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CLINICAL STUDY

Meta-analysis of statin therapy in maintenance dialysis patients

Ling Sun1*y, Luxi Zou1*, Maojie Chen1, and Bicheng Liu2

1Department of Nephrology, Xuzhou Central Hospital Southeast University, Xuzhou City, Jiangsu Province, P.R. China and 2Department of

Nephrology, Zhongda Hospital Southeast University, Nanjing City, Jiangsu Province, P.R. China

Abstract

The effects of statin therapy in patients on maintenance dialysis remained uncertain. We
conducted a meta-analysis to investigate the effects of statin on major clinical outcomes. We
systematically searched Pubmed, Web of Science, Cochrane Library, Chinese National
Knowledge Infrastructure, Wanfang and Chinese Technological Journal of Database for
randomized controlled trials (RCTs). Criteria for inclusion were RCTs on statins therapy versus
placebo,43 months of follow-up. The outcomes were serum level of low density lipoprotein-
cholesterol (LDL-C), high-density lipoprotein-cholesterol (HDL-C), triglyceride (TG), high-
sensitivity C-reactive protein (hs-CRP) and albumin (ALB), all cardiac events, cardiovascular
deaths and all-cause mortality. Twenty-one trials were identified, providing data for 8186
patients on maintenance dialysis. Statin therapy reduced LDL-C (weighted mean difference
[WMD]¼�0.74 mmol/L; 95%CI [�0.96,�0.52], p50.00001), TG (WMD¼�0.36 mmol/L; 95%CI
[�0.57,�0.14], p¼ 0.001), and hs-CRP (WMD¼�3.98 mg/L; 95%CI [�5.24,�2.72], p50.00001),
elevated HDL-C (WMD¼ 0.25 mmol/L; 95%CI [0.10, 0.39], p¼ 0.0007) and ALB (WMD¼ 1.70 g/L;
95%CI [0.19, 3.21], p¼ 0.03) significantly comparing with placebo. Statin therapy also had
benefit in reducing all cardiac events (relative risk [RR]¼ 0.90; 95%CI [0.83, 0.97], p¼ 0.006), but
had no effect on cardiovascular deaths (RR¼ 0.97; 95%CI [0.88, 1.07], p¼ 0.54) or all-cause
mortality (RR¼ 0.98; 95%CI [0.93, 1.04], p¼ 0.49). In conclusion, statins had no impact on all-
cause or cardiovascular mortality, while there was an overall significant improvement for
dyslipidemia, hs-CRP, hypoalbuminemia and cardiovascular events in dialysis patients.
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Introduction

Cardiovascular disease (CVD) is the leading cause of death in

maintenance dialysis patients, the prevalence of CVD in those

patients is 10–20 times higher than in the general population,

after controlling for age, gender, race and diabetes.1 Lipid

abnormalities are a strong risk factor for CVD. Statins, a

group of 3-hydroxy-3-methylglutaryl coenzyme A reductase

inhibitors, have been demonstrated to improve these abnorm-

alities. With benefit of reducing CVD risk greatly outweigh-

ing potential adverse effects, ACC/AHA recommended statin

therapy for primary prevention in patients with CVD risk,

especially in aging patients.2 Many clinical trials suggested

that statins reduce the risk of CVD in chronic kidney disease

(CKD) population, while statin therapy in dialysis patients

was quite controversial.3 Unlike in the general population,

some studies suggested that both hypercholesterolemia and

hypocholesterolemia were associated with an excess risk of

death in dialysis patients,4 especially cardiovascular death,

suggesting a ‘‘U-shape’’ survival curve.5

Several clinical trials had been performed to figure out

whether statins should be used in dialysis patients or not. The

Study of Heart and Renal Protection (SHARP) suggested

benefit, the lipid-lowering therapy safely reduced the inci-

dence of major atherosclerotic events in patients with

advanced CKD, but the study also included non-dialysis

CKD patients.6 The 4D study (Die Deutsche Diabetes Dialyse

Studie)7 and AURORA study (A Study to Evaluate the Use of

Rosuvastatin in Subjects on Regular Hemodialysis: An

Assessment of Survival and Cardiovascular Events)8 both

randomized patients on hemodialysis, but found no benefit in

reducing cardiovascular death, non-fatal myocardial infarc-

tion or stroke. In this report, we systematically reviewed the

data from randomized controlled trials (RCTs) to evaluate the

impact of statin therapy on maintenance dialysis patients.

