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Association Between Proton Pump 
Inhibitor Exposure and Clostridium 

difficile Infection in Elderly, 
Hospitalized Patients

Denise Ross, PharmD; Catherine Gable, PharmD; and Christopher T. Rentsch, MPH

This study did not find a statistically significant association between Clostridium difficile  
infections and use of proton pump inhibitors. 

C
lostridium difficile infection 
(CDI) is the result of a Gram-
positive bacterium, whose 
exotoxins are commonly as-

sociated with infectious, watery diar-
rhea.1 Clostridium difficile infection is 
associated with a significant cost bur-
den, and over the past several years, 
the incidence and severity of CDI 
have been on the rise.2,3 

There are several known risk fac-
tors for CDI. The most well-elucidated 
risk factor is the use of antibiotics, es-
pecially fluoroquinolones, clindamy-
cin, broad-spectrum penicillins, and 
broad-spectrum cephalosporins.4,5 
Other risk factors include advanc-
ing age, immunosuppression, a high 
burden of comorbidities, hospitaliza-
tion, and antineoplastic agent use.6-8 
Over the past decade, gastric acid  
suppression has come under in-
creased scrutiny as a possible risk 
factor for CDI; specifically, exposure 
to proton pump inhibitors (PPIs) 
and histamine 2 receptor antagonists 
(H2

RAs).8-14 With the reported over-
use of PPIs, the importance of under-

standing safety risks associated with 
these agents is becoming increasingly 
necessary.15  

In 2012, the FDA issued a pub-
lic safety announcement reporting 
a possible association between CDI 
and patients undergoing treatment 
with PPIs.16 A large meta-analysis 
by Janarthanan and colleagues in 
2012 evaluated 23 studies with 
nearly 300,000 patients, showing a 
1.6-fold increase in CDI in patients 
exposed to a PPI.8 Another large 
meta-analysis noted that 39 studies 
showed a statistically significant as-
sociation between PPI use and the 
risk of developing CDI (odds ratio 
[OR] 1.74) compared with nonus-
ers.17 A recent study by McDonald 
and colleagues demonstrated pa-
tients with continuous PPI use had 
an elevated risk of CDI recurrence 
compared with patients not on con-
tinuous PPI therapy.18 These large 
studies did not focus analysis on 
elderly, hospitalized patients with 
significant comorbidities. There are 
several proposed mechanisms for 
the reported association between 
PPI use and CDI. The most widely 
accepted mechanism is that gastric 

acid suppression disrupts normal 
gastrointestinal flora and allows for 
bacterial overgrowth.19-21

There are few studies that have 
evaluated the association between PPI 
use and CDI in elderly, hospitalized 
patients. Studies conducted in a simi-
lar patient population have demon-
strated no association between PPI 
use and CDI.22,23 Shah and colleagues 
reported that treatment with gastric 
acid antisecretory agents does not 
increase the risk of developing CDI 
among elderly, hospitalized patients 
who also had severe disability.23 Lowe 
and colleagues demonstrated no as-
sociation between PPI therapy and 
hospitalization for elderly outpatients 
with CDI.22 A study was needed to 
determine the association between 
PPI use and CDI in hospitalized, el-
derly patients with a high burden of 
comorbidities.

OBJECTIVES
The primary objective of this study 
was to determine whether there is 
an association between PPI expo-
sure and CDI in elderly, hospitalized 
patients. The secondary objective 
was to determine the risk factors for 
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the development of CDI in elderly, 
hospitalized patients.

METHODS
Approval for this study was obtained 
from the Emory University Institu-
tional Review Board and the VA Re-
search and Development Committee. 
The study was a single-center, retro-
spective, medical record review of pa-
tients with a CDI polymerase chain 
reaction (PCR) assay, conducted at 
the Atlanta VAMC between August 
20, 2011, and August 20, 2013. 

