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Abstract

An increasing number of studies have investigated the association between SLCO1B1 —521T>C and —388A>G
polymorphisms and the risk of statin-induced adverse drug reactions (ADRs), but the results have been inconsistent.
This meta-analysis was performed to gain more insight into the relationship. PubMed, Embase, Cochrane Library and
Web of Science were searched for relevant articles published before March 5th, 2015. The quality of included studies
was evaluated by the Newcastle-Ottawa Quiality scale. Pooled effect estimates (odds ratios [ORs] or hazard ratios [HRs)
and corresponding 95 % confidence intervals (Cls) were calculated to assess the association in overall and subgroup
analyses for various genetic models. Begg's rank correlation test and Egger’s linear regression test were used to exam-
ine the publication bias. A total of nine cohort and four case—control studies involving 11, 246 statin users, of whom 2,
355 developing ADRs were included in the analysis. Combined analysis revealed a significant association between the
SLCO1B1=521T>C polymorphism and increased risk for ADRs caused by various statins, but the synthesis heteroge-
neity was generally large (dominant model: pooled effect estimate = 1.85, 95 % Cl 1.20-2.85, P = 0.005; > = 80.70 %,
Pheterogeneity < 0.001). Subgroup analysis by statin type showed that the ADRs risk was significantly elevated
among simvastatin users (dominant model: pooled effect estimate = 3.43, 95 % Cl 1.80-6.52, P = 0.001; 12 = 59.60 %,
Pheterogeneity = 0.060), but not among atorvastatin users. No significant relationship was found between the
—388A>G polymorphism and ADRs caused by various statins (dominant model: pooled effect estimate = 0.94, 95 %
C10.79-1.13, P = 0.526; > = 40.10 %, Pheterogeneity = 0.196). The meta-analysis suggests that SLCO1BT —521T>C
polymorphism may be a risk factor for statin-induced ADRs, especially in simvastatin therapy. Conversely, there may
be no significant association for —388A>G polymorphism.
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Background

Statins or the 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase inhibitors have become the most
important pharmaceutical intervention for the primary
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and indicate if changes were made.

and secondary prevention of cardiovascular diseases by
lowering blood concentrations of low density lipoprotein
cholesterol (LDL-C) (Baigent et al. 2005; Stewart 2013).
In general, statins are safe and well tolerated, but there
are still 25-50 % of patients with coronary artery disease
noncompliant after 1 year’s medication mainly because
of adverse drug reactions (ADRs) (Ho et al. 2008). The
musculoskeletal problem is the most common intoler-
ance, symptoms of which range from mild clinical myal-
gias, “incipient” myopathy, “definite” myopathy to fatal
rhabdomyolysis (Feng et al. 2012; Ghatak et al. 2010;
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Link et al. 2008; Thompson et al. 2006). Though the rate
of statin-induced myopathy is low, the absolute number
of patients with statin-related muscle symptoms may be
substantial due to the high prevalence of cardiovascular
diseases and the wide use of statin drugs (Wilke et al.
2005a, b). In addition, many patients discontinue sta-
tin therapy for some mild myopathic symptoms, which
increases their potential risk of cardiovascular events to
some extent (Wilke et al. 2012). Therefore, understand-
ing the mechanism of statin-induced ADRs has great sig-
nificance to reduce statin toxicity and optimize patients’
adherence.

