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ABSTRACT 

Proton pump inhibitors (PPIs) are among the world's most frequently prescribed medications for treating acid-related 
gastrointestinal disorders. Increasing evidence from the past decade has raised concerns about their potential adverse effects 
on kidney function. This review examines multiple dimensions of PPI-associated nephrotoxicity, including acute interstitial 
nephritis (AIN), acute kidney injury (AKI), chronic kidney disease (CKD), progression and end-stage renal disease (ESRD). 
Multiple observational studies and meta-analyses have demonstrated connections between PPI use and adverse renal 
outcomes. The underlying mechanisms remain incompletely understood. The evidence suggests that PPIs may contribute to 
kidney dysfunction through various pathways, including immune-mediated reactions, alterations in magnesium homeostasis, 
changes in renal blood flow, and potential effects on gut microbiome-derived uremic toxins. While some recent studies 
challenge the strength of these correlations, the weight of evidence indicates a need for more judicious PPI prescribing, 
particularly in patients with existing kidney disease or risk factors for renal dysfunction. This work provides healthcare 
professionals with an understanding of current evidence, proposed mechanisms, clinical implications, and recommendations 
for PPI use in the context of kidney health. 
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INTRODUCTION 

Proton pump inhibitors (PPIs) revolutionized the treatment of acid-related gastrointestinal disorders 

when they were introduced in the late 1980s. Omeprazole, the first clinically available PPI in 1989, this drug 

class has become one of the most prescribed medications globally. In the United States, omeprazole was the 

ninth most commonly prescribed medicine in 2021, with more than 54 million prescriptions. The mechanism 

of action involves irreversible inactivation of the proton pump (H+/K+-ATPase) on the secretory surface of 

parietal cells within the gastric mucosa, thereby achieving profound and prolonged reduction in acid production 

with corresponding pH increase [1]. 

PPIs are used widely beyond their approved indications. These medications are commonly prescribed 

for gastroesophageal reflux disease (GERD), peptic ulcer disease, Helicobacter pylori eradication, and 

prophylaxis against nonsteroidal anti-inflammatory drug (NSAID)-induced gastropathy. Studies indicate that 
between 53% and 69% of PPI prescriptions are written for inappropriate purposes, with many patients 

continuing therapy longer than clinically necessary [1]. The availability of PPIs as over-the-counter 

medications has further contributed to their widespread use, making the actual prevalence of PPI consumption 

significantly higher than prescription data suggest. 
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Fig. 1. Proton pump inhibitor mechanism in gastric parietal cells 
 

Table 1. Dosage and duration of omeprazole treatment depending on clinical indications based on the 

FDA Label: PRILOSEC [2]. 

Although initially considered safe with minimal adverse effects, PPIs have become increasingly linked 

to various adverse outcomes in recent years [1,3]. Among these concerns, the potential for kidney dysfunction 

has emerged as particularly significant. The relationship between PPIs and renal disease was first recognized 

in the early 1990s with case reports of acute interstitial nephritis [4,5,6]. Since then, a growing body of evidence 

has suggested associations with acute kidney injury, chronic kidney disease, and progression to end-stage renal 

disease [7,8,9,10,11]. 
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The clinical significance of these connections cannot be overstated, given the prevalence of both PPI 

use and kidney disease globally. Kidney disease is projected to become the 5th most common cause of 

mortality globally by 2040 [12]. Understanding the potential contribution of PPIs to kidney dysfunction is 

crucial for informed clinical decision-making, particularly as many patients with kidney disease are 

paradoxically prescribed PPIs more frequently and for longer durations than those without renal impairment 

[11,12]. 

 

Methodology 

Search Strategy and Data Sources 

The literature search was conducted to identify relevant studies examining the relationship between 

proton pump inhibitor use and kidney dysfunction. The primary databases searched included 

PubMed/MEDLINE, Scopus, Web of Science, Embase, and the Cochrane Database of Systematic Reviews. 

The search strategy employed a combination of Medical Subject Headings (MeSH) terms and free-text 

keywords, including "proton pump inhibitors," "PPI," "omeprazole," "esomeprazole," "lansoprazole," 

"pantoprazole," "rabeprazole," "dexlansoprazole," combined with kidney-related terms such as "chronic 

kidney disease," "acute kidney injury," "acute interstitial nephritis," "renal failure," "nephrotoxicity," 
"glomerular filtration rate," and "end-stage renal disease." 