Two reports for the study period 

were generated from TheraDoc (Pre-
mier Inc., Salt Lake City, UT) medical 
record software: all patients with a 
positive CDI PCR assay and all pa-
tients with a negative CDI PCR assay. 
All adult inpatients aged ≥ 18 years 
with a positive CDI PCR assay and 
diarrhea were included. Patients with 
CDI were randomly matched 1:1, 
based on age, with a control patient 
from a large sample of eligible CDI 
negative assays. Any duplicate posi-
tive CDI PCR assays were deleted, 
and only the first positive test was 
analyzed. Confirmation that PCR 

assay with liquid stool was being 
performed per manufacturer recom-
mendations was obtained from mi-
crobiology laboratory staff.

Patient-specific data were collected 
from the VA Computerized Patient 
Record System (CPRS). Potential co-
variates for analyses were selected 
based on previous literature regard-
ing possible associations between PPI 
and CDI. Data were collected on pa-
tient age, gender, PPI exposure, PPI 
agent, PPI dose, concomitant medica-
tions, high-risk antibiotic use, comor-
bidities (including diabetes, chronic 
renal failure, liver disease, anemia, 
coagulopathy, myocardial infarction, 
chronic heart failure, peripheral vas-
cular disease, chronic obstructive 
pulmonary disease, hypertension, 
hypothyroidism, and any alcohol or 
drug abuse), length of hospital stay, 
bed location, and first vs recurrent 
CDI. Proton pump inhibitor exposure 
was defined as use of any PPI during 
hospitalization or within 2 months 
prior to hospitalization. High-risk an-
tibiotics were defined as fluoroqui-
nolones, broad-spectrum penicillins, 
broad-spectrum cephalosporins, and 
clindamycin.

Statistical Analysis 
Two-sided Wilcoxon rank sum and 
chi-square tests were used to com-
pare the selected variables between 
CDI cases and non-CDI controls. 
A multivariate logistic regression 
model was fitted to the data using 
CDI as the outcome and PPI use as 
the main exposure of interest. The 
large number of covariates of interest 
relative to the sample size suggests 
conditional maximum likelihood 
methods of estimation.24 

Separate models were run using 
each case-control pair as a separate 
stratum in the model (125 pairs) as 
well as pooling similar-age strata to 
reduce the 125 pairs to 46 pooled 

Table 1.  Patient Baseline Demographics

Characteristic
Positive CDI, % (No.)  

(n = 125)
Negative CDI, % (No.)  

(n = 125) P Valuea

Median age, y (range)  66 (60-73) —

Male   98.4 (123)   93.6 (117) .1700

Immunosuppressionb 43.2 (54) 37.6 (47) .3669

Proton pump inhibitor use 51.2 (64) 48.8 (61) .7043

High-risk antibiotic 72.0 (90) 56.0 (70) .0084

Antineoplastic agent 16.8 (21) 5.6 (7) .0050

Antidepressant 32.8 (41) 28.0 (35) .4094

Statin 28.8 (36) 29.6 (37) .8894

Length of hospital stay, d (range)     12.0 (5-26)     10.0 (5-23) .1806

Chronic renal failure 37.6 (47) 36.8 (46) .8959

Liver disease 15.2 (19) 18.4 (23) .4986

Anemia 32.0 (40) 40.8 (51) .1482

Coagulopathy 17.6 (22) 19.2 (24) .7441

Diabetes 39.2 (49) 36.0 (45) .6015

Chronic heart failure 23.2 (29) 24.0 (30) .8816

Peripheral vascular disease 5.6 (7) —

COPD 12.0 (15) 18.4 (23) .1587

Abbreviations: CDI, Clostridium difficile infection; COPD, chronic obstructive pulmonary disease.
aTested for significance with 2-sided chi-square tests and Fisher exact tests. Continuous measures in 
median (interquartile range).
bA composite variable denoting immunosuppression, cancer, lymphoma, or HIV.
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sets. However, when comparing the 
Akaike information criterion (AIC; 
an objective measure to determine 
relative quality of multivariate mod-
els where a lower AIC value is pre-
ferred) between these individual and 
pooled strata models, the model that 
controlled for 125 individual case-
control strata was overwhelmingly 
suggested as the better model (AIC, 
175 vs 255, respectively).25 Analyses 
were conducted with SAS 9.2 (SAS 
Institute Inc., Cary, NC).

