltd. All rights reserved.
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Cardiovascular disease (CVD) is the leading cause of morbidity
and mortality not only among the general population, but also in
patients with chronic kidney disease (CKD) [1]. Several clinical trials
have demonstrated that inhibitors of 3-hydroxy-3-methylglutaryl
coenzyme A (HMG-CoA) reductase (statins) are gaining widespread
acceptance as a principal therapy for the primary and secondary
prevention of atherosclerosis and CVD [2–4]. The role of statins in
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primary prevention of CVD risk in CKD patients still remains to
be clariﬁed. No large randomized clinical trials have provided evidence that statins as a primary prevention strategy reduce CVD in
these patients. It has been suggested that these agents are effective and appear safe for secondary prevention of cardiovascular
(CV) events in individuals with mild chronic renal insufﬁciency
(especially stages 1–3 of CKD) [5,6].
There are potential explanations for the putative effects of
statins on the rate of CV events in patients with CKD. Statins
may exert their protection against kidney disease through a variety of immunomodulatory effects [3–6]. Statin therapy attenuates
endothelial dysfunction, enhances renal perfusion and reduces
abnormal permeability to plasma proteins [7]. In experimental
models, statins have been shown to inhibit the progression of renal
damage, but in humans there are only observational studies, which
do not provide deﬁnite information [8].
In several animal models, the beneﬁcial effects of statins on renal
disease associated with hypertension and vascular injury have
been described [8,9]. Moreover, in a rat model of glomerulonephritis statin treatment prevented macrophage glomerular inﬁltration
and suppressed mesangial cell proliferation and mesangial matrix
expansion [10]. In consideration of the anti-inﬂammatory effects
on vascular structure, regardless of cholesterol reduction, statins
have experimentally been demonstrated to attenuate tumor necrosis factor-␣ induced angiogenesis in vitro and reverse myocardial
expression of inﬂammatory and growth factors [11]. The inhibition of inﬂammatory cytokine-induced vascular endothelial
growth factor expression was hypothesized [11]. Some investigators postulate that the beneﬁt of statin therapy in patients
with CKD is attributable to better kidney perfusion secondary
to improved endothelial and cardiac function and improved protein trafﬁcking in the glomerulus and proximal tubular epithelium
[12].
Meta-analyses and post hoc analyses have reported beneﬁts of
statins for all-cause and CV mortality in CKD patients [13,14]. It
has been suggested that the absolute beneﬁt of treatment with
statins seems to be greater among individuals with non-dialysisdependent CKD. Studies in end-stage renal disease (ESRD) patients
on dialysis yielded conﬂicting results and such positive effects were
not found in the 4D (Die Deutsche Diabetes Dialyse) (expect from
the fatal stroke and cardiac events) and AURORA (A Study to Evaluate the Use of Rosuvastatin in Subjects on Regular Hemodialysis: An
Assessment of Survival and Cardiovascular Events) studies [15,16].
Recently, however, the SHARP (Study of Heart and Renal Protection)
study, despite its limitations (simvastatin + ezetimibe vs. placebo),
showed an insigniﬁcant trend toward reducing CV events in dialysis
patients [17]. Therefore, we performed a meta-analysis to evaluate
the impact of statin therapy on CV events and death from all causes
in patients with CKD.

2. Materials and methods
2.1. Data sources
We searched PubMed, Web of Science (ISI), Cochrane Library,
and Scopus using keywords such as statins, chronic kidney disease, chronic renal failure, hemodialysis, atorvastatin, lovastatin,
pravastatin, simvastatin and rosuvastatin. We limited our search
to randomized clinical trials written in English. Data were collected for the years 1966 to October 2012. Studies were chosen
for the meta-analysis if they met the inclusion criteria including CKD, chronic renal failure, hemodialysis, peritoneal dialysis
(and not kidney transplantation) and lipid lowering monotherapy
with statins. Three reviewers assessed each article independently
to diminish the probability of duplication, analyzing reviews,

