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SLCO1B1 Functional Variants, Bilirubin,  
Statin-Induced Myotoxicity, and Recent 
Sub-Saharan African Ancestry: A Precision 
Medicine Health Equity Study
Tanushree Haldar1 , Mark Kvale2 , Jia Yang3 , Michael P. Douglas1 , Willow Coyote-Maetas3,4 , 
Linda Kachuri5,6 , John S. Witte5,6,7 , Carlos Iribarren8, Marisa W. Medina2,9,10 ,  
Ronald M. Krauss9,11 , Sook Wah Yee3,*  and Akinyemi Oni-Orisan1,2,3,*

Statin pharmacogenetic implementation guidelines are derived from evidence of primarily Eurocentrically biased study 
populations. Functional SLCO1B1 variants that are rare in these study populations have not been equitably investigated 
and are thus missing from guidelines. The objective of this precision medicine health equity study was to determine 
the clinical validity of understudied candidate functional SLCO1B1 variants common in people with 1,000 Genomes 
sub-Saharan African superpopulation (1KG-AFR-like) genetic similarity. We conducted our analyses using the real-
world evidence of participants from three large, electronic health record-linked biobanks. We used bilirubin levels (as 
an endogenous substrate of organic anion transporting polypeptide [OATP1B1] function) and severe statin-induced 
myotoxicity phenotypes. Loss-of-function splice variant rs77271279 (P = 1.1 × 10−17) had the strongest association with 
elevated total bilirubin levels in Black participants (mean 84% AFR-like genetic similarity) followed by missense variant 
rs59502379 (P = 7.4 × 10−12) then missense variant rs4149056 (P = 6.0 × 10−5). In an exploratory subset of the Black 
study population who used statins (n = 77 severe statin-induced myotoxicity cases), rs59502379 (odds ratio [OR] = 2.85, 
95% confidence interval [CI] 1.08–7.52), but not rs77271279 (OR = 1.75, 95% CI 0.62–4.73) was associated with 
myotoxicity. Sensitivity analyses in participants with >5% AFR-like genetic similarity corroborated these findings. For 
white participants, rs77271279 and rs59502379 were rare precluding subsequent analyses. Our findings highlight the 
clinical relevance for understudied SLCO1B1 variants on pharmacogenetic testing panels with a potential immediate 
impact on reducing the risk of severe statin-induced myotoxicity primarily in Black patients, a group historically excluded 
from genomic research. Future studies require larger statin user study populations with less heterogeneity by statin type.
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
	; Variants known to impact OATP1B1 function that are rare 

in Eurocentrically biased study populations have not been in-
vestigated in cohorts as a determinant of statin myotoxicity and 
are thus missing from guideline inclusion. Thus, pharmacoge-
netic tests for statin therapy are not providing equitable benefits 
in preventing the risk of myotoxicity.
WHAT QUESTION DID THIS STUDY ADDRESS?
	; This health equity study determined the clinical validity 

of understudied candidate functional SLCO1B1 variants com-
mon in people with recent genealogical ancestors from Africa.
WHAT DOES THIS STUDY ADD TO OUR 
KNOWLEDGE?
	; This investigation is the first to demonstrate a strong 

association between two SLCO1B1 polymorphisms and levels 

of an endogenous biomarker for OATP1B1 function. Effect 
sizes were larger than what was found with the well-established 
c.521T>C variant.
HOW MIGHT THIS CHANGE CLINICAL 
PHARMACOLOGY OR TRANSLATIONAL SCIENCE?
	; Eventual incorporation of these variants into preemptive 

pharmacogenetic testing panels could have a significantly 
positive impact on the risk of severe statin-induced myotoxicity, 
especially in Black patients, who make up a group historically 
excluded from genomic research.
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3-Hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase 
inhibitors (more commonly known as statins) are among the most 
efficacious therapies for the prevention of atherosclerotic cardiovas-
cular disease (ASCVD). Their broader population-wide utilization, 
which would reduce the burden of this major public health issue, is 
substantially hampered by the adverse drug reaction of myotoxic-
ity.1 Pharmacogenetic findings linking elevated statin drug levels to 
myotoxicity2,3 suggest that these debilitating adverse drug reactions 
cannot be entirely attributed to a nocebo affect and that a precision 
medicine approach to statin selection improves outcomes.

