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CONTEXT AND POLICY ISSUES  
 
Clostridium difficile (C. difficile) is a gram-positive, spore-forming, anaerobic bacterium. C. 
difficile is transmitted through spores or bacteria in stools or through spores in the environment.1 
Healthy individuals who are colonized with C. difficile may be asymptomatic carriers;2 the 
colonization rates of C. difficile range from 2.4% to 13.0% among healthy adults in the 
community3 and from 20% to 50% in hospitalized adult patients.4.  
 
In Canada, in 2004-2005, it was reported that the overall incidence rate of nosocomial 
Clostridium difficile infection (CDI) among adults was 4.6 cases per 1,000 patient admissions 
and 65 per 100,000 patient-days. The 30-day all-cause mortality rate was 16.3 deaths per 100 
cases. The total attributable mortality was 5.7 deaths per 100 cases; 2.2 deaths per 100 cases 
were directly attributable, and 3.6 deaths per 100 cases were indirectly related to CDI.5 An aging 
population, an increased use of antibiotics, better diagnostic tests, and increased awareness 
and surveillance programs may explain the increase in CDI incidence.6,7 
 
Broad spectrum antibiotic exposure is a risk factor for CDI.8,9 Advanced age (≥65 years), 
immunosuppression, surgical procedures, comorbidities, hospitalization or residence in a long-
term care facility, and possibly the use of gastric acid suppressive therapies such as proton 
pump inhibitors (PPIs) are other risk factors.8,10 Alteration of bowel flora allows C. difficile spores 
to germinate, multiply, bind to the gastrointestinal mucosa, and produce toxins that damage the 
colonic mucosa.1,2 CDI symptoms range from mild diarrhea to fever or leukocytosis, which occur 
in severe disease.11 Complications include toxic megacolon, bowel perforation, colectomy, 
sepsis, shock, or death.5,10 
 
Exposure to PPIs as a possible risk factor for CDI is of interest to clinicians. PPIs are one of the 
most frequently prescribed medications12 and the use of this class of drugs continues to grow in 
Canada. Analysis of IMS data revealed that the estimated total number of prescriptions for PPIs 
dispensed by Canadian retail pharmacies increased by 15%, from 10.8 million prescriptions in 
2003 to 12.4 million prescriptions in 2004, with a 10% increase in total drug expenditure.13  
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The mechanism by which PPI may increase the risk of CDI is unclear although several 
hypotheses have been suggested such as gastric acid suppression, altered host immune 
response, and antibacterial effects of PPI metabolites.14  
 
The objective of this report is to review the evidence for the risk of developing Clostridium 
difficile infection in adult patients who utilize proton pump inhibitors. 
 
RESEARCH QUESTION  
 
What is the evidence for the risk of developing Clostridium difficile infection in adult patients who 
utilize proton pump inhibitors? 
 
KEY FINDINGS  
 
Evidence from lower quality observational trials with significant heterogeneity suggests a 
positive association between the use of proton pump inhibitors and Clostridium difficile infection, 
although a causal link cannot be made. 
 
METHODS  
 
Literature Search Strategy 
 
A limited literature search was conducted on key resources including PubMed, The Cochrane 
Library (2014, Issue 8), University of York Centre for Reviews and Dissemination (CRD) 
databases, Canadian and major international health technology agencies, as well as a focused 
Internet search. No filters were applied to limit the retrieval by study type. Where possible, 
retrieval was limited to the human population. The search was also limited to English language 
documents published between January 1, 1989 and August 5, 2014.  
 
Selection Criteria and Methods 
 
Two reviewers independently screened titles and abstracts to identify publications that met the 
inclusion criteria listed in Table 1. Full texts of potentially relevant articles were retrieved and 
independently assessed for possible inclusion based on the pre-determined selection criteria. 
The two reviewers then compared their chosen included and excluded studies; disagreements 
were discussed until consensus was reached.  
 

Table 1: Selection Criteria 
Population 
 

Adult patients administered proton pump inhibitors (excluding patients 
on concomitant antibiotic therapy for H. pylori) 

Intervention 
 

Proton pump inhibitors (dexlansoprazole, esomeprazole, 
lansoprazole, omeprazole, pantoprazole, rabeprazole) 

Comparator 
 

Placebo or no proton pump inhibitor treatment 

Outcomes 
 

Harms: Clostridium difficile infection or Clostridium difficile associated 
diarrhea 

Study Designs 
 

Health technology assessment/ systematic review/ meta-analysis, 
randomized controlled trials, non-randomized trials 
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Exclusion Criteria 
 
Studies were excluded if they did not meet the selection criteria, were published prior to January 
1 1989, or were included in a systematic review (SR) examined in this report. Non-randomized 
trials were limited to observational trials (for example cohort and case-control studies) that 
reported an odds ratio (OR) or a relative risk (RR) for association between PPIs and CDI. Non-
randomized trials that presented combined results for gastric acid suppressants (PPI and H2 
receptor antagonists combined) were excluded if results were not disaggregated.  
 
Critical Appraisal of Individual Studies 
 
The AMSTAR instrument15 was used to guide the critical appraisal of the methodological quality 
of the systematic reviews included in this report. Non-randomized trials were assessed for 
validity using JAMA User’s Guide for Articles About Harm.16  
 
Numeric scores for this evaluation are not reported and a narrative and tabular description of 
the strengths and limitations of each included SR or trial is presented instead. 
 
SUMMARY OF EVIDENCE 
 
Quantity of Research Available 
 
The selection of studies is summarized in Appendix 1. The literature search yielded 231 
citations. After screening of abstracts, 8 potentially relevant SRs and 86 potentially relevant 
trials were selected for full text review. One additional trial was identified from the grey literature, 
for a total of 95 publications. In total, 7 systematic reviews and 22 non-randomized trials met the 
inclusion criteria. No health technology assessments or RCTs met the inclusion criteria. 
  
Summary of Study Characteristics 
 
i) Systematic Reviews and Meta-analyses 
 
Seven systematic reviews6,7,12,17-20 met the inclusion criteria of which five6,7,12,18,20 had conducted 
a meta-analysis. Information on the characteristics of the included systematic reviews and meta-
analyses is provided in Appendix 2, Table 2.1. 
 
One SR, published in 2014, included studies that evaluated risk factors for various outcomes 
related to CDI including recurrent CDI, complicated or severe CDI, and mortality.17 Studies were 
excluded if they used univariate comparison groups. A total of three studies were included in the 
SR (search dates January 1978 to October 2013).17  
 
Four SRs were published in 2012.6,7,12,18 The four SRs overlapped in their inclusion of primary 
trials; Tleyjeh et al.6 had an additional 11 trials not included in either Janarthanan et al.,12 
Deshpande et al.,18 or Kwok et al.7 Janarthanan et al. (23 studies; search dates 1990 to 
December 2010; 288,620 patients)12 had the most restrictive inclusion and exclusion criteria, 
whereas Tleyjeh et al. (51 studies; search dates 1990 to January 2012; total number of patients 
not reported)6 had the more liberal inclusion criteria, no exclusion criteria, and the most 
comprehensive literature search (more databases were searched). All four SRs included studies 
that evaluated the association between PPIs and CDI. They did not exclude studies based on 
health care setting, type of PPI, or diagnostic methods. Janarthanan et al., specified that only 
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studies with patients who had received at least three months of PPI therapy prior to CDI were 
included, and that studies with a poorly defined population or for which no statistical 
adjustments were made for antibiotic use were excluded.12 Desphande et al. included 30 
studies (search dates 1990 to October 2012) for a total of 202,965 patients.18 Studies without a 
control group or for which PPI use data were unavailable were excluded.18 Kwok et al. included 
42 studies (search date up to December 2011) which totaled 313,000 patients; no exclusion 
criteria were reported.7  
 
