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Abstract Background: Proton pump inhibitors cause interstitial 
nephritis and are an underappreciated cause of acute kidney 
injury. We examined the risk of acute kidney injury and acute 
interstitial nephritis in a large population of older patients 
receiving proton pump inhibitors.  
Methods: We conducted a population-based study of 
Ontario residents aged 66 years or older who initiated 
proton pump inhibitor therapy between April 1, 2002 and 
November 30, 2011. We established a highly comparable 
reference group of untreated patients using propensity score 
matching. The primary outcome was hospitalization with 
acute kidney injury within 120 days, and a secondary analysis 
examined acute interstitial nephritis. We used Cox 
proportional hazards regression to adjust for differences 
between groups.  
Findings: We studied 290,592 individuals who commenced 
proton pump inhibitor therapy and an equal number of 
matched untreated subjects. The rates of acute kidney injury 
(13.49 versus 5.46 per 1000 person-years, respectively; hazard 
ratio 2.52, 95% confidence interval 2.27 to 2.79) and acute 
interstitial nephritis (0.32 versus 0.11 per 1000 person-years; 
hazard ratio 3.00, 95% confidence interval 1.47 to 6.14) were 
higher among patients treated with proton pump inhibitors 
relative to untreated patients  
Conclusion: Proton pump inhibitors are associated with an 
increased risk of acute kidney injury and acute interstitial 
nephritis in older patients, potentially reversible conditions 
that may not be readily attributed to drug treatment. 
Clinicians should appreciate the risk of acute interstitial 
nephritis during treatment with PPIs, monitor patients 
appropriately and discourage the indiscriminate use of these 
drugs. 
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Name Barratt, Jonathan 
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Date review returned 20-Jun-2014 
General comments This interesting paper describes the incidence of AKI in an 

elderly population following commencement of PPIs. The 
data is well presented and the limitations of this 
observational study are discussed, in particular the 
acknowledgement of potential unmeasured confounders.  



I would like to see included in the manuscript the actual 
overall rate for admissions with AKI in this population in 
Ontario per year so that the reader can relate this data to the 
overall burden of AKI for this group of patients.  
Also could the authors clarify whether a diagnosis of AIN 
means a renal biopsy was performed to make the diagnosis 
or was this a clinical diagnosis?  
Not essential for manuscript but:  
Do the authors have access to how many of the included 
cases actually had a renal biopsy?  
Is it possible to determine the number of hospital inpatient 
days incurred due to AKI in the two groups.  
Do the authors know how many of the cases were 
commenced on prednisolone as a result of the diagnosis? 

Author response Comment #1: “This interesting paper describes the incidence 
of AKI in an elderly population following commencement of 
PPIs. The data is well presented and the limitations of this 
observational study are discussed, in particular the 
acknowledgement of potential unmeasured confounders.” 
Response: We thank the reviewer for this comment. 
Comment #2: “I would like to see included in the manuscript 
the actual overall rate for admissions with AKI in this 
population in Ontario per year so that the reader can relate 
this data to the overall burden of AKI for this group of 
patients.” 
Response:   We have not included annual rates of admissions 
for AKI among older Ontarians, as ecologic data of this sort 
will not enlighten readers regarding the risk of AKI 
associated with proton pump inhibitors relative to a well-
matched group of unexposed patients. However, we would 
do so if the Editors disagreed. 
Comment #3: “Also could the authors clarify whether a 
diagnosis of AIN means a renal biopsy was performed to 
make the diagnosis or was this a clinical diagnosis?” 
Response: Our administrative datasets do not include renal 
biopsy results. We have added this as a limitation to our 
study (page 13).   
Comment #4: “Not essential for manuscript but: Do the 
authors have access to how many of the included cases 
actually had a renal biopsy? Is it possible to determine the 
number of hospital inpatient days incurred due to AKI in the 
two groups. Do the authors know how many of the cases 
were commenced on prednisolone as a result of the 
diagnosis?” 
Response: We have added this information to page 11 of the 
manuscript. 
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General comments I believe the manuscript is of sufficient interest to the 
general readership. I offer the following comments.  
1. How did you differentiate interstitial nephritis from other 
causes of AKI? Did you look for urine eosinophils? I doubt 
there were many biopsy proven cases.  
2. The strength of the paper is providing a risk estimate 
based on the large number of patients. However, the lack of 
problems upon rechallenge question the accuracy of the 
diagnosis. You might want to call it acute kidney injury and 
not specifically interstitial nephritis. 