Currently, the Clinical Pharmacogenetics Implementation 
Consortium (CPIC) provides recommendations with the highest 
strength of evidence for statin prescribing based on SLCO1B1 (which 
encodes the liver-specific organic anion transporting polypeptide 
[OATP1B1]) genetic test results to improve therapeutic safety by 
reducing the risk of myotoxicity.3 Consequently, statin pharmacog-
enetics is among the most common clinical pharmacogenetic imple-
mentation examples in practice4; the inclusion of SLCO1B1 as part 
of a 12-gene pharmacogenetic test panel in a landmark randomized 
clinical trial was a major contributor to the primary outcome show-
ing a 30% relative risk reduction for general adverse drug reactions.5 
However, the evidence for which CPIC recommendations of statins 
and other therapies originate from Eurocentrically biased study popu-
lations (i.e., participants who predominantly self-identify as white, de-
rive recent ancestry from any region within the continent of Europe, 
and/or have genetic similarity to participants of the 1,000 Genomes 
European superpopulation [1KG-EUR-like]).2,6 As a result, variants 
known to impact OATP1B1 function that are rare in these groups 
but common in other groups (i.e., one or more of the diverse groups 
that do not fit the above definition of a Eurocentrically biased study 
population) have not been investigated as a determinant of statin 
myotoxicity and are thus missing from guideline inclusion.

Taken together, these prior findings demonstrate that pharmacog-
enetic tests for statin therapy are not providing equitable benefits in 
preventing the risk of adverse drug reactions. Enhanced investigation 
in study populations not Eurocentrically biased will generate the evi-
dence base necessary for more inclusive pharmacogenetic prescribing 
guidelines. The objective of this health equity study was to determine 
the clinical validity of understudied candidate functional SLCO1B1 
variants common in people with recent genealogical ancestors from 
Africa. To do this, we investigated the association between our vari-
ants of interest and endogenous total bilirubin levels as a routinely 
measured OATP1B1 activity biomarker.

METHODS
Data resources
We conducted our studies using de-identified, individual-level, population-
based data capturing the health of participants from three independent 

electronic health record-linked biobanks (each with genome-wide genotype 
data): the National Institutes of Health (NIH) All Of Us research pro-
gram (AoURP), the Genetic Epidemiology Research on Adult Health and 
Aging (GERA) Cohort, and the UK Biobank (UKB).7–9 Before inclusion 
and exclusion criteria were applied, we had access to ~900,000 participants 
across the three cohorts. Institutional Review Board (IRB) approval was 
obtained from both Kaiser Permanente (Mid-Atlantic States Region) and 
the University of California. Participants gave written informed consent. 
See Supplementary Material S1 for further details on these data resources.

Dataset types
Within each data resource, we used electronic health record, self-
administered survey, physical measurement, and genomic data. Further de-
tails on our dataset types are available in the Supplementary Material S1.

Justification for the use of population descriptors in genetic 
studies
Primarily, participants who self-identified as white or Black were in-
cluded in the study. We also included participants with >5% genetic sim-
ilarity to at least one subpopulation group within the 1,000 Genomes 
African superpopulation (i.e., 1KG-AFR-like, people with recent genea-
logical ancestors from Africa).

The selection of these descriptors was carefully done to (1) highlight a 
health disparity essential for achieving our primary study objective and (2) 
avoid the common practice of reporting Eurocentrically biased results as uni-
versally beneficial. Our investigation meets the NIH National Institute on 
Minority Health and Health Disparities (NIMHD) definition of health dis-
parities research because we report “a health difference, on the basis of one or 
more health outcomes, that adversely affects disadvantaged populations”10. 
Furthermore, this study fits under the classification of health equity because it 
reflects a “commitment to reduce—and, ultimately, eliminate—disparities in 
health” by attempting to improve health outcomes for people who are under-
studied in pharmacogenetics.11 When race was reported, it was not used as a 
proxy for genetic similarity, rather it was used to underscore the health equity 
aspect of the study. The >5% 1KG-AFR-like genetic similarity threshold, on 
the other hand, was used to ensure that we maximized the coverage of partic-
ipants carrying our variants of interest while avoiding a threshold so liberal 
(e.g., pooling together all participants) that it would dilute the effect. Our ter-
minology and methods are in concordance with guidance from the National 
Academies of Sciences, Engineering, and Medicine12 and also informed by 
recent health disparities precision medicine research.13 Further details on 
our chosen population descriptors are available in the Discussion section and 
the Supplementary Material S1. The reference groups used for the genetic 
similarity population description are shown in the Genetic Similarity section. 
The specific definitions for the race categories of each cohort are described in 
the Data Resources section of the Supplementary Material S1.

