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AIM
Clinical studies have shown that statin use may modify the risk of kidney cancer. However, these studies yielded different results. To
quantify the association between statin use and risk of kidney cancer, we performed a detailed meta-analysis of published studies
regarding this subject.

METHODS
A literature search was carried out using MEDLINE, EMBASE and the Cochrane database between January 1966 and October 2012. Prior
to performing a meta-analysis, the studies were evaluated for publication bias and heterogeneity. Fixed effect and random effect
models were used to estimate summary relative risks (RR) and the corresponding 95% confidence intervals (CIs). Subgroup analyses
and sensitivity analysis were also performed.

RESULTS
A total of 12 (two randomized controlled trials, five cohort, and five case–control) studies contributed to the analysis. There was
heterogeneity among the studies but no evidence of publication bias. Pooled results indicated a non-significant decrease of total
kidney cancer risk among all statin users (RR = 0.92, 95% CI 0.71, 1.19). Long term statin use did not significantly affect the risk of total
kidney cancer (RR = 1.01, 95% CI 0.83, 1.22). In our subgroup analyses, the results were not substantially affected by study design,
confounder adjustment and gender. Furthermore, sensitivity analysis confirmed the stability of the results.

CONCLUSION
The findings of this meta-analysis suggested that there was no association between statin use and risk of kidney cancer. More studies,
especially randomized controlled trials and high quality cohort studies with larger sample size and well controlled confounding factors,
are needed to confirm this association in the future.

Introduction

The incidence of kidney cancer has been increasing world-
wide over the past three decades [1, 2]. The age-adjusted
incidence rate of the kidney cancer was 15.1 per 100 000
men and women per year, and the age-adjusted death rate
was 4.0 per 100 000 men and women per year [3].
3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibi-
tors (statins) are the most commonly used drugs in the

treatment of hypercholesterolaemia and they potently
reduce plasma cholesterol concentrations. Their efficacy
on cardiovascular events has been proven irrefutably for
both reduction of morbidity and mortality [4, 5]. Rodent
studies suggested that statins may be carcinogenic [6].
However, several preclinical studies has suggested that
statins may have potential anticancer effects through the
arresting of cell cycle progression [7], inducing apotosis [8,
9], suppressing angiogenesis [10, 11] and inhibiting
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tumour growth and metastasis [12, 13]. For kidney cancer,
some experimental studies have found that statins may
inhibit tumour growth, invasion and angiogenesis, as well
as metastasis [14, 15]. However, clinical studies have pro-
vided contradictory results of the effect of statins on the
kidney cancer risk, with some studies having not identified
any effect [16–24], others having described an increased
overall kidney cancer risk [25], whilst remaining studies
having reported reduced overall risk [26, 27]. The aim of
this study was to review and evaluate systematically the
evidence on the association between statin therapy and
kidney cancer.

Methods

Literature search
The meta-analysis was undertaken in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [28]. A literature search was
carried out using MEDLINE, EMBASE and the Cochrane
database between January 1966 and October 2012. There
were no restrictions of origin and languages. Search
terms included ‘hydroxymethylglutaryl-CoA reductase
inhibitor(s)’ or ‘statin(s)’ or ‘lipid-lowering agent(s)’ and
‘cancer(s)’ or ‘neoplasm(s)’ or ‘malignancy(ies)’. The refer-
ence list of each comparative study and previous reviews
were manually examined to find additional relevant
studies.

Inclusion and exclusion criteria
Two reviewers independently selected eligible trials. Disa-
greement between the two reviewers was settled by dis-
cussion with the third reviewer. Inclusion criteria were: an
original study comparing statin treatment with an inac-
tive control (placebo or no statins), kidney cancer inci-
dence reported and follow-up over 1 year. Studies
without kidney cancer assessment and those describing
statin treatment in cancer or transplant patients were
excluded. When there were multiple publications from
the same population, only data from the most recent
report were included in the meta-analysis and the
remainder were excluded. Studies reporting different
measures of relative risk (RR) like risk ratio, rate ratio,
hazard ratio (HR) and odds ratio (OR) were included in the
meta-analysis. In practice, these measures of effect
yielded a similar estimate of RR, since the absolute risk of
kidney cancer is low.