Inclusion and Exclusion Criteria 

Studies were included if they met the following criteria: examined the association between PPI use and 

kidney outcomes in human subjects; included clear definitions of PPI exposure and renal outcomes; provided 

sufficient data to assess the relationship between PPI use and kidney dysfunction. All study designs were 

considered, including randomized controlled trials, prospective and retrospective cohort studies, case-control 

studies, cross-sectional studies, systematic reviews, and meta-analyses. Exclusion criteria encompassed: case 

reports or case series with fewer than 10 participants; studies focusing exclusively on pediatric populations; 

conference abstracts without full-text availability; studies lacking clear outcome definitions or exposure 

assessment; animal or in vitro studies without human data validation. 

 

Results 

Acute Interstitial Nephritis 

The relationship between PPI use and acute interstitial nephritis (AIN) is one of the most established 

adverse renal effects of these medications [14]. AIN appears to be a common class effect triggered by a 

hypersensitivity immune reaction to the drug or one of its metabolites. Evidence for this relation has 

accumulated steadily since the first case report in 1992, with multiple large-scale studies confirming this 

relationship. A Netherlands Pharmacovigilance Centre study reported seven cases of biopsy-confirmed AIN 

with time to onset varying from hours to 4 months after PPI initiation [7]. The clinical manifestations of PPI-

associated AIN are often non-distinctive, with patients presenting general malaise, weakness, nausea, and 

reduced urine output. Histological examination of kidney tissue typically demonstrates extensive inflammation 

throughout the interstitium, characterized by dense infiltrates of lymphocytes and neutrophils with scattered 

eosinophils present - findings that align with a hypersensitivity-type interstitial nephritis pattern. 

PPI-induced AIN occurs relatively rarely but is clinically significant [15,16]. A systematic review by 

Sierra et al. documented 64 cases of PPI-related interstitial nephritis. The patient cohort was predominantly 

female (60%), with an average age of 78 years. The typical interval from treatment initiation to diagnosis was 

approximately 13 weeks, and clinical recovery required an average duration of 35.5 weeks [5]. 

All commercially available PPIs are implicated in AIN, suggesting a class effect rather than a drug-

specific phenomenon. This mechanism involves a T-cell mediated hypersensitivity reaction, with renal biopsy 

specimens showing predominantly lymphocytic infiltrates. The underlying pathophysiology is primarily 

attributed to the activation and proliferation of autoreactive T-cell clones following exposure to medications 

known to precipitate AIN [6]. 

Acute Kidney Injury 

PPIs have been associated with acute kidney injury through various mechanisms [17]. Multiple large 

observational studies have demonstrated this association, with effect sizes varying depending on the population 

studied and the definition of AKI employed. An analysis of the FDA Adverse Event Reporting System 

identified over 3,000 PPI-related AKI cases, with a reporting odds ratio of 3.95 for AKI and a median time 

from PPI use to event occurrence of 23 days [18]. The signal strength varied among different PPIs, with 
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dexlansoprazole showing the strongest correlation (ROR = 8.18). Proposed underlying mechanisms encompass 

magnesium depletion, alterations in renal proton handling, and heightened susceptibility to acute 

tubulointerstitial inflammation [19]. Some studies have reported conflicting findings. A large Spanish cohort 

study found that PPI users demonstrated a reduced risk of AKI compared to ranitidine initiators (HR 0.54, 95% 

CI 0.42-0.70), suggesting that the relationship may be more complex than initially thought [20]. The temporal 

relationship between PPI initiation and AKI development varies considerably, with some cases occurring 

within days of starting therapy, while others may not manifest for several months. This variability suggests 

multiple pathophysiological mechanisms may be involved, ranging from acute hypersensitivity reactions to 

more gradual metabolic disturbances such as electrolyte imbalances. 

