
Vol.:(0123456789)1 3

European Journal of Clinical Pharmacology (2024) 80:367–382 
https://doi.org/10.1007/s00228-023-03606-0

RESEARCH

Proton pump inhibitors associated with an increased risk of mortality 
in elderly: a systematic review and meta‑analysis

Hyun Jin Song1,2 · Hyun‑Ju Seo3 · Xinyi Jiang2 · Nakyung Jeon4 · Yoon Jae Lee5 · In‑Hyuk Ha5

Received: 28 August 2023 / Accepted: 10 December 2023 / Published online: 26 December 2023 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2023

Abstract
Purpose The increased use of proton pump inhibitors (PPIs) in the elderly has raised concerns about potential severe adverse 
effects. Our systematic review investigated the mortality associated with PPI use in elderly populations.
Methods We searched MEDLINE, EMBASE, and the Cochrane Library for relevant publications until August 2022. We 
included randomized controlled trials (RCTs), quasi-RCTs, and observational studies on the association between proton 
pump inhibitors and mortality in the elderly. To estimate the pooled relative risk (RR) and 95% confidence interval (CI), 
the inverse-variance random effect model was used. Heterogeneity was assessed using the I2 test. Subgroup analyses were 
performed by follow-up period, population, and study design.
Results A total of 4 RCTs and 36 cohort studies were included in the meta-analysis. Four RCTs showed that there was no 
significant association between PPIs and the risk of death. From 23 observational studies (26 cohorts), the use of proton 
pump inhibitors was not significantly associated with increased mortality in the elderly (RR 1.14; 95% CI, 0.90–1.45). 
However, when controlling for covariates from 33 observational studies (41 cohorts), proton pump inhibitors in older adults 
aged 50 years or more were significantly associated with a 15% higher risk of mortality compared to nonusers (RR 1.15; 
95% CI, 1.10–1.20).
Conclusions Our meta-analysis of RCTs found that PPIs did not show a significant association with increased mortality risk in 
older adults. However, the meta-analysis of cohort studies and long-term follow-up studies showed a higher increased risk of 
death with PPI use in older adults. The prescription of PPIs in patients aged 50 years or older should be carefully considered.
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Introduction

In recent decades, gastrointestinal diseases have been on the 
rise in older populations [1]. In this demographic, proton pump 
inhibitors (PPIs) are commonly used to treat heartburn, gas-
troesophageal reflux disease, peptic ulcer disease, and Helico-
bacter pylori infections [2, 3]. In an Irish study among adults 
aged 40 years or older with intellectual disabilities, the largest 
population of PPI users was aged 50–64 years (53.4%), and 
30.2% were aged 65 years or older [4].

Concerns of potentially severe adverse effects of PPIs 
have increased, particularly in older adults. A recent review 
demonstrated that the use of PPI in older adults was associ-
ated with an increased risk of osteoporotic-related fractures, 
Clostridium difficile infection, community-acquired pneu-
monia, vitamin B12 deficiency, kidney disease, and demen-
tia [5]. These potential side effects are of particular concern 
to the elderly because this vulnerable population is already 
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Key points
• Little is known about the excess risk of death associated with  
   proton pump inhibitor use in the elderly.
• We conducted a systematic review and meta-analysis of  
   randomized controlled trials and observational studies regarding  
   the association between proton pump inhibitors and the risk of  
   death in adults aged 50 years or older.
• Our meta-analysis found a 15% increased risk of death in elderly  
   people with PPI use compared to nonusers. Longer follow-up and  
   cohort studies revealed an increased risk of death among older  
   patients with cancers, cardiovascular disease, and kidney disease.
• Awareness of the increased mortality with PPI use should be  
   raised, and the need to limit PPI prescriptions to the elderly where  
   the benefits outweigh the potential risks should be emphasized.
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more likely to suffer from an increased risk of these condi-
tions and consequently, severe morbidity. As a result, the 
guidelines recommend avoiding the use of PPIs for longer 
than 8 weeks in the elderly except in high-risk patients and 
discontinuing or reducing PPIs in older adults with more 
than 8-week usage of PPIs for uncomplicated peptic ulcer 
disease or erosive peptic esophagitis [5–7].