RESULTS
A total of 128 patients were posi-
tive for CDI during the 2-year study 
period. Three of these patients were 
excluded from the study due to 
outpatient status. The remaining  
125 patients were matched 1:1 with 
patients negative for CDI to yield a 
total study population of 250 patients.

Baseline demographics are shown 
in Table 1. The majority of patients 
included were males with a median 
age of 66 years. Nearly half of all pa-
tients in both groups had chronic 
renal failure, diabetes, or anemia. 
Comorbidities were numerous but 
were not significantly different be-
tween the positive and negative CDI 
groups. No significant difference in 
immunosuppression or PPI use was 
detected between the 2 groups. How-
ever, there were significantly more 
patients taking a high-risk antibi-
otic or an antineoplastic agent in the 
positive CDI group compared with 
the negative CDI group. The average 
length of hospital stay averaged 10 to 
12 days and did not statistically differ 
between the 2 groups. 

Crude ORs (cORs) and adjusted 
ORs (aORs) were calculated for the 
primary and secondary outcome 
measures (Table 2). There was not 
a statistically significant association 
between PPI use and CDI (cOR 1.10, 
95% confidence interval [CI] 0.67-

1.82; aOR 1.19, 95% CI 0.66-2.15). 
Other known risk factors were also 
evaluated for association. A statisti-
cally significant association did not 
exist between CDI and immunosup-
pression, antidepressant use, statin 
use, diabetes, chronic renal failure, 
liver disease, or anemia. However, 
the statistical analysis did suggest an 
association between CDI and high-
risk antibiotic use (aOR 2.20, 95% CI 
1.22-3.99) and antineoplastic agent 
use (aOR 5.52, 95% CI 1.77-17.26). 

A sensitivity analysis was con-
ducted to determine whether there 
were differing associations with CDI 
by PPI dose or specific agent. In both 
sensitivity analyses, there were no 
statistically significant differences 
in CDI between patients who took 
once-daily vs twice-daily PPI dosing 
or those who took pantoprazole vs 
omeprazole.

DISCUSSION
The objective of this study was to 
evaluate the association between PPI 

use and CDI in an aging, hospital-
ized population. When adjusted for 
known risk factors, there was no as-
sociation between CDI and patients 
exposed to PPI therapy. 

Previous studies evaluating PPI 
use and CDI have shown conflict-
ing results. Large meta-analyses have 
shown an increase in CDI in patients 
exposed to a PPI, whereas other stud-
ies have shown no association. In 
the studies that did not link PPI use 
and CDI, patients were elderly, hos-
pitalized, and had other CDI risk fac-
tors. The patients in this study were 
hospitalized, with a median age of  
66 years. They were significantly im-
munosuppressed and had a very high 
burden of comorbidities. A possible 
explanation for the lack of associa-
tion between PPI use and CDI is that, 
in patients with several existing risk 
factors for CDI, adding a PPI confers 
no additional effect on CDI risk.  

Well-known risk factors, includ-
ing high-risk antibiotic use and anti-
neoplastic chemotherapy use, were 

Table 2. Crude and Adjusted Odds Ratios for Clostridium  
difficile Infection 

Characteristic Crude OR (95% CI) Adjusted OR (95% CI)

Proton pump inhibitor use 1.10 (0.67-1.82) 1.19 (0.66-2.15)

High-risk antibiotica 2.00 (1.17-3.42) 2.20 (1.22-3.99)

Immunosuppressionb 1.28 (0.76-2.16) 0.82 (0.43-1.56)

Antineoplastic agenta 3.33 (1.34-8.30)   5.52 (1.77-17.26)