Genetic similarity
The output of genome-wide principal component analyses was used as a 
measure of continental genetic similarity. These analyses were performed 
using microarray genotyping results from GERA and AoURP with 
PLINK2 software. Linkage disequilibrium (LD) pruning was conducted 
on the genotyped data to generate the principal components using a sub-
set of independent variants. We used the following settings to LD prune 
(window size = 1,000 variants, step size = 50 variants, r2 threshold = 0.05). 
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First- and second-degree relatives (kinship coefficient cutoff of 0.12) were 
removed prior to LD pruning. For UKB, continental genetic similarity 
principal components were previously computed using fastPCA based on a 
set of 407,219 unrelated samples and 147,604 genetic markers.14

For AoURP, continental genetic ancestry was estimated using Rye15 
with a reference data set that consisted of 3,433 participants from 1,000 
Genome Project and Human Genome Diversity Project (1KGPHGDP). 
AFR-like genetic ancestry was based on reference participants from Esan 
in Nigeria (ESN), Gambian in Western Division—Mandinka (GWD), 
Luhya in Webuye, Kenya (LWK), Mende in Sierra Leone (MSL), and 
Yoruba in Ibadan, Nigeria (YRI). For GERA, continental genetic ancestry 
was previously estimated16 using the full maximum-likelihood software 
package frappe.

Genotype
Consistent with the overall objective of this study, we selected candidate 
SLCO1B1 variants with evidence of mechanistic function that are com-
mon (>1% allele frequency) in subpopulation groups with 1KG-AFR-like 
genetic similarity. Subpopulation groups were gathered from the online 
Genome Aggregation Database (gnomAD) browser: https://​gnomad.​
broad​insti​tute.​org/​. A systematic search for the SLCO1B1 variants was 
conducted within gnomAD and PubMed database. Two independent in-
vestigators (S.W.Y. and A.O.) conducted the search using relevant genetic 
terms (“SLCO1B1” or “OATP1B1”) in combination with relevant popu-
lations descriptors (“sub-Saharan,” “African,” “Black,” “AFR”). Through 
this search, we identified 3 variants that met the above criteria: missense 
variant reference single nucleotide polymorphism (rs)4,149,056 (nucle-
otide c.521T>C, amino acid OATP1B1-Val174Ala), missense variant 
rs59502379 (c.1463G>C, OATP1B1-Gly488Ala), and loss-of-function 
splice variant rs77271279 (c.481+1G>T).17–19 The direction of effect 
from each polymorphism was reduced OATP1B1 function.18,20 Among 
the 3 identified variants, we considered the latter 2 as understudied since 
only c.521T>C was mentioned in recent CPIC guidelines.3,21 Only 
c.521T>C among the 3 had a minor allele frequency considered common 
(>0.01) in ≥1 group outside of 1KG-AFR. Further details on our geno-
types including the systematic search are available in the Supplementary 
Material S1.

Phenotype (bilirubin levels)
As the primary outcome of our study, we used bilirubin, an endogenous 
substrate for OATP1B1.22 We used total bilirubin levels as a biomarker 
for OATP1B1 activity. Findings from multiple genome-wide association 
studies for total bilirubin support its use as a biomarker for OATP1B1 
activity.23,24 To rule out the effect of bilirubin levels impacted largely 
by disease or organ dysfunction, we excluded levels that were outside of 
normal limits. The thresholds used to set the limit of normal were 1.71–
20.50 micromoles per liter (UKB) or 0.1–1.2 milligrams (AoURP and 
GERA) based on standard of care. Further details are available in the 
Supplementary Material S1.

Phenotype (severe statin-induced myotoxicity)
We generated a phenotype for severe statin-induced myotoxicity, as pre-
viously described25 with modifications. Briefly, a participant was consid-
ered to have experienced a severe statin-induced myotoxicity event if they 
had evidence of statin-induced rhabdomyolysis or statin-induced myop-
athy (creatine kinase levels >5× the upper limit of normal). We inten-
tionally chose a creatine kinase level threshold higher than often used for 
standard myopathy definitions26,27 to capture only the most severe cases 
of statin-induced myotoxicity. Due to the smaller sample size compared 
to the participants with total bilirubin levels, this phenotype was used 
as a secondary outcome. This drug response phenotype was generated in 
AoURP and GERA only. Incomplete pharmacy records prohibited the 
generation of a drug response phenotype in UKB (UKB statin data were 
only cross-sectional, based on self-administered survey data, and lacked 

details on type/dose). Further details are available in both the Methods 
section and Table S1 of the Supplementary Material S1.

Cell-based assay studies
We conducted in vitro mechanistic studies to support our population-
based studies and extend the current functional evidence for our 
SLCO1B1 variants of interest. Briefly, we established HEK293T cell 
lines expressing either OATP1B1 reference or one of our two reduced 
function amino acid changes (OATP1B1-Val174Ala or OATP1B1-
Gly488Ala). We then performed a variety of assays to assess the func-
tional impact of these amino acid variants. See Supplementary Material 
S1 for details.

