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Abstract: HMG-CoA reductase inhibitors, commonly known as statins, are some of the 

most widely prescribed medications worldwide and have been shown to be effective at 

lowering cholesterol in numerous long-term prospective trials, yet there are significant 

limitations to their use. First, patients receiving statin therapy have relatively low levels of 

medication adherence compared with other drug classes. Next, numerous statin 

formulations are available, each with its own unique safety and efficacy profile, and it may 

be unclear to prescribers which treatment is optimal for their patients. Finally, statins have 

class-wide side effects of myopathy and rhabdomyolysis that have resulted in a product 

recall and dosage limitations. Recent evidence suggests that two genomic markers, KIF6 

and SLCO1B1, may inform the therapy choice of patients initiating statins. Given the 

prevalence of statin usage, their potential health advantages and their overall cost to the 

healthcare system, there could be significant clinical benefit from creating personalized 

treatment regimens. Ultimately, if this approach is effective it may encourage higher 
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adoption of generic statins when appropriate, promote adherence, lower rates of myopathy, 

and overall achieve higher value cardiovascular care. This paper will review the evidence 

for personalized prescribing of statins via KIF6 and SLCO1B1 and consider some of the 

implications for testing these markers as part of routine clinical care. 

Keywords: statins; adherence; myopathy; KIF6; SLCO1B1  

 

1. Introduction 

Coronary heart disease (CHD) is a problem of epidemic proportions that is estimated to be 

responsible for more than 400,000 deaths annually in the United States (US) [1]. Furthermore, elevated 

levels of low density lipoprotein (LDL) cholesterol, one of the main risk factors for CHD, can be found 

in more than a quarter of all American adults [2]. Large scale randomized controlled trials have 

demonstrated the ability of HMG CoA (or 3-hydroxy-3-methyl-glutaryl-coenzyme A) reductase 

inhibitors, known as statins, to lower LDL levels and prevent major coronary events. As a result, 

nearly 20 million Americans regularly used a lipid lowering agent in 2011 resulting in greater than 

$20B in spending for the US healthcare system [3]. Although statins are generally regarded as having a 

mild side effect profile, they have been plagued by a class-wide side effect of muscle toxicity leading 

to both dosage limitations and recalls [4,5]. In addition, patients taking statins have relatively low 

levels of medication adherence [6–8]. Medication nonadherence across all drug classes is a serious 

public health concern. Despite evidence that high levels of medication adherence can improve clinical 

outcomes and quality of life [8–10], it has been estimated that up to half of the 3.2 billion prescriptions 

dispensed annually are not taken as prescribed [11]. This has adverse clinical and economic 

implications for the healthcare system. Estimates suggest that poor adherence across all drug classes 

may result in 33%–69% of all hospital admissions [11] and up to 125,000 deaths annually [12], 

resulting in $100–300 billion in avoidable medical spending annually [11,13–16]. 

The issue of nonadherence is especially relevant in the treatment of elevated cholesterol. 

Nonadherence to statin treatment has serious health consequences and has been associated with a 50% 

reduction in the survival benefit seen in trials [17] and increased annual medical spending of $1,860 

per patient [18]. Although the benefits of long-term statin therapy and the critical role of adherence for 

the prevention of atherosclerosis and subsequent clinical events have been proven, adherence rates 

remain low. Among statin-treated patients, observational studies report 1-year discontinuation rates 

between 15% and 60% depending on the practice setting and patient population [6–8]. These 

discontinuation rates can approach 75% after 2 years in patients receiving statins for primary 

prevention of CHD [19].  

Patients do not adhere to their medications for many reasons including low health literacy, cost, 

inability to feel the drug‘s therapeutic effect, and side effect profiles [13]. In response to these barriers, 

new methods of patient education as well as other strategies such as adjusting the treatment duration, 

regimen, requirements for lifestyle change, and cost have been employed [11,13,20]. In general, these 

interventions have shown limited effectiveness and thus highlight the importance of novel strategies to 

promote adherence. More recently, investigators have also studied the impact of genetic risk disclosure 
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to the patient as a tool to improve medication adherence with mixed results [21–25]. In the case of 

statins, KIF6 and SLCO1B1 have each been proposed as clinically-valid biomarkers to facilitate 

personalized statin treatment and improve adherence [26,27]. The evidence for utilizing each of these 

genes to personalize statin treatment is reviewed below. 