Previous studies showed that a series of clinical factors
may contribute to the risk of developing muscle toxicity
during statin therapy, including older age (though exist-
ing controversy) (Schech et al. 2007; Graham et al. 2004),
low body mass index, female gender (de Keyser et al.
2014), higher dose (de Lemos et al. 2004; McClure et al.
2007), metabolic comorbidities (i.e., hypothyroidism),
intense physical exercise (Meador and Huey 2010), inter-
actions with other drugs such as fibrates, ciclosporin,
protease inhibitors, macrolide antibiotics, and amio dar-
one (Wilke et al. 2012; Graham et al. 2004; Niemi et al.
2011). In addition, genetic factors also play a vital role.
It was reported that variability in statin metabolizing
enzyme genes (CYP3A4/5, CYP2C8/9, CYP2D6, UGT1),
membrane transporter genes (SLCO1B1, ABCBI,
ABCG2) and pharmacodynamic related genes (CPT2,
COQ2, RYR2) could influence the development and
severity of statin-associated muscle toxicity (Feng et al.
2012; Ishikawa et al. 2004; Wilke et al. 2005a, b; Frudakis
et al. 2007; Fiegenbaum et al. 2005; Vladutiu et al. 2006;
Vladutiu 2008; Oh et al. 2007; Marciante et al. 2011).
Among them, the SLCO1B1 gene is widely investigated.
The SLCO1B1 gene locates on the chromosome 12 (Chr
12p12.2) occupying 109 kb, which encodes the organic
anion transporting polypeptide 1B1 (OATP1B1). This is
an influx transporter expressed on the sinusoidal mem-
brane of human hepatocytes and facilitates the liver
uptake of most statins (atorvastatin, rosuvastatin, pravas-
tatin, simvastatin, and lovastatin) (Pasanen et al. 2007;
Konig et al. 2006; Pasanen et al. 2006; Chen et al. 2008).
Only a few are known to have functional effects in spite
of many single-nucleotide polymorphisms (SNPs) have
been identified in SLCO1B1. Previous studies mostly
focused on the variants —521T>C (rs4149056) and
—388A>G (rs2306283). It is reported that patients with
the —521C minor allele had reduced hepatic uptake and
increased blood concentration of various statins, which
might increase the ADRs risk (Pasanen et al. 2006, 2007;
Kameyama et al. 2005; Niemi et al. 2004). The role of
—388A>G in the transporting activity of OATP1B1 varies
in different studies (Niemi et al. 2011). In recent years, an
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increasing number of studies began to explore the role of
SLCO1B1 polymorphisms in statin-induced ADRs. How-
ever, the results remain inconsistent and with limited
power (Link et al. 2008; de Keyser et al. 2014; Marciante
et al. 2011; Voora et al. 2009; Danik et al. 2013; Donnelly
et al. 2011; Carr et al. 2013; Santos et al. 2012; Brunham
et al. 2012).

A meta-analysis of seven studies investigating associa-
tion of statin myopathy with the SLCO1B1-521T>C was
published in 2013 (Carr et al. 2013). However, there were
three otherwise eligible articles (de Keyser et al. 2014;
Danik et al. 2013; Santos et al. 2012) not included in the
analysis, which would influence the validity of the pooled
estimates. Also, the publication did not present the exact
literature selection criteria or the extracted data of its
included original studies, thus it was difficult to check
some pivotal information. We performed this meta-anal-
ysis to provide a more comprehensive estimation of the
association between the two SNPs, SLCO1B1 —521T>C
and —388A>G polymorphisms and statin-induced vari-
ous ADRs not only myopathy, under various genetic
models. The finding of a significant correlation may
become useful in prestatin treatment screening in order
to predict the chance of the development of adverse
effects.

Methods

Search strategy

Four databases were electronically searched to retrieve
studies on association between statin-induced ADRs
and polymorphisms of the SLCO1B1 gene until 5 March
2015, including PubMed, ISI web of knowledge, Embase,
and the Cochrane Library. Searching terms were: “HMG-
CoA reductase inhibitor” or “statin” or “simvastatin” or
“lovastatin” or “fluvastatin” or “atorvastatin” or “pravas-
tatin” or “rosuvastatin” or “cerivastatin” or “mevastatin’,
combined with “SLCO1B1”. In addition, references of the
retrieved publications were checked for relevant studies.

Inclusion and exclusion criteria

Titles and abstracts of all retrieved publications were
screened. Then the full-text screening was conducted by
two researchers (Jiang and Tang) independently. Any dis-
cordance was subsequently resolved through discussion
or a third party (Zhang). Studies were considered eligible
if they met all of the following criteria: (1) It investigated
the association between —521T>C or —388A>G poly-
morphisms in the SLCO1B1 gene and the risk of statin-
induced ADRs; (2) It provided effect estimates (OR, RR,
or HR) and their corresponding 95 % confidence intervals
(95 % CIs) or allele or genotype frequencies for calcu-
lating the effect estimates; (3) The publication language
was English. Studies consistent with any of the following



Jiang et al. SpringerPlus (2016) 5:1368

conditions were excluded: (1) Reviews, case reports,
comments, letters, news, editorials; (2) In vitro or animal
trials; (3) Studies lacking information necessary or usable
data for the analysis; (4) For overlapping and republished
studies, only the most recent or the largest population
was included.