Statistical analysis
As a primary analysis, we investigated the association between our candi-
date variants and log10-transformed total bilirubin levels in self-identified 
Black participants using linear regression (with age, sex, body mass index, 
and 10 principal components of continental genetic similarity as covari-
ates). The inclusion of principal components as covariates was used to ac-
count for population stratification as a potential confounder. The first 10 
principal components accounted for 88% of the total population struc-
ture variance from the first 30 components. Meta-analyses of these re-
sults from AoURP, GERA, and UKB were conducted using METAL.28 
First, effect sizes for each variant within a cohort were normalized as Z-
scores. Then Z-scores were combined across cohorts weighted based on 
cohort size (weights proportional to the square root of the sample size). 
As a sensitivity analysis, we repeated our primary analyses except specif-
ically in participants with >5% genetic similarity to the 1KG-AFR-like 
superpopulation. A subsequent sensitivity analysis repeated the primary 
analyses in strata based on the UGT1A1 genotype.

For the secondary analysis, we determined the relationship between our 
candidate SLCO1B1 variants (c.521T>C, c.481+1G>T, c.1463G>C) and 
severe statin-induced myotoxicity using multiple logistic regression in race-
stratified groups from both cohorts from which we made drug response 
phenotypes (AoURP, GERA). Participant age, sex assigned at birth, and 
the first 10 principal components of continental genetic similarity were in-
cluded as covariates. We conducted these analyses in race-stratified meta-
analyses of each variant across cohorts for all statin types combined. Under 
the assumption that genetic effects do not vary by cohort, we used fixed-
effect meta-analyses to model these pharmacogenetic relationships.29 We 
also performed the meta-analyses associations in participants with >5% 
genetic similarity to the 1KG-AFR-like superpopulation.

Our tertiary analyses were cell-based studies as described above and in 
the Methods section of the Supplementary Material S1.

All analyses were conducted using R software (version 4.3.1; R 
Foundation for Statistical Computing; www.​R-​proje​ct.​org; Vienna, 
Austria). STROBE guidelines were followed for reporting the results of 
our population-based studies.30 P values <0.05 were considered statisti-
cally significant.

Role of the funding source
This study was funded by the National Institutes of Health and the 
Office of the Director – All of Us (OD-AoURP). These sponsors did not 
have any role in the study design, conduct, or reporting.

RESULTS
Characterization of the study population
A combined total of 527,500 participants from all 3 cohorts met 
the criteria of study inclusion for our primary analysis. Among 
these, 28,332 (5%) self-identified as Black and 499,168 (95%) as 
white. For our sensitivity analysis, 41,703 participants (includ-
ing 28,367 participants self-identifying as Black [68%]) had >5% 
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genetic similarity to the 1KG-AFR-like superpopulation. Full 
baseline characteristics in this total bilirubin study population are 
shown in Tables S2 and S3.

For our secondary analysis, a total of 578 severe statin-induced 
myotoxicity cases met the criteria of study inclusion. Among these, 
77 identified as Black and 501 as white (Table S4). The number 
of matched statin user controls was 657 and 5,161, respectively for 
Black and white participants.

The relationship between SLCO1B1 variants and total 
bilirubin levels
Within our study population of Black participants across all 3 
cohorts, each of the 3 candidate variants was associated with 
elevated total bilirubin levels. The strongest association was ob-
served for c.481+1G>T (Z-score transformed beta = 8.57, stan-
dard error [SE] = 1.00, P = 1.1 × 10−17) followed by c.1463G>C 
(beta = 6.85, SE = 1.00, P = 7.4 × 10−12) and c.521T>C 
(beta = 4.01, SE = 1.00, P = 6.0 × 10−5, Table 1). Within our 
white study population, c.521T>C was associated with elevated 
total bilirubin levels (beta = 31.25, SE = 1.00, P = 2.1 × 10−473). 
No association was observed between our 1KG-AFR-specific 
variants (c.481 + 1G>T and c.1463G>C) and total biliru-
bin in white participants (Table S5). Consistent results were 
generally observed within individual cohorts (Figure 1, 
Table 1). Sensitivity analyses within our participants with >5% 

1KG-AFR-like genetic similarity showed gene-bilirubin results 
nearly identical to those of the Black participants (Table S6). 
Similar gene-bilirubin results were observed within strata de-
fined by the UGT1A1*28 genotype (Table S7). Finally, our 
SLCO1B1 variants were independently associated with biliru-
bin compared to UGT1A1*28 (Table S8).