2. KIF6 as a Prognostic and Predictive Marker 

The KIF6 protein is a member of the kinesin family, which is responsible for the intracellular 

transport of messenger ribonucleotides (mRNA‘s), protein complexes, and organelles. Kinesins are 

dimeric molecules consisting of a ‗tail‘ at the C-terminal domain that interact with the cellular cargo 

and a ‗head‘ at the N-terminal domain that has the ability to move along microtubules in a mechanism 

that closely resembles bipedal locomotion [28]. The 2155T>C single nucleotide polymorphism (SNP) 

replaces a non-polar tryptophan residue with a polar arginine near the presumed binding domain for 

cellular cargo. Although the mechanism by which this variant exerts its phenotypic effects has yet to 

be defined, it is possible this amino acid substitution may alter the affinity of the binding domain for 

cargo proteins and or modify the kinesin‘s motor activity [29]. 

Kinesin-like family 6 (KIF6) is potentially both a prognostic marker of coronary heart disease risk 

and a predictive marker of statin efficacy. Carriers of the KIF6 2155T>C allele display a greater risk 

for coronary events as well as greater benefit from statin therapy [30]. As an adherence intervention, if 

KIF6 testing were able to identify those patients with the greatest net benefit from statin therapy, it 

may improve a patient‘s sense of self-efficacy [31] and subsequent adherence [32].  

A polymorphism in KIF6 has been associated both with risk of coronary heart disease [33,34] and 

response to statin treatment [35–37]. This KIF6 2155T>C variant (denoted rs20455 in SNP database) 

is relatively common and if validated clinically, could present a useful tool for identifying which 

patients would most benefit from statin therapy. Although this allele is relatively common, it does have 

significant variation in frequency across ethnic groups (Table 1). 

Table 1. KIF6 Genotypes in Various Ethnic Groups. 

Nucleotide Change rsID Protein Variation 
Allele Frequency(%) 

a
 

Ref. 
AA Hs As C 

2155T>C 20455 Trp719Arg 78 36 50 36 [29] 
a
 AA = African American; Hs = Hispanic; As = Asian (Chinese and Japanese); C = Caucasian. 

2.1. Clinical Evidence  

The initial evidence supporting an association between the 2155T>C SNP and either CHD or statin 

response consists of genetic association studies conducted retrospectively as post hoc analyses in large 

clinical trials [35–39]. These studies have recently been viewed with some skepticism, in part since 

they were published by authors closely affiliated with the sole commercial distributor of a KIF6 test in 

the US, but more so due to the underlying methodology of a ―candidate gene‖ approach instead of a 

more impartial ―genome-wide association‖ study [40,41]. Furthermore, subsequent independent 

retrospective association studies failed to replicate the results found in the initial analyses [42–44]. 

Finally, two meta-analyses of 19 case-control studies of nonfatal CHD that did not assess the effect of 
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statin treatment on disease progression failed to show the previously reported association between 

KIF6 and disease progression [30,45].  

The studies evaluating the utility of KIF6 testing can roughly be broken into two categories: those 

assessing its utility as a predictive marker of a patient‘s response to statin therapy, and those assessing 

its utility as a prognostic marker of disease progression.  

2.1.1. Evidence of KIF6 and Statin Response 

To date, eight retrospective genetic association studies have been conducted which tested the 

hypothesis that 2155T>C carriers experience a greater coronary risk reduction from statin therapy than 

non-carriers (Table 2).  

Table 2. KIF6 and Statin Response. 

a
 P = Pravastatin; Pl = Placebo; A = Atorvastatin; R = Rosuvastatin; 

b
 Number included in genetic analysis;  

c
 Hazard ratio of defined endpoint between intervention and control arms; 

d
 reported as odds ratio, 

e
 Result 

not statistically significant (p > 0.05).  