Additionally, recent studies have reported that PPIs 
were associated with increased mortality in the general 
population and/or patients with cancer [8–11]. The asso-
ciation between PPIs and mortality in the elderly popu-
lation is undefined, but it has been shown that they are 
potentially affected [10, 11]. Since previous studies have 
yielded inconsistent results for mortality in older adults 
who take PPIs and the excess risk of death associated with 
PPI use has not been systematically investigated, pooled 
estimates that combined relative risks for mortality from 
each study are needed. Thus, we performed a systematic 
review and meta-analysis of the association between PPIs 
and mortality in older adults.

Methods

Literature search and study selection

We conducted searches on MEDLINE, EMBASE, and 
the Cochrane Library for articles published up to August 
24, 2022. To search for relevant articles, we used MeSH 
terms and text words related to outcome, such as “mortal-
ity,” “death,” and “fatality,” and intervention-related search 
terms, including the drug, brand, and chemical names of 
“proton pump inhibitor” (i.e., benatoprazole, dexlansopra-
zole, esomeprazole, lansoprazole, omeprazole, pantoprazole, 
rabeprazole, and tenatoprazole). The search strategy is pre-
sented in Supplement Table 1.

All studies that met the following criteria were included: 
(1) investigated the association between PPIs and the risk 
of mortality in adults aged 50 years or older; (2) compared 
PPIs and control such as placebo or active comparator; (3) 
reported the quantified relative risk of death; (4) conducted 
randomized controlled trials (RCTs), non-randomized con-
trolled studies, and observational studies; and (5) written in 
English. If the participants’ age was not clearly mentioned 
in the inclusion criteria for the study, we included stud-
ies with participants of both a mean or median ≥ 66 years 
of age and an interquartile range of ≥ 56 years. Two inde-
pendent reviewers examined the study selection, and the 
third reviewer was consulted when there was a disagree-
ment. We registered the study protocol in PROSPERO 
(CRD42020179631) and followed the Preferred Reporting 
Items for Systematic Review and Meta-Analysis (PRISMA) 
guidelines [12].

Quality assessment

Two independent researchers conducted a quality assessment 
of the included studies. For RCTs, we used version 2 of the 
Cochrane Risk of Bias (ROB 2) tool, which is composed of 
five items (bias arising from the randomization process, bias 
due to deviations from intended interventions, bias due to 
missing outcome data, bias in measurement of the outcome, 
and bias in selection of the reported result), to assess the 
quality of studies with three levels (low, some concerns, and 
high risk of bias) [13]. The Risk of Bias in Non-randomized 
Studies of Interventions (ROBINS-I) was used to evaluate 
the quality of non-RCTs. ROBINS-I consists of five items 
from three domains: pre-intervention, at-intervention, and 
post-intervention domains [14]. Pre-intervention domain 
includes bias due to confounding and bias in selection of 
participants into the study. At-intervention domain includes 
biases in classification of intervention, and post-intervention 
domain includes bias due to deviations from intended inter-
ventions, bias due to missing data, bias in measurement of 
the outcome, and bias in selection of the reported result. 
Four levels were used to assess the risk of bias in included 
studies: low, moderate, serious, and critical.

Data extraction

We collected information on the study and demographic 
characteristics (country, study design, data source, study 
period, mean age, percentage of male participants), exposure 
(definition and number of PPI users and controls, follow-up 
period), and outcomes (number of death of PPIs and com-
parators, relative risk [RR] of mortality) from the included 
studies. The confounding variables were extracted in regres-
sion analysis when applicable.

The primary outcomes were the unadjusted and adjusted 
estimates of the risk of mortality associated with PPI use. 
We used the best-adjusted relative risks with a 95% confi-
dence interval (CI) after controlling the confounding vari-
ables from each included study for the meta-analysis.

