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Abstract

The association between the ¢.521T>C variant allele in SLCO1B1 (rs4149056) and simvastatin-
induced myotoxicity was discovered over a decade ago; however, whether this relationship
represents a class effect is still not fully known. The aim of this study was to investigate

the relationship between rs4149056 genotype and statin-induced myotoxicity in patients taking
atorvastatin and lovastatin. Study participants were from the Genetic Epidemiology Research
on Adult Health and Aging (GERA) cohort. A total of 233 statin-induced myopathy +
rhabdomyolysis cases met the criteria for inclusion and were matched to 2,342 controls.

To validate the drug response phenotype, we replicated the previously-established association
between rs4149056 genotype and simvastatin-induced myotoxicity. In particular, compared to
homozygous T allele carriers, there was a significantly increased risk of simvastatin-induced
myopathy + rhabdomyolysis in homozygous carriers of the C allele (CC vs TT, OR 4.6, 95%
Cl 1.58-11.9, p=2x1073). For lovastatin users, homozygous carriers of the C allele were also
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at increased risk of statin-induced myopathy + rhabdomyolysis (CC vs TT, OR 4.5, 95% ClI
1.68-10.8, p=1x1073). In atorvastatin users, homozygous carriers of the C allele were twice as
likely to experience statin-induced myopathy, though this association did not achieve statistical
significance (CC vs TT, OR 2.0, 95% CI 0.44-6.59, p=0.3). In summary, our findings suggest that
the association of rs4149056 with simvastatin-related myotoxicity may also extend to lovastatin.
More data is needed to determine the extent of the association in atorvastatin users. Altogether,
these data expand the evidence-base for informing guidelines of pharmacogenetic-based statin
prescribing practices.

Precision medicine; Statin; Pharmacogenetic; SLCO1B1 ; Genetic polymorphism

Introduction

Over 39 million adult Americans are on statin therapy due to its importance in primary and
secondary prevention of cardiovascular events.! Nevertheless, statin use comes with a risk
of myotoxic adverse effects. Although clinical trial data show a substantial nocebo effect
for statin-induced myotoxic adverse effects, observational studies report rates to be as high
as 29%.2:3 Even myalgia, on the milder spectrum of myotoxicity, can have a major impact
on everyday activities of patients as well as statin adherence.* Additionally, rhabdomyolysis
can have severe clinical consequences such as myoglobin-induced acute renal failure and
death.>6 Mortality rates have been reported as high as 10% in patients who develop
rhabdomyolysis, with rates even higher in individuals with renal impairment.” Importantly,
myotoxic adverse effects of statins are dose-related; increased systemic exposure confers
higher risk.8 Thus, factors impacting statin pharmacokinetics may play a role in statin-
induced myotoxicity.

The SLCO1B1 gene on chromosome 12 encodes organic anion transporting polypeptide
1B1 (OATP1B1), which is responsible for hepatic uptake of statins.%-1% Polymorphisms

in SLCO1B1 have been associated with marked elevations in plasma concentrations of
simvastatin.1112 A genetic substudy of the Study of the Effectiveness of Additional
Reductions in Cholesterol and Homocysteine (SEARCH) trial found that the ¢.521T>C
substitution in SLCO1B1 (rs4149056) was associated with an increased risk of simvastatin-
induced myopathy.13 Another genetic substudy from the Heart Protection Study (HPS)
found a similar association of rs4149056 and myopathy in patients taking simvastatin.3 In
response to the mounting evidence for the association between rs4149056 and simvastatin-
induced myopathy, the Clinical Pharmacogenetics Implementation Consortium (CPIC) has
recommended with grade A evidence that patients with one or two copies of the allele be
initiated on either a lower dose of simvastatin or an alternative statin.14

Despite the strong association between rs4149056 and the risk of simvastatin-induced
myopathy, the data are less clear for other commonly prescribed statins.14 In particular, there
remains conflicting evidence regarding the association between rs4149056 and atorvastatin-
induced myotoxicity.1>16 In addition, no study has examined the association between
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rs4149056 and statin-induced myotoxicity in individuals taking lovastatin. Therefore, the
objective of this study was to investigate the association between rs4149056 and statin-
related myotoxicity outcomes for atorvastatin and lovastatin.