Data extraction
The following data were collected by two reviewers inde-
pendently using a purpose-designed form: name of first
author, date of publication, country of the population
studied, study design, study period, patient characteristics,
statin type, the effect estimates and their 95% confidence

intervals (CIs) and confounding factors for matching or
adjustments.

Data synthesis and analysis
The RRs were abstracted from the individual studies and
then transformed to their natural logs. The log of the RRs
was weighted by the reciprocal of their variance to obtain
a pooled measure of association. Heterogeneity was
assessed using the Cochrane Q and I2 statistics. For the Q
statistic, a P value <0.10 was considered statistically signifi-
cant for heterogeneity. For the I2 statistic, heterogeneity
was interpreted as absent (I2 0%–25%), low (I2 25.1%–50%),
moderate (I2 50.1%–75%) or high (I2: 75.1%–100%) [29].
The overall analysis including all eligible studies was per-
formed first, and subgroup analyses were performed
according to (i) study design (randomized controlled trial
[RCT], cohort and case–control), (ii) control for confound-
ing factors (n ≥ 7, n ≤ 6), and (iii) gender (male and female)
to examine the impact of these factors on the association.
We also assessed the link between long term statin use
and kidney cancer risk. Pooled RR estimates and corre-
sponding 95% CIs were calculated using the inverse vari-
ance method. In the absence of a statistically significant
heterogeneity (I2 0%–25%), a fixed model was used.
Otherwise, a random model was performed. To test
the robustness of association and characterize possible
sources of statistical heterogeneity, sensitivity analysis was
carried out by excluding studies one by one and analyzing
the homogeneity and effect size for all of the rest of the
studies. Publication bias was assessed using the Begg &
Mazumdar adjusted rank correlation test and the Egger
regression asymmetry test [30, 31]. All analyses were
performed using Stata version 11.0 (StataCorp, College
Station, TX).

Results

Search results and characteristics of studies
included in the meta-analysis
Figure 1 shows the flow diagram for study inclusion. A
total of 4003 citations were identified during the initial
search. On the basis of the title and abstract, we identified
15 papers. After detailed evaluation, four studies were
excluded for reasons described in Figure 1. One study was
identified from the reference lists [16]. Finally, the remain-
ing 12 studies published between 2001 and 2012 were
included in the meta-analysis [16–27], with two RCTs, five
cohort studies and five case–control studies Baseline data
and other details are shown in Table 1. Of them, six studies
were conducted in the United States of America, four in
Europe and the remaining two in Asia. Five studies
reported RR, four studies reported OR, and three reported
HR. Six studies reported RR estimates of the association
between long term statin use and risk of kidney cancer
(Table 2).
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Main analysis
Because significant heterogeneity (P < 0.001, I2 = 87.8%)
was observed, a random effects model was chosen over a
fixed effects model and we found that statin use did not

significantly affect the risk kidney cancer (RR = 0.92, 95% CI
0.71, 1.19). Both multivariable adjusted RR estimates with
95% CIs of each study and combined RR are shown in
Figure 2. The calculated combined RR for kidney cancer in

4003 studies identified in database search
2457 from PubMed
1527 from Emabse

19 from Cocharane library

1140 duplicates excluded

2848 studies excluded based
on title/abstract review

4 articles excluded:
  2 articles from the same trial
  2 articles without available
data