The first four of these analyses conducted in the Cholesterol and Recurrent Events (CARE), West 

of Scotland Coronary Prevention Study (WOSCOPS), Thrombolysis in Myocardial Infarction-22 

(TIMI-22), and Prospective Study of Pravastatin in the Elderly at Risk (PROSPER) cohorts indicated 

that while carriers of the 2155T>C SNP mutation experience a significantly lower coronary event  

risk, non-carriers show no statistically significant decrease in their baseline event rate with statin  

therapy [36,37,39]. Counter-intuitively, although carriers experienced a reduction in clinical events on 

therapy, they did not have a statistically significant difference in reductions of low-density lipoprotein 

(LDL) cholesterol or inflammatory markers during statin treatment [30]. This result implies that while 

carriers are selected for response to statin therapy, their improved outcomes are not derived from 

decreased levels of LDL. Although statins may have a pleiotropic effect beyond LDL reduction, this is 

still the primary target of therapy making this finding extremely controversial. Subsequent analyses in 

the Heart Protection Study (HPS), Treating to New Targets (TNT), Incremental Decrease in End 

Points Through Aggressive Lipid Lowering (IDEAL), and Justification for the Use of Statins in 

Study Arms 
a
 (n) 

b
 Primary Outcome 

Hazard Ratio: More vs.  

Less/No Statin 
c
 (95% CI) 

p 

value 
Non-carriers Carriers 

CARE [39] P, Pl 2,746 MI 0.80 (0.52–1.24) 0.63 (0.46–0.87) <0.005 

WOSCOPS [39] P, Pl 1,527 CHD 0.91 
d
 (0.64–1.28) 0.50 

d
 (0.38–0.68) <0.005 

TIMI-22 [37] 
A 80 mg,  

P 40 mg 
1,778 CHD 0.94 (0.70–1.27) 0.59 (0.45–0.77) <0.005 

PROSPER [36] P, Pl 5,752 MI 0.94 (0.69–1.28) 0.66 (0.52–0.86) <0.005 

HPS [42] S 40 mg, Pl 18,348 Any Major Vascular Event 0.76 (0.69–0.83) 0.77 (0.71–0.84) NS 
e
 

TNT [44] 
A 10 mg,  

A 80 mg 
4,599 Any Major Vascular Event 0.81 (0.59–1.11) 0.85 (0.66–1.11) NS 

IDEAL [44] 
S 20–40 mg,  

A 80 mg 
6,541 Any Major Vascular Event 0.85 (0.67–1.10) 0.88 (0.72–1.07) NS 

JUPITER [43] R, Pl 8,781 Any Major Vascular Event 0.57 (0.39–0.83) 0.63 (0.47–0.84) NS 
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Primary Prevention: An Intervention Trial Evaluating Rosuvastatin (JUPITER) cohorts all failed  

to replicate the differences in clinical events in carriers and non-carriers observed in earlier trials 

(Figure 1) [42–44].  

Importantly, there are some key structural differences between the earlier and more recent trials 

which may account for some of this difference in effect size. Namely, patients enrolled in the later 

trials had a lower LDL-C at the time of randomization. This could ameliorate some of the risk 

reduction from statin therapy and mask some of the differential effect of a potentially deleterious KIF6 

mutation. Recently, a meta-regression analysis focused on this discordance concluded that KIF6 may 

be responsible for mediating the deleterious of effects of LDL, thereby increasing a patient‘s 

susceptibility to increased blood levels [30]. 

Figure 1. KIF6 and Statin Response. 

 
Figure 1 depicts the hazard ratio for the primary endpoint (either MI, CHD, or all major vascular 

events) in the intervention arm (statin therapy or intensive statin therapy) versus the control arm 

(placebo or less intensive statin therapy) separated by 2155T>C carrier status 

2.1.2. Evidence of KIF6 and Risk of Coronary Heart Disease 

It is possible that the benefit of statin treatment among carriers found in earlier analyses may have 

nothing to do with the pharmacologic mechanism of their statin treatment but instead may be due to an 

independent risk of CHD progression. This hypothesis has also been evaluated in several analyses. 

