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Abstract

Objectives—Observational studies suggest that proton pump inhibitors (PPIs) are a risk factor
for incident Clostridium difficile infection (CDI). Data also suggest an association between PPls
and recurrent CDI, although large-scale studies focusing solely on hospitalized patients are
lacking. We therefore performed a retrospective cohort analysis of inpatients with incident CDI to
assess receipt of PPIs as a risk factor for CDI recurrence in this population.

Methods—Using electronic medical records, we identified hospitalized adult patients between
December 1, 2009 and June 30, 2012 with incident CDI, defined as a first positive stool test for C.
difficile toxin B and who received appropriate treatment. Electronic records were parsed for
clinical factors including receipt of PPIs, other acid suppression, non-CDI antibiotics, and
comorbidities. The primary exposure was in-hospital PPIs given concurrently with C. difficile
treatment. Recurrence was defined as a second positive stool test 15 to 90 days after the initial
positive test. C. difficile recurrence rates in the PPl exposed and unexposed groups were compared
with the log-rank test. Multivariable Cox proportional hazards modeling was performed to control
for demographics, comorbidities, and other clinical factors.

Results—We identified 894 inpatients with incident CDI. The cumulative incidence of CDI
recurrence in the cohort was 23%. Receipt of PPIs concurrent with CDI treatment was not
associated with C. difficile recurrence (HR 0.82; 95% CI 0.58-1.16). Black race (HR 1.66, 95% CI
1.05-2.63), increased age (HR 1.02, 95% CI 1.01-1.03), and increased comorbidities (HR 1.09,
95% CI 1.04-1.14) were associated with CDI recurrence. In light of a higher 90-day mortality
seen among those who received PPIs (log-rank p = 0.02), we also analyzed the subset of patients
who survived to 90 days of follow-up. Again, there was no association between PPls and CDI
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recurrence (HR 0.87; 95% CI 0.60-1.28). Finally, there was no association between recurrent CDI
and increased duration or dose of PPIs.

Conclusions—Among hospitalized adults with C. difficile, receipt of PPIs concurrent with C.
difficile treatment was not associated with CDI recurrence. Black race, increased age, and
increased comorbidities significantly predicted recurrence. Future studies should test interventions
to prevent CDI recurrence among high risk inpatients.

INTRODUCTION

Proton pump inhibitors (PPIs) are a risk factor for incident Clostridium difficile infection
(CDI).1-3 PPIs are among the most common drugs in the world; in America, esomeprazole
was the third most prescribed drug by sales in 2011.# They are highly effective in treating
gastric acid-related disorders? but are often prescribed without a documented indication.>6
Other established risk factors for CDI include older age, antibiotics, hospitalization, and
gastrointestinal tract abnormalities;”:8 PPIs appear to act synergistically with other risk
factors to increase risk of incident C. difficile among both inpatients and outpatients.%10

Up to 30% of patients with CDI recur after completing treatment!! and limited data suggests
that PPIs may be a risk factor for recurrent as well as incident CDI. A study combining in-
and outpatients at 8 Veterans Affairs medical centers in New England suggested that PPIs
were associated with a moderately increased risk of recurrent CDI.12 Two smaller studies
reached similar conclusions although with heterogeneity in their estimates of risk.13.14

The factors that influence C. difficile recurrence differ between in- and outpatients.
Inpatients with incident CDI are older, have more comorbidities, and are more often exposed
to antibiotics compared to outpatients.1® Inpatients with CDI are more likely to have been
exposed to PPIs compared to outpatients; when PPIs are given, there are differences
between in- and outpatients in indications for use, duration, dosage, and method of
administration.1® Furthermore, inpatients have more severe C. difficile and are more likely
to be exposed to hypervirulent subtypes such as the North American Pulsed Field type 1
strain.17.18

For these reasons, factors that influence Clostridium difficile recurrence may have distinct
strengths of association in the inpatient setting as opposed to the outpatient setting. Yet
studies to date have not focused on PPIs as a risk factor for recurrence exclusively among
inpatients with CDI. We therefore sought to study the relationship between in-hospital use
of PPIs and recurrent CDI in a retrospective cohort analysis of inpatients with Clostridium
difficile infection.