All four SRs did sub-group analyses by study type (case-control and cohort studies). All four 
SRs included studies in which patients had incident or recurrent CDI, although Deshpande et 
al.18 and Kwok et al.7 provided sub-group analyses of patients with incident CDI. Kwok also 
conducted a sub-group analysis of patients with recurrent CDI.7 As some primary trials reported 
unadjusted estimates while other primary trials made statistical adjustments for potential 
confounders (for example age, gender, antibiotic use), three of the 2012 SRs grouped the  
adjusted and unadjusted effect estimates to calculate an overall effect estimates,6,7,18 with two 
doing sub-group analyses of adjusted effect estimates only.6,7 One SR included only the studies 
that provided adjusted effect estimates.12 Four SRs assumed RRs to be reasonable estimates 
of ORs6,7,18,20 as it was thought that one would approximate the other given the low incidence of 
CDI. One SR converted effect estimates (ORs) to RRs.12 Both community-based and hospital-
based CDI were considered in the SRs, with only one SR providing a sub-group analysis of 
hospital-based CDI.7 
 
Bavishi et al., published in 2011 and Leonard et al., published in 2007 included some of the 
same studies as the four SRs published in 2012; with the exception of one study each that did 
not appear in subsequently published SRs.19,20  

 
ii) Non-randomized trials 
 
A total of 14 cohort studies21-34 and 8 case-control studies35-42 met the inclusion criteria. 
Information on the characteristics of each observational study is provided in Appendix 2, Table 
2.2. 
 
Study design 
 
Four cohort studies23,28,31,32 prospectively included patients as they developed diarrhea and 
tested positive for CDI; all other trials used a retrospective design and cases were identified 
from hospital databases, medical records, or chart reviews with the exception of two 
retrospective trials30,33 where it was not specified how data were obtained. Sample sizes ranged 
from 84 patients to 21,873 patients. 
 
Population 
 
Patients in the included trials had a mean age older than 60 years, although there was a wide 
range of ages within each trial. In general, there were more females than males enrolled in the 
trials. ICU patients were included in two trials,21,22 and patients with inflammatory bowel disease 
(IBD) were included in one trial.34 One study37 specified that patients with community-acquired 
CDI were excluded. Three studies26,35,38 were restricted to patients with hospital-acquired CDI 
and three studies29,32,33 included both community-acquired and hospital-acquired CDIs. For the 
remainder of the trials, it was stated that the trials were conducted within a hospital or included 
inpatients and it is possible that patients with community-acquired CDI were included in the 
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cohort of patients. The trials did not specify the percentage of patients with incident CDI, 
although two trials specified that 2% and 20% of included patients had a prior history of CDI31,38 
and one trial included patients with relapses.23 
 
Whereas three trials22,30,35 did not specify the method used for confirming the presence of C. 
difficile in stools, all other trials used polymerase chain reaction (PCR), enzyme-linked 
immunoassay (ELISA), endoscopy (to check for the presence of pseudomembranous colitis), or 
a combination thereof to diagnose CDI. 
 
Interventions and comparators 
 
With the exception of the trials described below, the included studies did not provide information 
on type, dose and PPI regimens. 
 
Type of PPI: One trial reported that 75% of patients received pantoprazole22 and another 
reported that 80% of patients received pantoprazole;41 another stated that 98% of patients were 
administered esomeprazole25 and another reported that patients received esomeprazole or 
omeprazole.36  
 
Dose of PPI: In one trial, patients with PPI doses above dosing recommendations were 
excluded22 and in another trial any dose of PPI was acceptable.25 
 
Timing and duration of PPI administration: One trial reported that PPI was initiated within 48 
hours of ventilation in ICU patients for which duration of administration was less than 72 hours 
for half the patients.22 Another trial specified that patients had received daily administration of a 
PPI for a minimum of two days.25 One trial reported that PPI was administered 90 days prior to 
diagnosis26 whereas two trials reported that patients were prescribed a PPI one month prior to a 
diagnosis of CDI.28,36 One trial stated that patients were on long-term PPI but provided no 
additional information.33 Cases in one case-control trial had used a PPI for a median of 5 days 
(range 0 day to 20 days) compared to a median of 0 day (range 0 day to 11 days) in controls.37  
 
One of the trials conducted in ICU patients compared the risk of developing CDI when exposed 
to a PPI or a histamine-2 receptor antagonist (H2RA).22 
 
Outcomes 
 
While most trials examined the risk of developing CDI with exposure to a PPI, one trial 
considered the risk of dying from CDI,23 two trials considered the risk of severe CDI,24,31 and five 
trials studied the risk of CDI recurrence or relapse.24,26,29,32,41  
 
Summary of Critical Appraisal 
 
Overall, the quality of the included observational trials was assessed as low to moderate; the 
included systematic reviews were of higher quality. 
 
i) Systematic Reviews 
 
The strengths and limitations of the included SRs are summarized in Appendix 3, Table 3.1.  
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All systematic reviews established the research question and inclusion criteria a priori, and 
literature searches of at least two databases were conducted. None of the SRs searched the 
grey literature. All SRs provided a list of included studies, yet there was limited information on 
the characteristics of the studies. A list of excluded studies was not provided in any of the SRs. 
It was unclear if the selection of studies were executed by two investigators in two SRs.17,19 
Exclusion criteria were not reported in Tleyjeh et al.6 and Leonard et al.20 When a meta-analysis 
was conducted, two SRs pooled adjusted and unadjusted effect estimates.6,18 Two SRs did not 
appraise the quality of the included trials.19,20 When the quality of the trials was appraised, it was 
reported that the included trials were retrospective observational studies. The major issue was 
the lack of reporting on the exposure to PPI. Publication bias was not assessed in one SR.17 For 
all SRs, the authors stated no conflict of interest. 
 
ii) Non-randomized trials 
 
The strengths and limitations of the observational trials are summarized in Appendix 3, Table 
3.2.  
 
For both types of studies, the data were obtained from databases or medical records and hence 
the studies did not suffer from recall or interviewer bias and loss to follow-up although it is 
possible that patients were exposed to a PPI outside of the time frame of the study. It is also 
possible that patients who were prescribed a PPI were managed differently than those not 
prescribed a PPI (for example a PPI-exposed patient would have been monitored more closely 
for the presence of diarrhea or a PPI was only prescribed to patients at low risk of CDI). The 
presence of C. difficile was ascertained through laboratory confirmation; the use of different 
tests with different sensitivity and specificity may have contributed to misclassification bias. In 
many studies, exposure to PPIs was one of several risk factors being considered for CDI and 
hence information on PPI exposure such as dose, duration of use, timing of administration, and 
medication adherence was not well reported or not reported at all. The absence of this 
information prevents the assessment of a temporal relationship between exposure and disease, 
the dose-response relationship, and whether or not there was a class effect could not be 
assessed. None of the trials provided sample size calculations and some trials suffered from low 
statistical power due to small sample sizes. Consequently, several of the trials21,27,28,30,34,36,42 with 
statistically significant results had wide confidence intervals (see Appendix 3) and the 
magnitude of the association may be quite small or quite large. The majority of trials made 
adjustments for confounders through statistical testing and/or patient matching, although it was 
unclear if confounders were identified a priori. One trial used propensity score21 and two trials 
clearly stated that the confounding variables were exploratory.23,30 Two trials presented 
univariate analyses only.24,39 Intangible or difficult to measure confounders such as hand 
hygiene and other infection control practices were unaccounted for in the analyses.  
 