Chronic Kidney Disease Incidence 

The relation between PPI use and incident chronic kidney disease has been one of the most controversial 

aspects of PPI safety. Large cohort studies have investigated this relationship, with most finding positive 

associations of varying magnitude [21,22]. A meta-analysis including over 7 million participants from 10 

observational studies found that PPI use was significantly linked with an increased risk of CKD [RR 1.72, 95% 

CI: 1.02–2.87, p = 0.03]. Marked between-study heterogeneity (I² = 99.88%) indicated substantial variation in 

participant characteristics, research methodologies, or unmeasured confounding variables [23]. Another 

systematic review and meta-analysis of 12 studies with 700,125 participants found that PPI users had a higher 
risk of developing CKD compared to non-users, with follow-up periods ranging from three months to 14 years 

[24]. The consistency of findings across different populations and study designs strengthens the evidence for 

a correlation, though causality remains debated. The mechanisms underlying PPI-induced CKD progression 

are not fully elucidated. One hypothesis suggests that AIN causes acute inflammation and tubulointerstitial 

damage, which in the long term leads to interstitial fibrosis and chronic interstitial nephritis, ultimately 

resulting in CKD. Some studies have found that the CKD risk was independent of prior AKI episodes, 

suggesting alternative mechanisms may be involved [25]. 

Several biological mechanisms have been proposed to explain the PPI-CKD association. These include 

decreased nitric oxide production affecting renal blood flow, interference with electrolyte transport across renal 

tubules, and hypomagnesemia. PPI-induced hypomagnesemia [PPIH] arises from interference with intestinal 

magnesium absorption and homeostatic control mechanisms. Hughes et al. revealed significantly reduced 

serum magnesium concentrations among PPI users compared to non-users across all stages of chronic kidney 

disease. Mean magnesium levels measured approximately 0.79 mmol/L in the PPI group versus 0.85 mmol/L 

in controls (p<0.001). Recent evidence suggests PPIs may increase synthesis of indoxyl sulfate, a uremic toxin, 

through increased hepatic CYP2E1 protein levels, providing a plausible biological mechanism for CKD 

development. The accumulation of uremic toxins, combined with electrolyte disturbances and hemodynamic 

alterations, may collectively contribute to progressive renal dysfunction in susceptible individuals. [26,27]. 

CKD Progression and End-Stage Renal Disease 

The impact of PPIs on kidney disease progression in patients with established CKD has received 

increasing attention [28]. This is particularly important given that patients with CKD are prescribed PPIs more 

often and for longer periods than those without CKD. A study of moderate to advanced CKD patients found 

that PPI use was correlated with accelerated progression to end-stage renal disease, particularly in patients 

with advanced chronic renal disease [20]. Multiple mechanistic pathways have been proposed to explain 

disease progression. These include disrupted magnesium homeostasis, elevated asymmetric dimethylarginine 

levels affecting vascular function, increased susceptibility to enteric infections due to hypochlorhydria, and 

gut microbiome alterations that amplify uremic toxin generation and systemic inflammation. Analysis of 

nationwide Korean healthcare data utilizing the OMOP-CDM framework revealed higher ESRD progression 

rates among PPI users compared to H2RA users, with incidence rates of 10.5 versus 9.2 per 100 person-years 

respectively. This study highlighted the particular vulnerability of patients with stage 3 or 4 CKD to PPI-

correlated renal deterioration [29]. PPI use was correlated with progression to major adverse renal events 

(defined as doubling of creatinine or progression to ESRD) in CKD patients, even after adjusting for factors 

known to predict declining renal function [30,31,32]. The consistency of these findings across different 

populations suggests that patients with existing kidney disease may be particularly susceptible to PPI-related 

nephrotoxicity. 

Not all studies have found consistent relationships. Some research found no correlation between PPI use 

and CKD risk in older patients, in studies with large sample sizes, or in certain geographic locations, suggesting 

that the relationship may be modified by patient characteristics or study methodology. The heterogeneity in 

findings is substantial. A large-scale Korean study using propensity score matching with nearly 6,000 subjects 
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found no significant increased CKD risk with PPI use compared to H2RA use (HR = 1.03, 95% CI: 0.87-1.23), 

with comparable CKD incidence between groups (5.72/1000 person-years vs. 7.57/1000 person-years; HR = 

0.68; 95% CI, 0.35-1.30). Geographic variations in findings may reflect differences in healthcare systems, PPI 

prescribing patterns, genetic polymorphisms affecting drug metabolism (particularly CYP2C19 variants), or 

population-specific risk factors. The inconsistent results underscore the complexity of establishing causation 

from pharmacoepidemiological data and highlight the need for prospective randomized controlled trials to 

definitively assess PPI nephrotoxicity risk. [24,33]. 