case studies and uncontrolled trials. Studies were precluded if
they were uncontrolled or their results did not consider our
goals.
2.2. Assessment of trial quality
Jadad score, which indicates the quality of the studies based on
their description of randomization, blinding, and dropouts (withdrawals), was used to assess the methodological quality of trials
[18]. The quality scale ranges from 0 to 5 points, with a low quality
report scoring ≤2 and a high quality report scoring at ≥3.
2.3. Statistical analysis
Data from selected studies were extracted in the form of 2 × 2
tables by study characteristics including age and sex of patients,
their disease, type of statin, dosage per day, concomitant therapy
and duration of follow-up in each study.
Included studies were weighted and pooled. Data were analyzed
using StatsDirect version 2.7.9 (Altrincham, UK). Relative Risk (RR)
and 95% conﬁdence intervals (95%CI) were calculated using MantelHaenszel, Rothman-Boice (for ﬁxed effects) or Der Simonian-Laird
(for random effects) methods. The Cochran Q test was used to test
heterogeneity and p < 0.05 was considered signiﬁcant. In case of
heterogeneity, the random effects model was used. The funnel plot
was used as a publication bias indicator.
3. Results
The electronic searches yielded 667 items: 293 from PubMed,
63 from Web of Sciences, 300 from Scopus, and 11 from the
Cochrane Library. Of these, 32 trials were scrutinized in the full
text, of which 21 trials were considered unsuitable while 11 trials
[14–16,19–26] were included in the analysis (Fig. 1). Of these 11
studies, 8 [14–16,19,23–26] obtained a Jadad score of ≥3 and the
others [20–22] gained a Jadad score of ≤2. The ﬁnal meta-analysis
included 21,295 subjects with CKD. Among them 14,202 were not
on dialysis, 6,857 required renal replacement therapy (RRT), and
236 patients both on dialysis and not requiring RRT were not separately reported. The following statins were investigated in the
meta-analysis: atorvastatin (4 trials), lovastatin (1 trial), pravastatin (3 trials), simvastatin (1 trial), and rosuvastatin (2 trials).
Duration of treatment ranged between 24 weeks and 5.1 years.
Patient characteristics, renal disease, statin type, dosage, and duration of treatment for each study are reported in Table 1. The impact
of statin therapy on the occurrence of selected adverse events in
CKD patients is reported in Table 2.
3.1. Effect of statins on death from all causes in CKD patients both
on dialysis and not requiring dialysis
The summary for relative risk (RR) of death from all causes
in CKD patients for 9 included trials comparing statins with
placebo [14–16,19–24] was 0.86 with 95% conﬁdence interval
(CI) 0.75–0.98 (p = 0.02, Fig. 2a). The Cochrane Q test for heterogeneity indicated that the studies were heterogeneous (p < 0.0001)
and could not be combined; thus the random effects analysis for
individual and summary of RR was applied. For evaluation of publication Egger bias regression of normalized effect vs. precision
for all included studies for death from all causes in CKD patients
both on dialysis and not on dialysis between statin therapy and
placebo therapy was −2.38 (95%CI = −4.21 to −0.55, p = 0.02) and
Begg–Mazumdar Kendall’s test on standardized effect vs. variance
indicated  = −0.44, p = 0.08 (unbiased meta-analysis).

M. Barylski et al. / Pharmacological Research 72 (2013) 35–44

37

667 potentially relevant reports identified and screened for
retrieval from electronic search
63 Web of Science
293 PubMed
300 Scopus
11 Cochrane Library

320 excluded because of duplication;
315 reports excluded on basis of title and
abstract
32 reports retrieved
21 reports excluded upon full text search:
n=16: did not meet the inclusion criteria
n=5: different subjects

11 eligible randomized controlled trials included in the meta-analysis
Fig. 1. Flow diagram of the study selection process.

