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ABSTRACT

Background: Proton pump inhibitors (PPIs) are among the most commonly prescribed medications worldwide and remain
the cornerstone of treatment for acid-related gastrointestinal disorders. Despite their effectiveness and good safety profile,
concerns have arisen regarding overuse and potential long-term adverse effects.

Aim: This review assessed the safety of long-term PPI therapy, summarized current evidence on adverse effects and
addressed common misconceptions.

Material and methods: A narrative review of PubMed/MEDLINE and Google Scholar literature (2020-2026) was
conducted, including key earlier studies. Priority was given to systematic reviews, meta-analyses, randomized trials and
guidelines from ACG, AGA, NICE, FDA, and EMA.

Results: Long-term PPI use has been linked to vitamin B12 and iron deficiency, fractures, chronic kidney disease,
Clostridioides difficile infection and possible cognitive impairment. However, most data are observational, and causality is
unproven. Higher risk occurs in older adults, patients with comorbidities and those on prolonged high-dose therapy.
Inappropriate prescribing and prolonged treatment without clear indications remain significant clinical concerns.
Conclusions: PPIs are effective and generally safe when used appropriately. Potential risks should not limit their use when
indicated. Therapy should be individualized, regularly reassessed and use the lowest effective dose for the shortest duration.
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1. Introduction

Since their introduction in 1989, proton pump inhibitors (PPIs) have revolutionised the management of
acid peptic diseases due to their efficacy, accessibility and safety profile.

They decrease gastric acid production by inhibiting the enzyme H+/K+ ATPase in the parietal cells of
gastric mucosa. [1] Currently, there are six PPIs available: omeprazole, esomeprazole, pantoprazole,
lansoprazole, rabeprazole and dexlansoprazole; the first three are available over-the-counter in Poland [2;
current data as of May 2026].

PPIs remain one of the most common drugs prescribed worldwide. In the United States of America, it
was estimated that more than 7% of adults take prescription PPIs, and many more use PPIs acquired over the
counter. In England, omeprazole prescriptions tripled between 2006 and 2016, and more than 35 million
omeprazole prescriptions were issued in 2022-2023, making it the second most prescribed drug in the country.
[3] In Germany, approximately 2.87 billion PPI tablets were sold during 2020-2021. [4]

The indications for PPI treatment include GORD (gastro-oesophageal reflux disease), including
oesophagitis and Barrett’s esophagus, gastric and duodenal ulcer disease, gastritis, Zollinger-Ellison
syndrome, and Helicobacter pylori eradication; proton pump inhibitors are also frequently prescribed
prophylactically to patients treated with non-steroidal anti-inflammatory drugs (NSAIDs) and corticosteroids.
[5, 6]

PPIs are considered to be exceptionally safe, with benefits outweighing the risk of their use. Almost all
PPIs are tolerated well with a rate of 1-3% of side effects. [1] Typical side effects of PPIs are minor and easily
managed; these include headache, diarrhoea, constipation and abdominal discomfort. [7] The acknowledged
safety of PPIs treatment applies to their use within recommended doses and time periods. According to
European and American guidelines, a 4 to 8-week treatment is recommended for dyspepsia or GORD; the
administered dose should be minimal. [3, 8, 9] In rare cases in which prolonged PPI treatment is necessary, an
annual review to determine the ongoing need is necessary. [10]
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However, there is an increasing concern about the overuse of the PPIs. Studies have documented a high
prevalence of off-label PPI use worldwide, including both inappropriate administration without valid
indications and prolonged maintenance therapy without dose reduction despite established indications. [11]
Moreover, in a recent meta-analysis and systematic review, it was estimated that up to 60-70% of PPI
prescriptions lack a valid indication. [12] In a large UK primary care cohort, approximately 25% of patients
continued PPI therapy beyond one year without necessity. [13] This potential overuse has drawn attention from
scientific and regulatory bodies due to the increasing amount of data correlating prolonged PPI use with
potential disadvantages. Several long-term observational and population-based cohort studies have highlighted
the association between long-term use of PPIs and increased risk of bone fractures, vitamin B12 deficiency,
kidney injury, infections (particularly Clostridioides difficile), dementia and others. [1, 14, 15] Consequently,
the Food and Drug Administration (FDA) and the European Medicines Agency (EMA) have issued several
safety warnings and concerns associated with long-term use of PPIs. [4, 14, 16]

In this review, we aimed to assess the safety of long-term PPI treatment. We focused on providing
current data on the mechanism of action and potential risks associated with prolonged PPI use, as well as
addressing the most common myths regarding the aforementioned therapy and providing practical insight into
PPI administration.