All participants in the study were members of Kaiser Permanente Northern California
(KPNC), an integrated health care delivery system. Participants were selected from the
Genetic Epidemiology Research on Adult Health and Aging (GERA) cohort, a resource

of KPNC members that links electronic health record (EHR), genome-wide variant, and
demographic survey data. In accordance with the Kaiser Foundation Research Institute
Institutional Review Board, informed consent was given by study participants. International
Classification of Diseases 9th Revision (ICD-9) diagnosis codes, creatine kinase (CK)
levels, fasting glucose levels, hemoglobin Alc levels, age, and dispensed medications

from 1996 to 2018 were extracted from the EHR. ICD-9 codes included rhabdomyolysis
(ICD-9 code 728.88), diabetes (ICD-9 code 250.xx) and myocardial infarction (ICD-9 codes
410.xx). Demographic survey data included height, weight, sex (reported as biologic sex),
and race/ethnicity (self-reported). Race/ethnicity was categorized as one of four groups:
Hispanic/Latino, African American, East Asian, or White/European/Other. Prescription
medications evaluated included atorvastatin, amprenavir, atazanavir, cyclosporine, and
diabetes medications (as previously defined)33, darunavir, fenofibrate, fosamprenavir,
gemfibrozil, indinavir, lopinavir, lovastatin, nelfinavir, ritonavir, saquinavir, simvastatin, and
tipranavir.

Study Population

Phenotype

GERA cohort participants who had received at least one prescription of simvastatin,
lovastatin, or atorvastatin were included for analysis. Statin-induced myopathy exhibits

a dose-dependent effect with a stronger correlation for milligram strength (compared to
statin low-density lipoprotein cholesterol [LDL-C] lowering potency) when all statin types
are considered together.17-18 Therefore, in order to enrich our study sample with a high
frequency of statin-induced myopathy cases, we limited our sample to users who received
statin therapy at a total daily dose =40 mg, regardless of type or LDL-C lowering potency.
Total daily dose was calculated by multiplying tablet strength and daily frequency (tablets
per day).1°

We defined a case of statin-induced myopathy as a study participant with >1 CK level >5x
the upper limit of normal (ULN) within six months after receiving a statin prescription.2°
The ULN for CK utilized was 336units/L for males and 176units/L for females.2! CK
levels reported within 7 days of myocardial infarction diagnosis were excluded from
analysis. We defined a case of statin-induced rhabdomyolysis as a study participant with
>1 diagnosis of rhabdomyolysis (via ICD-9 code) within six months after receiving a
statin prescription. The large sample size provided a unique opportunity to analyze this
rare and serious adverse event in the context of pharmacogenetics. Although there is no
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standardized definition for rhabdomyolysis, most clinical diagnostic criteria include acute
renal impairment and CK greater than 10x ULN.22:23 To encompass these diagnostic
elements, we defined rhabdomyolysis using an ICD-9 code, which has been previously
utilized in epidemiologic research to accurately identify cases of rhabdomyolysis.24 Cases
with a history of multiple rhabdomyolysis ICD-9 codes and/or CK levels >5x had the
earliest of these events considered as the outcome for analysis. Cases with a dispensing
history of any interacting non-statin medication within one year prior to the outcome were
excluded from analysis. These interacting medications included amprenavir, atazanavir,
cyclosporine, darunavir, fenofibrate, gemfibrozil, indinavir, nelfinavir, ritonavir, saquinavir,
and tipranavir.”-2> Cases were then categorized into statin groups (atorvastatin, lovastatin,
or simvastatin) based on the most recently prescribed statin type in the EHR directly prior
to the instance of statin-induced myopathy or rhabdomyolysis. This statin prescription

was considered the index statin prescription for cases. The primary outcome was the
composite of statin-induced myopathy and statin-induced rhabdomyolysis (termed statin-
induced myopathy + rhabdomyolysis). We set the secondary outcome as statin-induced
rhabdomyolysis alone, since prior studies had not investigated this phenotype as defined.
Study participants without a history of a primary or secondary outcome were identified as
potential controls. From this potential control group, nine to eleven controls were identified
for each case, matched based on age (within 5 years of case age), sex, statin type, and statin
dose.28 Although controls had no history of the primary or secondary outcome throughout
full follow-up, we considered the first statin dispensing record =40 mg daily dose as the
index record for these participants. This is consistent with evidence suggesting that median
time to onset for statin-induced muscle symptoms is 1 month after either initiation or
upward dose titration of statin.2’ Age, statin type, and statin dose for cases and controls were
based on the index statin record.