In case-control studies, controls and cases were recruited from the same population and 
matched based on several baseline characteristics. When comparative baseline patient 
characteristics were provided in the cohort studies, it included the baseline characteristics of 
patients with and without CDI rather than for patients exposed or not exposed to PPI. It is 
possible that differences in baseline patient characteristics between exposed and unexposed 
cases were present and not accounted for in the analyses. All cohort studies were retrospective 
except for four trials23,28,31,32 which were prospective. These trials prospectively identified cases 
of CDI or diarrhea for the purpose of evaluating risk of recurrence, death, or severity of CDI.  
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Summary of Findings 
 
The summary of results is available in Appendix 4, Tables 4.1 and 4.2.  
 
Systematic reviews 
 
Two SRs did not conduct a meta-analysis.17,19 
 
In Abou Chakra et al..(3 studies)17 the included studies found an increase in recurrent CDI when 
a PPI was used concurrently with CDI treatment [HR 1.4 (95% CI 1.1 to 1.8) and OR 3.5 (95% 
CI 1.6 to 7.7)] and when a PPI was used a week or more after resolution of a CDI [OR 18.2 
(95% CI 2.1 to 161.4)].17 
 
Bavashi et al.19 reported that 17 studies included in their SR found a significant association 
between PPI use and the development of CDI whereas 10 studies did not. Furthermore, three 
retrospective cohort studies found an association between PPI use and the development of 
recurrent CDI.19 
 
Meta-analyses 
 
There was an increased risk of CDI with PPIs in all meta-analyses6,7,12,18,20 except in three sub-
groups: pooled studies of adjusted effect estimates (for recurrent CDI) in Kwok et al. (2 
studies),7 pooled studies of unadjusted effect estimates in Tleyjeh et al. (14 studies),6 and when 
interviews were used to ascertain exposure to PPI also in Tleyjeh et al. (8 studies, adjusted and 
unadjusted estimates).6 
 
Of note, studies with adjusted estimates when pooled reported an RR of 1.7 (95% confidence 
interval [CI] 1.4 to 2.0, 23 studies)12 and an OR of 1.8 [(95% CI 1.5 to 2.0), 37 studies]6 for risk 
of incident or recurrent CDI combined. 
 
All pooled analyses reported high heterogeneity, with I2 ranging from 59% to 92%, with the 
exception of two sub-group analyses conducted by Deshpande et al.18 [I2 of 39% (cohort studies 
of incident and recurrent CDI) and I2 of 27% (cohort studies of incident CDI)].  
 
Observational trials 
 
Exposure to a PPI was a risk factor for CDI in ICU patients [OR 3.1 (95% CI 1.1 to 8.70]21 and in 
patients with IBD [OR 3.9 (95% CI 1.7 to 9.1)].34 The risk of developing CDI was greater with 
PPIs compared with H2RA in one trial of ICU patients [OR 1.3 (95% CI 1.0 to 1.6)].22 
 
Two trials29,32 which included both community-acquired and hospital-acquired CDIs found that 
the risk of CDI recurrence was greater with exposure to a PPI [RR 1.3 (95% CI 1.2 to 3.1) and 
OR 2.2 (95% CI 1.1 to 4.3)], whereas another study found no increase in risk of recurrence.33 
Approximately one-third of patients in Lupse et al. trial had community-acquired CDI with no 
history of hospitalization in the previous three months.29 For trials conducted within a hospital or 
which included inpatients, the risk of a CDI recurrence or relapse was increased in one trial 
[OR1.6 (95% CI 1.1 to 2.3)]26 but not in two trials.25,41  
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In three trials which specified that a small percentage of included patients had a prior history of 
CDI31,38 or were relapsers,23 there was no increased risk of CDI,38 severe CDI,31 or death23 with 
exposure to PPIs. 
 
For the remainder of the trials conducted within a hospital or which included inpatients and may 
have included incident cases alone or incident and recurrent cases of CDI, the risk of CDI from 
exposure to a PPI was increased in seven trials.27,28,30,35-37,42 One trial showed that there was no 
increased risk of CDI with long-term PPI use or with increasing exposure.40 
 
Limitations 
 
The systematic reviews included observational trials mostly conducted retrospectively and 
which were limited by confounding and bias. Furthermore, data were meta-analyzed despite 
significant heterogeneity between the primary trials. Some meta-analyses combined both 
adjusted and unadjusted effect estimates; the unadjusted analyses would not have taken 
confounders into account. This could have led to an overestimation of risk.  
 
When an adjusted analysis was provided in the primary trials, the adjustments were made for all 
types of confounders, which differed from trial to trial (see Table 4.2 in Appendix 4). At a 
minimum, most trials adjusted for age and gender and not all trials adjusted for antibiotic use 
and co-morbidities. Some confounders were identified a priori, others were exploratory 
variables, but mostly it was unclear if the confounders were identified a priori.  
 
It is possible that patients who were prescribed PPIs were different than those who were not 
prescribed PPIs and although adjustments were made for confounding, these were made for 
differences in characteristics of patients with or without CDI in the cohort studies. In case-control 
studies, there may have been unknown confounders that were not taken into account in the 
analyses. Furthermore, PPIs may be a surrogate factor for more complex patients such as 
those with multiple co-morbid conditions or exposed to multiple treatments and these patients 
would more likely be hospitalized and more likely to develop CDI.  
 
The observational trials and systematic reviews did not provide comparative information on 
type, dose, and duration of PPI treatment. The possibility of an association may have been 
clearer if patients were analysed according to levels of gastric suppression due to a different 
brand or dose of PPIs. It was also unclear if duration of exposure to PPI (several days 
compared with several months) would make a difference in the direction of the effect estimate.  
 
Finally, we cannot comment on the generalizability of the findings given the disparate patient 
populations between trials and within the systematic reviews.  
 
CONCLUSIONS AND IMPLICATIONS FOR DECISION OR POLICY MAKING  
 
A total of seven systematic reviews and 22 observational trials were retrieved from the literature 
search.  
 
Recently published meta-analyses based on observational trials have suggested that the use of 
proton pump inhibitors is a risk factor for Clostridium difficile infection. Some observational 
studies conducted in recent years have not shown an increased risk of CDI with PPIs whereas 
others conducted in the same timeframe have shown an increased risk. It appears that overall 
there is a positive association between the use of proton pump inhibitors and Clostridium difficile 
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infection, although a causal link cannot be made. The inclusion of incident and recurrent cases 
of CDI within a same trial, the lack of definition regarding PPI exposure, the heterogeneity of the 
included patients, and the possibility of confounding are important limitations.  
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APPENDIX 1:  Selection of Included Studies 
 
 
 
 
  

137 citations excluded 

94 potentially relevant articles 
retrieved for scrutiny (full text, if 

available) 

1 potentially relevant 
report retrieved from 
other sources (grey 

literature) 

95 potentially relevant reports 

66 reports excluded: 
-irrelevant study design (9) 
-irrelevant outcomes (20) 
-already included in at least one of 
the selected systematic reviews 
(37) 
 

29 reports included in review 

231 citations identified from 
electronic literature search and 

screened 
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APPENDIX 2:  Summary of Study Characteristics 
 
Table 2.1  Systematic Reviews and Meta-Analyses 
Author, year, 
country  

Key inclusion criteria,  
Methods 
 

Exclusion 
criteria 

N studies Outcomes 

Abou Chakra et 
al., 201417  
 
Canada 

Studies of C. difficile which 
measured at least one relevant 
outcome (severity, 
complications, mortality, 
treatment failure, recurrence), 
and identified risk factors for 
the main outcome(s) using 
OR, RR or HR 
 
