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Bempedoic acid is first-in-class adenosine triphosphate-citrate lyase (ACL) inhibitor with hypocholesterolemic 

activity. Bempedoic acid has been generally well-tolerated in clinical trials, although elevations in creatinine 

and uric acid levels with a higher incidence of gout (especially in individuals with a prior history of gout) has 

been observed. The recent results of the CLEAR Outcomes trial confirmed similar adverse events but also 

highlighted a higher incidence of cholelithiasis (2.2% vs. 1.2%) in the bempedoic acid group compared to 

placebo (1).  

While the low-grade and reversible increase in plasma uric acid and creatinine, associated with bempedoic 

acid therapy, are clearly a consequent to the competition for OAT2 in the renal tubules. 

The reason of the increased incidence of cholelithiasis is instead still debated but may involve the inhibition 

of other drug transporters, such as the organic anion transport protein 1B1 and 1B3 (OATP1B1/3) expressed 

mainly in hepatocytes. Statins are mainly substrates of OATP1B1/3, whereas bempedoic acid and its 

glucuronide are weak inhibitors of both transporters. For this reason bempedoic acid raises  plasma levels  (as 

Area Under the Curve, AUC) of simvastatin 40 mg, atorvastatin 80 mg, pravastatin 80 mg, and rosuvastatin 40 

mg by 2, 1.4, 1.5, and 1.5 fold, respectively. OATP1B1 is also a major transporter for bile salt uptake in the 

enterohepatic circulation (Figure). Negative modulation of OATP1B1 can be responsible for a  lower relative 

concentration of bile salts in the gallbladder and may lead to  the formation of  cholesterol stones (2). Liver 

uptake of bile salts is, in fact, a rate limiting step in the enterohepatic circulation (Figure).  
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Figure. Schematic representation of the effect of bempedoic acid (BA) on cholelithiasis. 

 

Single nucleotide polymorphisms (SNPs) associated with a loss of function of SLCO1B1 have been associated 

with gallstone susceptibility (3). A pharmacological inhibition of SLCO1B1 by bempedoic acid and its 

metabolite, may be the cause of the higher incidence of cholelithiasis observed in the CLEAR Outcomes study 

(1).  

The use of peroxisome proliferator-activated receptor (PPAR) alpha agonist fenofibrate, is also associated with 

a higher incidence of cholelithiasis. Fenofibrate may increase the concentration of biliary cholesterol and 

phospholipids and reduce that of bile acids by antagonizing the transcription of CYP7A1, responsible for the 

rate-limiting step in the conversion of cholesterol to bile acids (Figure). Through this mechanism, fenofibrate 

predisposes patients to the formation of gallstones (4). Similarly, bempedoic acid has been hypothesized to 

enhance fecal neutral sterol excretion via bile or trans-intestinal cholesterol efflux, potentially by increasing 

the expression of adenosine triphosphate-binding cassette transporter 5 (ABCG5) and ABCG8 (5). This effect 

may explain the lower hepatic cholesterol content and the hypocholesterolemic activity of bempedoic acid in 

mice lacking the low-density lipoprotein (LDL) receptor (LDL receptor null mice) (5). Thus, the relative 

reduction of bile salt concentrations may contribute to the higher incidence of cholelithiasis after bempedoic 

acid.  

The target of ezetimibe, Niemann-Pick C1-Like protein 1 (NPC1L1), is not exclusively expressed by the 

enterocytes, but also in the hepatocytes, where it mediates the uptake of cholesterol from bile to the liver, 

while ABCG5/8 have the opposite effect (Figure). Thus, also treatment with ezetimibe has been hypothesized 

to raise the biliary cholesterol content, and hence the risk of cholelithiasis. Indeed, ezetimibe given to dogs 

increased the concentration of gallbladder cholesterol by two- to four-fold, likely due to reduced NPC1L1 

expression in the liver. In humans, however, ezetimibe demonstrated a protective effect on gallstone 

formation by lowering biliary cholesterol saturation and retarding crystallization in bile (6). The effect has 

been justified by the very low expression of NPC1L1 in the liver compared to intestine, avoiding the increased 

cholesterol saturation in response to its pharmacological inhibition by ezetimibe (Figure).  