Data extraction

Data were extracted independently by two reviewers
(Jiang and Tang). Disagreements were solved by discus-
sion, and a third party (Zhang) was involved when nec-
essary. The collected information included: first author,
year of publication, country where study was conducted,
ethnicity, study design, definition of ADRs, characteris-
tics of participants, statin type, dose and regimen, sample
size, polymorphism region, allele or genotype frequen-
cies in patients with or without ADRs during the treat-
ment of statins, crude and adjusted effect estimates (ORs,
RRs, HRs) and their corresponding 95 % Cls as reported,
any multivariate analyses adjustment factors, genotyping
method, and information about Hardy—Weinberg Equi-
librium (HWE).

Quality assessment of included studies

Newcastle-Ottawa Quality scale (NOS) (Crowther et al.
2010; Cota et al. 2013) was developed for quality assess-
ment. A “star system” (range 0-9 stars) was used for the
present analysis to evaluate each included study on the
following: selection of the study groups, between-group
comparability, and the ascertainment of either the expo-
sure for case—control studies or the outcome for cohort
studies. A study can be awarded a maximum of one star
for each numbered item within the Selection and Expo-
sure or Outcome categories. A maximum of two stars can
be assigned for Comparability. With respect to the fol-
low-up period sufficient for outcomes to occur, the mini-
mum follow-up of the exposed group was set at 1 year,
given that the risk of an adverse drug reaction is greater
during the first year of therapy, and decreases afterwards
(de Keyser et al. 2014).

Statistical analysis

The effect estimates that were extracted, if available, or
de novo calculated from available data, were crude and
adjusted ORs and HRs. We pooled OR estimates and HR
estimates for each study together. If both the crude and the
adjusted effect estimates were available for the same out-
come, we incorporated the adjusted one into the analysis.
Pooled effect estimates were calculated for all of the fol-
lowing genetic models: the allele contrast, the homozygote
comparison, the heterozygote comparison, the dominant
model, the recessive model, and the additive model respec-
tively. Heterogeneity among included studies was assessed
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by Chi square-based Q test and /* test (Higgins and Thomp-
son 2002). If the data showed no heterogeneity (P > 0.10,
P < 50 %), the Mantel-Haenszel fixed effect model was
used (Mantel and Haenszel 1959), otherwise the DerSimo-
nian-Laird random effect model was used (DerSimonian
and Laird 1986). In addition, stratification analysis was con-
ducted by the type of statin. If the original research did not
provide information about HWE, we calculated it using an
online HWE calculation tool (Rodriguez et al. 2009). Sensi-
tivity analysis was carried out to investigate the influence of
a single study on the overall risk by omitting one study each
time and was conducted based on leave-one-out sensitiv-
ity procedure. Publication bias was assessed by the Begg’s
rank correlation test and Egger’s linear regression test if the
number of included studies in the meta-analysis was more
than two (Begg and Mazumdar 1994; Egger et al. 1997).
Data were analyzed using the STATA 12.0 (Stata Statistical
Software, College Station, TX, USA, www.stata.com) soft-
ware. A P value of 0.05 for any test or model was consid-
ered to be statistically significant.

Results

Literature search

A total of 676 records were yielded by the search strategy
from four electronic databases. Among these, 35 publi-
cations met the inclusion criteria after title and abstract
screening. Based on full-text inspection, we excluded
another 25 publications because 11 of them lacked infor-
mation necessary or usable data for the analysis (Dlouha
et al. 2013; Dmitry et al. 2013; Mafalda et al. 2013; Pran-
culis and Kucinskas 2013; Hopewell et al. 2012; Khan
et al. 2011; Johansen et al. 2010; Tamraz et al. 2013; Toms
et al. 2010; Kamatani and Mushiroda 2011; Kroemer
2010); seven articles were reviews (three articles) (Patel
et al. 2014; de Keyser et al. 2012a, b; Dendramis 2011),
comments (two articles) (Wright et al. 2011; Nakamura
2008), news (one article) (Dolgin 2013) or letters (one
article) (Puccetti et al. 2010); four articles reported over-
lapping data for the same study (de Keyser et al. 2012a,
b; Toms et al. 2009; Danik et al. 2012; Voora et al. 2008);
two studies were published in Russian (Sychev et al
2013; Petrov et al. 2013) and one study was an in vitro
study (Furihata et al. 2009). Among the 10 publications
included, one (de Keyser et al. 2014) described four
independent studies. Of these, two investigated sim-
vastatin-related ADRs and the remaining two investi-
gated atorvastatin-related ADRs. Thus, 13 studies from
10 publications (Link et al. 2008; de Keyser et al. 2014;
Marciante et al. 2011; Voora et al. 2009; Danik et al. 2013;
Donnelly et al. 2011; Carr et al. 2013; Santos et al. 2012;
Brunham et al. 2012; Linde et al. 2010) were included in
the meta-analysis. Details of the study selection process
are presented in Fig. 1.
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Study characteristics