3.2. Effect of statins on death from all causes in CKD patients who
are not on dialysis
The summary for RR of death from all causes in CKD patients for 5
included trials comparing statins with placebo [14,19–22] was 0.66
with 95%CI: 0.55–0.79 (p < 0.0001, Fig. 2b). The Cochrane Q test for
heterogeneity indicated that the studies were not heterogeneous
(p = 0.19) and could be combined; thus the ﬁxed effects analysis
for individual and summary of RR was applied. For evaluation of
publication Egger bias regression of normalized effect vs. precision
for all included studies for death from all causes in CKD patients
who are not on dialysis between statin therapy and placebo therapy was −0.72 (95%CI: −5.73 to 4.29, p = 0.68) and Begg–Mazumdar
Kendall’s test on standardized effect vs. variance indicated  = −0.4,
p = 0.23 (unbiased meta-analysis).
3.3. Effect of statins on death from all causes in CKD patients who
are on dialysis
The summary for RR of death from all causes in CKD patients
for 3 included trials comparing statins with placebo [15,16,24] was
0.99 with 95%CI: 0.88–1.11 (p = 0.85, Fig. 2c). The Cochrane Q test
for heterogeneity indicated that the studies were heterogeneous
(p = 0.003) and could not be combined; thus the random effects
analysis for individual and summary of RR was applied. For evaluation of publication Egger bias regression of normalized effect vs.
precision for all included studies for death from all causes in CKD
patients who are on dialysis between statin therapy and placebo
therapy could not be calculated because of too few strata.
3.4. Effect of statins on death from cardiac causes in CKD patients
both on dialysis and not on dialysis
The summary for RR of death from cardiac causes in CKD
patients for 7 included trials comparing statins with placebo
[14,15,19,22,23,25,26] was 0.76 with 95%CI: 0.66–0.88 (p = 0.0003,
Fig. 3a). The Cochrane Q test for heterogeneity indicated that the
studies were not heterogeneous (p = 0.25) and could be combined;

thus the ﬁxed effects analysis for individual and summary of RR was
applied. For evaluation of publication Egger bias regression of normalized effect vs. precision for all included studies for death from
cardiac causes in CKD patients both on dialysis and not on dialysis between statin therapy and placebo therapy was −0.38 (95%CI:
−2.25 to 1.48, p = 0.62) and Begg–Mazumdar Kendall’s test on standardized effect vs. variance indicated  = −0.14, p = 0.56 (unbiased
meta-analysis).
3.5. Effect of statins on death from cardiac causes in CKD patients
who are not on dialysis
The summary for RR of death from cardiac causes in CKD patients
for 4 included trials comparing statins with placebo [14,19,22,25]
was 0.69 with 95%CI: 0.55–0.68 (p = 0.0012, Fig. 3b). The Cochrane
Q test for heterogeneity indicated that the studies were not heterogeneous (p = 0.86) and could be combined; thus the ﬁxed effects
analysis for individual and summary of RR was applied. For evaluation of publication Egger bias regression of normalized effect vs.
precision for all included studies for death from cardiac causes
in CKD patients who are not on dialysis between statin therapy
and placebo therapy was −0.52 (95%CI: −1.75 to 0.71, p = 0.21) and
Begg–Mazumdar Kendall’s test on standardized effect vs. variance
indicated  = −0.33, p = 0.33 (unbiased meta-analysis).
3.6. Effect of statins on death from cardiac causes in CKD patients
who are on dialysis
The RR of death from cardiac causes in CKD patients on dialysis
for only 1 trial comparing statins with placebo [15] was 0.79 with
95%CI = 0.64–0.98 (p < 0.05).
3.7. Effect of statins on all cardiovascular events in CKD patients
both on dialysis and not on dialysis
The summary for RR of all cardiovascular events in CKD
patients for 8 included trials comparing statins with placebo
[14,15,19–23,25] was 0.63 with 95%CI: 0.51–0.78 (p < 0.0001,

10 mg/d
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3.8. Effect of statins on all cardiovascular events in CKD patients
who are not on dialysis
The summary for RR of all cardiovascular events in CKD patients
for 6 included trials comparing statins with placebo [14,19–22,25]
was 0.55 with 95%CI: 0.4–0.75 (p = 0.0001, Fig. 4b). The Cochrane
Q test for heterogeneity indicated that the studies were heterogeneous (p < 0.0001) and could not be combined; thus the random
effects analysis for individual and summary of RR was applied. For
evaluation of publication Egger bias regression of normalized effect
vs. precision for all included studies for all cardiovascular events
in CKD patients who are not on dialysis between statin therapy
and placebo therapy was −2.84 (95%CI: −6.1 to 0.41, p = 0.07) and
Begg–Mazumdar Kendall’s test on standardized effect vs. variance
indicated  = −0.33, p = 0.27 (unbiased meta-analysis).
3.9. Effect of statins on all cardiovascular events in CKD patients
who are on dialysis
The RR of all cardiovascular events in CKD patients for only 1 trial
comparing statins with placebo [15] was 0.81 with 95%CI = 0.7–0.94
(p < 0.05).