Comparative Safety with H2 Receptor Antagonists 

Several studies have compared the renal safety of PPIs with histamine-2 receptor antagonists (H2RAs), 

which represent an alternative therapy for acid suppression. These comparative studies provide important 

insights into the relative safety of different acid-suppressive strategies. A comparative study found no 

significant increased CKD risk related to PPI use compared to H2RA use (HR = 1.03, 95% CI: 0.87-1.23). 

This finding challenges some earlier studies suggesting greater nephrotoxicity with PPIs and highlights the 

importance of appropriate comparator selection in observational research [34]. 

Other studies have found differences between these drug classes. The variation in findings may relate 

to differences in study populations, definitions of outcomes, duration of follow-up, and adjustment for 

confounding factors. Patient selection criteria also contribute to discordant findings. PPI-induced AIN 
generally affects middle or older age patients, mirroring the demographic of dyspepsia prevalence, suggesting 

age-stratified analyses may be necessary. Systematic differences exist between PPI and H2RA user populations 

regarding demographic profiles, gender distribution, and comorbidity patterns - particularly diabetes and 

cardiovascular disease prevalence. Addressing these baseline disparities necessitates rigorous statistical 

methodologies such as propensity score matching or instrumental variable techniques to mitigate indication 

bias. The choice of comparator is crucial, as H2RA users may differ systematically from PPI users in ways 

that affect kidney disease risk [14,24]. 

Special Populations and Risk Factors 

Certain populations appear to be at higher risk for PPI-associated kidney dysfunction, necessitating 

careful patient stratification in clinical practice. Advanced age constitutes a significant risk modifier, as 

demonstrated in the ARIC cohort where the mean participant age was 63.0 years [8]. The elderly population 

exhibits heightened susceptibility due to age-related decline in renal functional reserve and the increasing 

prevalence of CKD driven by diabetes mellitus, hypertension, obesity, and population aging [35]. 

Polypharmacy, which is particularly prevalent among geriatric patients, may independently contribute to CKD 

development, as the rising incidence of chronic kidney disease cannot be fully attributed to traditional risk 

factors alone [8]. The González-Pérez et al. retrospective cohort study defined kidney-related outcomes using 

multiple criteria: doubling of baseline serum creatinine concentrations, estimated glomerular filtration rate 

falling below 60 mL/min/1.73m², a 30-50% decline in eGFR from initial measurements, and advancement to 

end-stage renal disease [20]. 

Patients receiving immune checkpoint inhibitors represent a particularly vulnerable group, with a higher 

incidence of AIN when concurrently using PPIs [36]. This interaction highlights the importance of considering 

drug-drug interactions and the patient's overall medication regimen when assessing PPI safety. The duration 

and dose of PPI therapy also influence risk [8,17]. Longer duration of PPI exposure and higher doses are 

associated with increased risk of adverse renal outcomes. This dose-response relationship provides additional 

evidence supporting a causal connection, though it may also reflect confounding by indication, as patients 

requiring higher doses or longer therapy may have more severe underlying disease [21,37,38]. 

Reversibility and Outcomes After PPI Discontinuation 

An important clinical question concerns the reversibility of PPI-associated kidney dysfunction after drug 

discontinuation [5,6,7]. A retrospective study found that discontinuation of PPIs in CKD patients did not 

significantly improve renal function compared to continued use, suggesting that some renal damage may be 

irreversible. The variable recovery patterns suggest that early recognition and intervention may be crucial for 

preventing permanent kidney damage. The average recovery time for PPI-induced AIN was 35.5 weeks, with 

one patient requiring permanent dialysis, emphasizing the potential for serious long-term consequences [5]. 