Characteristics of the eligible studies are summarized in
Table 1. All studies were published between 2008 and
2014, with a total number of 11, 246 subjects, of whom
2, 355 developing ADRSs. Five studies were conducted in
the Netherlands, three in the UK, two in the US, one in
Brazil, one in the US and Canada and one in 26 coun-
tries. There were 11 studies entirely or predominantly
involving Caucasian participants and two not report-
ing the ethnicity. Nine were cohort studies and four
were case—control studies. Definitions of statin-induced
ADRs, doses and treatment periods were heterogene-
ous among these studies. There were four hospital-based
and nine population-based studies. Among the included
13 studies, three focused on simvastatin, three on atorv-
astatin, one on rosuvastatin, one on cerivastatin, two on
mixed statins and three on both mixed statins and spe-
cific statin. Seven studies provided genotype frequencies
which helped us to calculate the crude ORs under vari-
ous genetic models. Nine studies reported adjusted effect
estimates in some genetic models.

Quality of included studies

Rating of the quality of the included studies according
to the NOS is presented in Table 2. The quality scores
ranged from 5 to 9. The case definition was adequate in
all of the included case—control studies, but the non-
response rate between the case and control groups was
equal in only one study (Brunham et al. 2012). For all
cohort studies, 4 stars were assigned to Selection cat-
egory. The follow-up time for exposed participants was
not reported in the study by Linde et al. (2010) and not
long enough (<1 year) for the outcome to occur in the
study by Voora et al. (2008). Nearly all included cohort
studies did not mention the loss to follow-up.

Meta-analysis results

All of the 13 included studies explored the association
between —521T>C polymorphism of the SLCO1B1 gene
and statin-induced ADRs. The results of meta-analysis
are presented in Table 3. A significant increased risk of
ADRs induced by different types of statins was found
for the C vs. T: pooled effect estimate = 1.99, 95 %
CI 1.20-3.29, P = 0.007); the homozygote compari-
son (CC vs. TT: pooled effect estimate = 2.21, 95 % CI:
1.41-3.47, P = 0.001); the dominant model (TC/CC vs.
TT: pooled effect estimate = 1.85, 95 % CI 1.20-2.85,
P = 0.005); the recessive model (CC vs. TT/TC: pooled
effect estimate = 2.76, 95 % CI 1.73-4.39, P < 0.001)
and the additive model (per C allele: pooled effect esti-
mate = 1.76, 95 % CI 1.25-2.50, P = 0.001), but not for
the heterozygote comparison (TC vs. TT: pooled effect
estimate = 1.26, 95 % CI 0.96-1.65, P = 0.091). Figure 2
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shows the pooled effect estimate and 95 % CI for any sta-
tin induced ADRs in the dominant model.

In the stratified analysis by statin type (Table 3), the
synthesis of studies investigating simvastatin pointed
to a statistically significant increased risk for the allele
contrast model (C vs. T: pooled effect estimate = 3.00,
95 % CI 1.39-6.48, P = 0.005), the homozygote compari-
son (CC vs. TT: pooled effect estimate = 3.62, 95 % CI
1.33-9.83, P = 0.012), the dominant model (TC/CC vs.
TT: pooled effect estimate = 3.43, 95 % CI 1.80-6.52,
P < 0.001) (Fig. 3), the recessive model (CC vs. TT/
TC: pooled effect estimate = 5.98, 95 % CI 2.53-14.13,
P < 0.001) and the additive model (per C allele: pooled
effect estimate = 2.87, 95 % CI 1.67-4.94, P < 0.001).
Whereas in contrast, the combined effect estimates for
atorvastatin-induced ADRs were far from being statis-
tically significant in any of the six genetic models. The
association between the —521T>C polymorphism and
atorvastatin-induced ADRs in the dominant model is
shown in Fig. 4.