Values are presented as mean difference ± standard deviation.
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Fig. 4a). The Cochrane Q test for heterogeneity indicated that the
studies were heterogeneous (p < 0.0001) and could not be combined; thus the random effects analysis for individual and summary
of RR was applied. For evaluation of publication Egger bias regression of normalized effect vs. precision for all included studies for
all cardiovascular events in CKD patients both on dialysis and not
on dialysis between statin therapy and placebo therapy was −1.89
(95%CI: −4.79 to 1.01, p = 0.16) and Begg–Mazumdar Kendall’s
test on standardized effect vs. variance indicated  = −0.21, p = 0.4
(unbiased meta-analysis).
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Table 1
Characteristics of studies included in the meta-analysis.
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Concomitant therapy
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The summary for RR of stroke in CKD patients for 6 included
trials comparing statins with placebo [14,15,19,21–23] was 0.83
with 95%CI: 0.67–1.04 (p = 0.08, Fig. 5a). The Cochrane Q test for
heterogeneity indicated that the studies were not heterogeneous
(p = 0.11) and could be combined; thus the ﬁxed effects analysis
for individual and summary of RR was applied. For evaluation of
publication Egger bias regression of normalized effect vs. precision
for all included studies for stroke in CKD patients both on dialysis
and not on dialysis between statin therapy and placebo therapy
was −1.03 (95%CI: −3.86 to 1.79, p = 0.37) and Begg–Mazumdar
Kendall’s test on standardized effect vs. variance indicated  = 0.07,
p = 0.72 (unbiased meta-analysis).
3.11. Effect of statins on stroke in CKD patients who are not on
dialysis
The summary for RR of stroke in CKD patients for 4 included
trials comparing statins with placebo [14,19,21,22] was 0.66 with
95%CI: 0.5–0.88 (p = 0.004, Fig. 5b). The Cochrane Q test for heterogeneity indicated that the studies were not heterogeneous
(p = 0.91) and could be combined; thus the ﬁxed effects analysis for
individual and summary of RR was applied. For evaluation of publication Egger bias regression of normalized effect vs. precision for
all included studies for stroke in CKD patients who are not on dialysis between statin therapy and placebo therapy was −0.59 (95%CI:
−2.12 to 0.94, p = 0.24) and Begg–Mazumdar Kendall’s test on standardized effect vs. variance indicated  = −0.33, p = 0.33 (unbiased
meta-analysis).
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Relative risk meta-analysis plot (random effects)

a
Tonelli et al., 2003 [14]

0.80 (0.61, 1.04)

Wanner et al., 2005 [15]

0.90 (0.81, 1.01)

Fellstrom et al., 2009 [16]

0.96 (0.89, 1.04)
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relative risk (95% confidence interval)

Relative risk meta-analysis plot (fixed effects)
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Wanner et al., 2005 [15]

0.90 (0.81, 1.01)

Fellstrom et al., 2009 [16]

0.96 (0.89, 1.04)

Saltissi et al., 2002 [24]

1.09 (1.03, 1.16)

combined [random]

0.99 (0.88, 1.11)

0.5

1

2

relative risk (95% confidence interval)

Fig. 2. Individual and pooled relative risk for the outcome of death from all causes in the studies considering statins compared to placebo therapy in CKD patients both on
dialysis and not on dialysis (a) [14–16,19–24], in CKD patients who are not on dialysis (b) [14,19–22], and in CKD patients who are on dialysis (c) [15,16,24].
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Table 2
The impact of statin therapy on the occurrence of selected adverse events in CKD patients.
Study

Tonelli et al. [14]
Wanner et al. [15]
Fellstrom et al. [16]
Fassett et al. [19]
Athyros et al. [20]
Nakamura et al. [21]
Ridker et al. [22]
Stegmayr et al. [23]
Saltissi et al. [24]
Kendrick et al. [25]
Nanayakkara et al. [26]

