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Background - Proton pump inhibitors (PPIs) are widely used for acid-related gastrointestinal disorders. 
Although generally well tolerated, chronic PPI use has been associated in observational and 

pharmacovigilance studies with renal, bone, cardiovascular, infectious, gastrointestinal, and nutritional outcomes. 
Esomeprazole, the S-isomer of omeprazole, has distinct pharmacokinetic properties and requires specic evaluation rather 
than assuming that all class-wide signals apply equally to it. To evaluate the long-term safety of PPIs across major Objective - 
organ systems and critically examine direct long-term safety evidence specic to esomeprazole. A narrative review Methods - 
was conducted using PubMed/MEDLINE, Embase, Scopus, and the Cochrane Library. Clinical studies, RCTs, prospective and 
retrospective cohorts, nested case-control studies, systematic reviews, and meta-analyses evaluating PPI or esomeprazole 
safety for more than 3 months were considered, with emphasis on distinguishing class effects from esomeprazole-specic 
evidence.  Observational evidence has associated PPIs with CKD, fractures, cardiovascular events, Clostridioides Results -
difcile infection, SIBO, and selected micronutrient abnormalities; however, these associations are less consistently observed 
in prospective randomized studies. Direct esomeprazole evidence generally supports good long-term tolerability, including 
stable gastric histology and nutritional markers in controlled trials. Important agent-specic signals include osteoporosis in 
real-world data and increased MACE, stent thrombosis, and MI when combined with clopidogrel after PCI. Conversely, 
esomeprazole showed a potentially favourable renal prole in stable transplant recipients and the least cognitive impact 
among studied PPIs in one RCT.  Current evidence supports esomeprazole as a generally well-tolerated long-term Conclusion -
therapy when appropriately indicated. Class-wide safety signals should be interpreted according to evidence quality and 
should not automatically be attributed to esomeprazole. Regular reassessment and individualized benet-risk evaluation 
remain appropriate, particularly in high-risk patients.
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INTRODUCTION
Acid-related gastrointestinal disorders are a major clinical 
burden, and gastric acid suppression provides symptom relief 
and promotes mucosal healing. PPIs are the cornerstone of 
treatment because of their potent and sustained inhibition of the 
gastric H+/K+-ATPase. Although many courses last 4–8 weeks, 
prolonged maintenance is required for conditions such as 
severe GERD, prevention of NSAID-related gastrointestinal 
injury, and Barrett's esophagus. Their widespread use, 
including inappropriate or off-label prescribing without a clear 
indication, has increased concern regarding long-term 

1–16safety.  Prolonged acid suppression has been associated with 
adverse outcomes involving several organ systems, particularly 
in observational and pharmacovigilance studies. However, the 
clinical signicance and causality of these associations remain 
uncertain because PPI users may differ from non-users in 

4,17–20comorbidity, lifestyle, nutrition, and disease severity.  
Esomeprazole is widely used, but much of the safety literature 
evaluates PPIs as a class and may assume similar effects across 
individual agents. Structural and pharmacokinetic differences 
can result in distinct safety proles; therefore, class-wide 
ndings should be distinguished from evidence directly 

3,17 ,18evaluating esome-prazole.  The literature is also 
heterogeneous in study design, populations, outcomes, and 
denitions of long-term exposure. Integrating randomized trials 
with longitudinal real-world evidence is therefore important for 
interpreting the long-term safety of esomeprazole. The present 
review evaluates PPI safety across major organ systems while 
emphasizing evidence specic to esomeprazole.

Methodology
This narrative review synthesized evidence on long-term 
safety of the PPI class and esomeprazole, focusing on renal, 
bone, cardiovascular, infection, nutritional, and gastro-
intestinal outcomes.

Literature Selection Strategy
Targeted searches were conducted in PubMed/MEDLINE, 
Embase, Scopus, and the Cochrane Library. Evidence 
included RCTs, prospective and retrospective longitudinal 
cohorts, nested case-control studies, systematic reviews, and 
meta-analyses. Studies were eligible when therapy lasted at 
least 3 months, with emphasis on evidence covering 6 months 
to 12 years, and when they reported safety outcomes or risk 
estimates relevant to the predened organ systems. Studies 
involving short-term therapy (<3 months), except for 
immediate comparative pharmacokinetic assessments, 
paediatric populations, animal or in-vitro studies, and case 
reports or case series with fewer than 10 participants were 
excluded. Short-term agent-specic safety studies were 
considered separately only when they provided relevant 
contextual evidence and were explicitly identied as short-
term. Evidence was synthesized rst by organ system to 
characterize broader PPI class effects, followed by a 
dedicated assessment of esomeprazole-specic ndings. 
This structure allowed comparison of established class 
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signals with direct evidence for esomeprazole.