Three of the included studies explored the relationship
between the —388A>G polymorphism of the SLCO1B1
gene and statin-induced ADRs. Due to the limited avail-
able data from the original studies, we only performed
meta-analysis under the dominant model and the addi-
tive model based on two studies respectively. Both of the
results yielded a decreased risk for statin-related ADRs
among —388G allele carriers, although the pooled effect
estimates did not reach statistical significance (AG/GG
vs. AA: pooled effect estimate = 0.94, 95 % CI 0.79-
1.13, P = 0.526; the additive model: pooled effect esti-
mate = 0.91, 95 % CI 0.81-1.02, P = 0.114) (Table 3).

Sensitivity analysis

For —521T>C polymorphism and risk of ADRs induced
by any statin, the conclusion of insignificant association
for the heterozygote comparison was materially altered
by removing the study by de Keyser et al. (2014) with the
overall effect estimates changing to 1.36 (95 % CI 1.02—
1.84, P = 0.038) and 1.34 (95 % CI: 1.01-1.79, P = 0.044)
respectively. In addition, the result changed and became
insignificant when we excluded the study by Carr et al.
(2013) in the homozygote comparison for —521T>C
polymorphism and simvastatin-related ADRs (pooled
effect estimate = 3.17, 95 % CI 0.96-10.53, P = 0.059).
The results were not materially altered for other analysis
except for the above situations.

Publication bias

The Begg’s rank correlation test and Egger’s linear regres-
sion test indicated no evidence of publication bias among
studies testing —521T>C and —388A>G polymorphisms
of the SLCO1B1 gene and the risk of ADRs induced by
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Potentially relevant articles (n=676)
PubMed (n=170) Web of science (n=242)
Embase (n=247) Cochrane library (n=17)

Duplicated: 334
Reviews/comments/letters'news: 127

» Invitro or animal studies: 35

Irrelevant to SLCO1B1 polymorphisms or
statins or its association: 62

Pharmacokinetics or pharmacodynamics
study: 83

Exclude (n=641)

h 4

Articles requiring full-text review (n=35)

v

Duplicated: 4

Reviews’ comments/letters'news: 7
Published in Russian: 2

In vitro study: 1

Lacking information or usable data: 11

Exclude (n=25)

\ 4

(n=10)

Articles included for meta-analyses

Fig. 1 Flow chart of study selection. n Number of studies

various statins or specific statin (P > 0.05 for all of the
genetic models) except in the analysis of —521T>C
polymorphism and ADRs induced by any statin in the
heterozygote comparison (Begg’s, P = 0.049; Egger’s,
P = 0.046) and the additive model (Begg’s, P = 0.386;
Egger’s, P = 0.025) (Table 3).

Discussion

ADRs give rise to the discontinuation of statin treat-
ment (Simons et al. 1996). Recent studies showed that
genetic variants in the SLCO1B1 gene modified the risk

of statin-induced myopathy, but the results were contro-
versial. The meta-analysis aimed to retrieve all published
relative articles to identify the associations between the
two functional variants —521T>C and —388A>G of the
SLCO1BI1 gene and the risk of ADRs during statin ther-
apy. We included articles about any ADR and the dose
decrease, discontinuation or switches to other choles-
terol-lowering drugs related to statin toxicity as indica-
tors of ADRs.

The results of the meta-analysis demonstrated that the
minor allele of the —521C significantly increased the risk
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Table 2 Methodological quality assessment of included studies based on the Newcastle-Ottawa Scale
Author (years) Study design Selection Comparability Exposure/outcome Total
1 2 3 4 5 6 7 8

Link et al. (2008) Case—control * * * * *% * * P
Carretal. (2013) Case—control * * * * * * * RERRERE
Marciante et al. (2011)