METHODS

Study population

We electronically reviewed the medical records from all adult inpatients at our institution
testing positive for C. difficile from September 1, 2009 to June 30, 2012. (September 1, 2009
was the day on which our institution switched from a C. difficile immunoassay to the stool
polymerase chain reaction (PCR) test for C. difficile toxin B.) From this group, we identified
all patients with incident CDI, defined as a positive stool PCR test while hospitalized from
December 1, 2009 to June 30, 2012 without a prior positive test within 90 days who were
treated for C. difficile. To minimize loss to follow-up, we excluded from the analysis
patients who did not meet study endpoints or did not have proven clinical follow-up in our
medical system as evidenced by a clinical encounter after the 90-day study period (Figure
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1). The Institutional Review Board of Columbia University Medical Center approved this
study.

Using automated electronic queries, we extracted information regarding age, sex, self-
reported race/ethnicity, length of stay, and hospitalization in an intensive care unit (ICU)
during the index admission. Death was extracted from the electronic medical record (EMR)
which is cross-indexed with the National Social Security Death Index. We additionally
extracted information regarding medications received during the C. difficile treatment period
including PPIs, acid suppression with a histamine-2 receptor antagonist (H2RA), type of C.
difficile treatment, non-CDI antibiotics, and immunosuppressants. Discharge summaries
were manually reviewed to extract information regarding discharge PPIs or other acid
suppression, non-CDI antibiotics, and immunosuppressants. However, because discharge
summaries were frequently missing or incomplete (n = 181), we ultimately did not include
these variables in the analyses. Patients receiving solely H2RAs for gastric acid suppression
were classified as having received H2RAs; those receiving H2RAs concurrent with PPIs
were classified as having received PPIs. Type of C. difficile treatment was categorized as
metronidazole alone, vancomycin alone, or both medications; none of the patients in the
study received fidaxomicin. Steroids were considered to be immunosuppressive only if
prescribed at a dose of at least 5 mg prednisone daily or equivalent.

Our EMR uses standard International Classification of Diseases (ICD) coding to describe
patient comorbidities. We found that ICD coding of patient comorbidities was inaccurate
compared to manual review, a phenomenon that has been previously described.1920 To
avoid the limitations of ICD codes we used a natural language processing (NLP) system
called Medical Language Extraction and Encoding (MedLEE) to electronically process
admission notes and extract patient comorbidities.?! MedLEE is a rule-based program that
transforms natural language clinical text into computable data;22-24 here MedLEE captured
comorbidity variables with 88% accuracy compared to a subset manual chart review.25
Comorbidities were described in a modified Charlson comorbidity index2® omitting tumors
with/without metastases and mild liver disease because these distinctions could not be
clearly made from existing records.

Primary exposure and outcome

The primary exposure was defined a priori as in-hospital PPI therapy at any dose and at
least daily in frequency for a minimum of two days during the C. difficile treatment period.
The primary outcome was defined as a second positive PCR for the C. difficile toxin B gene
within 15 to 90 days after the initial positive test. The stool PCR test for the toxin B gene is
93% sensitive and 97% specific.2”28 To select the recurrence window of 15 to 90 days, we
referred to studies suggesting that 1) most patients respond to C. difficile treatment within 3
to 4 days and over 90% are cured after 14 days of standard treatment2%:30 and 2) CDI
recurrence risk peaks 7 to 30 days after cessation of antibiotics but persists for up to 90
days.31:32 patients were censored at death or 90 days after their initial positive test.

In order to determine the duration of exposure to PPIs, we manually reviewed patients’
electronic medical records to identify the clinical encounters preceding the date of
recurrence (among those who had recurrent CDI) or the date of censoring (among those who
did not have recurrent CDI). We then recategorized PPI duration as follows: none, partial
duration (PPIs given either concurrent with C. difficile treatment or during the follow-up
period but not during both times), and full duration (PPIs given concurrent with C. difficile
treatment and during follow-up). In order to determine the relationship between strength of
acid suppression and recurrent CDI, we defined four categories of acid suppression given
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during C. difficile treatment: no PPlIs, solely H2RAs, low dose PPIs (equivalent to
esomeprazole 20mg daily or less), and high dose PPIs (equivalent to more than
esomeprazole 20 mg daily).