Methods

We searched Pubmed, Web of Science, Cochrane Library,

and Chinese National Knowledge Infrastructure, Wanfang

and VIP (Chinese Technological Journal of Database). The

key words were: ‘‘randomized controlled trial (RCT) AND

(one of: hemodialysis, peritoneal dialysis, dialysis) AND
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(one of: lipid-lowering therapy, statin, atorvastatin, simvasta-

tin, fluvastatin, pravastatin, rosuvastatin, ezetimibe)’’. All

articles were identified by searching from June 1990 to May

2014. In addition, manual searches of selected specialty

journals were performed to identify all pertinent literature.

Qualitative reviews and published clinical trials were also

searched. Criteria for study inclusion: RCTs of statins therapy

versus placebo in patients on maintenance dialysis, with a

minimum of 3 months of follow-up.

Two reviewers (Ling Sun and Luxi Zou) independently

extracted the following information from each study: study

population characteristics, experimental drug administration,

duration of follow-up and outcomes. The individually

recorded decisions of the two reviewers were compared,

and any disagreements were resolved by a third reviewer

(Bicheng Liu). The risk of bias for included trials was

assessed according to the following aspects: Adequacy of

randomization (selection bias), allocation concealment (selec-

tion bias), blinding (performance bias and detection bias),

incomplete outcome data (attrition bias), selective reporting

(reporting bias) and other bias.

We used the following outcomes to evaluate the benefit of

statin therapy in maintenance dialysis patients: serum level of

low density lipoprotein-cholesterol (LDL-C), high density

lipoprotein-cholesterol (HDL-C), triglyceride (TG), high-

sensitivity C-reactive protein (hs-CRP) and albumin (ALB),

all cardiac events, cardiovascular deaths and all-cause

mortality.

We conducted the analysis using the statistical package

Review Manager, Version 5.3 (Cochrane Collaboration,

Oxford, UK). We statistically analyzed the dichotomous

outcomes using relative risk (RR) as the summary statistic.

Continuous outcomes were analyzed using the weighted mean

difference (WMD). The meta-analysis was performed using

the fixed-effect or random-effect models depending on

the absence or presence of significant heterogeneity.

Heterogeneity was measured using chi-square (�2) and I2

tests, and statistical significance was considered to be present

when p50.05. In the absence of heterogeneity, the Mantel–

Haenszel method of the fixed-effect model was used for the

meta-analysis. Otherwise, the DerSimonian and Laird method

for the random-effect model was selected. The RR and WMD

with 95% CI were used to assess the treatment efficacy.

Results

Our searches identified 424 studies. After the initial screen,

113 citations were selected for further review. Twenty-one

trials6–26 with 8168 patients were included based on the

criteria mentioned (Figure 1). Table 1 describes characteris-

tics, baseline and outcomes of the 21 RCTs included in this

report. Table 2 describes the risk of bias for included studies.

Efficacy of statin therapy for LDL-C, HDL-C and TG

The efficacy of statin therapy for reducing LDL-C was

assessed from 14 trials. The total number of patients was

4664. A significant difference was found between statin

therapy and placebo groups, with a greater reducing LDL-C

in the statin therapy group (WMD¼�0.74 mmol/L; 95%CI

[�0.96, �0.52], p50.00001), with significant heterogeneity

between the trials (I2¼ 96%, p50.00001) (Figure 2). The

efficacy of statin therapy for reducing TG was assessed from

11 trials. The total number of patients was 3288. A significant

difference was found, with a greater reducing TG in the statin

therapy group (WMD¼�0.36 mmol/L; 95%CI [�0.57,

�0.14], p¼ 0.001), with significant heterogeneity between

the trials (I2¼ 82%, p50.00001) (Figure 3). The efficacy of

statin therapy for reducing TG was assessed from 11 trials.

The total number of patients was 3289. A significant

difference was found, with a greater elevating HDL-C in the

statin therapy group (WMD¼ 0.25 mmol/L; 95%CI

[0.10, 0.39], p¼ 0.0007), also with significant heterogeneity

between the trials (I2¼ 83%, p50.00001) (Figure 4).

Efficacy of statin therapy for hs-CRP

Thirteen trials provided data on the decrease in hs-CRP, as a

protective effect of statin therapy, with 817 patients. There

was a significant difference between statin therapy and

placebo groups, a greater reducing hs-CRP in the statin

therapy group (WMD¼�3.98 mg/L; 95%CI [�5.24,�2.72],

p50.00001), with significant heterogeneity between the trials

(I2¼ 98%, p50.00001) (Figure 5).