As previously described, DNA samples from study participants were genotyped on one

of four Affymetrix Axiom arrays designed for individuals of East Asian (EAS), African
American (AFR), Latino (LAT), and non-Hispanic white (EUR) race/ethnicity to maximize
genome-wide coverage of common and less common variants.28 Study participants were
categorized into one of three groups based on rs4149056 genotype: homozygous TT,
heterozygous (TC) and homozygous CC.

Statistical Analyses

The primary analysis was determining the relationship between rs4149056 genotype and
statin-induced myopathy + rhabdomyolysis using multivariate logistic regression. We

first investigated the association between rs4149056 and simvastatin-induced myopathy +
rhabdomyolysis, which served as a positive control for internal validation of our phenotype
before conducting subsequent analyses in the other statin type users. Following analyses

of each individual statin type, we also pre-specified to investigate the collective of all

statins analyzed (atorvastatin, lovastatin, and simvastatin). Odds ratios (OR) were estimated
along with 95% confidence intervals (Cl) for the likelihood of developing statin-induced
myopathy + rhabdomyolysis in relation to rs4149056 genotype. Pre-specified covariates for
statin-induced myopathy + rhabdomyolysis included self-reported race/ethnicity and genetic
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ancestry eigenvectors.2%:30 These genetic ancestry eigenvectors were previously generated
through principal component analysis within each self-reported race/ethnicity (EUR, EAS,
AFR, and LAT), and the first six eigenvectors were utilized as covariates.28 Among

these covariates, only self-reported race was significantly associated with the outcome and
included in the regression model.

We conducted two sensitivity analyses that incorporated more stringent matching criteria.
Sensitivity analysis 1 matched on self-reported race/ethnicity in addition to criteria from the
primary analysis (age, sex, statin type, and statin dose). 2%:30 Sensitivity analysis 2 matched
on obesity status and diabetes status at the time of index statin dispensing in addition

to criteria from the primary analysis.31:32 Diabetes was defined using ICD-9 diagnosis
codes, laboratory values, and prescription medications, as previously described.33 Study
participants with a body mass index =30kg/m? were considered obese.34

We conducted a secondary analysis, which was identical to the primary analysis except we
used the secondary outcome of statin-induced rhabdomyolysis alone.

Power calculations were conducted a priori using QUANTO.3% Assuming a conservative
effect size of 3.0 per C allele, minor allele frequency of 0.15, log additive mode of
inheritance, and a conservative population risk of 5% for statin-induced myopathy based

on prior studies, we calculated that at least 21 cases would be needed to have greater than
80% power to determine an association between rs4149056 and statin-induced myopathy.36

Minor allele (C allele) frequencies between cases and controls were also compared using
Xz test, which has been performed in prior pharmacogenetic studies.18:37 All analyses were
done in R (verson.3.4.3, R Foundation for Statistical Computing) unless otherwise noted.38
P-values <0.05 were considered statistically significant.

Primary Analysis

We identified 252 potential cases for the primary outcome; one case was excluded due

to recent myocardial infarction and a further 18 cases were excluded due to dispensing
history of an interacting non-statin medication. Subsequently, 233 cases were included for
analysis and matched to 2,342 controls. Of these cases, 82 (35%) were taking simvastatin,
66 (28%) were taking atorvastatin, and 85 (37%) were taking lovastatin as their index
statin. The corresponding matched control group consisted of 748 simvastatin users, 693
atorvastatin users, and 901 lovastatin users. The median duration of total statin use in

day’s supply dispensed was 1,040 (interquartile range: 360-2,070) for controls and 1,000
(interquartile range: 400-1,742) for cases. Baseline characteristics are listed in Table 1. The
genotyping call rate for rs4149056 was 100%. There was no deviation from Hardy-Weinberg
equilibrium for controls within race/ethnicity groups (p>0.05).

Among the 82 cases and 748 controls for simvastatin, both the heterozygous genotype (TC
vs TT, OR 1.8, 95% CI 1.08-2.91, p=2x1072, Figure 1) and the homozygous CC genotype
(CCvsTT, OR 4.6, 95% Cl 1.58-11.9, p=2x10~3) were associated with increased risk for
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the primary outcome compared to homozygous TT. There was a significant difference in the
C allele frequency between cases (25%) and controls (15%, p=5x1074, Table 2).