Statistical analysis

Categorical variables were analyzed using chi-squared tests (for data satisfying the central
limit theorum) or Fisher's exact tests and continuous variables were analyzed using t-tests
(for normally distributed data) or Wilcoxon rank sum tests. C. difficile recurrence rates in
the PPI exposed and unexposed groups were compared with the log-rank test. Multivariable
Cox proportional hazards modeling was performed to assess the association between PPIs
and CDI recurrence, controlling for potential confounders. We included the following
variables in the model: age, sex, race/ethnicity, comorbidities (modified Charlson score),
type of C. difficile treatment, receipt of antibiotics, receipt of immunosuppressants, ICU
stay, and hospital length of stay. In post hoc analyses we examined the subset of patients
who survived to complete 90 days of follow-up and assessed for associations between PPI
duration and recurrent CDI and between PPI dose and recurrent CDI. All data were analyzed
using SAS 9.3 (SAS Institute, Cary, NC) at the alpha 0.05 level of significance.

RESULTS

Patient characteristics

We identified 894 hospitalized patients with a newly positive stool PCR test for C. difficile
toxin B between December 1, 2009 and June 30, 2012 and documented follow-up in our
medical system. Overall, 62% of patients received PPIs concurrently with CDI treatment.
Only 32 patients (4%) received acid suppression with H2RAs alone. Over 98% of patients
receiving PPIs were given esomeprazole. Patient received similar rates of PPIs whether they
were among those analyzed or among the 323 patients who did not have follow-up in our
medical system (p = 0.50). Among those with recurrent CDI, 93 of 167 (56%) were
receiving a PPI at the time of the diagnosis of CDI recurrence; among those who did not
have recurrent CDI, 406 of 727 (56%) were receiving a PPI at the time of censoring. Among
the 167 patients with recurrent CDI, 33 patients (20%) recurred during the index admission
with a median time to recurrence of 33 days (range 15 to 67 days). An additional 66 patients
(40%) were discharged but recurred during a subsequent admission while 68 patients (41%)
recurred as outpatients.

Baseline and hospitalization-related risk factors

At the time of hospital admission, patient demographic and clinical characteristics were
similar between those who did and did not receive PPIs concurrent with CDI treatment
(Table 1). However, during hospitalization patients who received PPIs were more likely to
receive antibiotics and immunosuppressants compared to patients who did not receive PPIs
and were more likely to be treated for C. difficile with both metronidazole and vancomycin,
a potential indication of severe disease. Additionally, patients who were given PPIs during
C. difficile treatment had significantly longer hospitalizations, were more likely to be
hospitalized in an ICU, and more likely to die within 90 days compared to patients who were
not given PPIs (Table 2).

Multivariable analysis

The primary outcome of recurrent CDI occurred in 167 patients with a cumulative incidence
of 22% among those who received PPIs concurrent with C. difficile treatment compared to
24% among those who did not receive PPIs (log-rank p = 0.56) (Figure 2). In multivariable
analysis, the adjusted hazard ratio for PPIs was 0.82 (95% CI 0.58-1.16) (Table 3). When
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acid suppression with H2RAs was added to the model to assess for a dose-related effect
(subjects categorized as no acid suppression, H2RAs only, or PPIs), there was no change in
the relationship between PPIs and CDI recurrence and no association between receipt of
H2RAs and CDI recurrence. Black race was identified as an independent predictor of CDI
recurrence (HR 1.66, 95% CI 1.05-2.63). Older age and increased comorbidities at the time
of admission were also significantly associated with CDI recurrence.