Case—control * ® * * % .
Brunham et al. (2012) Case—control * * * * % * * * ARRAKXAKR
Voora et al. (2009) Cohort * * * * * * * PR
Danik et al. (2013) Cohort * * * * * * * AREEHRRE
Donnelly etal. (2011) Cohort * * * * * * * PR
de Keyser et al. (2014) Cohort * * * * *x * * presre—
de Keyser et al. (2014) Cohort * * * * *% * * Pr—
de Keyser et al. (2014) Cohort * * * * i * * [rrerae-
de Keyser et al. (2014) Cohort * * * * *% * * ARIERAER
Santos et al. (2012) Cohort * * * * * * * * RREKRAAK
Linde et al. (2010) Cohort * * * * * P

of ADRs caused by various statins, which is consistent
with that of one previous meta-analysis (Carr et al. 2013).
However, the synthesis heterogeneity was generally large
under the different genetic models except for the reces-
sive model. So we could not draw a strong conclusion
that the association between the rs4149056 polymor-
phism and the ADRs induced by statins was a class effect.
Upon closer review of each selected original study, it was
found that results according to different statin types were
inconsistent. Thus, we conducted a stratification analysis
to explore that.

After stratification analysis by the statin type, sig-
nificant associations between the —521T>C polymor-
phism and ADRs among simvastatin users for the allele
contrast, the homozygote comparison, the dominant
model, the recessive model and the additive model were
observed, while no significant effect was found among
patients treated with atrovastatin in any of the six genetic
models. The results were in line with those of one previ-
ous meta-analysis by Carr et al. (2013), in which patients
who carried at least one minor allele showed a more than
three-fold higher risk for simvastatin-induced side effects
compared with the reference TT genotype, whereas in
contrast, the relationship did not reach statistical sig-
nificance within atorvastatin users. The results from the
original studies indicated that the —521C minor allele
was not a risk factor for rosuvastatin-induced myal-
gia (HR = 0.95, 95 % CI 0.79-1.15 per allele, P = 0.59)
(Danik et al. 2013) or pravastatin-induced composite
adverse events (TC/CC vs. TT: OR = 1.03, 95 % CI 0.41—
2.57, P = 0.948) (Voora et al. 2009). On the contrary,
an additional copy of the minor allele was associated

with the risk of cerivastatin-associated rhabdomyolysis
(OR = 245, 95 % CI 1.61-3.75, P = 3.11E—05) (Marci-
ante et al. 2011). However, as there was only one study
investigating cerivastatin, rosuvastatin and pravastatin
respectively, we did not perform a meta-analysis to pro-
vide evidence for their relationship.

There remains uncertainty about the biological mecha-
nisms underlying the statin-associated myopathy but
statin concentrations in the blood was one possible rea-
son (Stewart 2013). A non-synonymous coding SNP,
rs4149056 in the SLCO1B1 gene encodes a valine-to-
alanine substitution that leads to a less active form of the
OATPI1B1 transporter and hence increases the plasma
drug concentration (Kameyama et al. 2005; Tirona et al.
2001; Nozawa et al. 2002; Iwai et al. 2004). A previous
study showed that in transient expression systems of
HEK293 and HelLa cells using statins as substrates, the
transporting activities of those expressing SLCO1B1
—521C allele decreased significantly (Kameyama et al.
2005). Furthermore, there are differences in the effects
of SLCO1B1 —521T>C polymorphism on the pharma-
cokenetics of various statins. In patients with homozy-
gous minor allele genotype, the observed plasma areas
under the curve of active simvastatin acid, pitavastatin,
atorvastatin, pravastatin, and rosuvastatin have been
221, 162-191, 144, 57-130, and 62—117 % higher respec-
tively than that in patients with the wild-type genotype
(Wilke et al. 2012). This may partially account for the
disparate roles of rs4149056 variant in the develop-
ment of ADRs during different types of statin therapy.
Several case—control (Link et al. 2008; de Keyser et al.
2014; Carr et al. 2013) and cohort studies (de Keyser
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Study %
ID ES (95% Cl) Weight
1 —+§— 1.70 (1.04, 2.80) 15.07
2 - E 1.09 (0.90, 1.32) 18.13
3 E —— 6.76 (3.46, 13.20) 12.95
4 —é—o— 2.09 (1.26, 3.45) 14.99
5 + . 1.50 (0.58, 3.69) 10.09
6 : ) 3.48(0.92, 13.25) 6.71
7 : 2.24(0.47,10.72) 543
8 — 0.97 (0.68, 1.40) 16.62
Overall (I-squared = 80.7%, p = 0.000) <> 1.85 (1.20, 2.85) 100.00
NOTE: Weights are from random effects analysis E
.07I55 1 13:.3
Fig.2 Association between SLCOTB1 —521T>C polymorphism and risk of adverse drug reactions caused by any statin. Dominant genetic model
(TC/CCvs. TT). The ES is odds ratio (OR) or hazard ratio (HR); the size of the square is proportional to the weight of each study; horizontal lines repre-
sent the 95 % Cl