12 studies included in meta-analysis

11 relevant studies for meta-analysis

1 study identified from
reference lists

15 full-text articles assessed for eligibility

2863 potential eligible studies identified

Figure 1
Flow diagram of screened, excluded and analyzed publications

Table 1
Study characteristics

Author Year Country
Study
design

Study
period

Treated n/N or
cases n/N Controls n/N

Description
of exposure Statin type

Confounders for
adjustment

Chiu et al. [16] 2012 Taiwan Case–control 2005–2009 38/177 143/708 a A, F, L, P, R, S 7, 10, 12, 17, 22
Liu et al. [23] 2012 USA Cohort 1990–2008 66/22 208 211/78 722 a NR 4, 7, 8, 9, 10, 18, 22

Jacobs et al. [21] 2011 USA Cohort 1997–2007 140/331 955
person-years

241/710 184
person-years

d L, P, S, F 1, 2, 4, 6, 7, 8, 10, 18, 19,
20, 21, 22

Hippisley-Cox &
Coupland [20]

2010 England
and Wales

Cohort 2002–2008 NR/225 922 NR/1 778 770 b A, F, P, R, S 1, 2, 3, 4, 7, 8, 16, 22

Khurana et al. [27] 2008 USA Case–control 1998–2004 432/1446 164 009/482 287 b NR 1, 2, 4, 8, 11
Friedman et al. [25] 2008 USA Cohort 1994–2003 135/361 859 NR/NR a A, C, F, L, P, R, S 8, 23

Coogan et al. [18] 2007 USA Case–control 1991–2005 16/226 190/3900 c NR 1, 4, 5, 6, 9, 11, 16
Sato et al. [24] 2006 Japan Cohort 1991–1995 0/179 1/84 e P 1, 2

HPS [19] 2005 UK RCT 1994–1997 23/10 269 22/10 267 c S Randomization
Kaye & Jick [22] 2004 UK Case–control 1990–2002 3/39 15/14 844 b NR 1, 4, 8

Graaf et al. [26] 2004 Netherlands Case–control 1995–1998 NR/101 986/16 976 c A, C, F, P, S 1, 3, 7, 10, 12, 13, 14, 15,
16, 17

Clearfield et al. [17] 2001 USA RCT NR 0/499 1/498 b L Randomization

Cases n/N, number of exposed in the cases, for case–control studies; HPS, Heart Protection Study Collaborative Group; NR, not reported; RCT, randomized controlled trial; Treated
n/N, number of cases in the treated group, for cohort studies. Description of exposure: a = any use of statins versus no use of statins; b = current use of statins vs. no current use
of statins; c = regular use of statins vs.no use of statins; d = current use of cholesterol-lowering drugs vs. never use of cholesterol-lowering drugs; e = systematic use of statins vs.
general population; Statin type: A = atorvastatin, C = cerivastatin, F = fluvastatin, L = lovastatin, P = pravastatin, R = rosuvastatin, S = simvastatin; Confounders for adjustment: 1
= age; 2 = gender; 3 = comorbidity score; 4 = body mass index; 5 = religion; 6 = education; 7 = NSAID use; 8 = smoking; 9 = alcohol use; 10 = diabetes mellitus; 11 = race; 12 =
use of other lipid-lowering drugs; 13 = use of calcium channel blockers; 14 = use of angiotensin-converting enzyme inhibitors; 15 = use of diuretics; 16 = use of hormones; 17 =
hospitalizations; 18 = physical activity; 19 = frequency of physician visits; 20 = cholesterol; 21 = heart disease; 22 = hypertension; 23 = state of residence.
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long term statin use was found to be 1.01 (95% CI 0.83,
1.22) (Figure 3).

Subgroup analyses and sensitivity analysis
We found no association between statin use and risk of
kidney cancer among RCTs (RR = 1.01, 95% CI 0.57, 1.79),
cohort studies (RR = 1.07, 95% CI 0.96, 1.20) or case–control
studies (RR = 0.74, 95% CI 0.45, 1.23) (Table 3). When we
examined if thorough adjustment of potential confound-
ers could affect the combined RR, it was observed that
studies with higher control for potential confounders (n ≥
7) as well as studies with lower control (n ≤ 6) presented no