Medline, PubMed, Cochrane 
Library 
January 1978 to October 2013 
 
Hand searching of 
bibliographies conducted 

Studies which used 
univariate 
comparison groups 
or aimed to develop 
a risk stratification 
tool or predictive 
model 

3 studies  Effect estimates 
for recurrent CDI 
(systematic 
review only, no 
meta-analysis) 

Deshpande et 
al., 201218 
 
USA and India 
 

Observational studies (cohort, 
case control and cross 
sectional studies) that 
evaluated the risk of CDI 
associated with PPI in adult 
inpatients or outpatients 
 
Medline, Web of Science, 
Cinahl, Cochrane Library and 
Scopus1990 to October 2010 
 
No language restriction 
 
Hand searching of 
bibliographies conducted 

Studies without 
control groups or 
exposed groups; 
PPI use data 
unavailable for 
either of the study 
groups; data 
presented based on 
CDI episodes and 
not number of 
patients with CDI 

30 studies 
 
25 case-control 
studies; 
5 cohort studies 
 
27 hospital based 
studies; 
3 outpatient based 
studies 
 
202,965 patients 
 

Pooled OR for 
association 
between PPI and 
CDI 

Janarthanan et 
al., 201212 
 
USA 
 
 

Cohort and case control 
studies of adult patients who 
received PPI therapy for at 
least 3 months prior to CDI 
 
No language restriction 
 
Medline, PubMed 1990 to 
December 2010 
 
Hand searching of 
bibliographies conducted 

Studies with poorly 
defined population 
(for example no 
laboratory 
confirmation of 
CDI); no 
adjustments made 
for antibiotic use; 
studies published 
as abstracts 

23 studies 
 
17 case-control 
studies; 
6 cohort studies 
 
288,620 patients 

Pooled RR for 
association 
between PPI and 
CDI 
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Author, year, 
country  

Key inclusion criteria,  
Methods 
 

Exclusion 
criteria 

N studies Outcomes 

Kwok et al., 
20127 
 
UK and US 
 
 

Observational studies (case-
control or cohort studies) that 
evaluated the association 
between PPIs and CDI and 
that reported OR / RR, or raw 
data for calculating OR / RR 
 
No language restriction 
 
Medline and Embase up to 
December 2011 
 
Hand searching of 
bibliographies conducted 

None reported 42 studies 
 
30 case-control 
studies; 
12 cohort; studies 
 
39 studies incident 
CDI; 
3 studies recurrent 
CDI 
 
313,000 patients 

Pooled OR for 
association 
between PPI and 
CDI  
 
 

Tleyjeh et al., 
20126 
 
International 

Analytical studies (RCTs, 
cohort studies and case-
control-studies) which 
examined the association 
between PPIs and CDI 
 
No language restriction 
 
Medline, Embase, IS Web of 
Science and Scopus 1990 to 
January 2012 

None reported 51 studies 
 
37 cohort studies;  
14 case-control 
studies 
 
8 studies on 
community-
acquired CDI;  
37 studies on 
hospital-acquired 
CDI; 
6 studies of both 
community- and 
hospital-acquired 
CDI 
 
Number of 
patients not 
reported 

Pooled OR for 
association 
between PPI and 
CDI 

Bavishi et al., 
201119 
 
US 
 
 
 
 

Studies of association 
between PPIs and enteric 
infections 
 
Medline and PubMed up to 01 
May 2011 
 
English language articles 
published in peer-review 
journals 
 
Hand searching of 
bibliographies conducted 

Case series and 
case reports 
excluded 

27 studies 
 
17 case control 
studies ; 
3 nested case 
control studies; 
7 cohort studies 
 
22 hospital based 
studies; 
5 community 
based studies 
 

Effect estimates 
for enteric 
infections 
including CDI 
(systematic 
review only, no 
meta-analysis) 
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Author, year, 
country  

Key inclusion criteria,  
Methods 
 

Exclusion 
criteria 

N studies Outcomes 

Leonard et al., 
200720 
 
Canada 
 
 

Studies of association 
between acid suppressive 
therapies and enteric 
infections 
 
Medline, Embase, and Cinahl 
up to 2005 
 
No language restriction 
 
Abstracts included when 
further details available from 
authors 
 
Hand searching of 
bibliographies and journals 
conducted 

None reported 12 studies 
 
10 case control 
studies; 
2 cohort studies 
 
All hospital based, 
except for one 
study 

Pooled OR for 
association 
between PPIs and 
CDI 

CDI=Clostridium difficile infection, HR=hazard ratio, OR=odds ratio, NNH=number needed to harm, PPI=proton pump 
inhibitors, RCTs=randomized controlled trials, RR=relative risk 
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Table 2.2  Non-randomized trials 
Cohort studies  
Author, year, 
country 

Study description, 
sample size 

Inclusion criteria, case ascertainment PPI use 

Buendgens et al., 
201421 
 
Germany 

Retrospective, 
database, February 
1999 to June 2010 
 
Hospital 
 
N=3,286 
 
 

Patients admitted to the medical ICU with a 
stay ≥ 48 hours and no diagnosis of upper 
gastrointestinal bleed; CDI diagnosed in 
patients with new onset diarrhea by endoscopy 
(pseudomembranous colitis) or by positive 
detection of C. difficile antigen in feces by 
enzyme-linked assay and/ or a positive 
detection of toxin by PCR. 
 
Median age (years), range: 64, 15 – 100 (all 
ICU patients) 
 
60% male (all ICU patients) 

73% received PPI (all 
ICU patients) 

MacLaren et al., 
201422 
 
USA 

Retrospective, 
database, 01 January 
2003 to 31 December 
2008 
 
Hospital, multicentre 
 
N=21,873 patients 
(PPI group) 
 
 

Adult patients admitted to ICU requiring 
mechanical ventilation for ≥ 24 hours 
administered an H2RA or PPI for ≥ 48 hours 
while intubated 
 
Primary outcomes: secondary diagnosis of GI 
hemorrhage, pneumonia, and CDI 
 
Cohort matching conducted based on 
propensity score for groups receiving H2RAs 
vs. PPIs 
 
54% male (PPI group)  

PPI was initiated 
within the first 48 
hours of ventilation 
 
Excludes patients on 
PPIs exceeding twice 
daily dosing 
 
75% patients 
received 
pantoprazole 
 
51% of patients 
receiving PPI for < 72 
hours 

Varkonyi et al., 
201423 
 
Hungary 

Prospective, 01 
January 2012 to 01 
July 2013 
 
Hospital-based 
surveillance 
 
N=164 
 
16% patients with 
relapse 

Patients with positive antigen and toxin tests to 
confirm presence of CDI 
 
Primary outcome : case lethality (risk of 
mortality from CDI) 
 
44% male 

58% patients 
received PPI within 
one month before 
symptom onset 

Vojtilova et al., 
201424 
 
Czech Republic 

Retrospective, 
medical records, 01 
January 2007 to 31 
December 2010 
 
Hospital 
 
N=281 
 
 

Inpatients with clinical signs for CDI who had 
confirmed toxin in stool sample. Relapse 
defined as a reappearance of clinical 
symptoms after an asymptomatic period 
following an episode of CDI (confirmed by a 
repeated test of CDI toxin in stool). Severe CDI 
defined according to the Czech guidelines 
2012. 
 