2. Methods

Literature for the review was identified through PubMed/MEDLINE and Google Scholar searches for
articles published preferably between 2020-2026, although older references were used when appropriate after
careful assessment of their credibility and reliability. Priority was allocated to national and international
clinical guidelines and databases, such as the National Institute for Health and Care Excellence (NICE), the
American College of Gastroenterology (ACG), the Food and Drug Administration (FDA), the European
Medicines Agency (EMA), Polish and Union Register of medicinal products for human use, as well as
systematic reviews, meta-analyses and randomised controlled trials. We used the search terms ,,PPIs”, ,,proton
pump inhibitors” in combination with the terms ,long-term”, ,safety”, ,myths”, ,therapy”, ,side
effects”,,,osteoporosis”,,,vitamin B12”. 102 publications were analysed, including meta-analyses,
epidemiological studies and experimental studies.

3. Mechanism of action

The efficacy of PPIs is linked to their structure, which must undergo acid activation in parietal cells to
allow for the ionization of the PPI and the formation of covalent disulfide bonds with the cysteines of H*-K*-
adenosine triphosphatase (H*-K*-ATPase). Binding of the PPI to the proton pump results in its inactivation.

Cytochrome P450 CYP2C19 and, to a lesser extent, CYP3A4 metabolize PPIs. These enzymes are
immature at birth and reach adult activity levels within 5—-6 months after birth. [17] There is substantial
evidence describing the impact of CYP2C19 variability on PPIs and its potential role in tailoring PPI therapy;
however, CYP2C19 pharmacogenetics has not yet been widely implemented in clinical practice [18]. PPIs are
generally prescribed for four to eight weeks. However, healthcare providers also prescribe PPIs for patients
with comorbidities and multiple medications for a longer period of time [15]. While this remains true in terms
of effectiveness, there has been a growing concern over the potential safety issues associated with the long-
term use of PPIs

4. Selected potential consequences of long-term use

4.1 Anemia

Vitamin B12 requires the low pH of stomach acid and pepsin to be released from its protein-bound form
and then bind to intrinsic factor (IF) so that it can be absorbed in the terminal ileum. Inhibition of acid secretion
can impair vitamin B12 absorption, resulting in megaloblastic anemia [19]. The study compared over 25,000
patients with vitamin B12 deficiency to nearly 200,000 patients without vitamin B12 deficiency to assess the
association with acid-suppressing therapy. In individuals who received proton pump inhibitor therapy for over
2 years, the risk of vitamin B12 deficiency was 65% higher compared to those who did not receive such
treatment [19]. Some observational studies suggest an increased risk in individuals using both PPIs (OR 1.65)
and H2 receptor blockers (OR 1.25). However, other studies have not confirmed these findings, and the
evidence appears insufficient to recommend routine vitamin B12 supplementation for these individuals [20].
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Additionally, a large case-control study found that PPI use is associated with an increased risk of iron
deficiency, although the extent of reduced iron absorption is likely small in most people. Therefore, researchers
question its clinical significance [21].

4.2 Bone fractures

Long-term use of proton pump inhibitors is associated with reduced intestinal calcium absorption [15].
It has been suggested that the use of PPIs is associated with an increased risk of osteoporotic fractures due to
bone fragility, mainly of the spine and hips. The strength of this association is weak, and studies have shown
that it is slightly more pronounced with continuous use or with the use of higher than recommended daily doses
of PPIs [22].

However, the dose-response or duration-response relationship is not well documented, likely due to the
presence of confounding factors [23]. A recent meta-analysis comprising nearly 20 observational studies found
that the use of proton pump inhibitors was associated with a slight increase in the risk of fracture at any site
(RR, 1.33; 95% CI, 1.15-1.54) and the risk of vertebral fractures (RR, 1.58; 95% CI, 1.38—1.82) [22].

A prospective cohort study by van der Hoorn et al. showed that rabeprazole and esomeprazole were
associated with an increased risk of fractures and osteoporosis in older women; therefore, when prescribing
these drugs, a proper assessment of the benefit-risk ratio should be carried out [24].

In summary, the greatest risk of osteoporotic fractures associated with PPI use may arise when a higher
than recommended daily dose of the drug is taken for an indefinite period. Particular caution should be
exercised when prescribing preparations containing rabeprazole and esomeprazole, especially to those in high-
risk groups (older women).

4.3 CKD

The mechanism underlying the development of chronic kidney disease (CKD) associated with the use
of proton pump inhibitors stems from acute, subclinical interstitial nephritis, which, if left untreated, can lead
to nephron damage [25].

A large-scale study involving over 10,000 participants was conducted. Renal function was monitored
throughout the study period (nearly 14 years) in patients treated with PPIs and individuals who did not take
PPIs during the study. After adjusting the analysis, the results showed that people using PPIs had a 50% higher
risk of developing CKD than those not using them, with the absolute risk increasing by 3.3% [25].