Death from all causes

Death from cardiac causes

All cardiovascular events

Stroke

Placebo n/N

Statins n/N

Placebo n/N

Statins n/N

Placebo n/N

Statins n/N
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Statins n/N

111/868
320/619
660/1384
4/65
42/731
63/3663
61/1629
47/73
895/1592
–
–

86/844
297/636
636/1389
4/58
21/869
40/3533
34/1638
43/70
760/1237
–
–

126/868
149/636)
–
2/65
–
–
40/1629
17/73
–
1/145
6/46

89/844
121/619
–
1/58
–
–
24/1638
23/70
–
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67/145
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–
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–
2/65
–
57/3663
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1/73
–
–
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29/844
59/619
–
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–
37/3533
10/1638
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–
–
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Kendrick et al., 2010 [25]
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Nannayakkara et al., 2007 [26]
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Fig. 3. Individual and pooled relative risk for the outcome of death from cardiac causes in the studies considering statins compared to placebo therapy in CKD patients both
on dialysis and not on dialysis (a) [14,15,19,22,23,25,26], and in CKD patients who are not on dialysis (b) [14,19,22,25].

M. Barylski et al. / Pharmacological Research 72 (2013) 35–44

a

41

Relative risk meta-analysis plot (random effects)

Tonelli et al., 2003 [14]

0.79 (0.73, 0.85)

Wanner et al., 2005 [15]

0.81 (0.70, 0.94)

Fassett et al., 2010 [19]

0.64 (0.21, 1.94)

Kendrick et al., 2010 [25]

0.33 (0.22, 0.49)

Athyros et al., 2007 [20]

0.51 (0.41, 0.63)

Nakamura et al., 2009 [21]

0.71 (0.55, 0.91)

Ridker et al., 2010 [22]

0.43 (0.29, 0.64)

Stegmayr et al., 2005 [23]

1.11 (0.61, 2.00)

combined [random]

0.63 (0.51, 0.78)
0.2

0.5

1

2

5

relative risk (95% confidence interval)

Relative risk meta-analysis plot (random effects)

b
Tonelli et al., 2003 [14]

0.79 (0.73, 0.85)

Fassett et al., 2010 [19]

0.64 (0.21, 1.94)

Kendrick et al., 2010 [25]

0.33 (0.22, 0.49)

Athyros et al., 2007 [20]

0.51 (0.41, 0.63)

Nakamura et al., 2009 [21]

0.71 (0.55, 0.91)

Ridker et al., 2010 [22]

0.43 (0.29, 0.64)

combined [random]

0.55 (0.40, 0.75)
0.2

0.5

1

2

relative risk (95% confidence interval)
Fig. 4. Individual and pooled relative risk for the outcome of all cardiovascular events in the studies considering statins compared to placebo therapy in CKD patients both
on dialysis and not on dialysis (a) [14,15,19–23,25], and in CKD patients who are not on dialysis (b) [14,19–22,25].

3.12. Effect of statins on stroke in CKD patients who are on
dialysis
The relative risk of stroke in CKD patients for only 1 trial comparing statins with placebo [15] was 1.31 with 95%CI = 0.9–1.89
(p > 0.05).
4. Discussion
This meta-analysis is part of a group of meta-analyses assessing
different aspects of the role of statins in patients with hypertension and its complications, including chronic kidney disease [5,27].
In the present study, we gathered the reliable evidence available
to date including 21,295 patients with non-dialysis and dialysisdependent CKD from 11 randomized trials assessing the speciﬁc
effect of statins on cardiovascular events and death from all causes
[14–16,19–26].
CKD is recognized as an important independent predictor of
CVD [28]. Even patients with a mild to moderate degree of kidney
function, without other CV risk factors, show an increased incidence of CV events [29]. However, to date, in patients with renal