Efficacy of statin therapy for ALB

Six trials provided data on the improvement in ALB as a

protective effect of statin therapy, with 370 patients. There

was a significant difference between statin therapy and

placebo groups, with a greater elevating ALB in the statin

therapy group (WMD¼ 1.70 g/L; 95%CI [0.19, 3.21],

p¼ 0.03), and there was no significant heterogeneity between

the trials (I2¼ 0%, p¼ 0.80) (Figure 6).

Efficacy of statin therapy for all cardiac events

Five trials provided data on reducing all cardiac events as a

protective effect of statin therapy, with 7211 patients. A

significant difference was found, with significantly lower all

cardiac events in the statin therapy group (RR¼ 0.90; 95%CI

Figure 1. Flowchart showing the study selection process.
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[0.83, 0.97], p¼ 0.006), and there was no significant

heterogeneity between the trials (I2¼ 0%, p¼ 0.77)

(Figure 7).

Efficacy of statin therapy for cardiovascular deaths
and all-cause mortality

Three trials provided data on cardiovascular deaths and all-

cause mortality as a protective effect of statin therapy, with

7051 patients. There was no significant difference in reducing

cardiovascular deaths (RR¼ 0.97; 95%CI [0.88, 1.07],

p¼ 0.54), and there was no significant heterogeneity between

the trials (I2¼ 20%, p¼ 0.29) (Figure 8). There was also no

significant difference in reducing all-cause mortality

(RR¼ 0.98; 95%CI [0.93, 1.04], p¼ 0.49), and there was no

significant heterogeneity between the trials (I2¼ 0%,

p¼ 0.53) (Figure 9).

Discussion

Statins reduced major cardiovascular events, all-cause and

cardiovascular mortality in persons with non-dialysis by

40–50%,27 while the benefit of statin therapy in dialysis

patients was still unclear. The 2013 clinical practice guideline

of KDIGO suggested that statin/ezetimibe combination

should not be initiated in adults with dialysis-dependent

CKD, and statin/ezetimibe combination should be continued

in adults already receiving these agents at the time of dialysis

initiation.28 Our results showed that statins reduced serum

LDL-C and TG, and elevated serum HDL-C, improving

dyslipidemia. Furthermore, statins reduced hs-CRP, elevated

serum ALB, improving chronic inflammation and malnutri-

tion in patients on dialysis. More importantly, we found that

statin therapy reduced major cardiovascular events, although

there was no benefit in reducing all-cause or cardiovascular

mortality.

Table 2. Risk of bias for included studies.

Study [references]
Random Sequence

generation
Allocation

concealment Double blinding
Incomplete

outcome data
Selective
reporting Other bias

4D8 Low risk Low risk Low risk Low risk Low risk Low risk
AURORA9 Low risk Low risk Low risk Low risk Low risk Low risk
Doh27 Low risk Low risk Unclear Low risk Low risk Low risk
Kishimoto26 Low risk Low risk Unclear Low risk Low risk Low risk
Diepeveen25 Low risk Low risk Unclear Low risk Low risk Low risk
SHARP7 Low risk Low risk Low risk Low risk Low risk Low risk
Cui12 Unclear Unclear Unclear Low risk Low risk Low risk
He21 Unclear Unclear Unclear Low risk Low risk Low risk
He10 Unclear Unclear Unclear Low risk Low risk Low risk
HU24 Unclear Unclear Unclear Low risk Low risk Low risk
Jin20 Unclear Unclear Unclear Low risk Low risk Low risk
Li13 Unclear Unclear Unclear Low risk Low risk Low risk
Li15 Unclear Unclear Unclear Low risk Low risk Low risk
Pan16 Unclear Unclear Unclear Low risk Low risk Low risk
Yang11 Unclear Unclear Unclear Low risk Low risk Low risk
Yao14 Unclear Unclear Unclear Low risk Low risk Low risk
Zhang17 Unclear Unclear Unclear Low risk Low risk Low risk
Zhang22 Unclear Unclear Unclear Low risk Low risk Low risk
Zhang23 Unclear Unclear Unclear Low risk Low risk Low risk
Zheng18 Unclear Unclear Unclear Low risk Low risk Low risk
Zheng19 Unclear Unclear Unclear Low risk Low risk Low risk

Figure 2. Forest plot of comparison for LDL-C: statin therapy versus placebo.
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Dyslipidemia, both higher level of TC, TG, LDL-C and

lower HDL-C could lead to atherosclerosis and CVD.29 Shoji

et al. found that the risk of incident myocardial infarction and

cerebral infarction was positively associated with the serum

non-HDL-C level and inversely with the serum HDL-C level

in hemodialysis patients,30 suggested the possibility that

statin therapy could reduce the risk of atherosclerotic CVD

in some subpopulations of hemodialysis patients. Risk of

Figure 5. Forest plot of comparison for hs-CRP: statin therapy versus placebo.