These results were replicated in a cohort of nearly 250,000 patients followed for an average of 6 years.
During this period, the risk of chronic kidney disease in those taking PPIs increased by nearly 20%, and the
risk was higher when PPIs were administered twice daily compared with a single dose [26].

In another population-based study involving 290,592 participants aged over 65, a 2.5-fold higher risk of
acute kidney injury and a three-fold higher risk of acute interstitial nephritis in elderly patients who had
recently started treatment with proton pump inhibitors was reported [26].

In summary, PPIs, which are a cause of interstitial nephritis, may contribute to the development of CKD.
The highest risk is borne by elderly patients who have been taking these medicines for a long time.

4.4 Infections

PPI-induced hypochlorhydria adversely affects one of the body’s natural defence mechanisms against
bacterial absorption, thereby facilitating bacterial colonisation, changes in the gut microbiome and increased
susceptibility to intestinal infections [27].

The association between PPI use and the potential risk of developing Clostridioides difficile infection
was investigated. A meta-analysis of 42 observational studies revealed an increased risk of Clostridioides
difficile infection and recurrence in patients treated with PPIs (OR, 1.74; 95% CI, 1.47-2.85 and OR 2.51;
95% CI, 1.16-5.44.) [28]. In their meta-analysis, Trifan et al. observed a significant association between PPI
use and infection with this pathogen (pooled OR, 1.99; 95% CI, 1.73-2.30; P < 0.001) [29]. However, these
results should be interpreted with caution, as they are derived from observational, retrospective and
heterogeneous studies. Further prospective studies involving larger patient cohorts are therefore needed to
definitively confirm the validity of these findings.

A potential association has also been sought between the use of PPIs and the development of small
intestinal bacterial overgrowth (SIBO) and spontaneous peritonitis (SBP). However, the presented study results
are contradictory and are considered controversial [30,31].
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4.5 Dementia

Proton pump inhibitors may, in theory, increase amyloid synthesis and reduce its degradation. Beta-
amyloid protein is broken down in lysosomes acidified by proton pumps. PPIs inhibit this acidification,
reducing the lysosomes’ ability to break down proteins and contributing to the accumulation of this protein in
the brain [32].

Haenisch et al. studied a cohort of over 3,000 patients aged 75 and older with no prior history of
dementia. After adjusting for confounding variables, they found that those using PPIs had a 38% higher risk
of developing dementia and a 44% higher risk of Alzheimer’s disease [33].

On the other hand, the largest study on pantoprazole (>17,000 patients from 33 countries randomly
assigned to pantoprazole or placebo, followed up for a median of approximately three years), conducted by
Moayyedi et al., found no significant difference between pantoprazole and placebo in terms of dementia (0.6%
versus 0.5%; p=0.36) [34]. A second study, analysing 70,000 new cases of Alzheimer’s disease obtained from
Finnish national medical records, also found no association between PPI use and an increased risk of
developing the disease [35]. Recently, a new meta-analysis found no significant association between PPI use
and the development of Alzheimer’s disease, and Li et al. also reported no statistical association with an
increased risk of dementia or Alzheimer’s disease using the same methodology [36].

The effect of PPIs on the development of Alzheimer’s disease and dementia remains unclear. Further
prospective and larger-scale studies are needed to draw a definitive conclusion regarding the impact of proton
pump inhibitors on human cognitive function.

5. Facts and Myths

Extensive clinical application of PPIs has generated considerable debate regarding their long-term safety
profile. Among the most common, but contradictory at the same time, claims are that PPIs inevitably lead to
osteoporosis or cancer, whereas others argue that prolonged therapy is entirely harmless. Many of these claims
are based on observational studies with conflicting results and limited ability to establish causality [37].

5.1 Facts: PPIs are generally safe in short-term therapy

Short-term PPI use is considered both safe and highly effective in the treatment of acid-related
gastrointestinal disorders. Nonetheless, prolonged administration has been associated with several potential
adverse effects that warrant clinical consideration [37]. Almost all PPIs are tolerated well with a rate of 1-3%
of side effects. [1]

5.2 Myths

»PPI use inevitably leads to osteoporosis”

Long-term PPI therapy has been associated with impaired calcium absorption secondary to gastric acid
suppression. This has led to concerns regarding an increased risk of osteoporotic fractures, particularly
involving the hip and vertebrae. Although several observational studies and meta-analyses suggest a modest
increase in fracture risk, the overall strength of this association remains weak and may be influenced by
confounding variables such as advanced age, comorbidities, and concomitant medication use [38].

Importantly, available evidence does not consistently demonstrate a direct relationship between PPI use
and significant bone mineral density (BMD) loss. The risk of fractures appears most pronounced in patients
receiving high-dose or prolonged therapy, especially older individuals.

Another mechanism potentially contributing to impaired bone health involves PPI-induced
hypomagnesemia [39], which may interfere with vitamin D metabolism and negatively affect skeletal integrity.
Nevertheless, current evidence remains insufficient to conclude that PPIs directly cause osteoporosis.