Controversies and Conflicting Evidence 

Despite the substantial body of evidence linking PPIs to kidney dysfunction, significant controversies 

remain. Some researchers argue that the available literature fails to support a definitive correlation between 

PPI use and CKD development. They point to the lack of randomized controlled trial evidence and the potential 

for residual confounding in observational studies [16,24]. Application of Bradford Hill's framework for 
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evaluating causation-encompassing temporal sequence, association magnitude, dose-dependent effects, and 

concordance with established biological knowledge-suggests that definitive causal inference remains elusive 

[24,31,39]. The only randomized controlled trial examining this relationship found no significant relation 

between pantoprazole use and CKD development, though this study was limited to a single PPI and may have 

been underpowered to detect rare adverse events. The role of confounding by indication remains a major 

concern. Patients prescribed PPIs often have multiple comorbidities and risk factors for kidney disease, making 

it difficult to isolate the effect of PPIs. Additionally, surveillance bias may contribute to observed connections, 

as PPI users may undergo more frequent monitoring, leading to increased detection of kidney dysfunction 

[13,28]. 

 

Discussion 

The accumulated evidence from the past decade reveals a complex relationship between proton pump 

inhibitor use and kidney dysfunction. While the relation with acute interstitial nephritis is well-established and 

likely causal, the relationships with chronic kidney disease and progression to end-stage renal disease remain 

subjects of ongoing debate. The consistency of findings across multiple large observational studies suggests 

that these connections are unlikely to be entirely due to chance or bias, yet the magnitude of risk and the 

presence of a true causal relationship remain uncertain. The biological plausibility of PPI-induced 
nephrotoxicity is supported by multiple proposed mechanisms. The immune-mediated hypersensitivity 

reaction causing AIN is well-documented and accepted. Additional mechanisms, including hypomagnesemia, 

alterations in renal blood flow, effects on uremic toxin production, and gut microbiome changes, provide 

theoretical frameworks for understanding chronic effects. The relative contribution of each mechanism and 

their interactions remain incompletely understood. 

Clinical Implications 

The potential for PPI-related kidney dysfunction has important implications for clinical practice. 

Considering that more than half of PPI prescriptions lack appropriate clinical justification - with estimates 

ranging from 53% to 69% - significant potential exists for minimizing unwarranted drug exposure. Healthcare 

providers should carefully evaluate the indication for PPI therapy, use the lowest effective dose for the shortest 

duration necessary, and regularly reassess the need for continued therapy. For patients with existing kidney 

disease or risk factors for renal dysfunction, the decision to initiate or continue PPI therapy requires careful 

consideration of risks and benefits. Alternative therapies, such as H2 receptor antagonists or lifestyle 

modifications, should be considered when appropriate. When PPIs are necessary, closer monitoring of renal 

function may be warranted, particularly during the first few months of therapy when the risk of AIN is highest. 

The challenge of deprescribing PPIs should not be underestimated. Many patients have been on long-term PPI 

therapy and may experience rebound acid hypersecretion upon discontinuation. A gradual tapering approach, 

combined with alternative therapies and lifestyle modifications, may improve the success rate of PPI 

discontinuation while minimizing symptom recurrence. 

Implications for Special Populations 

Certain populations warrant particular consideration regarding PPI use and kidney risk. Elderly patients, 

who often have reduced renal reserve and multiple comorbidities, may be especially vulnerable to PPI-

correlated nephrotoxicity. The high prevalence of polypharmacy in this population also increases the risk of 

drug interactions and adverse events. Patients with established CKD present a particular challenge. While they 

may have legitimate indications for acid suppression, they also face increased risk from PPI-associated renal 

deterioration. The evidence suggesting accelerated progression to ESRD in this population is concerning and 

warrants careful risk-benefit assessment. Regular monitoring of renal function, electrolytes, and particularly 

magnesium levels is advisable in CKD patients receiving PPIs. The interaction between PPIs and immune 

checkpoint inhibitors highlights the importance of considering the entire medication regimen when assessing 

risk. As cancer immunotherapy becomes more common, awareness of this interaction and appropriate 

monitoring will become increasingly important. 
The potential for PPI-associated nephrotoxicity raises important regulatory and policy questions. While 

the FDA has issued warnings about the risk of AIN with PPIs, the broader connections with CKD and ESRD 
have not resulted in regulatory action. The availability of PPIs as over-the-counter medications may need 
reconsideration, particularly given the potential for long-term unsupervised use. Healthcare systems and 
institutions should consider implementing PPI stewardship programs, similar to antimicrobial stewardship 
initiatives. These programs could promote appropriate prescribing, regular reassessment of therapy, and 
deprescribing when appropriate. Electronic health record alerts and decision support tools could help identify 
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patients at high risk for adverse effects or those receiving PPIs without clear indications. Education of 
healthcare providers and patients about the potential risks of PPIs is essential. Many providers may be unaware 
of the accumulating evidence regarding kidney dysfunction, and patients often view PPIs as benign 
medications. Balanced information about benefits and risks can support informed decision-making and 
promote appropriate use. 