impairment (especially with ESRD requiring renal replacement
therapy [RRT]), large studies speciﬁcally designed to evaluate
the effect of statins on CV and renal outcomes are surprisingly
not available. Most available data on the effects of statins in CKD
patients are extrapolated from post hoc analysis of large prospective interventional trials carried out on subjects with established
CV diseases, but notably, they do not speciﬁcally concern CKD
patients [30–33]. All these subanalyses of patients with CKD
showed the effectiveness of statin therapy in reducing CV events,
comparable to that in patients without impaired renal function.
In 2009 a post hoc analysis of the ALLIANCE (Aggressive Lipid
Lowering Initiation Abates New Cardiac Events) study, atorvastatin
therapy, compared with usual care, reduced the relative risk of the
ﬁrst CV event by 28% in patients with CKD and 11% in patients without CKD [34]. The absolute beneﬁt of treatment with a statin seems
to be greater among individuals with non-dialysis-dependent CKD
[35]. In a meta-analysis including 25,017 participants with CKD
not requiring dialysis from 26 randomized controlled trials, statins
decreased the risk of both all-cause mortality and cardiovascular
events [RR 0.81 (95%CI: 0.74–0.89) and RR 0.80 (95%CI: 0.70–0.90),
respectively] [36]. In a meta-analysis of Strippoli et al., including
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Fig. 5. Individual and pooled relative risk for the outcome of stroke in the studies considering statins compared to placebo therapy in CKD patients both on dialysis and not
on dialysis (a) [14,15,19,21–23], and in CKD patients who are not on dialysis (b) [14,19,21,22].

30,144 patients with CKD (pre-dialysis, dialysis, and transplant
populations), the risk of new fatal and non-fatal CV events was signiﬁcantly reduced by 20% with statins [fatal cardiovascular events:
RR 0.81 (95%CI: 0.73–0.90) and non-fatal cardiovascular events:
RR 0.78 (95%CI: 0.73–0.84)]. Statins had no signiﬁcant effect on
all-cause mortality [37]. In a post hoc analysis from the CARDS
(Collaborative Atorvastatin Diabetes Study) trial, which enrolled
patients with type 2 diabetes but without previous history of
CVD, patients with a glomerular ﬁltration rate (GFR) from 30 to
60 ml/min/1.73 m2 treated with atorvastatin 10 mg/day had a statistically signiﬁcant reduction of new CV events after a median
follow-up period of 3.9 years. A similar reduction rate was observed
in patients without renal disease [38]. Several randomized controlled trials produced even more convincing ﬁndings concerning
the effects of statins on CV events in patients with early stages of
CKD. In a post hoc analysis of the CARE (Cholesterol And Recurrent
Events) trial, involving patients with chronic renal insufﬁciency,
the incidence of CV events was lower in participants receiving
pravastatin than in those receiving placebo (HR (hazard ratio):
0.72; 95%CI: 0.55–0.95; p = 0.02) [14]. Pravastatin was associated
with lower adjusted HR for major coronary events (HR: 0.72;