Statistical analysis

To estimate the pooled RRs with CIs, the inverse-variance 
random effect model was used. We calculated log RR and 
standard error (SE) using the 95% CIs or P-values reported 
in the studies. Each study reported a different type of relative 
risk, such as RR, hazard ratio (HR), or odds ratio (OR). In 
our meta-analysis, HRs were considered RRs [15, 16], and 
ORs were converted to RRs using the method described by 
Zhang and Yu, which uses OR and the incidence of mortal-
ity in the control group [17]. The studies that reported OR 
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were included in the meta-analysis when we could calculate 
RRs from the data on OR and the incidence of mortality in 
the control group. In addition, we performed subgroup and 
sensitivity analyses according to follow-up period, population, 
country, study design, the median age of included studies, and 
quality of the studies. We conducted a duration analysis of 
the risk of death among PPI users by follow-up period: ≤ 6 
months, > 6 months– ≤ 1 year, > 1– ≤ 2 years, > 2– ≤ 3 years, 
> 3– ≤ 4 years, and > 4 years. To further evaluate disease-
specific mortality, we evaluated the association between PPIs 
and mortality among patients with cancers, cardiovascular 
disease, and kidney diseases as well as people who were insti-
tutionalized and hospitalized. To assess the impact of different 
health care systems, the subgroup analysis by countries was 
conducted: USA/Canada, Europe, Australia, and Asia. The 
association of subgroups was also examined by patient’s age 
to take into account differences in mortality by age groups 
(≤ 75, 76–85, and > 85 years old) as well as by quality assess-
ment of included studies (low, moderate, and serious/critical 
risk of bias) to incorporate assessment into the analyses. We 
also analyzed the association in studies that included and did 
not include Charlson Comorbidity Index (CCI) as a covariate.

Heterogeneity was assessed using the I2 test and Q statis-
tic, with the significance of the Q-statistic test being consid-
ered at p < 0.05. Heterogeneity was considered for I2 values 
of more than 50% [13]. The funnel plot was used to estimate 
possible publication bias owing to the tendency to publish 
studies with positive results. We used Review Manager 5.3 
software (The Nordic Cochrane Centre, The Cochrane Col-
laboration, 2014).

Results

Literature search

An initial search was performed on 15,202 articles; we identi-
fied 13,544 relevant ones after excluding 1658 duplicate arti-
cles (Fig. 1). In the screening process, 12,992 articles were 
removed during the title/abstract review, and 511 articles were 
excluded during the full-text review due to one of the follow-
ing reasons: no elderly patients, no PPI therapy, ineligible 
study design, no comparator group available, no outcomes of 
interest reported, and non-original studies. Finally, 49 cohorts 
among 41 studies (four RCTs and 37 observational studies) 
were included in our systematic review [11, 18–57] since five 
studies included more than one cohort in their studies [19, 20, 
23, 26, 50]. In the meta-analysis, 4 cohorts among 4 RCTs and 
44 cohorts among 36 observational studies were included. One 

study/cohort was not included in the meta-analysis as we could 
not calculate RR from OR due to a lack of data on the number 
of deaths [29].

General characteristics of the included studies

We included four RCTs, 34 cohort studies, and three 
case–control studies (Table 1). In RCTs, PPIs including 
omeprazole and pantoprazole were included as interven-
tions with comparators of placebo. In observational studies, 
most studies included all kinds of PPIs as interventions and 
non-PPI users as controls including H2RA. The studies were 
conducted in the USA, Canada, Europe, Australia, and Asia. 
The study participants included the following: patients with 
cancer (n = 9), cardiovascular disease (n = 11), kidney dis-
ease (n = 4), institutionalization (n = 6), and hospitalization 
(n = 5). All studies included 2,515,079 participants with a 
median age ranging from 67 to 96 years and the percent-
age of males ranging from 18.4 to 99.5%. Study follow-up 
periods were from 21 days to 13.8 years. When estimat-
ing adjusted HRs or ORs, baseline demographics, disease-
related clinical factors, comorbidities, and medications were 
included as confounding variables (Table 1).

Quality assessment

The included RCTs had a low risk of bias from missing 
outcome data, measurement of the outcome, and selection 
of the reported result (Supplement Fig. 1). For measurement 
of the outcome, we determined a low risk because mortality 
was not affected by any measurement methods. We evalu-
ated some concerns for deviations from intended interven-
tions for half of the included RCTs because PPIs can also be 
used as over-the-counter (OTC) drugs.

All cohort studies had a low risk of bias from deviations 
from intended interventions, missing data, measurement of 
the outcome, and selection of the reported result (Supple-
ment Table 2). Among 37 cohort studies, 10 studies had 
moderate, serious, or critical risk of bias because appropri-
ate confounding covariates for the adjusted estimates were 
not included, and 19 had a moderate risk for classification 
of interventions because OTC use of PPIs could not be cap-
tured. The overall risk of bias was assessed as low at 27%, 
moderate at 57%, and serious or critical risk at 16%.