Sensitivity analysis

The cumulative 90-day mortality within the population was significantly higher among
patients who received PPIs compared to those who did not (log-rank p = 0.02) although PPIs
were not associated with mortality in a multivariable analysis (HR 0.95, 95% CI 0.71-1.27).
To assess the possibility of death as a competing risk, we examined the patients who
survived through 90 days of follow-up after the initial positive test. Among this subset of
635 patients there was no association between PPls and CDI recurrence (HR 0.87, 95% ClI
0.60-1.28). Because antibiotic-associated diarrhea could result in increased testing for C.
difficile, we performed an analysis stratified by receipt of antibiotics. Again there was no
association between receipt of PPIs and CDI recurrence among 653 patients who received
antibiotics (HR 0.79, 95% CI 0.53-1.17) or among 241 patients who did not (HR 1.00, 95%
Cl 0.48-2.09).

There was no association between increased duration of PPIs and recurrent CDI. Compared
to patients who did not receive PPIs, there was no association between partial duration PPIs
and CDI recurrence (HR 0.94; 95% CI 0.61-1.44) or between full duration PPIs and CDI
recurrence (HR 0.91; 95% CI 0.62-1.34). Also, there was no association between increased
strength of acid suppression and recurrent CDI. Overall, 32 patients (4%) received H2RAs
only, 415 patients (46%) received low dose PPIs and 136 patients (15%) received high dose
PPIs. When strength of acid suppression was included in the multivariable model, there was
no association between CDI recurrence and solely H2RAs (HR 1.86, 95% CI1 0.94-3.69),
low dose PPIs (HR 0.86, 95% CI 0.59-1.26), or high dose PPIs (HR 0.98, 95% CI 0.60—
1.60) and no evidence of a trend between increased acid suppression and CDI recurrence (p
=0.57).

DISCUSSION

Among 894 hospitalized patients with C. difficile at our institution, we found no association
between receipt of PPIs during C. difficile treatment and CDI recurrence within 15 to 90
days after the initial positive test. This result remained null in a post hoc subset analysis of
patients who survived to complete 90 days of follow-up and in analyses based on duration
and dose of PPl exposure. Interestingly, black race was identified as an independent
predictor of recurrence. Increased age and increased comorbidities were also associated with
CDI recurrence.

Multiple observational studies have suggested that PPIs are a risk factor for incident CDI yet
doubt remains as to whether PPIs are truly causal in C. difficile or whether the observed
relationship is due to unmeasured confounding.33:34 By focusing exclusively on inpatients
with CDI, the current study minimizes clinical heterogeneity between patients who did and
did not receive PPIs. In addition to PPIs, other risk factors for incident CDI include older
age, antibiotics, hospitalization, and gastrointestinal tract abnormalities.8 Previously
identified risk factors for recurrent CDI include older age and antibiotics as well as use of
acid-suppressing medicines.35-37 Our data support older age as an independent risk factor
for recurrent CDI. Three prior studies have found that PPIs were associated with a
moderately increased likelihood of CDI recurrence.12-14 Ascertainment of comorbidities,
definitions of PPI exposure, and the populations under consideration all differ between our
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study and prior studies. Although methodological differences make it challenging to
compare populations, our patients appear to have had more severe CDI as evidenced by the
large portion (41%) who were treated with both metronidazole and vancomycin compared to
under 10% in the other studies. It is possible that the pathogenesis of CDI recurrence varies
between patients with severe CDI and relatively healthier patients with C. difficile.

This is the first study to find that black race may be an independent risk factor for recurrent
CDI. Previous studies have suggested that black race may be protective of incident CD138-40
whereas prior studies of recurrent CDI have not assessed race.12-14 The observed
association between black race and CDI recurrence in the present study may be mediated by
factors that influence the microbiome such as diet, biological differences such as a
difference in mean serum albumin level, or socioeconomic factors such as insurance
status, access to medicines, or nursing home residency status. Future studies are warranted
to identify the specific factors responsible for the observed association between black race
and C. difficile recurrence.