The relationship between SLCO1B1 variants and severe 
statin-induced myotoxicity
Our meta-analysis results for the secondary analysis demon-
strated an increased risk of severe statin-induced myotoxicity 
with c.1463G>C (odds ratio [OR] = 2.85, 95% confidence inter-
val [CI] 1.08–7.52, P = 0.03), but not c.481 + 1G>T (OR = 1.75, 
95% CI 0.62–4.73, P = 0.09) or c.521T>C (OR = 1.47, 95% 
CI 0.63–3.42, P = 0.37) for Black participants across all statin 
types (Table 2). The most common statin type used within this 
subset was atorvastatin (~40% of cases). An exploratory analy-
sis within the atorvastatin users yielded similar effect sizes rel-
ative to all statins combined: OR = 3.16 for c.1463G>C (95% 
CI 0.88–11.32, P = 0.08), OR = 1.59 for c.481+1G>T (95% 
CI 0.37–6.87, P = 0.53), and OR = 1.11 for c.521T>C (95% 
CI 0.22–5.54, P = 0.90). Further statin type-specific results 
are available in Table S9. Similar to the bilirubin association 
results, these gene-drug response relationships among our par-
ticipants with >5% genetic similarity to the 1KG-AFR-like 

Table 1  The relationshipa between candidate functional SLCO1B1 variants and total bilirubin levels

SLCO1B1 variant
Analysis 
groupb

AFR genetic 
similarityc

Effect allele 
frequency Cohort Sample size Betad SE P-value

c.481+1G>T Black Meta-
analysis

28,332 8.57 1.00 1.1 × 10−17

0.86 0.030 AoURP 19,673 0.035 0.005 7.6 × 10−11

0.71 0.023 GERA 2,198 0.225 0.099 0.02

0.84 0.027 UKB 6,461 0.100 0.020 9.8 × 10−8

c.1463G>C Black Meta-
analysis

28,332 6.85 1.00 7.4 × 10−12

0.86 0.036 AoURP 19,673 0.025 0.005 5.0 × 10−7

0.71 0.026 GERA 2,198 0.181 0.095 0.06

0.84 0.024 UKB 6,461 0.071 0.016 7.0 × 10−6

c.521T>C Black Meta-
analysis

28,332 4.01 1.00 6.0 × 10−5

0.86 0.029 AoURP 19,673 0.020 0.005 1.4 × 10−4

0.71 0.049 GERA 2,198 0.137 0.070 0.05

0.84 0.043 UKB 6,461 0.012 0.02 0.57

Whitee Meta-
analysis

499,168 46.57 1.00 2.1 × 10−473

0.0004 0.160 AoURP 67,462 0.027 0.001 1.6 × 10−104

0.0062 0.155 GERA 50,979 0.160 0.009 7.0 × 10−76

0.0030 0.151 UKB 380,727 0.058 0.001 9.3 × 10−681

AoURP, All of Us Research Program; GERA, Genetic Epidemiology Research on Adult Health and Aging; SE, standard error; UKB, UK Biobank.
aGenerated by linear regression of log-transformed total bilirubin levels. Covariates included age, sex at birth, body mass index, and the first 10 principal 
components of population-specific genetic similarity. bSelf-identified race; race as a descriptor was used to highlight a disparity rather than to adjust for genetic 
background or as a proxy for genetic similarity. cMean proportion sub-Saharan African (1KG-AFR-like) genetic similarity. dDue to differing bilirubin units of 
measurement across cohorts, meta-analysis beta, and SE results are Z-score transformed. eLow allele frequencies (<0.0005) for our primary variants of interest 
for (c.481+1G>T and c.1463G>C) in white participants precluded subsequent analyses for those variants in this study population.

ARTICLE



VOLUME 117 NUMBER 6 | June 2025 | www.cpt-journal.com1700

superpopulation mirrored those of our Black participants 
(Tables S10 and S11).

For White participants, c.521T>C was significantly associated 
with the increased risk of severe statin-induced myotoxicity with a 
similar effect as observed for Black participants (OR = 1.41, 95% 
CI 1.20–1.67, P = 5.4 × 10−5). Cohort-specific results are dis-
played in Table 2.

Cell-based mechanistic studies for OATP1B1-Val174Ala and 
OATP1B1-Gly488Ala
Following a 24-hour transient transfection of CMV-mNG2-1-
10-P2A-mCherry31 into the landing cells expressing OATP1B1 
reference, OATP1B1-Val174Ala, or OATP1B1-Gly488Ala, cells 
were treated with 2 μg/mL doxycycline to induce transporter 
expression. HEK293T landing cells transiently overexpressing 
OATP1B1 reference, OATP1B1-Val174Ala, and OATP1B1-
Gly488Ala exhibited substantially higher levels of mNeon-
Green abundance compared to HEK293T landing cells without 

transfection of CMV-mNG2-1-10-P2A-mCherry (Figure 2a). 
The OATP1B1-Val174Ala and OATP1B1-Gly488Ala amino acid 
substitution exhibited similar mNeonGreen fluorescence when 
compared to the OATP1B1 reference (Figure 2a). Moreover, 
OATP1B1 reference, OATP1B1-Val174Ala, and OATP1B1-
Gly488Ala each had plasma membrane fluorescence green fluo-
rescence protein (GFP) expression (Figure 2b).