Author response Comment #1: “How did you differentiate interstitial nephritis 
from other causes of AKI? Did you look for urine eosinophils? 
I doubt there were many biopsy proven cases.” 
Response:  We identified cases of interstitial nephritis using 
the relevant ICD 10 code, as described on page 8 of the 
manuscript. Our administrative databases do not include 
renal biopsy results, a point we have added to page 13 of our 
manuscript. Although our datasets also lack urine eosinophil 
tests, this is not a limitation of our study because 
eosinophiluria is neither sensitive nor specific for the 
diagnosis of AIN.6 
Comment #2: “The strength of the paper is providing a risk 
estimate based on the large number of patients. However, 
the lack of problems upon rechallenge question the accuracy 
of the diagnosis. You might want to call it acute kidney 
injury and not specifically interstitial nephritis.” 
Response: We consider acute kidney injury and acute 
interstitial nephritis as separate (primary and secondary) 
outcomes in our study, and note this distinction throughout 
the manuscript. While we focus our comments on the risk of 
acute interstitial nephritis in the second paragraph of the 
discussion (page 13), we do so to emphasize that even the 
most conservative estimate of risk associated with proton 
pump inhibitors is important from a public health 
standpoint, given the widespread use of these drugs and the 
preventable nature of this adverse effect. 
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General comments It was a pleasure to review this manuscript, thank you for the 

opportunity.  
It is well written, methodologically sound, sufficiently large 
to allow for reliable findings (which is supported by the 
observed CIs) and strives to be conservative in its conclusions.  
An interesting observation by the authors is that PPIs are 
continued after an episode of AKI, which may suggest a lack 
of recognition by prescribers of their potential contribution 
to the condition. However, as the authors point out, the 
lower rate of relapse in such patients may suggest other 



factors, warranting further exploration.  
Were the authors able to ascertain any information from the 
prescription data about treatment? In particular, were 
corticosteroids prescribed for treatment of the interstitial 
nephritis and did this influence relapse or response? I accept 
that it may be difficult to comment on this since laboratory 
data were not available.  
Page 9, line 8, consider: "We selected a 120 DAY follow-up 
period since most ..."  
Page 13, line 40-43: The first sentence of the summary, as 
written, could be interepreted to mean that the authors 
identified that older patients are at increased risk. Instead, I 
think they mean that these conclusions apply specifically to 
older patients since study inclusion was restricted to such 
patients, and that data in younger patients are not available? 
Re-wording may be required 

Author response Comment #1: “It was a pleasure to review this manuscript, 
thank you for the opportunity. It is well written, 
methodologically sound, sufficiently large to allow for 
reliable findings (which is supported by the observed CIs) and 
strives to be conservative in its conclusions.” 
(see response below) 
Comment #2: “An interesting observation by the authors is 
that PPIs are continued after an episode of AKI, which may 
suggest a lack of recognition by prescribers of their potential 
contribution to the condition. However, as the authors point 
out, the lower rate of relapse in such patients may suggest 
other factors, warranting further exploration.” 
Response: We thank the reviewer for these comments. 
Comment #3: “Were the authors able to ascertain any 
information from the prescription data about treatment? In 
particular, were corticosteroids prescribed for treatment of 
the interstitial nephritis and did this influence relapse or 
response? I accept that it may be difficult to comment on this 
since laboratory data were not available” 
Response: We have added the proportions of patients in each 
group who filled a prescription for oral corticosteroids in the 
14-days following discharge to page 11 of the manuscript. 
However, as noted by the reviewer, it is not possible to 
comment on the influence of steroid treatment on 
subsequent outcomes given the limitations of our datasets.  
Comment #4: “Page 9, line 8, consider: "We selected a 120 
DAY follow-up period since most ..." 
Response: We thank the reviewer for noting this omission, 
and have made the requisite correction. 
Comment #5: “Page 13, line 40-43: The first sentence of the 
summary, as written, could be interpreted to mean that the 
authors identified that older patients are at increased risk. 
Instead, I think they mean that these conclusions apply 
specifically to older patients since study inclusion was 
restricted to such patients, and that data in younger patients 
are not available? Re-wording may be required.” 
Response: We speculate that the confusion arises by the use 



of the word ‘specifically’ in the opening sentence, which we 
have deleted (page 14). 
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