Proton pump inhibitors and mortality in RCTs

Among 4 RCTs, the death rates were 11.8% in PPI users 
(1286/10,918) and 11.4% in nonusers (1250/10,928). The 
PPI use and risk of mortality in unadjusted RR among 
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individuals aged 50 years or older were not significantly 
associated (RR 1.03; 95% CI, 0.91–1.16), with moderate 
heterogeneity was moderate (I2 = 45%, p = 0.14 (Fig. 2A). 
When estimating adjusted risk ratio among 20,859 elderly 
people from 2 RCTs, the association between PPI users and 
death was not significantly associated compared to nonusers 
(aRR, 1.01; 95% CI, 0.94–1.08), with 0% of heterogeneity 
(I2 = 0%, p = 0.60) (Fig. 2C).

Proton pump inhibitors and mortality 
in observational studies

In 26 observational studies (29 cohorts), there were 
75,675 deaths in 512,263 PPI users (14.8%) and 94,428 
deaths in 1,731,521 nonusers (4.9%). We found no sig-
nificant association between the use of PPI and mortality 
from unadjusted RR in the elderly (RR 1.14; 95% CI, 
0.90 − 1.45) (Fig. 2B). There was significant heteroge-
neity (I2 = 100%, p < 0.001), and funnel plots showed 
no evidence of publication bias (Fig. 3A). For adjusted 

estimates, 41 cohorts from 33 studies of the association 
between PPIs and death included 2,429,961 individu-
als aged 50 years or older. The use of PPI was signifi-
cantly associated with a 15% increased risk of mortality 
compared to non-use (aRR, 1.15; 95% CI, 1.10–1.20) 
(Fig.  2D). Significant heterogeneity was detected 
(I2 = 93%, p < 0.001), and there was no evidence of pub-
lication bias based on the funnel plot (Fig. 3B).

Additionally, we conducted subgroup and sensitiv-
ity analyses of adjusted risk ratios among observational 
studies. PPI use among the elderly was significantly asso-
ciated with an increased risk of mortality (by 17–32%) 
compared to non-use in the follow-up period between more 
than 6 months and less than 4 years, while the association 
was not significant in a shorter follow-up of a less than 
6 months (aRR, 1.02; 95% CI, 0.45–2.33) and ˃ 4-year 
follow-up (aRR, 1.06; 95% CI, 0.99–1.14) (Table 2). The 
mortality risk of PPI users among patients with cancer, 
cardiovascular diseases, kidney diseases, and institution-
alization showed a similar trend. When investigating the 
risk of death by country, the association between PPIs 

Fig. 1  PRISMA flow diagram of study selections
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and increased mortality was significant among studies 
conducted in Europe (aRR, 1.27; 95% CI, 1.18–1.38), 
while the association was towards significant among 
studies conducted in USA/Canada, Asia, and Australia. 
The significant association between PPI use and mortality 
appeared consistent among cohort studies (aRR, 1.14; 95% 
CI, 1.09–1.20) and case–control studies (aRR, 1.31; 95% 
CI, 1.23–1.40). According to the median age of partici-
pants in the included studies, the results of the association 

between PPI use and mortality remain similar to the base-
case analysis results. The lower the risk of bias of the 
included cohort studies, the larger the RR (aRR, 1.13; 95% 
CI, 1.01–1.28 in low risk of bias vs aRR, 1.08; 95% CI, 
1.02–1.15 in serious/critical risk of bias). The association 
of risk of death and PPI users among both studies included 
CCI as a covariate and studies that did not include CCI as 
a covariate remained significant.

Table 2  Subgroup analysis of the association between proton pump inhibitors and the adjusted risk of mortality of observational studies

CCI Charlson comorbidity index, PPI proton pump inhibitor, RCT  randomized controlled trial, ROBINS-I Risk of Bias Assessment tool for Non-
randomized Studies of Interventions, USA United States
a Baek et al. did not report the number of PPIs and nonusers of patients aged 65 years or older

Observational studies Cohort, n PPI, n Control, n Random effects, risk 
ratio (95% CI)

Effect, P-value I2 Heterogeneity, 
P-value

Follow-up
  ≤ 6 months 3 4367 15,174 1.02 (0.45–2.33) 0.960 87% < 0.001
  > 6 months–  ≤ 1 year 12 53,429 86,745 1.19 (1.07–1.33) 0.001 94% < 0.001
  > 1 year– ≤ 2 years 3 17,358 28,761 1.32 (1.24–1.40) < 0.001 0% 0.690
  > 2 years– ≤ 3 years 4 33,332 23,911 1.28 (1.12–1.49) < 0.001 77% 0.004
  > 3 years– ≤ 4 years 3 346,715 1,533,230 1.17 (1.03–1.32) 0.020 93% < 0.001
  > 4 years 8 63,677 133,020 1.06 (0.99–1.14) 0.100 89% < 0.001