Figure 3. Forest plot of comparison for TG: statin therapy versus placebo.

Figure 4. Forest plot of comparison for HDL-C: statin therapy versus placebo.
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CVD deaths was determined by two factors: the risk of

incident CVD, and the risk of fatality after CVD.31 Some

studies suggested higher cholesterol level was shown to

predict a better survival in hemodialysis patients, because

lower cholesterol level might be an index of protein-energy

wasting, which was an important risk factor of fatality after

CVD in hemodialysis patients.30 The sub-analysis of 4D32

and SHARP6 showed that statins reduced the composite

CVD endpoint significantly in a subgroup with higher

cholesterol level, if LDL-C was higher than a certain level,

and that the interaction between baseline total cholesterol

and the treatment effect was significant. Our results also

showed that statins reduced serum LDL-C and TG, elevated

serum HDL-C, and reduced all cardiac events, which

suggested that statin therapy might be beneficial even in

dialysis patients if their lipid level were higher than a certain

level.

In addition to improving dyslipidemia, statins also have

multiple effects, including anti-inflammatory effect, anti-

oxidation effect,10,24 anti-atherosclerotic effects and improv-

ing endothelial function.14,25 Dialysis patients accompanied

with chronic low grade inflammation widely, which sup-

pressed ALB synthesis and caused the development of

malnutrition.15 hs-CRP, an acute phase protein, was an

independent risk factor for cardiovascular events in hemodi-

alysis patients.29 ALB correlated with hs-CRP inversely,33

and hypoalbuminemia was also a powerful predictor for CVD

events in dialysis patients.34 Our results showed that statins

reduced hs-CRP greatly and elevated ALB slightly but

significantly (p¼ 0.03), indicated that statins improved

chronic inflammatory state, which presented as hs-CRP

reduced, then ALB elevated as a negative acute phase

protein. Subsequently both reduction of hs-CRP and elevation

of ALB might contribute to the reduction of CVD events.

Figure 7. Forest plot of comparison for all cardiac events: statin therapy versus placebo.

Figure 6. Forest plot of comparison for ALB: statin therapy versus placebo.

Figure 8. Forest plot of comparison for cardiovascular deaths: statin therapy versus placebo.
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Two meta-analyses3,35 about statin therapy in dialysis

patients both concluded that statin therapy had no benefit in

reducing cardiac events, while the studies included were all

performed in Caucasian and Black people. In this report,

RCTs performed in Chinese population were included, two of

them mentioned the outcomes of cardiac events, which might

lead to a different result that statin therapy could reduce all

cardiac events significantly comparing with placebo. Shoji

et al. conducted an cohort study among 45,390 Japanese

hemodialysis patients to exam the relationship between serum

lipids and incident CVD, and also got the similar conclusion

that therapy for dyslipidemia might be benefit in reducing

CVD events.30 Although the KDIGO guideline28 was inter-

national guideline for lipid management, evidence specific to

Chinese and other Asian populations was still lacking. Further

studies were needed to build clinical practice guidelines for

more specific subgroups of dialysis patients, such as Asian

patients, and patients with higher non-HDL-C level.

Safety concerns had limited the use of statin therapy in

dialysis patients, however, our meta-analysis did not show any

significant increase of the adverse events, such as myalgia or

myopathy, rhabdomyolysis, liver disease or cancer risk in the

statins group compared with the placebo group.6–8

The shortcomings of this analysis were that the population

samples differed between the RCTs, with the inclusion of

diabetic and non-diabetic subject, with prior CVD or without

CVD persons, with races, with baseline of lipid level, with

follow-up duration, as well as the inclusion of the different

dialysis modalities, might lead to significant heterogeneity.

The risk of bias was high in some of the included studies.

Random sequence generation and allocation concealment was

only reported in six studies (29%), and double blinding was

unclear in eighteen studies (86%). Meanwhile it was impos-

sible to meta-analyze all the data, because the studies

included always present outcomes and comparisons without

full statistical details.

Conclusion

This meta-analysis strengthened existing literature on the lack

of survival benefits of statin therapy in dialysis patients.

Statins corrected dyslipidemia, reduced hs-CRP, improved

hypoalbuminemia and also reduced all cardiac events, while

they did not impact all-cause or cardiovascular mortality in

patients on maintenance dialysis. However, additional studies

for Chinese, other Asian populations and specific subgroups

of dialysis patients should be performed.
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