Analysis of the lovastatin subset (85 cases and 901 controls) showed a significantly
increased risk for the primary outcome with the homozygous CC genotype (CC vs TT, OR
4.5, 95% Cl 1.68-10.8, p=1x10~3). However, no association was found for the heterozygous
genotype (TC vs TC, OR 1.1, 95% CI 0.63-1.88, p=0.7). The frequency of the C allele was
significantly different between cases (19%) and controls (14%, p=8x10~4, Table 2).

Results from the atorvastatin subset, consisting of 66 cases and 693 controls, conferred no
significant findings for the primary outcome in both the heterozygous (TC vs TT, OR 1.1,
95% CI 0.59-2.01, p=0.7) and the homozygous CC genotypes (CC vs TT, OR 2.0, 95%
Cl 0.44-6.59, p=0.3). There was no significant difference in the frequency of the C allele
between cases (17%) and controls (14%, p=0.40, Table 2).

Across all statins analyzed, there was a significantly increased risk of statin-induced
myopathy + rhabdomyolysis with the rs4149056 heterozygous genotype (TC vs TT, OR
1.4, 95% CI 1.02-1.92, p=0.03) and homozygous CC genotype (CC vs TT, OR 3.7, 95% ClI
1.99-6.53, p=1x107; Figure 1) compared to homozygous TT. The frequency of the C allele
was significantly different between cases (21%) and controls (14%, p=2x107%, Table 2).

Results of the sensitivity analyses are presented in Table 3. Inclusion of matching criteria for
race or obesity/diabetes status each yielded similar results to that of the primary analysis.

Secondary Analysis

There were 193 cases of statin-induced rhabdomyolysis meeting the criteria for study
inclusion and subsequently matched to 1,925 controls. Of the cases, 38 (20%) were taking
atorvastatin, 78 (40%) were taking lovastatin, and 77 (40%) were taking simvastatin. The
corresponding control group consisted of 407 atorvastatin users, 823 lovastatin users, and
695 simvastatin users. For all statins analyzed as a whole, the homozygous CC genotype
conferred a significantly increased risk of statin-induced rhabdomyolysis (OR 3.7, 95%

Cl 1.97-6.75, p=2x107°). There was no significantly increased risk associated with the
heterozygous genotype (OR 1.3, 95% CI 0.94-1.89, p=0.1). Analysis by statin type yielded
similar trends to that of the primary analysis (Figure 2, Table S1).

Discussion

In this study, we sought to determine the relationship between rs4149056 genotype and

the risk of statin-related myotoxicity outcomes for atorvastatin and lovastatin. We found
that homozygous carriers of the C allele were at >4-fold increased risk of statin-induced
myopathy + rhabdomyolysis among lovastatin users. This is the first study to investigate the
association between this polymorphism and lovastatin-induced myotoxicity outcomes.

Based on substantial supporting evidence, the CPIC guidelines currently recommend that
individuals with one or two copies of rs4149056 requiring statin therapy be initiated on
low dose simvastatin (i.e., <40 mg daily dosing) or an alternative statin to reduce the risk
of statin-induced myopathy.14 However, simvastatin is currently the only statin that has

Clin Pharmacol Ther. Author manuscript; available in PMC 2022 September 01.
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clearly outlined recommendations from CPIC. Thus, it is not fully known which alternative
therapies are safe in carriers of the C allele at rs4149056.

The current findings in our subset of simvastatin users agree with the well-established
association between simvastatin-induced myopathy and rs4149056 genotype.13-15 In
particular, the ORs for statin-induced myopathy + rhabdomyolysis were 1.8 for
heterozygous carriers of the C allele and 4.6 for homozygous carriers. These are lower
than the ORs for statin-induced myopathy reported in the SEARCH study (4.5 and 16.9
for heterozygous and homozygous carriers of the C allele, respectively), but similar to
the results from the Heart Protection Study Cohort (2.6 per C allele).13 Additionally,
this is the first SLCO1B1 pharmacogenetic study of statin-related myotoxicity to use
rhabdomyolysis as an endpoint; results mirrored statin-induced myopathy. Overall, our
replication of the association between rs4149056 genotype and simvastatin-induced
myopathy + rhabdomyolysis served as a positive control demonstrating the robustness of
our study design before we applied this methodology to other statin types of interest.