Patients
   Cancersa 13 41,271 29,835 1.15 (1.03–1.27) 0.009 94% < 0.001
  Cardiovascular diseases 8 65,492 130,443 1.29 (1.01–1.64) 0.040 97% < 0.001
  Kidney diseases 4 20,518 27,584 1.20 (1.02–1.42) 0.030 88% < 0.001
  Institutionalization 7 1308 3643 1.08 (1.01–1.16) 0.020 64% 0.010
  Hospitalization 2 269 392 1.36 (0.99–1.86) 0.060 0% 0.340

Countries
  USA/Canada 15 409,389 1,672,520 1.06 (0.99–1.12) 0.070 93% < 0.001
  Europe 17 109,963 146,758 1.27 (1.18–1.38) < 0.001 95% < 0.001
  Australia 3 392 482 1.27 (0.85–1.89) 0.250 23% 0.280
   Asiaa 5 9556 10,715 1.28 (0.99–1.66) 0.060 78% 0.001

Study design
   Cohorta 39 512,398 1,800,932 1.14 (1.09–1.20) < 0.001 93% < 0.001
  Case-control 2 15,510 28,309 1.31 (1.23–1.40) < 0.001 0% 0.490

Median age
  ≤ 75 years  olda 20 89,642 171,648 1.17 (1.08–1.27) < 0.001 93% < 0.001
  76—85 years old 13 72,129 115,548 1.09 (1.02–1.16) 0.007 88% < 0.001
  > 85 years old 4 328 794 1.38 (0.95–2.00) 0.090 71% 0.020

ROBINS-I
   Lowa 8 15,845 36,801 1.13 (1.01–1.28) 0.040 82% < 0.001
  Moderate 22 455,643 1,715,161 1.17 (1.10–1.24) < 0.001 92% < 0.001
  Serious/critical 5 12,043 6260 1.08 (1.02–1.15) 0.010 71% 0.007

CCI
  Include CCI as a covariate 16 71,285 102,594 1.22 (1.09–1.36) < 0.001 95% < 0.001
  Did not include CCI as a  covariatea 25 469,836 1,748,500 1.11 (1.06–1.16) < 0.001 90% < 0.001
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Discussion

This systematic review found a 15% increase in the risk of 
death among elderly people taking PPI compared to those 
not taking PPI. In particular, the association between PPI use 
and mortality was significant in studies among senior adults 
with cancer, cardiovascular diseases, and kidney diseases as 
well as studies with longer follow-ups and cohort studies.

Our results are aligned with those of previous studies that 
included not only adults but also elderly [9, 58]. A previous 
study using administrative data from Veterans Affairs dem-
onstrated an excess risk of death among adults taking PPIs 
with a mean age of 61 years [9]. A systematic review also 
showed that all-cause mortality increased in adults treated 
with PPI, especially older adults treated with long-term PPI, 
compared to patients not treated with PPI [58]. Although a 

Fig. 2  The association between proton pump inhibitors and mortality. A Unadjusted risk ratio in randomized controlled trials. B Unadjusted risk 
ratio in observational studies. C Adjusted risk ratio in randomized controlled trials. D Adjusted risk ratio in observational studies

Fig. 3  Funnel plot of observational studies. A Unadjusted risk ratio. B Adjusted risk ratio
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clear mechanism is not known for the association between 
PPIs and the risk of death, a potential biological mechanism 
was suggested. Prolonged exposure to PPI impairs endothe-
lial function, increases oxidative stress, slows lysosomal 
acidification and protein accumulation in endothelial cells, 
and accelerates human endothelial aging by shortening tel-
omere length [59]. PPIs also upregulate the expression of 
protein levels and mRNA resulting in increased activity of 
the heme oxygenase-1 enzyme in gastric and endothelial 
cells, which reduces beneficial effects, including antiapop-
totic, anti-inflammatory, antioxidant, antiproliferative, and 
immunomodulatory effects in vascular cells [9, 60, 61]. 
Elderly patients may be more vulnerable to side effects dur-
ing long-term PPI use on account of their comorbidities, 
use of multiple drugs, and poor nutrition [36]. PPIs have 
also been significantly overused in the elderly, contrary to 
the recommendation to restrict the PPI treatment period to 
fewer than 12 weeks [58].

