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Abstract 
 

Purpose The SLCO1B1 c.521T>C polymorphism is associated with increased systemic exposure and risk of 

myotoxicity for most statins. In old patients with polypharmacy and multiple comorbidities even low grades of 

statin-associated muscle symptoms may have clinical implications. The aim of the present study was therefore to 

investigate possible impact of the SLCO1B1 c.521T>C polymorphism on physical performance in frail older 

patients receiving polypharmacy including simvastatin or atorvastatin. 

 

Method We performed an observational study of home-dwelling patients aged 70+ treated with simvastatin or 

atorvastatin in combination with at least six other regular systemic medications.  Physical performance scores, 

measured as grip strength, gait speed and Short Physical Performance Battery (SPPB), were compared between 

carriers and non-carriers of the SLCO1B1 c.521C variant. Linear regression analyses were carried out to 

investigate possible effects of the SLCO1B1 c.521T>C polymorphism on various measures of physical 

performance. 

 

Results 81 simvastatin or atorvastatin-treated patients with a mean (SD) age of 81.2 (6.5) years were included. 

There were no significant associations between SLCO1B1 c.521T>C and grip strength (B -0.395, 95% Cl -3.065 

to 2.287), gait speed (B -0.042, 95% Cl -0.126 to 0.043), or SPPB (B -0.003, 95% Cl -0.095 to 0.089). We did, 

however, find a statistically significant positive association between statin dose and performance on SPPB (B 

0.021, 95% Cl 0.006 to 0.035) and gait speed (B 0.001 95% Cl 0.000 to 0.002). 

 

Conclusion In this observational study of older, simvastatin- or atorvastatin treated patients subjected to 

polypharmacy, the SLCO1B1 c.521T>C polymorphism was not associated with physical performance. 
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Background 
Lipid-lowering drugs are widely used in the treatment and prevention of atherosclerotic disease [1]. The most 

used lipid-lowering drugs today are statins, or 3-hydroxy-3-methylglutaryl-coenzyme A inhibitors. They are 

generally regarded safe to use [2], and their benefits are well documented [1]. However, muscular adverse 

effects of statins are quite common, ranging from an asymptomatic rise in creatine kinase concentration, myalgia 

and myositis to rhabdomyolysis [3]. A systematic review of statin induced myopathy from 2011 stated that 

0.01% of patients taking statins developed rhabdomyolysis, while 10-15% developed myalgia [4]. 

Although adverse effects like mild myalgia do not necessarily associate with measurable decline in 

muscle strength in healthy individuals [5], potentially serious consequences may occur in older people who are 

frail and receive polypharmacy. Physiologic ageing processes lead to pharmacokinetic and pharmacodynamic 

changes and reduced ability to maintain physiologic homeostasis [6], and thus make the elderly population more 

vulnerable for adverse drug reactions [7]. For older patients with reduced muscle function and balance, even low 

grades of statin-associated muscle symptoms may have clinical implications, i.e. a decline in physical function or 

increased risk of falling. 

The risk of statin-induced myopathy is dependent on the plasma concentration (systemic exposure) [8]. 

Therefore, pharmacokinetic interactions as well as pharmacogenetic variations elevating statin exposure increase 

the risk of muscular adverse effects. In recent years a specific influx transporter, OATP1B1, has been of 

particular interest regarding this topic [9]. OATP1B1, an anion-transporting polypeptide, is located in the 

sinusoidal membrane of hepatocytes and facilitates the uptake of several drugs into the liver, including all 

statins, except from fluvastatin [10]. 

SLCO1B1 is the gene encoding OATP1B1, in which a specific single nucleotide polymorphism (SNP), 

the c.521T>C variant (rs4149056), decreases the efficiency of OATP1B1-mediated influx [11]; hence increasing 

the systemic exposure to statins. In pharmacokinetic studies, homozygous carriers of SLCO1B1 c.521C have 

been reported to obtain a 3.2-fold and 2.4-fold higher systemic exposure of simvastatin and atorvastatin, 

respectively, as compared to carriers of the normal (wild type) allele [11]. This increase in systemic exposure of 

statins is in turn associated with an increased risk of statin-induced myopathy in carriers of the SLCO1B1 

c.521C variant [11-14]. With an allelic frequency of approximately 16% in Europeans and 12% in East-Asians 

[14], this variant is likely of clinical relevance. 