association (RR = 0.99, 95% CI 0.85, 1.17 and RR = 0.95, 95%
CI 0.53, 1.71, respectively). Furthermore, there was no asso-
ciation between statin use and risk of kidney cancer
among men (RR = 1.08, 95% CI 0.98, 1.20) and women (RR
= 0.89, 95% CI 0.56, 1.43) (Table 3). To test the robustness
of association and characterize possible sources of statis-
tical heterogeneity, sensitivity analyses were carried out by
excluding studies one-by-one and analyzing the homoge-
neity and effect size for all of the remaining studies. Sensi-
tivity analysis indicated that the study by Khurana et al.
[27] contributed most to the variability among all studies,
while other studies demonstrated a statistical homogene-

Table 2
Studies evaluating the association between long-term statin use and risk of total kidney cancer

Study Year
Study
design RR 95% CI

Definition of long
term statin use

Clearfield et al. [17] 2001 RCT 0.33 0.01, 8.17 >5 years
HPS [19] 2005 RCT 1.04 0.58, 1.86 ≥5 years

Sato et al. [24] 2006 Cohort 5.74 0.08, 31.95 >5 years
Friedman et al. [25] 2008 Cohort 1.19 0.79, 1.79 >5 years

Jacobs et al. [21] 2011 Cohort 0.94 0.68, 1.31 ≥5 years
Liu et al. [23] 2012 Cohort 0.95 0.67, 1.34 ≥4 years

CI, Confidence interval; HPS, Heart Protection Study Collaborative Group; RCT, randomized controlled trials; RR, Relative risk.

Study
ES (95% Cl)

%
weight

1.09 (0.73, 1.62)
0.52 (0.45, 0.60)
1.10 (0.60, 1.90)
1.00 (0.30, 4.20)
0.27 (0.08, 0.95)
0.74 (0.45, 1.23)

10.54
13.58
8.23
2.96
3.27
38.58

11.96
12.90
13.96
13.20
0.69
52.70

8.16
0.56
8.71

100.00

101.1

0.86 (0.64, 1.15)
1.01 (0.82, 1.26)
1.08 (0.99, 1.18)
1.23 (1.02, 1.48)
5.74 (0.08, 31.95)
1.07 (0.96, 1.20)

1.04 (0.58,1.86)
0.33 (0.01, 8.17)
1.01 (0.57, 1.79)

0.92 (0.71, 1.19)

ID

CASE-CONTROL
Chiu et al. (2012) [16]
Khurana et al. (2008) [27]
Coogan et al. (2007) [18]
Kaye et al. (2004) [22]
Graaf et al. (2004) [26]
Subtotal (I2 = 78.6%, P = 0.001)

COHORT
Liu et al. (2012) [23]
Jacobs et al. (2011) [21]
Hippisley-Cox & Coupland (2010) [20]
Friedman et al. (2008) [25]
Sato et al. (2006) [24]
Subtotal (I2 = 30.6%, P = 0.217)

RCT
Heart protection study (2005) [19]
Clearfield et al. (2001) [17]
Subtotal (I2 = 0.0%, P = 0.509)
Overall (I2 = 87.8%, P = 0.000)

NOTE: Weights are from random effects analysis

Figure 2
Forest plot: overall meta-analysis of statin use and kidney cancer risk. Squares indicate study specific risk estimates (size of square reflects the study statistical
weight, i.e. inverse of variance); horizontal lines indicate 95% confidence intervals; diamonds indicate summary relative risk estimate with its corresponding
95% confidence interval; ES, effect estimate; RCT randomized controlled trial

Statin use and RCC risk: a meta-analysis

Br J Clin Pharmacol / 77:3 / 461



ity (I2 = 9.7%, P = 0.352). Moreover, no significant variation
in combined RR by excluding any of the studies was found,
confirming the stability of present results.

Publication bias
In the present meta-analysis, no publication bias was
observed among studies using Begg’s P value (P = 0.24) or
Egger’s test (P = 0.85), which suggested there was no evi-
dence of publication bias (Figure 4).