Mean age (years), range: 73, 19 – 99  
 
38% male 

42% had a history of 
PPI use (all patients) 
 
  

PPIs and C. Difficile 
   18 
 
 



 
 

Cohort studies  
Author, year, 
country 

Study description, 
sample size 

Inclusion criteria, case ascertainment PPI use 

Freedberg et al., 
201325 
 
USA 

Retrospective, 
electronic medical 
records, 01 
September 2009 to 30 
June 2012 
 
Hospital  
 
N=894  
 
 

Adult inpatients testing positive for C. difficile 
(stool PCR test), without a prior positive test 
within 90 days who were treated for C. difficile 
 
Primary outcome: recurrent CDI (second 
positive PCR for the C. difficile toxin B gene 
within 15-90 days after the initial positive test) 
 
Mean age (years ) ± SD: 64 ± 19 
 
48% male 

In hospital PPI 
therapy at any dose 
and at least daily 
administration for a 
minimum of 2 days 
 
62% patients 
received PPI 
concurrently with CDI 
treatment; 56% of 
patients with 
recurrent CDI were 
receiving a PPI 
 
98% patients 
received 
esomeprazole 

Hebert et al., 
201326 
 
USA 

Retrospective, 
electronic medical 
records, 01 January 
2006 to 31 October 
2010 
 
Hospital, multicentre 
 
N=829 
 
 

Adult inpatients with an initial positive C. 
difficile test associated with a hospitalization; 
enzyme immune assay or cytotoxin detection 
with tissue culture 
 
Primary outcome: CDI relapse within 15 – 56 
days of an initial test 
 
Median age (years), IQR: 79, 71 – 86 
(relapsers) 
 
46% male (relapsers) 

PPI 90 days prior to 
diagnosis 
 
72% of relapsers had 
PPI exposure 

Lin et al., 201327 
 
Tawain 

Retrospective, 
medical records, 
August 2007 to 
December 2009 
 
Hospital, multicentre 
 
N=84 

Adult inpatients with a positive stool culture for 
C.difficile 
 
50 patients had confirmed CDI (stool culture 
positive for toxigenic C.difficile strain) 
 
34 patients had probable CDI (non-toxigenic) 

58% patients 
received PPI 

Lin et al, 201328 
 
Tawain 

Prospective, January 
2011 to June 2012 
 
Hospital 
 
N=483 patients with 
stool sample within 48 
hours 
 
 

Adult patients with an expected hospital stay > 
5 days; stool samples obtained within 48 hours 
of admission, weekly during hospitalization, 
and at the onset of diarrhea. For re-admitted 
patients, stool samples were collected again 
weekly. PCR used to confirm presence of 
C.difficile toxin. Patients followed until 
discharged or death. 
 
136 patients had C.difficile in stool 
 
14 patients had CDI during follow-up 

PPIs prescribed 
within one month 
before CDI or at the 
end of follow-up 
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Cohort studies  
Author, year, 
country 

Study description, 
sample size 

Inclusion criteria, case ascertainment PPI use 

Lupse et al., 
201329 
 
Romania 

Retrospective, 
medical records, 
January 2011 to 
October 2012 
 
Hospital 
 
N=306 
 
32% had community-
acquired CDI with no 
hospitalization in 
previous 3 months 
 
 

Consecutive patients admitted to hospital with 
the diagnosis of CDI or who developed 
diarrhea after admission; presence of clinical 
signs and symptoms of CDI, positive stool 
culture for C.difficile and presence of C.difficile 
toxins. 
 
CDI was considered to be hospital-acquired if 
the patient had been hospitalized when the 
inciting antibiotics were administered.  
 
Two episodes of CDI were considered to be 
recurrent if they occurred within 60 days after a 
prior episode. Could be a relapse (same strain) 
or a re-infection (different strain). Only first 
recurrence was of interest to this study. 
 
Mean age (years ) ± SD: 67 ± 15 
 
32% male 

46% patients had 
previous PPI 
treatment 

Mizui et al., 
201330 
 
Japan 

Retrospective, 
February 2010 to 
February 2011 
 
Hospital 
 
N=2716 
 
 

Patients ≥ 20 years old who received antibiotic 
therapy 
 
Mean age: 72 years 
 
35% male 
 
29 patients developed CDI 
 
4% of patients received preventive probiotic 
therapy 

62% patients with 
CDI received PPI vs. 
27% for non-CDI 
patients 
 
 

Rao et al., 201331 
 
USA 

Prospective, October 
2012 to May 2012 
 
Hospital 
 
N=90 
 
20% patients with 
prior CDI 

Patients ≥ 50 years old with diarrhea and a 
positive C.difficile test; used PCR  
 
Mean age (years ) ± SD: 67 ± 10 
 
32% male 
 
 

70% patients 
received PPI 

Rodriguez-Pardo 
et al., 201332 
 
Spain 

Prospective, 01 
January 2009 to 31 
December 2009 
 
Hospital-based 
surveillance, 
multicenter 
 
 
N=348 
 
 

Patients with diarrhea (≥ 3 loose stool per day) 
or toxic megacolon and diagnosed by a 
positive C.difficile toxin test, the detection of 
toxin in a stool sample by culture, or evidence 
of pseudomembranous colitis. Patients 
categorized according to where C.difficile was 
acquired. Two episodes in the same patient 
were considered different events if the 
occurred > 8 weeks apart. 
 
Median age (years), IQR: 72, 57 – 82 
 
50% male 
 
Setting for onset of CDI: 
Healthcare facility 71% 
Community 14% 

75% patients had 
prior PPI use 
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Cohort studies  
Author, year, 
country 

Study description, 
sample size 

Inclusion criteria, case ascertainment PPI use 

Community, healthcare associated 11% 
Undetermined 4% 

Samie et al, 
201333 
 
Germany 

Retrospective, 
January 2006 to July 
2009 
 
Hospital 
 
N=124 
 
 
 

Patients with a diagnosis of CDI based on 
diarrhea with at least 3 BM per day and a 
positive enzyme-linked immunoassay for toxin 
or a positive stool culture. Recurrence was the 
reappearance of symptoms and positive toxin 
assay within 60 days after treatment response. 
Ambulatory CDI assumed if symptoms began 
in the community or in the first 48 hours after 
hospital admission with no prior hospitalization 
in the last 12 weeks. 
 
Mean age: 75 years 
 
50% male 

95% of patients with 
recurrence were on 
long term PPI (not 
defined) 

Wang et al., 
201334 
 
USA 

Retrospective, 
electronic database, 
January 2009 to 
October 1002 
 
Hospital 
 
N=255 

Consecutive IBD inpatients with CDI; 222 
patients were tested with ELISA and 103 
patients were tested with PCR 
 
Mean age (years ) ± SD: 44 ± 16 
 
46% male 

30% patients used 
PPI 
 
 
 
 
 
 
 
 

 
Case-control 
studies 

    

Author, year, 
country 

Study description Cases, sample 
size 

Controls, sample 
size 

PPI use 

Pakyz et al., 
201435 
 
USA 

Medical records, 2009 
 
Hospital, multicentre 

Discharged patients 
with an ICD-9 code 
for CDI who had also 
received drug 
treatment for CDI for 
at least 3 days 
starting on or after 
day 3 of 
hospitalization, with a 
hospital stay ≤ 90 
days 
 
53% male 
 
N=5,967 

1:2  
Discharged patients 
without an ICD-9 
code for CDI, with a 
hospital stay ≤ 90 
days; matched for 
LOS and diagnosis 
 
52 % male 
 
N=8,167 

PPI received 
before the index 
date (date of 
initiation of drug 
therapy for CDI) 
 
Patients with PPI 
use: 76% cases; 
67% controls 
 

Al-Eidan, 201336 
 
Saudi Arabia 

Chart review, January 
2011 to December 2011 
 
Hospital (excludes 
patients from ambulatory 
care and emergency 
department) 
 