Although our study does not support an association between PPIs and recurrent C. difficile,
there is robust observational data supporting an association between PPIs and incident C.
difficile. The mechanism by which PPIs might cause incident CDI is uncertain.! C. difficile
spores are acid resistant and acid suppression has little impact on their survival.42:43
However, gastric acid suppression with PPIs may alter the colonic microbiome to decrease
colonization resistance or other normal barriers to C. difficile proliferation. The microbiome
is vital in maintaining normal immunity** and in animals PPIs alter the colonic microbiome
in a manner similar to antibiotics.#>47 It is biologically plausible that PPIs might contribute
to incident CDI by perturbing the microbiome yet have little effect on CDI recurrence
because the microbiome of patients at risk for recurrence is already altered.

This study has multiple strengths. This is the first large study to focus exclusively on
inpatients with CDI who receive PPIs. Clostridium difficile infection is often a nosocomial
disease and the factors driving in- versus outpatient CDI are different; this study directly
addresses the question of whether inpatients with CDI can be given PPIs during C. difficile
treatment without increasing risk for CDI recurrence. Because all patients were hospitalized,
we were able to ascertain primary exposure and outcome with high confidence. We
extracted comorbidities from the medical record using natural language processing, which is
more accurate than ICD coding.22-24 We also evaluated a time period during which C.
difficile diagnosis was based on stool PCR testing, which has improved test parameters
compared to earlier-generation immunoassays.28 Our study is relatively large, incorporates
time to recurrence in the primary analysis, and adequately assesses other possible
explanations for recurrence of CDI including patient risk factors, antibiotics, and other acid
suppression.

There are some limitations to our study. Diarrhea is a common side effect of PPIs and could
lead to increased testing for C. difficile. However, increased testing among patients who
received PPIs would have biased findings away from the null, towards a positive association
between PPIs and recurrent CDI. While our study was relatively large, it was not powered to
detect very small differences in CDI recurrence rates among patients exposed to PPIs
compared to patients who were not exposed. Our patients had a high degree of comorbidity
and our results may not be generalizable to healthier inpatient populations. Despite
exclusion of patients who lacked adequate clinical follow-up, we do not have a closed
hospital system and patients may have had recurrence diagnosed elsewhere. However, our
methods were designed to minimize such losses, there was no evidence of differential loss to
follow-up by receipt of PPIs, and our overall recurrence rate was similar to prior
studies.12:48 patients in our study who received PPIs received almost exclusively

Am J Gastroenterol. Author manuscript; available in PMC 2014 November 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Freedberg et al.

Page 7

esomeprazole. However, there is no evidence that type of PPl modifies the relationship
between PPIs and CDI; we believe that our findings regarding esomeprazole and recurrent
CDI are indicative of a class effect.

In sum, among hospitalized patients with newly diagnosed Clostridium difficile,
administration of PPIs concurrently with C. difficile treatment was not a risk factor for CDI
recurrence. Black race, increased age, and additional comorbidities were predictive of
recurrence. Our primary results are best applied to populations that resemble the patients in
our study — patients in tertiary care settings with a high degree of illness and multiple
comorbidities. While hospitalized patients frequently receive PPIs without indication, in-
hospital administration of PPIs does not increase the risk of CDI recurrence. Future studies

sh

ould test interventions to prevent CDI recurrence among high risk inpatients.
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Figure 1.
Flow diagram of patients evaluated and analyzed for association between proton pump
inhibitors and recurrent Clostridium difficile infection.
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Figure 2.

Kaplan-Meier plot of Clostridium difficile recurrence among patients who did and did not
receive proton pump inhibitors during treatment for initial C. difficile infection.

Am J Gastroenterol. Author manuscript; available in PMC 2014 November 01.

208
201




1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Freedberg et al. Page 13

Table 1

Baseline demographic and clinical characteristics stratified by proton pump inhibitors given concurrently with
treatment for Clostridium difficile

Characteristics All PPIs No PPIs p-value
n=894 n=551 n=343

Age in years (mean, £ SD) 64 +19 64 +18 65+ 20 0.43

Male sex 431 (48%) 266 (48%) 165 (48%)  1.00

Race/ethnicity 0.66
White 278 (31%) 176 (32%) 102 (30%)
Black 105 (12%) 60 (11%) 45 (13%)
Hispanic 306 (34%) 192 (35%) 114 (33%)
Unknown/other 205 (23%) 123 (22%) 82 (24%)