Discussion

In the past decade, the role of statins in the development
of cancer has been increasingly understood. A meta-

analysis conducted by Undela et al. did not support the
hypothesis that statins have a protective effect against
breast cancer [32]. Consistently, Cui et al. ’s meta-analysis
suggested that there was no association between statin
use and pancreatic cancer risk [33]. However, the meta-
analysis conducted by Pradelli et al. suggested that statins
were inversely related to the risk for liver cancer, with an
over 40% decrease in liver cancer risk among statin users,
irrespective of the duration of statin exposure [34]. The
present meta-analysis included 12 clinical studies cur-
rently available (two RCTs, five cohort studies and five
case–control studies), involving 3 143 236 participants and
2829 kidney cancer cases. We found no substantial evi-
dence for reduction in kidney cancer risk among statin
users as compared with non-users, when statins were

Study
ES (95% Cl)

%
weight

0.33 (0.01, 8.17)

1.04 (0.58, 1.86)

5.74 (0.08, 31.95)

1.19 (0.79, 1.79)

0.94 (0.68, 1.31)

0.95 (0.67, 1.34)

1.01 (0.83, 1.22)

Clearfield et al. (2001) [17]

Heart Protection Study (2005) [14]

Sato et al. (2006) [24]

Friedman et al. (2008) [25]

Jacobs et al. (2011) [21]

Liu et al. (2012) [23]

Overall (I2 = 0.0%, P = 0.753)

0.33

11.01

0.42

22.35

34.78

31.12

100.00

ID

101.1

Figure 3
Forest plot: long term statin use and risk of kidney cancer. Squares indicate study specific risk estimates (size of square reflects the study statistical weight,
i.e. inverse of variance); horizontal lines indicate 95% confidence intervals; diamonds indicate summary relative risk estimate with its corresponding 95%
confidence interval. ES, effect estimate

Table 3
Overall effect estimates for kidney cancer risk and statin use according to study characteristics

Number
of studies

Pooled estimate Tests of heterogeneity
RR 95% CI P value I2(%)

All studies 12 0.92 0.71, 1.19 <0.001 87.80
Study design

RCT 2 1.01 0.57, 1.79 0.509 0.00
Cohort 5 1.07 0.96, 1.60 0.217 30.60
Case–control 5 0.74 0.45, 1.23 0.001 78.60

Adjusted for confounders
n ≥ 7 confounders 2 0.99 0.85, 1.17 0.039 76.40
n ≤ 6 confounders 7 0.95 0.53, 1.71 <0.001 90.00

Gender
Male 2 1.08 0.98, 1.20 0.73 0.00
Female 2 0.89 0.56, 1.43 0.025 80.10

Results for long term statin use 6 1.01 0.83, 1.22 0.753 0.00

CI, confidence interval; RCT, randomized controlled trial; RR, relative risk.
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taken at daily doses for cardiovascular event prevention. In
the present meta-analysis, significant heterogeneity was
observed among all studies (P < 0.001, I2 = 87.8%). There-
fore, a random effects model was chosen over a fixed
effects model to determine the pooled RR estimates in
our meta-analysis. Sensitivity analysis indicated that the
study by Khurana et al. [27] contributed most to the vari-
ability among all studies, while other studies demon-
strated a statistical homogeneity (I2 = 9.7%, P = 0.352). The
study by Khurana et al. found that statin use was associ-
ated with a statistically significant risk reduction of renal
cancer by 55% (OR = 0.45, 95% CI = 0.42, 0.48), which
seemed so far off the results of all the other studies. We
noted that the study population in this study consists
solely of veterans with active access to health care and
thus they were more likely to be prescribed a statin than
the general population. Also 97.9% of the participants in
their study were men, and renal cell carcinoma is more
common in men. Further, the odds ratio was not adjusted
for some possible risk factors of kidney cancer such as
family history, diabetes, hypertension, use of antihyper-
tensive drugs and other medication use. Moreover, an
omission of any of the studies did not alter the magnitude
of observed effect, suggesting stability of our findings. In
our subgroup analyses, the results were not substantially
affected by study design, confounder adjustment and
gender. RCTs, cohort and case–control studies alone
showed no association between statin use and risk of
kidney cancer. Furthermore, our results demonstrated
that long term statin use did not reduce the risk of kidney
cancer incidence.

