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the cytochromes CYP3A4, and CYP2C1910. Most PPIs 
are weak inhibitors of CYP3A4, while omeprazole and 
esomeprazole are the most potent CYP2C19 inhibitors10. 
By competing with such isoforms, PPIs may reduce the 
metabolism of statins resulting in an increase of their 
LDL-C-lowering efficacy17,18. In a similar way, esome-
prazole and omeprazole have been suggested to reduce 
the antiplatelet effect of clopidogrel by competing for 
the same cytochrome2. Nevertheless, PPIs have not been 
considered yet to interact with statins7,8. 

In our study, a high proportion of the participants tak-
ing statin + PPI were also receiving clopidogrel (Table 
1). Despite the fact that few reports have demonstrated 
a statin-clopidogrel interaction, posthoc analyses from 
randomized clinical trials have not associated the co-ad-
ministration of statins and clopidogrel with an increased 
cardiovascular risk19. In addition, the effect of clopidog-
rel on LDL-C reduction did not remain significant in our 
multivariate regression analysis. Thus, the use of clopi-
dogrel may not account for the higher LDL-C reduction 
noticed in the subjects taking statin + PPI in our study.  

Inhibitors of CYP450 are associated with skeletal muscle 
or liver toxicity by increasing the plasma concentrations of 
statins18,20. In this context, PPIs have been related to myopathy 
including polymyositis in statin-treated individuals21-24.  Nev-
ertheless, no differences were found regarding the changes in 
liver or muscle enzymes and the rates of statin-induced ad-
verse events between cases and controls in this study. 

A higher proportion of individuals taking statin + PPI 
were on antihypertensive therapy compared with the con-
trol group (Table 1). This may explain the greater reduc-
tion in diastolic, and systolic BP noticed in the former 
group (Table 2).

Study limitations
This was a retrospective observational study not spe-

cifically designed to investigate the effect of PPIs on sta-
tin-induced LDL-C lowering. Unfortunately, there were 
no data available on the specific PPIs used. Therefore, 
we were not able to assess possible differences among 
various PPIs. Also, the number of patients on statin + 
PPIs was small. Despite careful adjustment, residual con-
founding may still be present. Diet could account for the 
noticed difference in LDL-C reduction between the two 
groups. Indeed, individuals taking PPIs due to gastroin-
testinal disorders usually follow a fatless diet. In order to 
avoid this bias, subjects diagnosed with an active ulcer, 
gastritis or GERD were excluded. Adherence to a healthy 
diet confers to a significant CV risk reduction, even in 
statin-treated individuals25,26. Thus, individuals at very 
high CV risk, such as the majority of those taking PPIs 
in our cohort, might have followed a stricter diet lead-
ing to greater cholesterol reduction. On the other hand, 
a less strict diet followed by those not receiving a PPI 
could explain the increase in markers of metabolic syn-
drome and non-alcoholic fatty liver disease (i.e. glucose, 
BMI, uric acid and liver enzymes, as shown in Table 2) 
although there was no significant difference between the 
two groups. Unfortunately, we have no data on participant 
diet. Another residual factor could be the lower estimated 
glomerular filtration rate (eGFR) in the group of statin 
+ PPI27. Nevertheless, no association between eGFR and 
LDL-C reduction was evident. 

Conclusion 
Chronic PPI use may be associated with a modest en-

hancement in LDL-C lowering efficacy of statins. This 
possible effect should be documented in prospective 
clinical studies.
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Table 3: Stepwise multivariate linear regression analysis 
taking into account the use of proton pump inhibitors 
(PPIs) and other factors affecting the changes of lipid 
parameters.

Regressors LDL-C reduction
(beta/p)

Baseline LDL-C 0.482 (<0.001)
Ezetimibe 0.198 (<0.001)
Diabetes 0.168 (<0.001)
Compliance with lipid-
lowering therapy

0.205 (<0.001)

PPIs 0.104 (0.005)
Intensity of statin therapy† 0.101 (0.009)
CV risk¥ 0.082 (0.049)
R2 X 100 43.2

†: Intensity of statin treatment is based on the average expected low-
density lipoprotein cholesterol reduction (≥50, 30-50 and <30%, 
respectively)14. ¥: Cardiovascular risk was classified according to 
European Society of Cardiology (ESC)/European Atherosclerosis 
Society (EAS) guidelines for the management of dyslipidemias3. 
LDL-C: low-density lipoprotein cholesterol, PPIs: proton pump in-
hibitors, CV: cardiovascular.