Several studies have given new insights, but it has only been known a few years how SLCO1B1 

c.521T>C affects statin-treated patients, and many clinical aspects have still not been investigated. For example, 
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how SLCO1B1 c.521T>C affects physical function in older patients receiving statin treatment, especially when 

the statin is combined with multiple other drugs. Considering that frail older people are more prone to adverse 

side effects and also more affected by them [6,7], we need better knowledge of the clinical impact of SLCO1B1 

c.521T>C in this particular group. Therefore, the aim of this observational study was to investigate possible 

associations between the SLCO1B1 c.521T>C polymorphism and physical function, measured through grip 

strength, gait speed and general mobility, in frail elderly patients receiving polypharmacy including simvastatin 

or atorvastatin, adjusting for possible confounding factors as well as for statin dosage and relevant 

pharmacokinetic interactions. 

 

Methods & participants 

Participants 

This observational study was carried out in the COOP study cohort [15]. The COOP study was a randomised 

study of collaborative drug reviews in patients 70 years and older who used at least seven different medications 

and had their medications administered by the home nursing service. From the COOP study population, we 

included patients treated with simvastatin or atorvastatin, who comprised of 81 home-dwelling elders aged 70-

102 years. Patients treated with other statins were excluded due to low numbers (rosuvastatin (n=2) and 

pravastatin (n=4)). 

 

SLCO1B1 genotyping 

Blood samples drawn from the included patients were used for pharmacogenetic analyses at Diakonhjemmet 

Hospital, Oslo, Norway. Briefly, DNA was extracted from 250 µL blood aliquots and subsequent analysis of the 

c.521T>C polymorphism (rs4149056) was carried out using a certified TaqMan-based real-time PCR assay 

implemented for routine pharmacogenetic analysis at the hospital. The c.521T>C polymorphism is present on 

three SLCO1B1 haplotypes (SLCO1B1*5, *15 and *17), but the phenotypic effect is the same regardless of 

haplotype [16]. Thus, the patients were divided into two subgroups based on the analysis of the c.521T>C 

polymorphism, i.e. heterozygous or homozygous carriers of the c.521C allele (merged test group; reduced 

SLCO1B1 genotype) and homozygous carriers of the c.521T allele (control group; normal SLCO1B1 genotype). 

 

Statin dose equivalents 

Our aim was to study the effect of the SLCO1B1 c.521T>C polymorphism on physical endpoints in statin users, 

and not the effect of statin exposure per se. We thus generated a statin exposure variable, taking into account the 
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different statins and their relative potency as well as interactions known to affect statin concentrations 

significantly. When generating the predicted statin exposure variable, equipotent doses was converted using 

simvastatin as reference, e.g. 10 mg atorvastatin was defined an exposure similar to 20 mg simvastatin, as the 

former is twice as potent per dose than the latter in terms of lipid-lowering effect [17]. As pharmacokinetic 

interactions may alter the ‘effective’ dose of simvastatin and atorvastatin, the calculated dose equivalents were 

corrected for the expected exposure changes of drug-drug interactions with simvastatin or atorvastatin. To 

identify potential drug-drug interactions, we searched a database established by the Norwegian Medicines 

Agency (www.legemiddelinteraksjoner.no) [18]. Three identified interactions were considered of clinical 

relevance among the included simvastatin-treated patients, and those were amlodipine, diltiazem and 

amiodarone, which are CYP3A4 inhibitors increasing serum levels of simvastatin about 1.5-fold [19-21], 3-fold 

[22,23], and 1.7-fold [24], respectively. For atorvastatin, no clinically relevant interactions were identified in the 

database searches. 

 

Physical performance 

The following indicators of physical performance were measured: Grip strength, gait speed and Short Physical 

Performance Battery (SPPB) score. Grip strength was measured using hand dynamometry, with three attempts 

on each hand. The highest score of the total six attempts were used, results were measured in kilograms. Gait 

speed was determined by measuring the normal gait speed in meters per second from a static start. SPPB is a 

screening tool for physical function in the elderly, and combines the results of gait speed, chair stand and balance 

tests [25]. SPPB score ranges from 0 to 12, where 12 is best. 