Despite experimental data which suggested that
statins can suppress proliferation, induce apoptosis and
inhibit metastasis of kidney cancer in a murine model [14,
15], our results indicated that there is no conclusive pre-

ventive effect of statin use on kidney cancer risk. These
findings were in line with the recent meta-analysis of statin
use and overall cancer risk [35–38]. We should notice that
the inhibitory effect of statins on kidney cancer cells has
thus far been tested only in vitro and the drug may behave
differently in vivo. As we know, statins are selectively local-
ized to the liver, and less than 5% of a given dose reaches
the systemic circulation. Thereby, the usefulness of statins
as chemopreventive agents for kidney cancer is doubted
given their selective hepatic uptake and low systemic
availability [39, 40]. Previous meta-analyses have sug-
gested that there was no association between statin use
and breast and pancreatic cancer risk [32, 33]. However,
statins had a protective effect against liver cancer [34],
which supports the opinion above. Further, statins
have been shown to increase regulatory T-cell numbers
and functionality in vivo [41–43]. Both lipophilic and
hydrophilic statins decrease natural killer cell cytotoxicity
[44]. These immunosuppressive effects of statins might
impair host antitumour immune responses, suggesting an
opposing effect on tumour development, which should
be considered. In one of the included studies, Graaf et al.
presented the effect of duration of statin use and dose.
However, neither a dose–response nor a duration–
response relationship was found. The absence of a signifi-
cant dose–response or duration–response weighs against
a causal inference.

Of the 12 included studies, only four studies adjusted
for history of hypertension [16, 20, 21, 23]. Liu et al. found
that current use of statins was associated with a reduced
risk of kidney cancer among women. The association was
statistically significant among women with no history of
hypertension. Further, statin use was associated with a
reduced risk among men with no history of hypertension
[23]. Because hypertension is a strong risk factor for kidney
cancer and is strongly correlated with the use of statins, it
is an important confounder of the association between
statins and kidney cancer and needs to be taken into
account in future studies.

The strength of the present analysis lies in the inclusion
of 12 studies, reporting data from 3 143 236 participants
and 2829 kidney cancer cases. Publication bias, which is
due to the tendency of not publishing small studies with
null results, was not found in our meta-analysis. Further-
more, our findings were stable and robust in the subgroup
analyses and sensitivity analyses.

Our meta-analysis has several limitations. First, we did
not search for unpublished studies or for original data.
Second, there were only two RCTs included in our meta-
analysis, so they might not be powerful enough to inves-
tigate cancer outcomes. More RCTs are needed to assess
the relation of statin use and risk of kidney cancer in the
future. Third, we have not done a dose–response meta-
analysis, for lack of original data. Finally, the included
studies were different in terms of study design and defini-
tions of drug exposure.

4
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0

0 0.5 1 21.5
SE of log [RR]
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R
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Figure 4
Funnel plot with pseudo 95% confidence limits for publication bias in the
studies investigating risk for kidney cancer associated with use of statins.
RR, relative risk
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In the future, new long term RCTs are not likely to be
started, which emphasizes the role of good quality
population-based cohort studies as a source of the most
reliable evidence on the effects of statins. The use of statins
is ever-spreading and we do need to continue the
follow-up and assessment of their long term effects, for
cancer is an end point that needs to be followed-up for at
least 10 years.

Conclusion

The findings of this meta-analysis suggested that there
was no association between statin use and risk of kidney
cancer. More studies, especially RCTs and high quality
cohort studies with larger sample sizes, well controlled
confounding factors and longer duration of follow-up, are
needed to confirm this association in the future.
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