et al. 2014) as well as our meta-analysis confirmed the
positive correlation between —521C minor allele and
simvastatin-induced adverse effects. Link et al. (2008)
observed that the OR for myopathy of 4.5 (95 % CI 2.6—
7.7, P = 2 x 107°) per copy of the C allele in patients
taking 80 mg of simvastatin daily in the SEARCH study
was approximately 2 times of that in those taking 40 mg
daily within the Heart Protection Study (OR = 2.6, 95 %
CI 1.3-5.0, P = 0.004). Besides, Carr et al. (2013) discov-
ered in the stratification analysis for dose (a cut-off point
of 40 mg), the significant increased risk associated with
rs4149056 variant was only found in patients receiv-
ing > 40 mg/day simvastatin. These provided evidence
for dose-genotype interaction in simvastatin treatment.
Consequently, the Clinical Pharmacoenomics Imple-
mentation Consortium (CPIP) Guideline for SLCO1B1
and Simvastatin-Induced Myopathy (2012) (Wilke et al.
2012) recommends that prescribing physicians should be
alerted to the FDA advice on avoiding high-dose simv-
astatin. In our analyses, all of extracted or de novo effect
estimates for atrovastatin-related ADRs showed a con-
sistent and no significant association. While in one of

the included studies by de Keyser et al. (2014), an asso-
ciation between the —521T>C polymorphism and dose
decrease or switching to another cholesterol-lowering
drug in the highest-dose category (> 20 mg) was found
(the adjusted HR = 3.26, 95 % CI: 1.47-7.25, P = 0.004),
however, we extracted the HR for whole population,
which showed no significance, other than the outcome
of stratification analysis. Therefore, we could anticipate
that a significant higher risk would appear if patients
are prescribed to high dose atorvastatin. Puccetti et al.
(2010) conducted a case—control study to explore spe-
cific genetic and/or environmental factors to statin intol-
erance and they found a significant association between
the C allele of rs4149056 SNP in the SLCO1B1 and myo-
pathy in atorvastatin-treated patients (OR = 2.7, 95 % CI
1.3-4.9, P < 0.001). Since the genetic model under which
the reported OR had been calculated was not available,
we did not incorporate this study into our meta-analysis,
which may influence our results.

The —388A>G is another common variant in the
SLCO1B1 gene, which is in strong linkage disequilib-
rium with the —521T>C SNP (Link et al. 2008). Unlike
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Study %

D ES (95% Cl) Weight
1

1 —_— 2.76 (1.26, 6.02) 27.03
1

2 :l—o— 6.76 (3.46, 13.20) 30.26
1
|

3 —_— 2.03 (1.13, 3.63) 32.91
i

4 L 4.50 (0.73, 27.59) 9.80

Overall (l-squared = 59.6%, p = 0.060) <> 3.43(1.80, 6.52) 100.00
1
I
|
1

NOTE: Weights are from random effects analysis i
1

T ! T
.0362 1 27.6
Fig. 3 Association between SLCO1BT —521T>C polymorphism and risk of adverse drug reactions caused by simvastatin. Dominant genetic model
(TC/CCvs.TT). The ES is odds ratio (OR); the size of the square is proportional to the weight of each study; horizontal lines represent the 95 % Cl

rs4149056, rs2306283 SNP enhances liver uptake of
pravastatin bringing about a reduced area under the
curve for plasma pravastatin concentration (Niemi et al.
2004). The synthesis of studies on —388A>G polymor-
phism yielded a non-statistically significant protective
effect on ADRs caused by any statin. But the results
should be interpreted with caution because there were
only two available studies incorporated to the meta-
analyses. Therefore, more well-designed large sample size
original studies are needed to identify the association.
When we performed the meta-analyses on association
between SLCO1B1 —521T>C and ADRs caused by vari-
ous statins, high heterogeneity was present in all genetic
models except for the recessive model. The disparate
definitions of ADRs, study design, characteristics of par-
ticipants (i.e., age, sex, BMI, health status), statin type,
dose and duration of treatment, and some other fac-
tors maybe the potential explanation. Unfortunately, we
could only conduct the subgroup analysis for statin type
but not other factors owing to the limited available data
and small number of original studies. After stratification
analyses, the I values were decreased to zero in the ator-
vastatin group but for the simvastatin the heterogeneity
remained almost the same. In order to further explore
the source of heterogeneity and to investigate the influ-
ence of individual study to the overall results, sensitivity