Finally, statins, by inhibiting cholesterol biosynthesis, elicit a protective effect on cholelithiasis by reducing 

the biliary cholesterol concentration (7). It is thus, tempting to hypothesize a lower incidence of cholelithiasis 

by bempedoic acid when given in combination with statins.  

In conclusion, bempedoic acid represents the newest opportunity to manage dyslipidemia with a good safety 

profile. The fixed-dose combination with ezetimibe, together with the possibility to modulate statin doses, 

represents a new combination therapy for treating the majority of hypercholesterolemic patients. While the 

side-effects reported in clinical trials may be easily managed, cholelithiasis represents a potential issue for 

the therapy with bempedoic acid. Although this side effect has been observed exclusively in the CLEAR 
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Outcomes study and must be confirmed in wider real life observational studies, a molecular explanation can 

be provided also envisioning a possible protective effect by statins.  

 

References 

1. Nissen SE, Lincoff AM, Brennan D, Ray KK, Mason D, Kastelein JJP, Thompson PD, Libby P, Cho L, Plutzky 

J, Bays HE, Moriarty PM, Menon V, Grobbee DE, Louie MJ, Chen CF, Li N, Bloedon L, Robinson P, Horner 

M, Sasiela WJ, McCluskey J, Davey D, Fajardo-Campos P, Petrovic P, Fedacko J, Zmuda W, Lukyanov Y, 

Nicholls SJ, Investigators CO. Bempedoic Acid and Cardiovascular Outcomes in Statin-Intolerant 

Patients. N Engl J Med. 2023;388(15):1353-1364. 

2. Trauner M, Boyer JL. Bile salt transporters: molecular characterization, function, and regulation. 

Physiol Rev. 2003;83(2):633-671. 

3. Srivastava A, Srivastava A, Srivastava N, Choudhuri G, Mittal B. Organic anion transporter 1B1 

(SLCO1B1) polymorphism and gallstone formation: High incidence of Exon4 CA genotype in female 

patients in North India. Hepatol Res. 2011;41(1):71-78. 

4. Caroli-Bosc FX, Le Gall P, Pugliese P, Delabre B, Caroli-Bosc C, Demarquay JF, Delmont JP, Rampal P, 

Montet JC, General Practitioners' Group of V. Role of fibrates and HMG-CoA reductase inhibitors in 

gallstone formation: epidemiological study in an unselected population. Dig Dis Sci. 2001;46(3):540-

544. 

5. Samsoondar JP, Burke AC, Sutherland BG, Telford DE, Sawyez CG, Edwards JY, Pinkosky SL, Newton RS, 

Huff MW. Prevention of Diet-Induced Metabolic Dysregulation, Inflammation, and Atherosclerosis in 

Ldlr(-/-) Mice by Treatment With the ATP-Citrate Lyase Inhibitor Bempedoic Acid. Arterioscler Thromb 

Vasc Biol. 2017;37(4):647-656. 

6. Wang HH, Portincasa P, Mendez-Sanchez N, Uribe M, Wang DQ. Effect of ezetimibe on the prevention 

and dissolution of cholesterol gallstones. Gastroenterology. 2008;134(7):2101-2110. 

7. Chang Y, Lin HM, Chi KY, Lin WY, Chou TC. Association between statin use and risk of gallstone disease 

and cholecystectomy: a meta-analysis of 590,086 patients. PeerJ. 2023;11:e15149. 

 

Declaration of Competing Interest 

The authors declare that they have no known competing financial interests or personal relationships that 

could have appeared to influence the work reported in this paper. 

 

Jo
ur

na
l P

re
-p

ro
of