 

Adult patients who 
developed CDI at 
least 48 hours after 
hospital admission, 
identified from 
microbiology reports  
 
N=98 

1:1 
Patients who were 
C.difficile toxin 
negative; matched 
based on age, 
gender, hospital unit 
and admission period 
 
N=98 

Patients who had 
received a PPI 
during hospital 
stay and within 30 
days prior to 
C.difficile toxin A 
detention  
 
Patients with PPI 
use: 78% cases; 
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Case-control 
studies 

    

Author, year, 
country 

Study description Cases, sample 
size 

Controls, sample 
size 

PPI use 

15% controls 
 
Esomeprazole and 
omeprazole 

Barletta et al, 
201337 
 
Arizona 

Database, 01 June 2012 
to 31 October 2011 
 
Hospital (patients with 
community-acquired CDI 
or a history of CDI within 
the previous 90 days 
excluded) 
 
Mean study duration 
(days), range: 7, 3 – 43  

Consecutive adult 
patients with a 
hospital length of stay 
of at least 72 hours, 
CDI acquired at least 
48 hours after 
admission, based on 
a positive lab assay 
result  
 
Mean age (years) ± 
SD: 70±14 
 
37 % male 
 
N=67 

1:2 
Patients admitted 
within 6 months who 
did not have CDI; 
matched for sex, 
age, and date of 
admission 
 
Mean age (years) ± 
SD: 72±25 
 
37 % male 
 
N=134 

PPI utilization 
(agent, dose, 
duration) recorded 
 
Patients with PPI 
use in hospital: 
76% cases; 39% 
controls 
 
Duration of PPI 
use (median days, 
range): 5 (0, 20) 
cases; 0 (0,11) 
controls 
 
Patients with PPI 
exposure in 
previous 30 days: 
52% cases; 22% 
controls 

Campbell et al., 
201338 
 
USA 

Medical records, 01 
January 2008 to 
December 2010 
 
Hospital (acute inpatients 
units) 
 
 

Patients with a 
hospital admission of 
at least 72 hours 
before a positive 
enzyme 
immunoassay for 
C.difficile toxin or 
positive real-time 
polymerase chain 
reaction for C.difficile 
toxin gene  
 
Median age (IQR): 70 
(55, 77) 
 
34 % male 
 
Patients with prior 
history of CDI: 2% 
 
N=32 

2:1 
Patients who had 
undergone same 
surgical procedure, 
matched for age, 
ASA score, year of 
surgery and hospital 
unit at time of 
diagnosis 
 
N=64 

Post-operative PPI 
use, obtained from 
medical records 
 
Patients with post-
operative PPI use: 
47% (cases) 
 
 
 

Dulny et al., 
201339 
 
Poland 

Retrospective, database 
and patient records, 2008 
 
Hospital 
 
 
 

Hospitalized patients 
who developed 
diarrhea and 
diagnosed with CDI 
(positive culture toxin 
detected in the feces 
 
Mean age: 66 years 
 
45% male 
 

Hospitalized patients 
who developed 
diarrhea but 
excluded for CDI 
 
 
 
Mean age: 65 years 
 
48% male 
 

NR 
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Case-control 
studies 

    

Author, year, 
country 

Study description Cases, sample 
size 

Controls, sample 
size 

PPI use 

N=266 N=221 
Leonard et al., 
201240 
 
UK 

Database, February 2009 
to April 2010 
 
Hospital 
 
 
  
 

Random selection of 
patients with diarrhea, 
tested positive for 
C.difficile toxin using 
PCR 
 
N=69 
 
Mean age (years) ± 
SD: 60±17 
 
49% male 
 

1:1 
Random selection of 
patients with diarrhea 
(no matching) 
 
N=68 
 
Mean age (years) ± 
SD: 61±20 
 
53% male 
 
 

Continuous usage 
of PPI > 30 days 
prior to onset of 
diarrhea 
 
Median PPI days 
prior to PCR 
(IQR): 
1 (0, 240) cases; 
10 (0,999) controls 
 
Patients with PPI 
use > 30 days 
41% cases; 
43% controls 

Rotramel et al., 
201241 
 
USA 

Electronic medical 
records, January 2008 to 
August 2011 
 
Hospital 
 
Follow-up of patients, 24 
months 
 
N=739 
 

Patients who 
developed CDC 
followed by at least 
one episode of 
recurrent CDC 
(additional positive 
stool sample result no 
sooner than 14 days 
from the time of the 
preceding positive 
test) 

Patients who 
developed CDC 
without a recurrence 

All patients 
receiving 
pantoprazole (80% 
intravenous) 

Thipmontree et 
al., 201142 
 
Thailand 

Medical records, January 
2008 to December 2008 
 
Hospital 
 
N=203 

Patients with diarrhea 
for at least 72 hours 
who test positive for 
C.difficile toxin or who 
have 
pseudomembranous 
colitis on endoscopy 
 
N=62 
 
Mean age (years) ± 
SD: 67±17 
 
48% male 
 
3% cases had 
recurrent CDI 

1:2 
Patients with 
diarrhea and without 
CDI matched for age 
(±5 years) 
 
N=124 

89% of cases had 
used PPI prior to 
CDI compared to 
75% of controls  

CDC= Clostridium difficile colitis, CDI=Clostridium difficile infection, H2RA=histamine-2 receptor antagonist, 
IBD=inflammatory bowel disease, IQR=interquartile range, LOS=length of stay, NR=not reported, PCR=polymerase 
chain reaction, PPI=proton pump inhibitor, SD=standard deviation 
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APPENDIX 3:  Summary of Critical Appraisal 
 
Table 3.1:  Systematic Reviews and Meta-analyses 
Author, year Strengths Limitations 
Abou Chakra et al., 
201417  
 
Canada 

⋅ Research question and inclusion/ 
exclusion criteria established a priori 

⋅ Comprehensive published literature 
search 

⋅ Characteristics of the included studies 
well tabulated 

⋅ Quality of studies assessed 
⋅ Conflict of interest stated 
⋅ Provided analysis of patients with 

recurrent CDI 

⋅ Language restrictions not stated 
⋅ Not stated whether the grey literature 

was searched 
⋅ Not clear if study selection done by 

two investigators 
⋅ No list of excluded studies 
⋅ Publication bias not assessed 

Deshpande et al., 
201218 
 

⋅ Research question and inclusion/ 
exclusion criteria established a priori 

⋅ Comprehensive published literature 
search 

⋅ Some characteristics of the included 
studies tabulated 

⋅ Heterogeneity assessed 
⋅ Quality of studies assessed 
⋅ Publication bias assessed 
⋅ Conflict of interest stated 
⋅ Provided separate analysis of patients 

with incident CDI 

⋅ Not stated whether the grey literature 
was searched 

⋅ Language restriction not stated 
⋅ No list of excluded studies 
⋅ Residual confounding not assessed 
⋅ Pooled data of adjusted and 

unadjusted effect estimates 

Janarthanan et al., 
201212 
 
 

⋅ Research question and inclusion/ 
exclusion criteria established a priori 
No language restriction 

⋅ Some characteristics of the included 
studies tabulated 

⋅ Heterogeneity assessed 
⋅ Quality of studies assessed 
⋅ Publication bias assessed 
⋅ Conflict of interest stated 
⋅ Studies in which C.difficile cases were 

not confirmed by laboratory were 
excluded 

⋅ Included only studies with adjusted 
effect estimates 

⋅ Literature search only included 
Medline and PubMed; no searching 
of the grey literature 

⋅ No list of excluded studies 
⋅ Included only studies in which PPI 

use had to be for ≥3 months, yet for 
some included studies, the duration 
of PPI use was unknown 