95%CI: 0.59–0.88; p = 0.001) and coronary revascularization (HR:
0.65; 95%CI: 0.50–0.83; p = 0.001), but not total mortality (HR: 0.81;
95%CI: 0.61–1.08; p = 0.14) or stroke (HR: 0.62; 95%CI: 0.39–1.00;
p = 0.051) [14]. Interestingly, these results have not been conﬁrmed
in the PREVEND IT (Prevention of Renal and Vascular Endstage Disease
Intervention Trial) study. In 864 microalbuminuric subjects treatment with pravastatin did not result in a signiﬁcant reduction in
cardiovascular mortality or hospitalization for cardiovascular morbidity (HR: 0.87; 95%CI: 0.49–1.57; p = 0.649) [39].
In our meta-analysis we conﬁrmed the protective effect of
statins on the CV system in non-dialysis-dependent CKD patients.
The use of statins resulted in a marked 34% reduction in death
from all causes (p < 0.0001), 31% reduction in death from cardiac causes (p = 0.0012), 45% reduction in CV events (p = 0.0001)
and 34% reduction in stroke (p = 0.004). Clinical studies in ESRD
patients on dialysis did not conﬁrm these results, what was also
connected to the lack of suitable data in this group of patients. In
the 4D study, a multicenter, randomized, double-blind, prospective study of 1255 subjects with type 2 diabetes mellitus receiving
maintenance hemodialysis randomly assigned to receive 20 mg
of atorvastatin/day or matching placebo for a median follow-up
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period of 4 years, atorvastatin yielded a non-signiﬁcant 8% reduction in the prespeciﬁed primary outcome of CV death, nonfatal
myocardial infarction and stroke [15]. It was remarked by the
authors that statins permitted an 18% reduction of combined cardiac events (469 cardiac events in total during the study), but not
combined with cerebrovascular events or total mortality [15]. Similarly, the AURORA study showed no beneﬁts of statin therapy
compared to placebo in CKD patients on hemodialysis [16]. During
a median follow-up period of 3.8 years, 10 mg of rosuvastatin/day
yielded a non-signiﬁcant 4% reduction in the primary outcome
of CV death, nonfatal myocardial infarction or nonfatal stroke.
There was also no signiﬁcant effect on all-cause mortality [16].
Our meta-analysis also indicates that in dialysis-dependent CKD
patients, statins do not exert a signiﬁcant effect on death from all
causes (p = 0.85) and stroke (p > 0.05), but have the effect of reducing death from cardiac causes and cardiovascular events (p < 0.05),
however these results should be treated with caution as they are
based only on one available study (besides death from all causes).
Recently, the SHARP (Study of Heart and Renal Protection) study
enrolled 9270 patients with CKD, of whom 3023 patients were
receiving maintenance dialysis at randomization [17]. The key outcome was major atherosclerotic events, deﬁned as the combination
of myocardial infarction, coronary death, ischemic stroke or any
revascularization procedure. The ﬁnal results of the study showed
that after a median follow-up of 4.9 years, patients randomized to
an ezetimibe/simvastatin (10/20 mg) combination experienced a
17% reduction in major atherosclerotic events compared with the
placebo group (RR: 0.83; 95%CI: 0.74–0.94; p = 0.0021) [17,40–42].
Such positive effects were not found in the aforementioned 4D and
AURORA studies.
The results of our meta-analysis and the trials mentioned above
(4D and AURORA) suggest a different pathogenetic mechanism in
ESRD patients for the primary outcomes compared with mild or
moderate CKD [6,40–42]. The pathophysiological basis of the disease has not been completely elucidated. It has been hypothesized
that CV disease in patients undergoing hemodialysis differs from
that in other patients: it has been conﬁrmed that half of deaths
in hemodialysis patients were due to cardiac events not related to
atherosclerosis, such as sudden death, arrhythmia, valvular disease,
and importantly vascular calciﬁcations, all conditions known not to
be inﬂuenced by statin therapy [6,42]. Probably CVD in hemodialysis patients may happen in another scenario of CV risk, more and
more compromised than in the general, non-renal population, so it
is uncertain whether a single pharmacological agent may alter the
rate of progression of this process [5,6,40,42–45].
The present meta-analysis has some inevitable limitations
because of principle of meta-analysis that is dependent on type
of data recruited. The studies included in this quantitative review
were rather heterogeneous, because they were carried out in a variety of settings, with different methods, using various criteria and
different comparator groups. We were unable to examine a possible dose-effect relationship of different statins given the relatively
small number of trials and the limited sample size available. The
only data that could be extracted from AURORA study to be technically included in our meta-analysis was death from all causes.
Other data (death from cardiac causes, all cardiovascular events and
stroke) were reported in AURORA trial, but in a way that it was not
possible to accurately ﬁnd numerator and denominator that is necessary for meta-analysis. Therefore, we excluded these 3 outcomes
from our meta-analysis, not only for dialysis patients but for all
CKD patients. We also excluded the clinical trials which were conducted on kidney transplant patients. In kidney transplant subjects
the renal function can be normal or decreased. Also, the inﬂammatory status of the patients after transplantation and receiving
speciﬁc medications, such as cyclosporine and others, is far different from patients with CKD or patients on hemodialysis. This
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fact can be explained by comparing pathophysiological differences
between these two conditions.
In conclusion, our meta-analysis provides evidence that the use
of statins should be indicated in CV prevention especially in patients
with non-dialysis-dependent CKD. Available data from large randomized trials suggest caution in expecting a reduction in CV events
after starting statin therapy in patients on hemodialysis; however,
it seems that patients who were already on statins when starting on dialysis should be left on statins. Starting statin therapy in
hemodialysis patients seems to be late, when the cardiac, cerebral,
and vascular organ damage is already done. Moreover, although
not proved by randomized trials, administering statins in patients
on dialysis with established coronary artery disease should be suggested, as indicated in general patients at high CV risk. Finally, the
current meta-analysis showed that we still need large, randomized
trials in well-selected CKD patients on dialysis, in order to ﬁnally
conﬁrm or refute the limited beneﬁts of statin therapy.
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