Despite similar GFP expression compared to OATP1B1 ref-
erence, the amino acid substitutions demonstrated significantly 
reduced intracellular fluorescein-methotrexate as well as reduced 
uptake of both estrone sulfate and estradiol-17β-glucuronide 
(Figure 2a,d,e). Furthermore, only OATP1B1-Gly488Ala 
showed mixed localization of GFP abundance on the plasma 
membrane and intracellularly (Figure 2b). There was a slight re-
duction of OATP1B1-Gly488Ala on the plasma membrane com-
pared to OATP1B1-Val174Ala relative to reference (Figure 2b). 
Accordingly, OATP1B1-Gly488Ala cells showed a reduced uptake 
of estrone sulfate and less cytotoxicity to rosuvastatin (Figure 2c,e) 

Figure 1  The relationship1 between SLCO1B1 variants and total bilirubin levels (micromoles per liter) in self-identified Black participants 
(n = 6,461) from the UK Biobank (UKB). Loss-of-function splice variant c.481+1G>T (rs77271279) had the strongest association (P = 9.8 × 10−8) 
with elevated total bilirubin levels (an endogenous substrate of organic anion transporting polypeptide [OATP1B1] function that we used as a 
biomarker for enzyme activity) followed by missense variant c.1463G>C (rs59502379, P = 7.0 × 10−6). Missense variant c.521T>C (rs4149056) 
was not associated with total bilirubin levels (P = 0.57). Minor allele frequencies were similar for all variants (0.020.04). Age, sex, body mass 
index, and 10 principal components of continental genetic similarity were added as covariates. Data presented as mean and standard error 
range. *P < 0.05.
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compared to OATP1B1-Val174Ala. However, the uptake of 
estradiol-17β-glucuronide was not significantly different between 
OATP1B1-Val174Ala and OATP1B1-Gly488Ala (Figure 2d).

DISCUSSION
This investigation offers the first indication toward clinical va-
lidity for statin-induced myopathy of variants that are specific 
to people with recent genealogical ancestors from Africa. Using 
electronic health record-linked biobanks, we found that two func-
tional SLCO1B1 variants extremely rare in Eurocentrically biased 
study populations were strongly associated with an endogenous 
biomarker of OATP1B1 function, an effect of greater magnitude 
than our results for the well-established c.521T>C variant within 
any group. The relative effect of these associations was reinforced 
in our cell-based functional studies for the variants that were in-
vestigated by those assays. Finally, we generated the largest cohort 
to date of statin-induced myopathy in study populations of self-
identified Black participants. Our findings rationalize the further 
investigation of these traditionally overlooked variants with the 
strong potential for future integration into pharmacogenetic test-
ing panels.

Adverse drug reactions are a common, underappreciated cause 
of morbidity and mortality; two million hospitalizations each year 
in the United States are caused by these events.32 Preemptive phar-
macogenetic prescribing has demonstrated efficacy in reducing the 
relative risk of adverse drug reactions by almost one third5 and is 
gaining wider acceptance as well as increased coverage by insurance 
plans.33,34

However, there is also a growing concern among clinicians and 
scientists that, if not done carefully, clinical pharmacogenetics has 
the potential to exacerbate existing health disparities.35 Clinical 

tools developed in Eurocentrically biased study populations may 
exhibit lower accuracy in diverse patient groups, leading to subop-
timal healthcare outcomes.36 A proposed solution to prevent fur-
ther exacerbation is to conduct analyses in study populations with 
considerable genetic diversity.37

For example, one study found that using a “normal” range for 
absolute neutrophil count (“normal” is based on results from 
Eurocentrically biased study populations) as a tool to guide 
azathioprine immunosuppressant therapy (a standard of care 
practice in United States health systems) leads to disproportion-
ately higher rates of unnecessary therapeutic discontinuation in 
Black patients.13 Even after adjusting for non-genetic factors, 
this disparity was attributed entirely to an ACKR1 variant (pres-
ent in >80% of Black and <0.5% of white participants, gnomad.​
broad​insti​tute.​org), a variant associated with low (relative to 
“normal”) but safe neutrophil counts.13 Findings suggest that 
pharmacogenetic testing for ACKR1 in all patients to guide 
azathioprine therapy could partially mitigate the existing racial 
disparity with immunosuppressants—which have root causes 
unrelated to pharmacogenetics38—and prevent its exacerbation. 
These and many other examples39–45 demonstrate the usefulness 
of population descriptor-based stratification to identify poten-
tial precision medicine-relevant health disparity exacerbations 
that otherwise couldn’t be identified.