To our knowledge, no previously published study has provided evidence of a clinical
association between rs414056 and lovastatin-induced myopathy or rhabdomyolysis.
Recently reported trends suggest that millions of lovastatin orders continue to be prescribed
in the United States, thus clinicians could benefit from lovastatin pharmacogenetic
prescribing guidance, especially for statin intolerant patients who may have to resort to

this second-line statin option.3%49 We found that two copies of the C allele conferred

a significantly increased risk for the primary outcome These data are in accord with
pharmacokinetic analyses of single-dose lovastatin in which rs4149056 homozygous CC
genotype yielded a nearly 3-fold higher lovastatin acid area under the plasma concentration
time curve (AUC) compared to homozygous TT.4! Interestingly, we found in the current
study that the increased risk of the primary outcome in CC genotype versus TT in lovastatin
users was of a comparable magnitude to that of our simvastatin users. This is concordant
with the similar chemical structure and pharmacokinetic characteristics between simvastatin
and lovastatin, 4243

We identified no significant relationship between rs4149056 genotype and atorvastatin-
induced myopathy + rhabdomyolysis. These findings contrast with the STRENGTH study,
which identified a significantly increased risk of atorvastatin-induced myopathy in carriers
of the C allele at rs4149056 (1.6 per allele).1> The broad definition of the primary endpoint
in STRENGTH (a composite of drug discontinuation, myalgia, muscle cramping, and/or
CK >3x ULN) may explain the differences in results compared to our study. However,

our data parallel those of Brunham et al. (10 atorvastatin-induced myopathy cases) and

Carr et al. (11 atorvastatin-induced myopathy cases), which also identified nonsignificant
findings in atorvastatin users for risk of statin-induced myopathy despite observing positive
results in simvastatin users.1644 The varying degrees of myotoxicity induced by simvastatin,
lovastatin, and atorvastatin in carriers of the C allele may be explained in part by differential
selectivity among the statin types as substrates for hepatic uptake transporters. Within

the SLCO family, OATP1BL1 is the only hepatic transporter available for simvastatin and
lovastatin. However, atorvastatin is a substrate for OATP1B1 along with other hepatic
transporters of the SLCO family: OATP1A2, OATP1B3, and OATP2B1.%° This suggests that

Clin Pharmacol Ther. Author manuscript; available in PMC 2022 September 01.
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alternative pathways for hepatic uptake of atorvastatin could play a role in circumventing
the markedly increased AUC and myotoxicity seen in simvastatin users carrying the

C allele.1346 In our data, there was a nonsignificant increased risk of statin-induced
myopathy + rhabdomyolysis for the homozygous CC genotype (2.0 and 2.8 increased

risk of atorvastatin-induced myopathy + rhabdomyolysis and rhabdomyolysis, respectively
compared to homozygous TT), suggesting that rs4149056 genotype may have a weaker
effect in atorvastatin users (compared to lovastatin and simvastatin users), but we were not
powered to detect differences between statin types. Further studies with larger sample sizes
(within a single cohort or as a meta-analysis of pooled studies) are needed to confirm this
potential modest effect.

Our study has numerous strengths, including a relatively large sample size as well as a

statin type (lovastatin) and myotoxicity endpoint (rhabdomyolysis alone) that has not been
previously investigated. However, limitations must also be noted. First, this study could only
account for a subset of all the potential statin-drug interactions that have the potential to
impact results. However, interacting drugs of clinical significance (e.g. strong cytochrome
P450 3A4 inhibitors) are readily detected by pharmacists in routine practice and are thus
rarely co-dispensed with statins at the high doses we investigated. Second, there were fewer
myopathy + rhabdomyolysis cases in atorvastatin users, which resulted in reduced power

to detect significant associations compared to other statin types. This discrepancy may be
explained, at least in part, by the fewer C allele carriers among the atorvastatin users. Indeed,
there was a lower percentage of European descent participants receiving atorvastatin, an
ancestry group with a higher C allele frequency relative to other populations.4” Nevertheless,
with 66 total cases among atorvastatin users including 19 variant carriers, our study is
among the largest to investigate rs4149056 genotype and atorvastatin-induced myotoxicity.
Third, there is the potential that a proportion of our myopathy + rhabdomyolysis cases may
be due to causes unrelated to statin therapy. However, our simvastatin results, which validate
the well-established pharmacogenetic association with rs4149056, provide some confidence
that the vast majority of our myotoxicity cases are truly statin-induced. Furthermore, our
definition of rhabdomyolysis was based on a previously validated algorithm.24