»Long-term use does not cause side effects”

Vitamin and mineral deficiencies

PPIs have been associated with hypomagnesemia [39], particularly in predisposed individuals such as
patients with low dietary magnesium intake or impaired gastrointestinal absorption.

Chronic kidney disease

Although the evidence is limited due to its observational nature and causality has not been definitively
established, these findings suggest that renal function monitoring may be warranted in long-term users [25].

Infections and alterations of the gut microbiome

Long-term therapy has been associated with an increased risk of Clostridioides difficile infection and
recurrence [40]. Emerging evidence also suggests alterations in gut microbiota composition, including
increased colonization by pathogenic bacteria [40].
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»Long-term PPI use causes cancer”

At present, no conclusive evidence supports a direct causal relationship between PPI therapy and gastric
cancer. Observed associations are likely confounded by underlying disease such as GERD [41].

5.3 Conclusion

Current evidence indicates that PPIs remain highly effective and generally safe medications when
prescribed appropriately. Although prolonged therapy has been associated with several potential adverse
outcomes, including micronutrient deficiencies, kidney disease, infections, and possible skeletal
complications, most available evidence derives from observational studies with substantial limitations.

Consequently, the potential risks of long-term PPI therapy should not discourage their use when
clinically indicated. Instead, treatment should be individualized, employing the lowest effective dose for the
shortest necessary duration while considering patient-specific risk factors. At the same time, the persistent
issue of PPI overprescription highlights the need for regular reassessment of therapy and further high-quality
research aimed at clarifying the true long-term clinical impact of these medications.

6. Discussion

Proton pump inhibitors (PPIs) are effective therapeutic agents that enable the management of symptoms
associated with a wide range of gastrointestinal disorders. However, their use should be accompanied by an
awareness of potential adverse effects, particularly in the context of long-term therapy. The likelihood of
adverse effects associated with PPI use is increased in patients of advanced age, those with multiple
comorbidities, and individuals receiving concomitant medications. Older adults may be at increased risk of
adverse events associated with long-term PPI therapy due to multimorbidity and polypharmacy. Therefore,
regular monitoring of older adults using PPIs is recommended to reassess the ongoing necessity of this
treatment. [42] Moreover certain concomitant medications, such as metformin and diuretics, may potentiate
adverse effects associated with PPI therapy. The combined use of PPIs and metformin can impair vitamin B12
absorption, thereby increasing the risk of vitamin B12 deficiency. Similarly, the concomitant administration
of PPIs and diuretics has been associated with a higher incidence of hypomagnesemia. [43]

One of the major clinical concerns is the persistent overprescription of PPls, particularly in patients
without clear indications for long-term therapy. Inappropriate prescribing most commonly involves prolonged
therapy without reassessment of the indication. [44] Previous studies have shown that up to 60-70% of PPI
prescriptions are issued without a clear indication. In a prospective observational study conducted in an
emergency department, nearly one-third of prescriptions were considered inappropriate, while another study
of hospitalized patients reported inappropriate PPI use in almost half of cases. [45]

Therefore, PPIs should be prescribed wisely and only when clinically indicated. When their use is
necessary, particular attention should be paid to potential interactions with other drugs and the risk of adverse
effects. Careful monitoring is especially important in elderly patients, who are more susceptible to
complications associated with long-term PPI therapy.

7. Clinical implications

For most indications, including GERD, Helicobacter pylori eradication and peptic ulcer disease, PPI
therapy is recommended for a limited duration, usually between 4 and 12 weeks depending on the indication.
In contrast, long-term or indefinite treatment may be warranted in patients with Barrett’s esophagus or severe
erosive esophagitis. [46]

The American Gastroenterological Association provides several evidence-based recommendations for
the management of GERD. These include considering histamine-2 receptor antagonists as alternatives to PPIs
when appropriate, administering PPIs 30—60 minutes before meals rather than at bedtime and maintaining
long-term PPI therapy in patients with Los Angeles grade C or D esophagitis. Lifestyle modifications,
including weight reduction and avoidance of late meals, may additionally improve symptom control. Current
recommendations emphasize regular reassessment of the indication for long-term PPI therapy and the use of
the lowest effective maintenance dose whenever clinically feasible. [9]

Regular reassessment of the indication for long-term PPI therapy is recommended. Dose reduction or
discontinuation should be considered in patients without persistent indications; however, long-term treatment
remains necessary in selected high-risk groups, including patients with severe erosive esophagitis or Barrett’s
esophagus. Patients should also be informed about the possibility of transient rebound acid hypersecretion
following treatment withdrawal. [47]
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Clinical decision-making should therefore be individualized and based on a careful evaluation of the

benefits and potential risks of long-term therapy.
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