Renal Safety
PPIs have been associated with acute interstitial nephritis 
(AIN), acute kidney injury, and CKD. AIN may be an 
unpredictable hypersensitivity reaction and, if unrecognized, 
persistent inammation can cause tubulointerstitial brosis 

2,4,10,16,22and renal decline.  Observational evidence indicates an 
association with incident CKD. A 2024 systematic 
review/meta-analysis of 700,125 participants reported HR 1.26 
(95% CI 1.16–1.38; p<0.001), while a 2026 meta-analysis 
reported RR 1.68 (95% CI 1.20–2.34; p=0.002) among PPI 

2,10users.  In a South Korean cohort of 34,656 patients with stage 
3–4 CKD, use for >90 days was associated with a 14% higher 

8risk of progression to ESKD than H2-receptor antagonists.  
Direct esomeprazole evidence is limited but includes a 6-
month randomized trial in 47 stable renal-transplant 
recipients. Serum creatinine decreased from 1.4±1.5 to 
1.1±0.4 mg/dL at 6 months (p=0.004) with esomeprazole 40 

22mg, while remaining stable with pantoprazole.  These 
ndings suggest a potentially favourable renal prole in this 
population, although continued monitoring is warranted.

Bone Safety
Potential bone effects of PPIs have been attributed to reduced 
calcium absorption and hypergastrinemia with possible 

12,17,24secondary hyperparathyroidism.  Meta-analyses have 
reported increased fracture risks, including hip RR 1.30 and 
spine RR 1.56 in one analysis, while another reported hip OR 

7,131.25 and vertebral OR 1.50.  A meta-analysis in menopausal 
women reported RR 1.93 for fractures, and a prospective 
cohort found 35% higher hip-fracture risk after at least 2 years 

25,26of PPI use, increasing with duration.  Korean and Austrian 
cohorts similarly reported increased hip and subsequent 

27,28fracture risks.  However, longitudinal studies have not 
consistently demonstrated reduced BMD. Ten-year Canadian 
data and the SWAN cohort showed no signicant differences 

29,30in BMD change between PPI users and non-users.  
Esomeprazole-specic evidence is mixed. In a 1-year 
comparative study of four PPIs (n=209 completers), 
esomeprazole was independently associated with reductions 
in lumbar-spine and femoral-neck T-scores; osteoporosis 

12prevalence increased from 7.2% to 22.2%.  In contrast, the 5-
year LOTUS RCT reported only two hip fractures, one in each 

31treatment arm.  FAERS data from 2004–2024 identied 3,599 
osteoporosis-related reports with esomeprazole and a 

17positive reporting signal (ROR 16.31; 95% CI 15.65–16.99).  
These ndings indicate a signal requiring consideration but 
do not establish causality.

Gastrointestinal Safety
Long-term acid suppression may promote SIBO through 
altered gastrointestinal microbial ecology. A 2025 meta-
analysis of 29 studies involving 3,682 PPI users reported SIBO 
prevalence of 36.8% versus 19.9% in controls and a duration-
dependent association; therapy >6 months had OR 4.225 

11(95% CI 1.432–12.464).  Direct esomeprazole evidence from 
the LOTUS trial showed stable endoscopic ndings over 5 
years. Gastrin and chromogranin A increased physiologically 
with acid suppression but plateaued after approximately 3 

33years.  A combined analysis of SOPRAN and LOTUS data 
found stable serious adverse events and GI-related 

33laboratory variables during long-term continuous therapy.

Cardiovascular Safety
Proposed mechanisms for cardiovascular effects include 
endothelial dysfunction and hypomagnesemia-related 
arrhythmia. Evidence is inconsistent. A 2022 meta-analysis 
found no signicant association between long-term PPI use 
and MACE, all-cause mortality, or MI overall; observational 

18studies showed increased MACE, whereas RCTs did not.  A 
2025 meta-analysis reported increased risks of ischemic 
stroke, MI, cardiovascular mortality, and cardiac arrest, 

particularly in older adults and those receiving high-dose 
21PPIs.  The PPI–clopidogrel interaction is a specic concern 

because both involve CYP2C19 metabolism. A 2024 network 
meta-analysis of 16 studies (n=145,999) found increased 

5MACE with most PPIs in post-PCI patients.  Esomeprazole was 
associated with MACE (effect size 1.28; 95% CI 1.09–1.51), 
stent thrombosis (4.41; 1.63–11.92), and MI (1.59; 1.07–2.34) 

5when combined with clopidogrel.  Conversely, the 72-week 
LAVENDER RCT found no increase in MI or all-cause mortality 

34with esomeprazole in low-dose aspirin users.  