The evidence base for PPI-associated nephrotoxicity has several strengths. The consistency of findings 
across multiple large studies, diverse populations, and different healthcare systems suggests that observed 
connections are robust. The biological plausibility, supported by multiple proposed mechanisms and dose-
response relationships, strengthens the argument for causality. The specificity of certain correlations, 
particularly with AIN, and the temporal relationships observed provide additional support. Important 
limitations must be acknowledged. The reliance on observational studies introduces the possibility of residual 
confounding, despite statistical adjustment for known risk factors. Confounding by indication remains a 
particular concern, as the underlying conditions for which PPIs are prescribed may themselves affect kidney 
disease risk. The lack of randomized controlled trial evidence for most outcomes limits causal inference. The 
heterogeneity in outcome definitions, exposure assessment, and follow-up duration across studies complicates 
direct comparisons and meta-analyses. The potential for surveillance bias, with PPI users undergoing more 
frequent monitoring, may lead to differential detection of kidney dysfunction. 

The implications of PPI-related nephrotoxicity extend beyond individual patient care to population 
health. Given the widespread use of PPIs globally and the increasing burden of chronic kidney disease, even a 
small increase in absolute risk could translate to substantial population-level impact. This is particularly 
concerning in low- and middle-income countries, where access to renal replacement therapy is limited and 
CKD often leads to premature mortality. The economic implications are also significant. The costs associated 
with managing CKD and ESRD are substantial, and preventable cases represent both human suffering and 
economic burden. Cost-effectiveness analyses comparing different acid suppression strategies, accounting for 
potential adverse effects, could inform healthcare policy and resource allocation. Cultural and regional 
differences in PPI use patterns and kidney disease epidemiology may influence the relevance of findings across 
different populations. Studies from diverse geographic regions are needed to understand whether correlations 
vary by ethnicity, genetic factors, or healthcare system characteristics. 

 
Conclusions 
The relationship between proton pump inhibitor use and kidney dysfunction is complex and 

multifaceted. While the relation with acute interstitial nephritis is well-established and likely causal, evidence 
for associations with chronic kidney disease and progression to end-stage renal disease, though substantial, 
remains debated. The biological plausibility of these associations is supported by multiple proposed 
mechanisms, including immune-mediated reactions, metabolic disturbances, and alterations in renal 
hemodynamics. The clinical implications of these findings are significant. Healthcare providers should 
carefully evaluate the indication for PPI therapy, use the lowest effective dose for the shortest duration 
necessary, and regularly reassess the need for continued therapy. This is particularly important given that a 
substantial proportion of PPI prescriptions are for inappropriate indications or unnecessarily prolonged 
durations. Patients with existing kidney disease or risk factors for renal dysfunction warrant special 
consideration, with careful weighing of benefits and risks. 

Future research priorities should include well-designed randomized controlled trials to establish 
causality, identification of biomarkers for risk stratification, elucidation of mechanisms underlying chronic 
effects, and studies on the reversibility of PPI-associated kidney dysfunction. Implementation of PPI 
stewardship programs, provider and patient education, and regulatory examination of over-the-counter 
availability may help optimize PPI use and minimize potential adverse effects. While PPIs remain important 
and effective medications for appropriate indications, the accumulating evidence regarding kidney dysfunction 
necessitates a more judicious approach to their use. The principle of using the lowest effective dose for the 
shortest necessary duration should guide prescribing decisions. Regular reassessment of the need for continued 
therapy, consideration of alternative treatments when appropriate, and monitoring of renal function in high-
risk patients are prudent strategies. 

The past decade of research has significantly advanced our understanding of PPI-associated 
nephrotoxicity, but important questions remain. As our knowledge continues to evolve, healthcare providers 
must balance the proven benefits of PPIs for appropriate indications with the potential risks, making 
individualized decisions based on patient characteristics, indication for therapy, and available alternatives. 
Continued research, education, and quality improvement initiatives will be essential to optimize PPI use and 
protect kidney health in the millions of patients worldwide who use these medications. 
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