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Table 2: Changes in metabolic profile, liver and muscle enzymes of 648 study participants from baseline to last visit 
[Median follow-up: 7 years; 607 on a statin alone and 41 on a statin + chronic PPI. Parametric and non-parametric val-
ues are expressed as mean ± standard deviation and median (interquartile range), respectively, unless percentages are 
shown].  

Baseline visit Recent visit P vs. baseline Change, %
Glucose (fasting), mg/
dL

Statin 95 (88-105) 97 (90-109) <0.001 +2.1%
Statin + PPI 97 (84-106) 96 (91-109) 0.183 -1.0%

BMI, kg/m2 Statin 27.5 ± 3.5 28.5 ± 3.8 <0.001 +3.6%
Statin + PPI 27.6 ± 3.8 28.3 ± 4.9 0.173 +2.5%

Uric acid, mg/dL Statin 5.1 ± 1.5 5.3 ± 1.5 0.002 +3.9%
Statin + PPI 4.8 ± 1.5 5.2 ± 1.5 0.142 +8.3%

SBP, mmHg Statin 140 (128-155) 129 (120-136) <0.001 -7.8%
Statin + PPI 148 (130-159) 132 (121-138) <0.001 -10.8%

DBP, mmHg Statin 88 (80-95) 79 (73-84) <0.001 -10.2%
Statin + PPI 90 (78-92) 74 (70-80)* <0.001 -17.7%‡

eGFR, mL/min/1.73 m2 Statin 79 ± 14 74 ± 16 <0.001 -6.3%
Statin + PPI 74 ± 12 67 ± 16 0.007 -9.4%

TCHOL, mg/dL Statin 265 ± 46 174 ± 31 <0.001 -34.3%
Statin + PPI 259 ± 43 162 ± 27* <0.001 -37.5%‡

TG, md/dL Statin 135 (97-190) 111 (85-148) <0.001 -17.8%
Statin + PPI 138 (101-169) 108 (93-134) 0.002 -21.7%

HDL-C, mg/dL Statin 54 ± 14 55 ± 14 0.002 +1.9%
Statin + PPI 59 ± 17 57 ± 15 0.568 -3.4%

LDL-C, mg/dL Statin 181 ± 41 95 ± 25 <0.001 -47.5%
Statin + PPI 172 ± 39 82 ± 25* <0.001 -52.3%‡

AST, IU/L Statin 21 (18-25) 23 (20-27) <0.001 +9.5%
Statin + PPI 21 (19-25) 22 (18-30) 0.260 +4.8%

ALT, IU/L Statin 21 (17-28) 23 (18-29) 0.036 +9.5%
Statin + PPI 20 (16-24) 19 (14-28) 0.993 -5.0%

γ-GT, IU/L Statin 18 (13-27) 19 (14-26) 0.227 +5.5%
Statin + PPI 17 (11-26) 17 (12-38) 0.927 0%

ALP, IU/L Statin 71 (57-94) 58 (47-73) <0.001 -18.3%
Statin + PPI 80 (58-111) 59 (43-75) <0.001 -26.2%

CK, IU/L Statin 94 (72-130) 105 (78-155) <0.001 +11.7%
Statin + PPI 111 (74-143) 111 (82-179) 0.178 0%

PPI: proton pump inhibitors, BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, eGFR: estimated glomerular 
filtration rate, TCHOL: total cholesterol, TG: triglycerides, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein 
cholesterol, AST: aspartate aminotransferase, ALT: alanine aminotransferase, γGT: gamma glutamyltranspetidase, ALP: alkaline phosphatase, 
CK: creatine phosphokinase, ‡: p <0.05 after adjusting for baseline values. To convert from mg/dL to mmol/L multiply by 0.02586 for TCHOL, 
HDL-C and LDL-C, by 0.01129 for TG and by 0.06 for glucose. 

Discussion
The present study suggests, for the first time to our 

knowledge, that treatment with PPIs may modestly in-
crease statin-mediated LDL-C reduction without increas-
ing the risk of liver and muscle toxicity. 

It has been reported that PPIs may be involved in 
cholesterol metabolism9,11. A study investigating wheth-
er helicobacter pylori infection was associated with 
changes in serum lipid levels indicated that its eradica-
tion significantly increased HDL-C after taking amoxicil-
lin, clarithromycin, and omeprazole15. Despite not being 
significant, a trend towards a reduction in TCHOL and 
LDL-C levels was noticed in that study15. PPIs can de-
crease the intra-lysosomal acidity through the inhibition 
of the lysosomal membrane H+/K+ ATPase11. Therefore, 
these drugs could inhibit the intra-lysosomal oxidation of 

LDL-C11. In addition, lansoprazole and other PPIs with 
structure similarities might act as LXR agonists9. Lanso-
prazole can activate endogenous LXR in a concentration-
dependent manner, followed-up by transcriptional up-
regulation of LXR related genes leading to the increase of 
their proteins9. These proteins are involved in cholesterol 
metabolism and various steps of atherosclerosis9. Indeed, 
a synthetic LXR ligand reduced LDL-C in nonhuman pri-
mates with normal lipid levels16. 

Furthermore, the possible cholesterol-lowering effect 
of PPIs on statin-treated individuals could be attributed 
to the liver metabolism of both drugs (CYP450)10,17. It 
is known that atorvastatin and simvastatin are metabo-
lized by the cytochromes CYP3A4 and CYP2C8 while 
rosuvastatin is metabolized by CYP2C9 and CYP2C1917. 
PPIs also undergo similar hepatic metabolism, involving 