 

Adjustment variables  

We used the Cumulative Illness Rating Scale (CIRS) [26] to quantify the degree of comorbidity. CIRS ranges 

from 0 to 56, where increasing score indicates higher comorbidity. To assess severity of dementia we included 

the Clinical Dementia Rating scale (CDR) [27]. CDR was scored using the sum of boxes method, with scores 

ranging from 0 to 18, increasing score indicating more severe dementia. The Functional Independence Measure 

(FIM) [28] was used to grade the degree of disability. FIM ranges from 18 to 126, increasing score indicating 

higher grade of independence. 

Age, gender and Body Mass Index (BMI) were also included as adjustment variables. BMI was 

obtained from weighing and self-reported height. 
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Statistical analysis 

We present descriptive data for continuous variables as mean and standard deviation (SD), or median and 

interquartile range (IQR), and categorical variables as percentages. T-tests were used to compare means in the 

carrier and non-carrier groups, and Mood's median test are used to compare medians. 

To investigate whether the SLCO1B1 c.521T>C polymorphism is associated with physical performance 

among statin users, we used both unadjusted and multiadjusted linear regression analysis. The three physical 

performance variables were used as dependent variables. To adjust for factors that can influence physical 

performance we included the covariates gender, age, BMI, equivalent statin dose, CIRS (comorbidity), CDR 

(dementia) and FIM (disability). We decided in advance which independent variables to include and used the 

enter method for multiple regression analysis. Also, a subgroup analysis was carried out in the simvastatin-

treated patients, since simvastatin is more sensitive to changes in serum concentration according to SLCO1B1 

genotype than atorvastatin. We report unstandardized coefficients and their 95% confidence intervals from the 

linear regression analysis. 

Interaction analysis was performed to investigate the potential interaction between the equivalent statin 

dose variable and the SLCO1B1 c.521T>C variable. All the physical performance variables were checked to be 

normally distributed by Q-Q plots before statistical analyses. All the analyses were completed using SPSS 

version 25. 

 

 

Results 

Descriptive data are reported in Table 1. Among the included patients (n=81), 28 (34.6%) were treated with 

atorvastatin and 53 (65.4%) with simvastatin. There were 45 females (55.5%), and the study population 

altogether had a mean (SD) age of 81.2 (6.5) years (Table 1). Regarding the genotype distribution, 20 patients 

(24.6%) were heterozygous for the SLCO1B1 c.521C reduced-function variant allele (TC genotype), and none 

of the patients were homozygous carriers (CC genotype). Thus, the overall allele frequency of SLCO1B1 c.521C 

was 12.3% (95% CI 8.13-18.4%) in the study population.  

Carriers of the SLCO1B1 c.521C variant allele had non-significantly lower grip strength compared to 

non-carriers (Table 1). There was no difference in gait speed and SPPB between the groups. The calculated 

mean statin dose equivalent was 43.0 mg/day in SLCO1B1 c.521C carriers versus 52.4 mg/day in non-carriers 

(mean difference 9.4 mg/day, 95% CI -10.5 to 29.3, Table 1). 
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Results from the linear regression analyses are reported in Table 2. We observed a negative association 

between the SLCO1B1 c.521T>C polymorphism and the three physical performance variables, but no 

statistically significant associations, neither in the unadjusted nor in the multiadjusted models. However, in the 

multiadjusted analyses we unexpectedly found a statistically significant association between higher equivalent 

statin dose and better performance on SPPB (B 0.021, 95% CI 0.006 to 0.035) and gait speed (B 0.001, 95% CI 

0.000 to 0.002), but not for grip strength (B 0.012,  95% CI -0.019 to 0.042). In the interaction analysis we found 

no significant interaction between the statin dose equivalents and the SLCO1B1 c.521T>C polymorphism. 

Subgroup analysis for simvastatin-treated patients showed that SLCO1B1 c.521C carriers had slightly 

higher scores in SPPB and gait speed, and slightly lower grip strength scores, compared to non-carriers, with a 

mean difference (95% CI) of -0.7 (-2.6 to 1.2) for SPPB, -0.1 (-0.1 to 0.1) for gait speed and 0.8 (4.5 to 6.1) for 

grip strength. In the linear regression analysis for simvastatin-treated patients, there were no significant 

association between SLCO1B1 c.521T>C polymorphism and the three variables describing physical 

performance. 