⋅ Pooled data from studies with both 
incident and recurrent CDI 

⋅ Residual confounding not assessed 

Kwok et al., 20127 
 
 

⋅ Research question and inclusion/ 
exclusion criteria established a priori  

⋅ No language restriction 
⋅ Characteristics of the included studies 

well tabulated 
⋅ Heterogeneity assessed 
⋅ Quality of studies assessed 
⋅ Publication bias assessed 
⋅ Conflict of interest stated 
⋅ Provided separate analyses of incident 

and recurrent CDI 
⋅ Provided separate analyses of studies 

with adjusted effect estimates 
⋅ Provided separate analysis for hospital 

and community acquired CDI 

⋅ Literature search only included 
Medline and Embase; no searching 
of the grey literature 

⋅ No list of excluded studies 
⋅ Residual confounding not assessed 
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Author, year Strengths Limitations 
Tleyjeh et al., 20126 
 
International 

⋅ Research question and inclusion 
criteria established a priori 

⋅ Most comprehensive search of all SRs 
⋅ Quality of studies assessed 
⋅ No language restriction 
⋅ Some characteristics of the included 

studies tabulated 
⋅ Heterogeneity assessed 
⋅ Quality of studies assessed 
⋅ Publication bias assessed 
⋅ Conflict of interest stated 
⋅ Provided separate analyses of studies 

with adjusted effect estimates 
⋅ Residual confounding assessed using 

a rule-out approach 

⋅ Exclusion criteria not stated 
⋅ Not clear if hand searching done 
⋅ No searching of the grey literature 
⋅ No list of excluded studies 
⋅ Pooled data from studies with both 

incident and recurrent CDI 
 

Bavishi et al., 201119 
 
 

⋅ Research question and inclusion 
criteria established a priori 

⋅ Some characteristics of the included 
studies tabulated 

⋅ Conflict of interest stated 
 

⋅ Literature search only included 
Medline and PubMed; no searching 
of the grey literature 

⋅ Not clear if duplicate study selection 
were conducted 

⋅ English language articles only 
⋅ No list of excluded studies 
⋅ No quality assessment of studies 

done 
⋅ Descriptive analysis only 

Leonard et al., 200720 
 
 

⋅ Research question and inclusion 
criteria established a priori 

⋅ Comprehensive published literature 
search 

⋅ No language restriction 
⋅ Some characteristics of the included 

studies tabulated 
⋅ Heterogeneity assessed 
⋅ Publication bias assessed 
⋅ Conflict of interest stated 

⋅ No searching of the grey literature 
⋅ Exclusion criteria not stated 
⋅ No quality assessment of studies 

done 
⋅ No list of excluded studies 
⋅ Residual confounding not assessed 

CDI=Clostridium difficile infection, PPI=proton pump inhibitor, SR=systematic review 
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Table 3.2:  Non-RCTs 
Author, 
year 

Groups 
comparable 
with regards 
to important 
determinants 

Differences 
adjusted 
for in 
analysis 

Exposures 
measured 
in the same 
way in the 
groups 

Follow up 
sufficiently 
long and 
complete 

Temporal 
relationship 
correct 

Dose 
response 
gradient 
present 

Cohort Studies 
Buendgens et 
al., 201421 

NR Yes NR NR NR NR 

MacLaren et 
al., 201422 

Yes 
 

Yes Yes No Yes No 

Varkonyi et 
al., 201423 

NR Yes Yes NR Yes NR 

Vojtilova et 
al., 201424 

NR No NR NR NR NR 

Freedberg et 
al., 201325 

No Yes Yes Yes Yes No 

Hebert et al., 
201326 

No Yes Yes Yes Yes NR 

Lin et al., 
201327 

NR Yes NR NR NR NR 

Lin et al, 
201328 

Yes Yes Yes Yes Yes NR 

Lupse et al., 
201329 

NR Yes Yes NR NR NR 

Mizui et al., 
201330 

No Yes NR NR NR NR 

Rao et al., 
201331 

NR Yes NR NR NR NR 

Rodriguez-
Pardo et al., 
201332 

NR Yes Yes NR Yes NR 

Samie et al, 
201333 

Yes Yes NR NR NR NR 

Wang et al., 
201334 

No Yes NR NR NR NR 

Case-control studies 
Pakyz et al., 
201435 

No Yes Yes NR Yes NR 

Al-Eidan, 
201336 

Yes Yes NR NR Yes NR 

Barletta et al, 
201337 

No Yes Yes Yes Yes No 

Campbell et 
al., 201338 

No Yes Yes NR Yes NR 

Dulny et al., 
201339 

NR NR NR NR NR NR 

Leonard et al., 
201240 

Yes Yes Yes Yes Yes No 

Rotramel et 
al., 201241 

NR Yes NR NR Yes NR 

Thipmontree 
et al., 201142 

Yes Yes NR NR NR NR 

NR=not reported  
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APPENDIX 4:  Summary of Findings 
 
Table 4.1:  Risk of CDI; Systematic Reviews and Meta-analyses 
Abou Chakra et al., 201417  
Recurrent CDI  PPI used concurrently with 

CDI treatment  
2 studies HR  1.4 95% CI 1.1, 1.8 

OR 3.5 95% CI 1.6, 7.7 
PPI used ≥ 1 week after 
resolution of CDI  

1 study OR 18.2 95% CI 2.1, 161.4 

Deshpande et al., 201218 
 Incident/ recurrent CDI Incident CDI 

all studies case-control cohort all studies case-control cohort 
Pooled 
ORa 

(95% CI) 

2.2 
(1.8, 2.6) 

2.2 
(1.8, 2.7) 

2.2 
(1.4, 2.3) 

2.1 
(1.8, 2.6) 

2.2 
(1.8, 2,7) 

1.8 
(1.4, 2.4) 

n studies 30 25 5 26 23 3 
I2, % 87 89 39 89 87 27 
Janarthanan et al., 201212 
 Incident/ recurrent CDI 

all studies case-control cohort 
Pooled 
RRb 

(95% CI) 

1.7 
(1.4, 2.0) 

1.7 
(1.4, 2.0) 

1.7 
(1.2, 2.2) 

n studies 23 17 6 
I2, % 92 NR NR 
Kwok et al., 20127 
 Incident CDI Recurrent CDI Incident/ recurrent CDI 

adjustedb all 
studiesa adjustedb all 

studiesa 
case-
controla cohorta hospital 

baseda communityc 

Pooled 
OR 
(95% CI) 

1.9 
(1.6, 2.3) 

1.7 
(1.5, 2.1) 

2.1 
(0.9, 4.9) 

2.5 
(1.2, 5.4) 

1.7 
(1.4, 2.1) 

1.8 
(1.4, 2.4) 

1.7 
(1.4, 1.9) 

2.1 
(1.4, 3.4) 

n studies 29 39 2 3 29 10 33 6 
I2, % 86 85 79 78 87 77 80 87 
Tleyjeh et al., 20126 
 Incident/ recurrent CDI 

all 
studiesa 

case-
controla 

cohorta Canadian 
studiesa 

adjustedb unadjustedd interviewse medical 
recordse 

Pooled 
OR 
(95% CI) 

1.7 
(1.5, 1.9) 

1.7 
(1.4, 2.0) 

1.6 
(1.3, 2.1) 

1.2 
(1.1, 1.4) 

1.8 
(1.5, 2.0) 

1.3 
(0.9, 1.7) 

1.2 
(0.9, 1.5) 