Charlson index (median, IQR)® 2 (0-5) 2(0-5) 2(0-5) 0.82

Comorbidities
Ml 189 (21%) 121 (22%) 68 (20%) 0.45
CHF 222 (25%) 144 (26%) 78 (23%) 0.25
PVD 77 (9%) 49 (9%) 28 (8%) 0.71
Stroke 219 (25%) 130 (24%) 89 (26%) 0.43
Dementia 116 (13%) 51 (9%) 65 (19%) <0.01
COPD 47 (5%) 33 (6%) 14 (4%) 0.21
Connective tissue disease 55 (6%) 37 (7T%) 18 (5%) 0.38
PUD 72 (8%) 54 (10%) 18 (5%) 0.02
Cirrhosis 93(10%) 63 (11%) 30 (9%) 0.20
Diabetes 311(35%) 207 (37%) 109 (32%)  0.14
Hemiplegia 59 (7%) 33 (6%) 26 (8%) 0.35
CKD 245 (27%) 152 (28%) 93 (27%) 0.88
Leukemia 28 (3%) 13 (2%) 15 (4%) 0.09
Lymphoma 42 (5%) 26 (5%) 16 (5%) 0.97
AIDS 63 (7%) 34 (6%) 29 (8%) 0.19

Abbreviations: SD, standard deviation; IQR, interquartile range; MI, myocardial infarction; CHF, congestive heart failure; PVVD, peripheral
vascular disease; COPD, congestive-obstructive pulmonary disease; PUD, peptic ulcer disease; CKD, chronic kidney disease; AIDS, acquired
immunodeficiency syndrome.

aModified Charlson index as described in the text.
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Hospitalization characteristics stratified by proton pump inhibitors given concurrently with treatment for

Clostridium difficile

Table 2

Risk factors All PPIs No PPIs p-value
n=894 n=551 n=343
Medications
Antibiotics 653 (73%) 476 (86%) 177 (52%) <0.01
Immunosuppressants 311 (35%) 260 (47%) 51 (15%) <0.01
C. difficile treatment 0.04
Metronidazole 458 (51%) 266 (48%) 192 (56%)
Vancomycin 70 (8%) 41 (7%) 29 (8%)
Both 366 (41%) 244 (45%) 122 (36%)
Morbidity
ICU stay 381 (43%) 290 (53%) 91(27%)  <0.01
Death within 90 days 259 (29%) 174 (32%) 85(25%)  0.03
Hospital LOS in days (median, IQR) 13 (7-25) 17 (9-31) 8(5-16) <0.01

Abbreviations: ICU, intensive care unit; LOS, length of stay; IQR, interquartile range.
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Table 3

Multivariable model of risk factors for recurrence of Clostridium difficile infection within 15-90 days of
initial positive test

Risk factors HR  95% CI
PPIs
No (n=343) Ref
Yes (n=551) 0.82 0.58-1.16
Patient characteristics
Age, per additional year 1.02 1.01-1.03
Sex
Female (n=463) Ref
Male (n=431) 1.26 0.93-1.72
Race/ethnicity
White (n=278) Ref
Black (n=105) 1.66 1.05-2.63
Hispanic (n=306) 128 0.87-1.88
Unknown/other (n=205) 0.79 0.49-1.26

Charlson, per additional point 1.09 1.04-1.14
Hospitalization

C. difficile treatment

Metronidazole (n=458) Ref
Vancomycin (n=70) 111 0.64-1.93
Both (n=366) 1.21 0.86-1.69
Antibiotics
No (n=241) Ref
Yes (n=653) 1.35 0.91-2.00
Immunosuppressants
No (n=583) Ref
Yes (n=311) 1.04 0.72-1.49
ICU stay
No (n=513) Ref
Yes (n=381) 0.88 0.61-1.25

Hospital LOS, per additional day2 ~1.00  1.00-1.01

Abbreviations: Ref, Reference; H2RA, histamine-2 receptor antagonist; ICU, intensive care unit; LOS, length of stay.

ap =0.14.
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