Infection-Related Safety
PPI-induced hypochlorhydria may alter the microbiome and 

15impair aspects of leukocyte function.  The most consistent 
infectious concern is C. difcile infection. A 2025 dose-
response meta-analysis suggested increasing risk with dose 
and duration, while a meta-analysis of 57,477 patients 
reported recurrent CDI in 24% of PPI users versus 18% of non-

35,36users.  A Danish cohort found the greatest risk during 
current use (adjusted IRR 2.03; 95% CI 1.74–2.36), remaining 

37elevated up to one year after discontinuation.  Evidence for 
community-acquired pneumonia is inconsistent. Pregnancy 
data have also suggested increased infection risk, 

15
particularly GI and viral infections.  Esomeprazole-specic 
long-term data are generally reassuring. In a 12-month study 
of esomeprazole 40 mg, respiratory infection (13.0%) and 
sinusitis (9.8%) were the most frequent adverse events, without 

3 8late serious infection signals.  In LOTUS, serious 
infection/infestation events occurred in 4% of the 

33esomeprazole group versus 2% with surgery.

Nutritional Safety
Gastric acid facilitates release and absorption of vitamin B12 
and supports absorption of calcium, magnesium, and iron; 
prolonged suppression may therefore affect micronutrient 

3,6,39status.  A 2015 meta-analysis reported an association with 
vitamin B12 deciency (HR 1.83), whereas a 2025 review found 
no signicant difference in relevant biomarkers among 

39,40chronic PPI users.  Hypomagnesemia is a recognized 
potential complication. Meta-analyses reported hypo-
magnesemia in 27.1% of PPI users versus 18.4% of non-users 

41,42(OR 1.775) and an overall 1.43-fold increased risk.  A 2026 
cross-sectional study of 255 long-term PPI users reported 
higher B12 and magnesium deciency among esomeprazole 

3 users than omeprazole users. Controlled esomeprazole data 
are more reassuring. In a 12-month study, changes in iron and 
B12 were clinically insignicant, while LOTUS showed stable 

33,38B12, iron, and ferritin over 5 years.  A 26-week RCT in healthy 
postmenopausal women found no signicant effect of 
esomeprazole 40 mg on serum or urinary magnesium or total 

20fractional calcium absorption.

Long-Term Safety of Esomeprazole
The long-term safety of esomeprazole has been evaluated 
through RCTs, prospective safety studies, and real-world 
data. In LOTUS, 5-year remission was 92% (95% CI 89–96%), 

31with SAEs in 24.1% versus 28.6% with anti-reux surgery.  A 
meta-analysis of eight RCTs (n=4,495) found SAEs were less 
likely with esomeprazole 20 mg than other maintenance 

1treatments.  A 12-month safety study found esomeprazole 40 
mg well tolerated, without clinically meaningful changes in 

38iron or B12 or ECL-cell dysplasia/carcinoids.  A 26-week RCT 
found no reduction in BMD or serum magnesium, and a renal-
transplant RCT showed reduced serum creatinine at 6 

20,22months.  LAVENDER found no increase in MI or all-cause 
mortality, although the clopidogrel interaction remains an 

5,34important specic concern.  The 1-year comparative bone 
study and FAERS data also indicate a potential osteoporosis 

12,17signal.  Short-term neurological evidence is limited; a 7-day 
exploratory RCT using CANTAB suggested comparatively less 
cognitive impact with esomeprazole than other PPIs, but this 
study does not provide evidence regarding long-term 

43cognitive safety.
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DISCUSSION
The evidence demonstrates an important difference between 
observational associations and randomized trial ndings. 
Observational studies provide real-world generalizability but 
are vulnerable to confounding by indication because PPI 
users may have greater comorbidity and other factors that 
independently increase CKD, fractures, and cardiovascular 

10,16events.  SIBO and CDI appear more consistently related to 
the physiological consequences of hypochlorhydria and may 

11,35represent class effects.  In contrast, class-wide concerns 
should not automatically be extrapolated to esomeprazole. 
Direct studies identify potentially favorable renal ndings, 
while real-world evidence highlights osteoporosis and the 

5,17,22clopidogrel-associated cardiovascular signal.  

Nutritional ndings remain inconsistent between cross-
.3,33sectional and long-term randomized data  Overall, long-

term esomeprazole safety should be assessed by integrating 
study design, biological plausibility, consistency, and direct 
randomized evidence rather than isolated observational 
associations. Guidelines recognize PPIs as highly effective for 
GERD while recommending periodic reassessment and 

44deprescribing when clinically appropriate.  There is no 
standardized denition of long-term use, and future research 
should emphasize large prospective registries and objective 
biomarkers. Short-term cognitive ndings should not be 

43interpreted as evidence of long-term neurological safety.

Limitations
This narrative review does not provide formal quantitative 
pooling and includes heterogeneous study designs, 
populations, and denitions of long-term use. Separating 
esomeprazole-specic effects from class effects is difcult 
because many large studies combine all PPIs, potentially 

obscuring agent-specic differences.

CONCLUSION
Available evidence supports a favourable long-term safety 
prole for esomeprazole when used for appropriate 
indications. However, rational prescribing, periodic 
reassessment, and individualized benet-risk evaluation are 
important to minimize potential harm from unnecessary or 
indenite therapy.
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