The potential exacerbation of existing health disparities from 
precision medicine is similar to statins, a therapy where >500 
million prescriptions are filled annually for Black Americans.46 
Racial disparities in the utilization rates of statin therapy exist, 
an observation attributable to implicit racism.47 Given these ob-
served racial disparities, the importance of developing statin preci-
sion medicine tools to prevent myotoxicity (and thereby improve 

Table 2  Relationshipa between candidate functional SLCO1B1 variants and severe statin-induced myotoxicity

SLCO1B1 
variant

Analysis 
groupb

Effect allele 
frequency

AFR genetic 
similarityc Cohort

Sample size 
(case/control) Beta SE

Odds 
ratio 95% Cl P-value

c.481+1G>T Black Meta-analysis 77/770 0.54 0.52 1.71 0.62–
4.73

0.30

0.035 0.88 AoURP 36/360 −0.26 0.77

0.017 0.77 GERA 41/410 1.20 0.70

c.1463G>C Black Meta-analysis 77/770 1.05 0.49 2.85 1.08–
7.52

0.03

0.037 0.88 AoURP 36/360 1.47 0.53

0.030 0.77 GERA 41/410 −1.90 1.40

c.521T>C Black Meta-analysis 77/770 0.39 0.43 1.47 0.63–
3.42

0.37

0.023 0.88 AoURP 36/360 0.21 0.79

0.045 0.77 GERA 41/410 0.46 0.51

Whited Meta-analysis 501/5,010 0.31 0.08 1.36 1.16–
1.61

2.4 × 10−4

0.162 0.00 AoURP 54/540 0.10 0.27

0.156 0.0043 GERA 447/4,470 0.33 0.09

AoURP, All of Us Research Program; CI, confidence interval; GERA, Genetic Epidemiology Research on Adult Health and Aging; SE, standard error.
aGenerated by logistic regression. Covariates included age and sex at birth. Meta-analyses used a fixed-effects model. bSelf-identified race; race as a descriptor 
was used to highlight a disparity rather than to adjust for genetic background or as a proxy for genetic similarity. cMedian proportion sub-Saharan African (1KG-
AFR-like) genetic similarity. dLow allele frequencies (<0.0005) for our primary variants of interest for (c.481+1G>T and c.1463G>C) in white participants precluded 
subsequent analyses for those variants in this study population.
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utilization) equitably across diverse patient groups becomes even 
more critical. This is especially true considering that statins are 
consistently among the most commonly chosen medication classes 
included in clinical pharmacogenetic implementation programs5,33 
and are among the most “actionable” (i.e., patients taking statins 
are carriers of genotypes for which guidelines would suggest a 

therapeutic regimen change).5 CPIC guidelines recommend spe-
cific statin types and doses for people with OATP1B1 decreased 
or poor function phenotype for whom the drug is indicated.3 This 
high strength of the recommendation may mistakenly imply an 
assumption that these recommendations are universally beneficial 
across the indicated population. However, the guidelines dictate 

Figure 2  Functional characterizations of two missense variants in OATP1B1. (a) OATP1B1 reference (REF) and the two missense OATP1B1 
variants (V174A and G488A) had similar green fluorescent protein (GFP) expression as well as levels greater than that of HEK293T landing 
cells without GFP (left). OATP1B1 REF has increased uptake of OATP1B1 substrate fluoresceine-methotrexate (FL-MTX) compared to the 
missense variants (right). (b) Cellular localization of GFP-tagged OATP1B1 REF and V174A overlaps with the plasma membrane marker 
wheat germ agglutinin (WGA). OATP1B1 G488A showed weaker expression on the plasma membrane and some intracellular localization. 
(c) Cytotoxicity of rosuvastatin was greatest in HEK293T landing pad cells with doxycycline- (Dox-) induced OATP1B1 transporter expression 
(red), followed by OATP1B1-V174A (green) then OATP1B1-G488A (blue) compared to cells without OATP1B1 expression (open circle). Both 
missense OATP1B1 variants (V174A and G488A) showed significantly reduced uptake of radioligands (d) [3H]-estradiol-17beta-glucuronide 
(EG) and (e) [3H]-esterone sulfate (ES) compared to OATP1B1 REF.
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that the OATP1B1 phenotype should be determined only by 
haplotypes containing c.521T>C (e.g.,*5 and *15), which have 
lower allele frequency in people with recent genealogical ances-
tors from Africa (<0.5% prevalence in multiple subgroups of the 
1,000 Genomes African superpopulation) including self-identified 
Black Americans. This suggests that the currently recommended 
SLCO1B1-based pharmacogenetic test may be less beneficial in 
patients from these subgroups. Our results replicated these allele 
frequencies, thereby validating the hypothesis that this pharmacog-
enetic test does not benefit groups equitably on a population-wide 
scale.