Similar to the analyses evaluating the statin efficacy argument, this ‗prognostic risk‘ hypothesis was 
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supported by early investigations [33,34,38], yet failed to be replicated in later analyses. A large  

meta-analysis of 19 case control studies of >50,000 patients showed no statistically significant effect 

of carrier status on disease risk [45]. Again there are some caveats to this analysis as well. First, it did 

not include information on patients statin usage which is an important effect modifier of KIF6 carrier 

status. Next, this study primarily included case control studies of angiographically defined coronary 

artery disease (CAD) as opposed to CHD events that were the primary focus of the WHS, ARIC, 

WOSCOPS, CARE, and CHS studies. 

2.2. AKROBATS and KIF6 as a Tool for Promoting Adherence 

With traditional adherence-promoting interventions, much of the benefit comes from improving a 

patient‘s self-efficacy or belief that their actions will have meaningful impact on their outcomes. 

Logically, if KIF6 testing were able to identify those patients with the greatest benefit from statin 

therapy, it might also have utility as an adherence-promoting intervention via its ability to improve a 

patient‘s sense of self-efficacy [32]. The potential utility of routine KIF6 testing to promote adherence 

was evaluated in the Additional KIF6 Risk Offers Better Adherence to Statins (AKROBATS) trial. 

AKROBATS was a non-randomized comparative effectiveness study where enrolled patients were 

offered KIF6 testing, and their subsequent adherence to treatment was compared with concurrent 

untested controls via a prescription database [27]. This hypothesis-generating study indicated that 

patients who were aware of their KIF6 status were approximately twice as likely to be adherent to 

therapy at 6 months based upon a proportion of days covered (PDC) value greater than 0.80 [46]. 

AKROBATS was limited by its non-randomized and relatively uncontrolled design. The portion of 

the improvement in adherence as due to the patient‘s knowledge of their KIF6 carrier status was 

difficult to determine. In fact, it is likely that much of the improvement that was seen was due to the 

fact that in participating in the trial, patients were in conversation with a pharmacist about their 

coronary risk and the need for good adherence. In itself, such a conversation is an adherence-promoting 

intervention independent of any genomic risk information that was disclosed.  

Although the evidence from the AKROBATS trial may not fully support the utility of KIF6 testing, 

the concept is compelling. The trial presents an important proof-of-principle that interventions aimed 

at genomic personalization of statin therapy have the potential to improve adherence, and thereby 

patient outcomes of patients on statin therapy. Other markers, such as SLCO1B1, are now emerging as 

alternative pharmacogenomic markers that have clear evidence and biological plausibility and may 

operate in robust ways.  

3. SLCO1B1 and Statin-Related Myopathy 

3.1. Epidemiology  

Although statins have well established efficacy in lowering atherosclerotic cardiovascular event and 

death rates and are generally regarded as safe drugs, muscle pain and weakness (myalgia/myopathy) 

are common side effects in this class, occurring in up to 10% of patients [47]. The concern over  

statin-related myopathy (SRM) is exemplified by the drug cerivastatin, which the FDA removed from 

the market due to its high risk of rhabdomyolysis and subsequent deaths [4]. Recently, the concern 
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over SRM motivated the FDA to place new warnings on simvastatin formulations due to the 

significant risk of both myopathy and rhabdomyolysis with high doses [5,48].  

SRM is an extremely heterogeneous condition. Patients with SRM can present with muscle 

complaints ranging from weakness, aches and/or pain without elevated creatine kinase (CK) levels, 

(i.e., myalgia), to more significant discomfort with mild CK elevations and myositis, to life threatening 

rhabdomyolysis [47]. Myalgia is the least severe but most common presentation of muscle toxicity, 

and rhabdomyolysis with potential renal failure is the most severe but least common presentation 

occurring in only a small percentage of the patients who develop myopathy. Although the exact rate of 

myopathy is unclear, outcomes data suggest that it may be more common than originally thought, 

based on strictly-controlled pre-approval clinical trials. Studies of intensive statin therapy report that 

roughly 3% and 2% of patients will experience myalgia and myopathy, respectively [49]. In studies 

that incorporate patient reported outcomes, however, the prevalence of muscle related side effects are 

as high as 10%–25% [50,51].  