Antidepressant use 1.23 (0.73-2.07) 1.27 (0.71-2.28)

Statin use 0.97 (0.57-1.62) 0.67 (0.34-1.33)

Diabetes 1.14 (0.69-1.87) 1.72 (0.91-3.27)

Chronic renal failure 1.04 (0.60-1.80) 0.88 (0.47-1.63)

Liver disease 0.78 (0.39-1.56) 0.68 (0.30-1.51)

Anemia 0.69 (0.42-1.16) 0.57 (0.32-1.01)

Abbreviations: CI, confidence interval; OR, odds ratio. 
aSignificant OR (P < .05).
bA composite variable denoting any immunosuppression, cancer, lymphoma, or HIV.
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confirmed by this study. Other known 
risk factors, including immunosup-
pression and diabetes, were not ob-
served to have an association with 
CDI in this study. This is perhaps for 
the same reason that PPI exposure 
did not show a significant association. 
In a study published in 2010, Howell 
and colleagues showed that the risk of 
CDI increased as acid suppression in-
creased in a dose-dependent fashion.9 
There was no association between PPI 
dose and PPI agent on the primary 
outcome measure.

About half of all patients in the 
current study were exposed to PPI 
therapy, which was a surprisingly 
high number. Although this study 
did not evaluate appropriate use of 
PPI therapy, it exposes the high 
rate of PPI use at the study site. It is 
known that PPI use has associated 
risks, and it is important that physi-
cians continue to be vigilant in their 
prescribing habits. 

Limitations and Future Directions 
Several limitations of this study 
should be noted. A relatively narrow 
patient population was examined, 
which limits the generalizability of 
these findings. However, health care 
providers treating older, hospital-
ized patients with a high burden of 
comorbidities may find the results 
meaningful. This study was retro-
spective and included a relatively 
small sample size, which may limit 
the ability to detect a statistically sig-
nificant difference. 

Data were not collected on the du-
ration of PPI therapy. A longer dura-
tion of therapy has been shown in 
previous studies to be significantly 
associated with CDI.26 It is unclear 
in this patient population whether 
there would have been an association 
between PPI duration of treatment 
and CDI. 

Outpatient PPI exposure was de-

termined using CPRS refill history. 
Patients were considered to have PPI 
exposure if they filled ≥ 1 prescrip-
tion for a PPI within 2 months of 
hospitalization. Using this methodol-
ogy to determine PPI exposure may 
not have identified patients who took 
over-the-counter PPIs or did not re-
port filling a prescription for a PPI 
from an outside pharmacy, which 
would have resulted in an underes-
timation of PPI use in this sample. 
Furthermore, it is difficult to deter-
mine adherence to a prescribed regi-
men for outpatients.

Pantoprazole and omeprazole are 
the formulary PPIs at the study site. 
Conducting research at an institution 
with a formulary prevents evaluation 
of other PPIs, including esomepra-
zole, rabeprazole, dexlansoprazole, 
and lansoprazole. This is not seen as 
a significant limitation, as there have 
not been significant differences in the 
PPI agent and CDI widely reported in 
the literature. 

Data on H2
RA exposure were 

not collected. Any possible effect of 
H2

RA exposure and CDI cannot be 
accounted for in this study. It is not 
likely that H2

RA exposure would be 
associated with an increased risk of 
CDI in this patient population, as 
several studies have shown less of an 
association between CDI and H2

RA 
compared with CDI and PPI use. 

Further investigation to evaluate 
the association between CDI and PPI 
exposure in an elderly, hospitalized 
population is needed. Larger studies  
in these patients that evaluate duration 
of PPI therapy would be beneficial. 

CONCLUSION 
In an elderly, hospitalized patient 
population with a high comorbidity 
burden, this study did not detect a 
statistically significant association be-
tween PPI exposure and CDI. Despite 
this, providers should continue to 

consider discontinuation of unneces-
sary PPI therapy.   l
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