 

Discussion  

In this observational study of home-dwelling elders receiving simvastatin or atorvastatin in combination with at 

least six other drugs, we evaluated the effect of the SLCO1B1 c.521T>C polymorphism on physical 

performance, measured through grip strength, gait speed and SPPB. We found no statistically significant 

associations between SLCO1B1 c.521T>C and the physical performance variables. However, for all three 

physical performance variables there were non-significantly lower scores in carriers of the SLCO1B1 c.521C 

allele, and in the context of being an observational study, these observations may call for additional studies with 

larger study population to evaluate the potential relevance of SLCO1B1 genotype for physical performance in 

older statin-treated patients. 

This study has several limitations related to its naturalistic setting. A particularly relevant aspect is that 

participants were not asked about adherence to their prescribed statin therapy. Actually, a previous study 

reported that one third of statin users were nonadherent to the treatment [29]. Given the possible high rate of 

noncompliance, it could not be excluded that the potential impact of SLCO1B1 c.521T>C on physical function 

was underestimated, since c.521C carriers are more prone to side effects which may hamper treatment 

adherence. The fact that all our participants had their medication administered by the home nursing service may, 

however, indicate a higher adherence than else observed [30]. Patients with earlier experienced myopathy might 
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also have had their statin dosage reduced, a hypothesis supported by the fact that statin dose equivalents were 

somewhat lower in the group of c.521C carriers. Furthermore, the study did not include any homozygous carriers 

of c.521C, which are likely the most vulnerable ones in terms of negative effects on physical performance. 

In the study population, the allele frequency of c.521C was 12%, which is somewhat lower than general 

frequencies in Europeans [16]. This might indicate that within this group of older, frail patients, c.521C carriers 

are potentially underrepresented due to reduced tolerance and increased discontinuing rate towards simvastatin 

or atorvastatin treatment. It is also possible that pronounced sarcopenia in frail old adults might mask statin-

induced deterioration of muscle function, which reduce the sensitivity of detecting an effect of SLCO1B1 

c.521T>C on physical functions. 

The statin dose equivalents variable showed a positive association with SPPB and gait speed in the 

multiadjusted models. Explanations to this somewhat surprising finding possibly relate to the positive effects of 

statins on cardiovascular disease [1], which may slow down a natural loss of physical function. Another relevant 

factor in our study population might also be that physicians are careful when prescribing statins to frail elders, 

leading to a lower prescribed dose amongst those with a lower physical performance, which could make an 

overestimation of the effect of statins on physical function.  

We had limited statistical power to show potential differences in physical functions between carriers 

and non-carriers. There were only twenty participants having the SLCO1B1 c.521C allele, and all of them were 

heterozygote. However, some of our study findings may actualize further investigations of the hypothesis that 

c.521T>C may affect tolerance of statin treatment in older patients. Well-designed studies with more participants 

should therefore be carried out to further investigate the potential impact of the c.521T>C polymorphism on 

physical performance in the elderly. 

Conclusion 

The SLCO1B1 c.521T>C polymorphism was not significantly associated with grip strength, gait speed nor 

SPPB scores in home-dwelling simvastatin or atorvastatin treated patients aged 70+ who used at least six other 

medications and had their medication administered by the home nursing service.  
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Table 1 Characteristics of the study population and univariate comparisons of clinical endpoints 
between SLCO1B1 521C carriers and TT carriers  

 Overall 
N = 81 

TT carriers 
N = 61 

521C carriers 
N = 20 Mean Difference (95% CI)*** 

Age (years) 81.2 (6.5) 81.2 (6.5) 81.1 (6.7) 0.1 (-3.2 to 3.4) 
Grip strength (kg) 21.2 (8.0) 21.8 (7.6) 19.6 (9.2) 2.2 (-1.8 to 6.3) 
SPPBa (0-12) 5.1 (2.9)* 5.1 (3.0) 5.1 (2.8) 0.0 (-1.5 to 1.6) 
Gait speed (m/s) 0.6 (0.2)* 0.7 (0.2) 0.6 (0.6) 0.0 (-0.1 to 0.1) 
BMIb 26.2 (5.6)** 26.0 (5.2) 26.8 (6.9) -0.8 (-3.8 to 2.3) 
CIRSc (0-56) 17.2 (4.2) 17.1 (4.5) 17.5 (3.1) -0.4 (-2.5 to 1.8) 
FIMd (18-126) 111.2 (11.2) 111.6 (10.1) 109.8 (14.2) 1.8 (-3.9 to 7.6) 
CDRe (0-18) (median 
(IQR)f) 