3.2. Myopathy and Adherence 

Although SRM actually relatively infrequently leads to hospitalization or disability, its milder 

clinical effects are an important cause of statin intolerance and discontinuation [52,53]. Previous 

reports have repeatedly suggested that side effects or the perception of side effects may be among the 

most significant obstacles to optimal adherence on statin treatment, and a major source of random 

switching as well [54–56]. Thus, while myopathy may be dismissed by some prescribers as minor 

aches and pains, it may have a more profound consequence in terms of treatment discontinuation. The 

results from the USAGE study (Understanding Statin Use in America and Gaps in Patient Education) 

which was an internet-based survey of more than 10,000 statin users highlight this issue. Twenty-nine 

percent of all participants had experienced muscle-related side effects, and of those who had 

discontinued their medication due to a side effect, approximately one third did so without speaking 

with their physician [50]. In other words, some patients who would likely benefit from statins 

discontinued therapy outside of the healthcare system. The gravity of this problem may be invisible to 

many health care providers. 

4. SLCO1B1 as a Predictive Marker 

Solute carrier organic anion transporter family member 1B1 (SLCO1B1) is a predictive marker of 

statin-related myopathy (SRM) which is a significant barrier to optimal adherence. Although there are 

many clinical factors that may predispose a patient to SRM, recent evidence suggests that SRM has a 

very strong genetic component. In fact, up to half of the SRM associated with simvastatin, one of the 

most commonly prescribed statins, may be attributable to a single genetic variant in SLCO1B1 [57]. 

Furthermore, recent evidence has demonstrated that patients carrying certain variants in SLCO1B1 are 

twice as likely to show signs of intolerance to the first statin they are prescribed, which can lead to 

trial-and-error prescribing and unnecessary drug churn [26]. These findings suggest that identification 

of patients with variant forms of SLCO1B1 could mitigate SRM and subsequent low adherence. 
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4.1. SLCO1B1 Physiology  

For statins to perform their function they must first reach the liver. The uptake of statins from  

portal blood into hepatocytes across the phospholipid bilayer occurs primarily through the organic  

anion-transporting polypeptide 1B1 (OATP1B1) influx transporter which is expressed on the 

basolateral membrane of human hepatocytes (Figure 2). OATP1B1 transport appears to be rate 

limiting for hepatocyte uptake and hence distribution and metabolism of many statins. Consequently, 

modifications in this transporter have been significantly associated with the risk of SRM [26,58,59]. 

OATP1B1 is encoded by the gene SLCO1B1 whose *5 allele (Val174Ala, 521T>C) has been shown to 

interfere with localization of the transporter to the plasma membrane, leading to decreased liver uptake 

and greater systemic statin concentrations and hence greater muscle statin exposure [60]. 

Figure 2. Statin Uptake Pathway. (a) SLCO1B1 encodes the OATP1B1 influx transporter. 

(b) OATP1B1 transport is particularly important for hepatic accessibility of statins. The 

transporter contributes to liver uptake of statins including first pass clearance from the 

portal circulation so that decreased transport results in increases systemic (including 

muscle) exposure to statin. (c) HMGCR = 3-hydroxy-3-methyl-glutaryl-CoA reductase, 

CYP = cytochrome P450 isoenzymes, UGT = UDP-glucuronyl transferase class of 

enzymes, SLC = solute carrier group of membrane transporters, ABC = ATP-binding 

cassette transporters. 

 

The genotypic frequencies for the variants of SLCO1B1 vary by ethnicity and some reduced 

function alleles are relatively common, such as the presence of *5 in 8%–20% of Caucasians. The 

best-documented haplotypes thought to play an important role in modulating the risk of SRM are 

shown in Table 3. Of note, the *15 haplotype, with an allele frequency of 10% in Japanese, carries the 

same 521T>C substitution as *5 in combination with the 388A>G SNP and represents another risk 

allele for myopathy in patients receiving statin therapy. 
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Table 3. SLCO1B1 Haplotypes in Various Ethnic Groups. Adapted with permission from 

Oshiro et al. [60].  

Nucleotide 

Change (s) 
rsID 

Protein 

Variation (s) 
Haplotype 

Transporter 

Effect 

OATP1B1 

substrate 

serum conc. 