In summary, our findings suggest that the association of rs4149056 with simvastatin-induced
myotoxicity may also extend to lovastatin. More data is needed to determine the extent

of the association in users of atorvastatin. Altogether, these novel data underscore the

need for additional studies that evaluate the association between rs4149056 genotype and
statin-related myotoxicity with the goal of more definitive pharmacogenetic-based statin
prescribing guideline recommendations for atorvastatin, lovastatin, pitavastatin, pravastatin,
and rosuvastatin.
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Study Highlights
What isthe current knowledge on thetopic?

Current literature suggests there is a strong association between the rs4149056
polymorphism in SLCO1B1 and simvastatin-induced myopathy. The Clinical
Pharmacogenetics Implementation Consortium recommends that patients with the
polymorphism be initiated on either a lower dose of simvastatin or an alternative statin.

What question did this study address?

Despite the strong association between rs4149056 and simvastatin-induced myopathy,
there remains conflicting evidence with atorvastatin and no study with lovastatin users.
The objective of this study was to investigate the association between rs4149056 and
statin-related myotoxicity outcomes for atorvastatin and lovastatin.

What doesthis study add to our knowledge?

Our findings suggest that there is an association between rs4149056 and lovastatin-
induced myopathy. We also explore the association between rs4149056 and statin-
induced rhabdomyolysis, an endpoint that has not been previously studied in this setting.

How might this change clinical phar macology or translational science?

Current national guidelines for pharmacogenetic-based statin prescribing only include
recommendations for simvastatin. Our data provide rationale for expanding these
guidelines to include lovastatin.
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Figure 1. Impact of SLCO1B1 rs4149056 genotype on risk of statin-induced myopathy and
rhabdomyolysisin simvastatin, lovastatin, and atorvastatin users.

Odds ratios (ORs) and 95% confidence intervals for risk of statin-induced myopathy and
rhabdomyolysis with rs4149056 genotype are shown by statin type. ORs for TC and CC
genotype are compared to TT genotype. In the entire cohort of statin users, a significantly
increased risk of statin-induced myopathy and rhabdomyolysis was observed in individuals
with the CC genotype. In the subset of simvastatin and lovastatin users, CC genotype was

associated with significantly increased risk of statin-induced myopathy and rhabdomyolysis.

In addition, TC genotype conferred a significantly increased risk in simvastatin users. In
contrast, for atorvastatin users, no statistically significant risk for statin-induced myopathy
and rhabdomyolysis was identified.
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Figure 2. Impact of SLCO1B1 rs4149056 genotype on risk of statin-induced rhabdomyolysisin
simvastatin, lovastatin, and atorvastatin users.

Odds ratios (ORs) and 95% confidence intervals for risk of statin-induced rhabdomyolysis
with rs4149056 genotype are shown by statin type. ORs for TC and CC genotype are
compared to TT genotype. In the entire cohort of statin users, homozygous recessive
genotype conferred a significantly increased risk of statin-induced rhabdomyolysis. Analysis
by statin type yielded similar trends to that of the primary analysis where CC genotype was
associated with significantly increased risk of rhabdomyolysis in simvastatin and lovastatin
users, but not in atorvastatin users.
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Table 2.

Association between rs4149056 genotype and statin-induced myopathy + rhabdomyolysis by statin group

Statin-type | Genotype | TT | TC | CC | MAF xzp—valuea

All Statins Cases 153 64 16 0.21

Controls | 1722 | 569 | 51 0.14 1.80E-06

Simvastatin Cases 47 29 6 0.25

Controls 537 | 195 | 16 0.15 4.55E-04

Lovastatin Cases 59 19 7 0.19

Controls 671 | 210 | 20 0.14 8.32E-04

Atorvastatin Cases 47 16 3 0.17

Controls 514 | 164 | 15 0.14 0.40

MAF, minor allele frequency

a.. _ .
Differences in minor allele frequency between cases and controls for each statin group.
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