analysis was performed. When we removed studies by de
Keyser et al. (2014) respectively, the pooled effect esti-
mates changed to be statistically significant in the het-
erozygote comparison. Both of the two studies reported
insignificant reduced risk of dose decrease or switches in
TC carriers, which may take place by chance, and might
contributed more to the overall insignificant result. For
simvastatin users, no significant association between
—521T>C polymorphism and ADRs was found with
the exclusion of one study by Carr et al. (2013) for the
homozygote contrast. Possible explanation was that in
this study, borderline statistically significant differences
between cases and controls in terms of previous history
of type 2 diabetes (P = 0.046), asthma (P = 0.080), and
hypertension (P = 0.087) were determined, which might
be confounders making the calculated OR biased conse-
quently influencing the pooled result.

Several limitations in our study may affect the results.
Firstly, it is noteworthy that the definitions of statin-
induced ADRs varied among individual studies, which
contributed to the presence of heterogeneity to a large
extent. Further studies using uniform definitions are
required to reach more definitive conclusions. Secondly,
the crude and adjusted effect estimates were combined
together due to the limited available data from the origi-
nal studies. Moreover, the adjusting factors for each
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Study %
D ES (95% Cl) Weight
1 . 2.05 (0.55, 7.58) 5.60
2 I 1.06 (0.22, 4.80) 4.04
3 : 1.55 (0.65, 3.70) 12.76
4 : 2.24 (0.47, 10.72) 3.93
5 —— 0.97 (0.68, 1.40) 73.66
Overall (l-squared = 0.0%, p = 0.606) < i 1.11 (0.82, 1.52) 100.00
NOTE: Weights are from random effects analysis :

T * T

.0933 1

sent the 95 % Cl

10.7

Fig. 4 Association between SLCO1BT —521T>C polymorphism and risk of adverse drug reactions caused by atorvastatin. Dominant genetic model
(TC/CCvs.TT). The ES is odds ratio (OR) or hazard ratio (HR); the size of the square is proportional to the weight of each study; horizontal lines repre-

effect estimate were not completely consistent. As such,
some potential confounding risk factors may be intro-
duced to influence our pooled results, such as the dif-
ferences in statin therapy including dose and duration of
treatment. It is indicated that methodological improve-
ment in the individual studies should be focused. Thirdly,
the data from original studies were insufficient. We could
not perform further stratification analyses to explore
dose-, gender-, age-, BMI- and comedication-gene inter-
actions. Additionally, the limited number of studies on
—388A>G polymorphism lowered our power and the
results of meta-analyses should be interpreted with cau-
tion. Fourthly, we only included articles published in
English in four databases, relevant articles published in
other databases and in other languages and unpublished
studies may have been missed. What’s more, as the num-
ber of included studies was small, the power of detecting
the publication bias in Begg’s and Egger’s test was low.
Finally, the original studies were entirely or predomi-
nantly based on Caucasians, thus additional researches in
other ethnicities are needed to generalize the findings.

In conclusion, our meta-analysis suggests that
SLCO1B1 —521T>C polymorphism may be signifi-
cantly associated with increased risk of statin-induced

adverse reactions, especially in the simvastatin ther-
apy. Conversely, the —521C minor allele might not
modify the risk of atorvastatin-associated adverse
effects. Besides, there may be no significant associa-
tion between —388A>G polymorphism and statin-
related adverse reactions. However, the finding should
be interpreted with caution because of the small num-
ber of studies and small sample sizes. Well-designed
epidemiological studies with large sample size in the
treatment of various statins among different ethnicities
should be carried out to confirm these associations and
interaction between dose-, sex-, BMI-, extensive physi-
cal exercise-, comedication-gene should also be further
investigated.
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