Allele Frequency (%) 
a
 

Ref. 
AA J As C 

None N/A N/A *1A Normal Baseline 
 

   [60] 

388A>G 2306283 Asn130Asp *1B Increased Decreased 
74–

78 
54 

58–

81 

37–

46 
[60] 

521T>C 4149056 Val174Ala *5 Reduced Increased 1–4 0.7 
6–

19 

12–

20 
[60] 

521T>C+ 

388A>G 

4149056+ 

2306283 

Val174Ala+ 

Asn130Asp 
*15 Reduced Increased 

 
10   [60] 

a
 AA = African American [61,62], J = Japanese [63], As = Asian [64,65], C = Caucasian [61,62,66,67]. 

4.2. Pharmacokinetic Evidence of a Class-Effect  

Reduced function mutations in SLCO1B1 limit the transport of these molecules by OATP1B1 into 

liver cells, which leaves an increased concentration of the statin in the bloodstream. Elevated plasma 

concentrations of statins increase the risk of adverse drug reactions, of which SRM is one of the most 

common. This effect has been best documented for simvastatin where the Area Under the 

Concentration-response Curve [68] (AUC0-∞ (ng∙hr/mL)) is greater than three times higher in those 

patients homozygous for the *5 variant than wild types after a single 40-mg dose [57]. By contrast, 

fluvastatin has been shown to have pharmacokinetic properties that are independent of genetic 

variation at the SLCO1B1 locus, and notably has correspondingly lower rates of reported SRM [69].  

Although most statins are substrates of the transporter OATP1B1 [69], the effects of SLCO1B1 

polymorphism still vary based on the pharmacologic profile of the specific statin. Statins each possess 

unique absorption, distribution, metabolism, and excretion properties that affect kinetics and treatment 

response (Table 4).  

Table 4. Statin Pharmacologic Properties. 

 
Fluvastatin Rosuvastatin Pitavastatin Pravastatin Lovastatin Atorvastatin Simvastatin 

Elimination  

Half-Life 
3 h 19 h 11 h 2 h 4h 14 h 4 h 

LDL Lowering 

Potency 
Low High Low-Mod Low-Mod Low-Mod Mod-High Mod 

Renal 

excretion 
5% 90% 15% 20% 10% 2% 13% 

OATP1B1 

dependence 
- - +/- + ++ +++ ++++ 

Starting dose 
a
 80 mg XL HS 5–10 mg QD 1–2 mg QD 

20–40 mg 

HS 

20–40 mg 

HS 

10–20 mg 

QD 

20–40 mg 

HS 
a
 QD = Once Daily, HS = Taken at bedtime, LDL = Low Density Lipoprotein. 
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4.3. Clinical Evidence  

If toxicity is correlated with muscle exposure to drug levels, then logically, increased drug 

concentrations in the blood should be reflected in an altered side effect profile in patients with reduced 

transport. Several safety studies have evaluated how the rates of adverse drug reactions, most 

commonly myopathy, vary by genotype. To date, five studies have evaluated the risk of SRM as a 

function of genetic variation in SLCO1B1 (Table 5). 

Table 5. SLCO1B1 and Risk of Myopathy. S = Simvastatin, A = Atorvastatin,  

R = Rosuvastatin, P = Pravastatin, C = Cerivastatin, RR = relative risk, OR = Odds Ratio, 

ULN = Upper Limit of Normal. 

The myopathy risk associated with SLCO1B1 was first reported in a study reported by the Study of 

the Effectiveness of Additional Reductions in Cholesterol and Homocysteine (SEARCH) Collaborative 

Group [59]. The authors studied two cohorts of clinically severe cases and controls from large trials 

involving approximately 12,000 and 20,000 participants who were treated with 80 mg and 40 mg of 

simvastatin per day, respectively. The investigators observed a significant association between SRM 

and a single marker in the SLCO1B1 gene (rs4363657, p = 3 × 10
−28

). This association was then 

confirmed in a second cohort which included patients who were randomly assigned to 40 mg of 

simvastatin per day (see Table 6).  

Table 6. Myopathy Risk in SEARCH Stratified by SLCO1B1 Genotype [59]. 