Our subgroup and sensitivity analyses demonstrated that 
PPI use significantly affected the increased death among 
older patients with cancer, cardiovascular disease, and kid-
ney disease. These results are similar to those of previous 
studies that were not limited to the elderly, which correlated 
PPI usage with excess mortality from cardiovascular dis-
ease, chronic kidney disease, and upper gastrointestinal and 
lung cancers [10, 62, 63] and also suggested an association 
between PPI usage and increased risk of the aforementioned 
diseases [62, 64]. The authors suggested a mechanism lead-
ing to the excess cause-specific mortality related to PPI 
use is linked to the exacerbation of underlying disease or 
the development of a new disease that increases the risk of 
cause-specific death. This mechanism was also suggested 
as a unifying mechanism [59]. In addition, inappropriate 
prescription of high-dose PPI during or after hospitaliza-
tion is frequent as antithrombotic agents are widely used in 
elderly patients [36].

Notably, in cohort studies and studies with long-term fol-
low-up (more than 1 year to 3 years), 28–32% of increased 
risk of death was clearly observed. However, this was not 
observed when the follow-up period was shortened (less than 
6 months). A previous review also showed that there was no 
immediate apparent increase in all-cause mortality in adults 
taking PPIs in one RCT, while increased mortality with PPI 
use was observed in the observational studies followed up 
to 1 year [58]. Although RCTs have a higher hierarchy of 
an evidence-based approach than observational studies 
because of randomization, the findings from observational 
studies can show the results with all confounders, includ-
ing unidentified confounders in the real-world population 
[58]. Our systematic review showed that significant results 
were obtained in terms of real-world evidence rather than in 
RCT settings, suggesting that real-world evidence should be 

considered when applied to clinical settings for patient care, 
such as pharmacovigilance criteria.

Our systematic review has strengths that, to our best 
knowledge, this is the first meta-analysis study to explore 
the association between PPI use and mortality in the older 
adult population with a large sample size. The significance 
of the pooled estimates was higher in high-quality studies 
with a low overall risk of bias. Our diverse subgroup results 
categorized by the follow-up period, disease, study design, 
country, and risk of bias provide comprehensive and detailed 
information. Notably, our results clearly showed that PPI use 
was significantly associated with increased death in older 
patients with cancer, cardiovascular disease, and kidney dis-
ease. In addition, we provide real-world evidence based on 
results from cohort studies and long-term follow-up studies.

Our study has several limitations. Primarily, we were not 
able to investigate the impact of mortality by the duration or 
dosage of PPI use due to a lack of data. However, our best avail-
able evidence supports the association the PPIs and mortality 
in elderly people. Secondly, the level of heterogeneity was low 
in RCTs, and it may be caused by study design or the small 
number of included studies. However, the pooled estimates in 
observational studies have significant heterogeneity although 
we conducted several subgroup analyses to find the cause. It 
may be caused by various populations, different levels of con-
trolling covariates, and unknown factors. Despite the diversity 
of included studies, results were consistent across subgroups. 
Thirdly, half of the cohort studies in the meta-analysis showed 
a moderate risk of bias in the classification of intervention due 
to self-administrated OTC without prescriptions in most coun-
tries. However, the significant association between PPI use and 
mortality remained consistent in studies with low, moderate, 
and serious/critical risk of bias. Furthermore, the relative esti-
mates can be considered conservative as individuals who may 
take OTCs may be included as both PPI users and nonusers. 
Finally, we cannot identify the causal relationship between PPI 
use and the risk of mortality since most of the included studies 
investigated the association between PPI use and the risk of 
mortality. Also, there was no clear association between PPIs 
and death from the four RCTs in the meta-analysis.

Conclusions

Our meta-analysis showed that the association between PPIs 
and the risk of mortality of RCTs was inconsistent with the 
association from observational studies in the elderly. The 
meta-analysis of RCTs showed that PPI use was not powered 
to detect an increased risk of death compared to nonusers. 
However, the increased risk of death was identified in obser-
vational studies and studies with long-term follow-ups, and 
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the association was consistent in the subgroup population, 
including among patients with cancer, cardiovascular dis-
ease, and kidney disease. Our findings highlight the need 
to increase awareness of increased mortality due to PPI use 
and to restrict PPI prescriptions to elderly people, wherein 
the benefits outweigh the potential risks.
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