In contrast to c.521T>C, there are functional SLCO1B1 vari-
ants that are rare in Eurocentrically biased study populations. 
In particular, two SLCO1B1 polymorphisms (missense variant 
c.1463G>C and splice donor c.481+1G>T) have mechanistic 
evidence for reduced transport function.17–19 These variants were 
discovered in study populations not Eurocentrically biased and are 
only common (>1% allele frequency) in people with recent gene-
alogical ancestors from Africa. However, they have been entirely 
understudied as pharmacogenetic markers. Thus, not only do the 
current SLCO1B1-based pharmacogenetic guideline recommen-
dations have inequitable benefits across patient groups, but they 
also risk misguiding clinicians into believing carriers of the under-
studied variants have normal OATP1B1 function.

Therefore, we sought to strengthen the clinical validity of these 
understudied variants. Using a validated biomarker of OATP1B1 
function, we observed effect sizes for these variants larger than 
what we observed for the c.521T>C association. Results from our 
cell-based studies support these relative effect sizes. Furthermore, 
between the two 1KG-AFR-specific variants, c.481+1G>T had 
the strongest effect based on our bilirubin results; this is consis-
tent with the relative functional effects observed by complete loss 
of function variants relative to missense polymorphisms partially 
reducing function.48 It is also important to remark that these 1KG-
AFR-specific variants may have been considered too rare (<0.1%) 
for inclusion if our analyses had been conducted in a pooled study 
population without group stratification. Altogether, our findings 
provide evidence for the potential clinical relevance of these vari-
ants for drugs that are OATP1B1 substrates.

In a substantially smaller subset of our study population, we 
found a significant pharmacogenetic association for severe statin-
induced myopathy with one of our AFR-specific variants but not 
the other. Small sample size and heterogeneity in statin type may 
explain these results. In fact, our prior study shows a weaker phar-
macogenetic association between SLCO1B1 and atorvastatin com-
pared to other statin types.25 Atorvastatin was the most common 
type in the current study and our findings suggest that results were 
driven by this type. It is unknown if atorvastatin is more influenced 
by c.1463G>C compared to other SLCO1B1 variants, though our 
results suggest this may be the case. Future studies require larger 
statin user study populations for a more robust investigation of sta-
tin type with these understudied variants.

Our findings are consistent with a case study reporting 
atorvastatin-induced rhabdomyolysis in a “51-year-old African 
American male”.49 The patient carried no copies of the well-
established SLCO1B1 c.521T>C polymorphism. However, he 

was found to carry one copy of c.481+1G>T, which was thought 
to be the causative factor of this adverse drug reaction. This pa-
tient was ultimately switched to a non-statin lipid-lowering alter-
native. Another clinical case describes “an adult woman of African 
ancestry” hospitalized for rosuvastatin-induced rhabdomyolysis 
and ultimately found to carry both SLCO1B1 c.1463G>C and 
c.481+1G>T.50 These clinical cases illustrate the potential for 
our novel AFR-specific variants to prevent life-threatening statin-
induced myotoxicity before therapy initiation if included in pre-
emptive pharmacogenetic tests.

This study is not without limitations. First—due to the use of 
electronic health records as our primary data resource—this study 
is not designed to investigate clinical utility. Nevertheless, our find-
ings from these invaluable real-world data sources set the stage for 
the inclusion of the studied variants (as part of preemptive pharma-
cogenetic panels) in future randomized controlled trials. Second, 
bilirubin as a substrate for OATP1B1 is non-specific to that enzyme 
and doesn’t distinguish between conjugated versus unconjugated 
forms.22 That being said, total bilirubin can be used as a biomarker 
for OATP1B1 activity23,24 and validates the established SLCO1B1 
c.521T>C in the current study. Moreover, other OATP1B1 sub-
strates such as bile acids, steroid hormones, thyroid hormones, and 
steroid sulfates are also non-specific or are not routinely measured 
in clinical care.22 Third, c.481+1G>T was not interrogated in our 
cell-based assay studies since our methods precluded the generation 
of loss-of-function splice variants. Fourth, the selection of two sub-
strates with two biological replicates each for our cell-based studies 
did not cover the full diversity of potential agents (e.g., docetaxel) 
that are substrates for OATP1B1. However, our findings are con-
sistent with those of other studies that have examined the impact of 
OATP1B1-Val174Ala and OATP1B1-Gly488Ala.18,19

In summary, our findings provide a strong rationale for further 
pharmacogenetic investigation of 1KG-AFR-specific SLCO1B1 
variants. The eventual incorporation of these variants into pre-
emptive pharmacogenetic testing panels for everyone could have 
a significantly positive impact on the risk of severe statin-induced 
myotoxicity. This is especially true for Black patients, a group his-
torically excluded from genomic research. Most importantly, these 
findings set the foundation for future studies that deviate from the 
sole reliance on Eurocentrically biased study populations to im-
prove pharmacological health outcomes in all more equitably.
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