Genotype 
a
 Population Frequency 

Cumulative Percentage with Myopathy 

Year 1 Year 5 

Wild Type 73% 0.34% 0.63% 

Heterozygote 24.9% 1.38% 2.83% 

Homozygote 2.1% 15.25% 18.55% 
a
 Wild Type-521TT, Heterozygous-521TC, Homozygous-521CC. 

The results from the retrospective genetic association study in SEARCH and HPS were 

subsequently validated in the prospective randomized STRENGTH (Statin Response Examined by 

Study Drug n Allele(s) Clinical Endpoint Outcome 

SEARCH [59] S 80 mg 175 *5 Definite or incipient myopathy 
OR = 4.7 per copy 

(p = 3 × 10
−28

) 

HPS [59] S 40 mg 1,664 *5 Definite or incipient myopathy 
OR = 2.6 per copy 

(p = 0.004) 

STRENGTH [58] 

S20→80 mg 

P10→40 mg 

A10→80 mg 

452 *5 

Composite adverse event (CAE)  

defined as discontinuation for any side 

effect, myalgia, or CK>3x ULN 

S: OR = 1.7 per 

copy (p = 0.03) 

GO-DARTS [26] 
All Statins, 

all doses 
4,141 

*1B, *5, 

*15 

Intolerance as defined by an increase  

in CK (1xULN>CK<3xULN) or ALT  

and aberrant prescription patterns 

OR = 2.05,  

(p = 0.043) 

Marciante et al., 

2011 [70] 
C 917 *5 Rhabdomyolysis 

OR = 1.89,  

(p = 0.002) 
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Genetic Haplotype Markers) study [58]. In STRENGTH, subjects (n = 509) were randomized to 

ascending doses of atorvastatin 10→80 mg, simvastatin 20→80 mg, or pravastatin 10→40 mg. A 

composite adverse event (CAE) was defined as discontinuation for any side effect, myalgia, or CK>3 

times upper limit of normal (ULN) during follow-up. Of the five candidate genes evaluated, including 

CYP2D6, CYP2C8, CYP2C9, CYP3A4, and SLCO1B1, only SLCO1B1*5 was associated with CAE 

(37% vs. 25% in carriers and wild type patients respectively, p = 0.03) and more significantly for those 

with CAE exclusive of significant CK elevation (p ≤ 0.03). Furthermore, a gene-dosage effect was 

observed (percent with CAE in those with 0, 1, or 2 of the variant (*5) alleles: 19%, 27%, and 50%,  

p = 0.01 for the trend). Importantly, only allele carriers receiving ascending doses of simvastatin 

showed significantly heightened risk of CAE compared to patients who carried no alleles (16% vs. 

34%, p = 0.01). This is in contrast to patients receiving atorvastatin and pravastatin who showed  

non-significant changes in CAE risk based on allele carriage (19% vs. 27%, p = 0.3 and 22% vs. 22%, 

p = 0.97 for atorvastatin and pravastatin respectively).Since carriers of 521T>C mutations experienced 

higher rates of myalgia, a significant obstacle to optimal adherence, these same patients should have 

prescribing patterns reflective of intolerance such as switching to a different statin at a lower or 

equivalent dose, reducing the dose of the same statin, or discontinuation of statin therapy. This 

hypothesis was the aim of the GO-DARTS (Genetics of Diabetes Audit and Research) study which 

examined whether SLCO1B1 variants were associated with general statin intolerance in a large 

population of patients with type 2 diabetes receiving statins as part of routine clinical care. This 

observational incident cohort analysis used information from 4,196 genotyped patients in the  

GO-DARTS database, which is part of an ongoing research initiative in the Tayside, Scotland 

(population 400,000) community to track the treatment and health outcomes of individuals with 

diabetes [26]. Information captured in this database included detailed clinical information for 

individuals with diabetes from 1990 to the present including all pharmacy records, lab test results, and 

other clinical data related to diabetes care. This study particularly focused on mild manifestations of 

myopathy, and patients with CK > 3×ULN
iv 

[71] were excluded from analysis. For purposes of this 

study, intolerance was defined as a composite measure of abnormal lab values, alanine transaminase 

(ALT) and CK, and relevant adjustments to the prescription of each patient.  