1.9 
(1.5, 2.5) 

n studies 51 37 14 14 37 14 8 20 
I2, % 90 89 88 82 92 59 79 94 
Bavishi et al., 201119 

⋅ 17 studies found a significant association between PPI use and development of CDI (adjusted relative risk 
ranging from 1.2 to 5.0) vs. 10 studies found no association 

⋅ 3 retrospective cohort studies found an association between PPI use and development of recurrent CDI 
(adjusted relative risk ranging from 1.4 to 4.2) 

Leonard et al., 200720 
Pooled OR 2.1 (95% CI: 1.5, 2.9), X2 51, df11 
CDI=Clostridium difficile infection, df=degrees of freedom, HR=hazard ratio, NA=not applicable, NR=not reported, 
OR=odds ratio, PPI=proton pump inhibitors, RR=relative risk  

a includes studies with adjusted and unadjusted effect estimates 
b includes studies with adjusted effect estimates  
cincludes community patients or a mixed of community and inpatients 
dincludes studies with unadjusted effect estimates 
ePPI ascertainment method 
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Table 4.2  Risk of CDI; Non-randomized trials 
Author, year  Statistical analysis used to 

adjust for confounding variables 
Effect estimates 
(95% CI)a 

Other 

Cohort studies 
Buendgens et al., 
201421 
 
 

Multivariate logistic regression 
 
Variables with P<0.25 in univariate 
analysis used in multivariate analysis 

Risk of developing 
CDI while in ICU 
 
OR 3.1 (1.1, 8.7) 

3% patients developed 
CDI during ICU treatment 

MacLaren et al., 
201422 
 
 

Propensity score-adjusted and 
propensity-matched multivariate 
regression models 

Risk of developing 
CDI while in ICU,  
PPI vs. H2RA 
Propensity score-
adjusted: 
OR 1.3 (1.04, 1.6) 

4% patients developed 
CDI while on PPI vs. 2% 
while on H2 RA 

Varkonyi et al., 
201423 

Multiple logistic regression  
 
A priori adjustment variables: age, 
gender 
 
Exploratory variables: Charlson’s index, 
prognosis 

Risk of lethality from 
CDI, PPI vs. no PPI 
or H2RA 
 
OR 1.9 (0.7, 5.0) 

 

Vojtilova et al., 
201424 

Univariate logistic regression  Risk of relapse 
Unadjusted : 
OR 1.9 (1.1, 3.3) 
 
Risk of severe CDI 
Unadjusted : 
OR 1.6 (0.99, 2.7) 

37% patients with relapse 
 
64% of patients with 
severe CDI 
 

Freedberg et al., 
201325 

Multivariable Cox proportional hazards 
model 
 
Variables used in model: age, gender, 
race, Charlson score, antibiotic use, 
use of immuno-suppressants, ICU stay, 
hospital LOS 

Risk of recurrence, 
PPI vs. no PPI 
HR 0.8 (0.6, 1.2) 

 

Hebert et al., 201326 Multivariable regression with backward 
removal method 
 
Variables with P<0.25 in univariate 
analysis used in multivariate analysis 

Risk of relapse, PPI 
exposure after CDI 
diagnosis 
OR 1.6 (1.1, 2.3) 

24% patients with relapse 

Lin et al., 201327 Multiple logistic regression 
 
Variables with P<0.10 in univariate 
analysis used in multivariate analysis 

OR 3.2 (1.3, 8.2)  

Lin et al, 201328 Multivariate regression model 
 
Variables with P<0.25 in univariate 
analysis and factors known to be 
associated with CDI used in 
multivariate analysis  

OR 10.1 (1.2, 87.4)  

Lupse et al., 201329 Multivariate analysis based on the Cox 
model 
 
Variables which could influence 
recurrence were introduced in the 
model: age, gender, prior 
hospitalization, prior antibiotic treatment 

Risk of recurrence 
RR 1.3 (1.2, 3.1) 

20% patients with first 
CDI recurrence 
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Author, year  Statistical analysis used to 
adjust for confounding variables 

Effect estimates 
(95% CI)a 

Other 

Mizui et al., 201330 Multivariate logistic regression  
 
Exploratory variables: age, antibiotic 
therapy, preventive antibiotic therapy, 
use of H2RA, enteral and total parental 
nutrition, serum albumin 

OR 3.2 (1.4, 7.3)  

Rao et al., 201331 Multivariable logistic regression 
 
Variables that were significant in 
univariate analysis and that had a priori 
clinical significance using in multivariate 
analysis 

Risk for severe CDI 
OR 3.1 (0.9, 11.2) 

 

Rodriguez-Pardo et 
al., 201332 

Multivariate logistic regression 
 
Adjusted for age, gender, comorbid 
malignancy 

Risk of first 
recurrence after 
continued use of PPI 
after CDI diagnosis 
OR 2.2 (1.1, 4.3) 

15% patients with 
complicated CDI and 
18% patient with 
recurrence 
 
 

Samie et al, 201333 Multinomial logistic regression with 
forward stepwise method 

Risk of recurrence 
OR 7.3 (0.9, 57.4) 

16% patients with 
recurrence 
 

Wang et al., 201334 Multivariate logistic regression with 
forward stepwise method 

OR 3.9 (1.7, 9.1)  

Case-control studies 
Pakyz et al., 201435 Multilevel logistic regression with 

forward stepwise method 
 
Patients matched on LOS and 
diagnosis 

OR 1.4 (1.3, 1.6)  

Al-Eidan, 201336 Multivariate logistic regression 
 
Variables significant in univariate 
analysis entered in model 
 
Patients matched for age, gender and 
hospital unit) 

OR 20.5 (8.9, 47.6)  

Barletta et al, 201337 Multivariate analysis 
 
Controlled for prior hospitalization, ICU 
admission, admission to nursing home, 
immunosuppression, use of antibiotic, 
PPI duration, time to event  
 
Patients matched for demographics, 
medication history, comorbidities, use 
of H2RAs and various diseases 

OR 1.1 (1.02, 1.3) Adjusted for study 
duration 

Campbell et al., 
201338 

Multivariate analysis 
 
Variables with P≤0.20 in univariate 
analysis used in multivariate analysis  
 
Patients matched for age, ASA score, 
year of surgery and unit at time of 
diagnosis) 

OR 2.2 (0.6, 7.3)  

Dulny et al., 201339 Wald test Unadjusted: 
OR 1.26, P=0.22 
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Author, year  Statistical analysis used to 
adjust for confounding variables 

Effect estimates 
(95% CI)a 

Other 

Leonard et al., 201240 Multivariate logistic regression 
 
Variables with P<0.25 in univariate 
analysis and long-term use of PPI and 
PPI exposure used in multivariate 
analysis  
 
No matching; random selection of 
controls) 

Risk of CDI with long 
term PPI use 
OR 0.7 (0.2, 1.8) 
 
Risk of CDI with 
intensity of PPI 
exposure prior to 
onset of CDI 
OR 1.0 (0.99, 1.01) 

 

Rotramel et al., 
201241 

Multivariate modeling with backwards 
elimination 

Risk of recurrence 
OR 0.85 (0.27, 0.92) 

18% incidence of 
recurrence 

Thipmontree et al., 
201142 

Multivariate analysis 
 
Patients matched for age and gender 

OR 3.3 (1.3, 8.4)  

CDI=Clostridium difficile infection, CHF=congestive heart failure, CRD=chronic renal disease, H2RA=histamine2 
receptor antagonist, HR=hazard ratio, ICU=intensive care unit, LOS=length of stay, NR=not reported, OR=odds ratio, 
PPI=proton pump inhibitors, RR=relative risk  

aAdjusted estimate provided unless otherwise indicated 
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