0.5 (0.0 to 
3.8) 0.5 (0.0 to 3.5) 1.0 (0.0 to 4.9) 0.4**** 

Female (n (%)) 45 (55.6) 31 (50.8) 14 (70.0) - 
Statin dose 
equivalents (mg) 50.2 (38.7) 52.4 (39.4) 43.0 (36.6) 9.4 (-10.5 to 29.3) 

Values are expressed as mean (SD) unless otherwise indicated.   
*n=7 (five males) missing due to amputation or hemiparesis, **n=4 (two males) missing due to height not 
reported, ***non-carriers of SLCO1B1 c.521C (TT carriers) are reference category, ****p-value of median test

aShort Physical Performance Battery 
bBody mass Index 
cCumulative Illness Rating Scale 
dFunctional Independence Measure 
eClinical Dementia Rating 
fInterquartile Range 
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TABLE 2 Linear regression analysis, unadjusted and multiadjusted (n=81) 

Dependent variable Explanatory variables 
 

Unadjusted models 
 

 
Multiadjusted model 

 
 B 95% CI B 95% CI 

      
Grip strength (kg) 
 

Age (years) -0.328 -0.593 to -0.062 -0.178 -3.864 to 0.008 

 SLCO1B1 c.521T>C* -2.248 -6.340 to 1.844 -0.395 -3.076 to 2.287 
 CIRSa (0-56) 0.380 -0.042 to 0.803 0.095 -0.185 to 0.375 
 Female gender** -11.933 -14.312 to -9.554 -10.485 -13.004 to -7.967 
 CDRb (0-18) 0.148 -0.008 to 0.304 -0.069 -0.448 to 0.310 
 FIMc (18-126) -0.216 -0.729 to 0.297 0.166 0.043 to 0.289 
 BMId 0.691 0.398 to 0.983 0.250 0.025 to 0.475 
 Statin dose 

equivalents (mg) 0.059 0.014 to 0.103 0.012 -0.019 to 0.042 

      
SPPB (0-12) Age (years) -0.026 -0.132 to 0.079 -0.042 -0.126 to 0.043 
 SLCO1B1 c.521T>C -0.032 -1.620 to 1.557 0.313 -0.904 to 1.530  
 CIRSa (0-56) -0.134 -0.299 to 0.031 -0.150 -0.28 to -0.019 
 Female gender** -1.932 -3.237 to -0.628 -1.192 -2.335 to -0,048 
 CDRb (0-18) -0.022 -0.170 to 0.213 0.269 0.092 to 0,447 
 FIMc (18-126) 0.139 0.081 to 0.197 0.175 0.115 to 0.234 
 BMId 0.154 0.039 to 0.268 0.31 -0.069 to 0.131 
 Statin dose 

equivalents (mg) 
0.026 0.008 to 0.043 0.021 0.006 to 0.035 

      
Gait speed (m/s) Age (years) 0.000 -0.007 to 0.007 -0.002 -0.009 to 0.004 
 SLCO1B1 c.521T>C -0.031 -0.136 to 0.075 -0.003 -0.095 to 0.089 
 CIRSa (0-56) -0.011 -0.022 to 0.000 -0.010 -0.020 to 0.000 
 Female gender** -0.078 -0.168 to 0.12 -0.045 -0.131 to 0.042 
 CDRb (0-18) -0.004 -0.017 to 0.008 0.011 -0.002 to 0.025 
 FIMc (18-126) 0.009 0.005 to 0.013 0.011 0.006 to 0.015 
 BMId 0.006 -0.002 to 0.013 -0.001 -0.009 to 0.006 
 Statin dose 

equivalents (mg) 
0.001 0.000 to 0.002 0.001 0.000 to 0.002 

      
 *TT carriers is reference category,  **male is reference category. Statistically significant values are written in 
bold. 
aCumulative Illness Rating Scale 
 bClinical Dementia Rating 
 cFunctional Independence Rating 
dBody Mass Index 

 