This study confirmed the association of the *5 allele with statin intolerance (OR = 2.05, 95% CI: 

1.02–4.09, p = 0.04), and further showed that *5 allele carriers have a doubled risk for intolerance to 

their originally prescribed statin. These results were observed in a population where moderate and 

severe cases of myopathy were excluded, therefore representing better the sub-pathological end of the 

spectrum of statin related muscle effects likely to be the more significant driver of correlated  

non-adherence in terms of numbers. This study suggests that the muscle toxicity associated with 

SLCO1B1 is represented in prescribing patterns suggestive of intolerance, and may ultimately prove to 

be useful as a prospective intervention. 

Although the majority of evidence for SLCO1B1-related SRM has been around simvastatin, 

cerivastatin, a drug that was recalled due to its risk of rhabdomyolysis [4], has also recently been 

shown to be effected by this locus. In an analysis by Marciante et al., a candidate gene study 

(examining CYP2C8, UGT1A1, UGT1A3, and SLCO1B1) and a GWAS study were performed on 185 

cerivastatin-induced rhabdomyolysis cases matched to statin-using controls from Cardiovascular 

Health Study (n = 374) and Vascular Health Study (n = 358) [70], A subsequent in vitro functional 
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analysis for 521T>C was also performed in stable HEK293 cells. Permutation test results showed an 

association between cerivastatin-induced rhabdomyolysis and the *5 allele (OR = 1.89, p = 0.002).  

In functional studies, this variant reduced transport by 40% compared with the reference transporter  

(p < 0.001). This study extends the results of simvastatin-centered trials to cerivastatin and functional 

studies provide a potential causal association.  

4.4. SLCO1B1 as an Adherence Intervention 

Clinical evidence shows a strong association between carriage of alleles of SLCO1B1 and both mild 

myalgia and clinically severe myopathy [58,59]. Furthermore, SLCO1B1 induced muscle toxicity has 

also been associated with lower levels of drug tolerance [26]. Since there is a gradient of effect for 

variations in this transporter across the statin class [72], it may be possible to personalize statin 

treatment for the patient‘s effectiveness goals as well as their predisposition to myopathy according to 

SLCO1B1 genotype. In fact various groups, including the Clinical Pharmacogenomics Implementation 

Consortium, have drafted specific treatment recommendations that can provide clinicians with a 

practical starting point for how to implement a patient‘s 521T>C status into their treatment [72,73]. 

Although the evidence from the AKROBATS trial may not fully support the utility of genomic 

testing in itself in improving patient adherence [27], the concept is compelling and the use of SLCO1B1 

may go one step further by not only affecting a patient‘s sense of self-efficacy [32] but also reducing 

the probability of myopathy, an independent barrier to optimal adherence. Most importantly, decisions 

based on this intervention could lead to less atherosclerosis and cardiovascular events. Currently there 

is no direct clinical evidence that the personalized prescribing of statins using a patient‘s SLCO1B1*5 

status will improve their medication adherence; however, previous analyses suggest that this is a 

logical conclusion and will be an important hypothesis to evaluate in future analyses. 

5. Conclusions  

Although the benefits of statin therapy and the importance of adherence for maximum efficacy have 

been demonstrated, adherence rates remain low. Patients do not adhere to their medications for many 

reasons including low health literacy, cost and side effect profiles. Personalized prescribing in the 

statin class has the potential to improve both the efficacy and safety of these drugs. Testing of KIF6, a 

potential marker of statin effectiveness, has been suggested as a means to select those patients best 

suited for intensive treatment. Disclosure of this personalized risk may improve a patient‘s sense of 

self-efficacy and therefore improve the likelihood of adherence. This logic has recently been evaluated 

in some early research with mixed results. SLCO1B1 is a marker for statin safety and may be capable 

of personalizing treatment to a patient‘s individual risk of myopathy, an independent barrier to optimal 

adherence. Given the prevalence of statin usage and the important place of these medications in the 

treatment of the epidemic of CHD, there could be significant benefit from personalizing statin 

treatment to promote increased patient adherence.  
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