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ABSTRACT
Objective: It has been established that use of proton
pump inhibitors (PPIs) is associated with an increased
risk of acquiring Clostridium difficile-associated
diarrhoea (CDAD). However, it is not known whether
the use of PPIs or histamine-2 receptor antagonists
(H2RAs) concurrently with CDAD-targeted antibiotic
treatment affects clinical response or recurrence rates.
Design: In two phase 3 trials, patients with toxin-
positive CDAD were randomised to receive fidaxomicin
200 mg twice daily or vancomycin 125 mg four times
daily for 10 days. Only inpatients with CDAD (due to
complete medication record availability) were included
in this post hoc analysis: 701 patients, of whom 446
(64%) used PPIs or H2RAs during study drug
treatment or follow-up. Baseline factors that were
statistically significant in univariate analyses were
analysed in multivariate analyses of effects on clinical
response and recurrence.
Results: Multivariate analysis showed that
leukocytosis, elevated creatinine and hypoalbuminemia,
but not PPI or H2RA use, were significant factors
associated with poor clinical responses. Treatment
group was the single significant predictor of recurrence;
the probability of recurrence after fidaxomicin therapy
was half that following vancomycin therapy.
Conclusions: Acid-suppressing drugs, used by nearly
two-thirds of inpatients with CDAD, did not worsen
clinical response or recurrence when used concurrently
with fidaxomicin or vancomycin. Therefore,
development of CDAD does not require discontinuation
of anti-acid treatment in patients who have an indication
for continuing PPI or H2RA therapy, such as gastro-
oesophageal reflux disease and risk of gastrointestinal
bleed.

INTRODUCTION
The use of proton pump inhibitors (PPIs) and
histamine-2 receptor antagonists (H2RAs) is
among modifiable factors that may increase
the risk of acquiring Clostridium difficile-

associated diarrhoea (CDAD). Recent publica-
tions indicate that PPI exposure may increase
the risk of community-acquired CDAD and
that the risk of nosocomial CDAD increases
along with the frequency of PPI or H2RA
use.1–3 An explanation for the association of
PPI use with CDAD risk may be the ability of
PPIs to reduce gastric acidity, thereby disabling
a natural defence against ingested C. difficile
spores.4

Summary box

What is already known about this subject?
▸ Proton pump inhibitor (PPI)/histamine-2 recep-

tor antagonist (H2RA) use is common in
patients with Clostridium difficile-associated
diarrhoea (CDAD) and often is not founded on
evidence-based medicine.

▸ It is unknown whether concurrent use of PPI/
H2RA with CDAD-targeted antibiotics damages
clinical response.

▸ Some studies have reported that PPI/H2RA use
increased the risk of recurrence, but the studies
had small sample sizes and were not carefully
controlled.

What are the new findings?
▸ PPI/H2RA used concurrently with fidaxomicin or

vancomycin had no adverse effects on clinical
response among inpatients with CDAD.

▸ In a multivariate analysis, recurrence rates were
influenced by numerous other factors, but not
by PPI/H2RA use.

▸ Treatment with fidaxomicin was the single sig-
nificant predictor of CDAD recurrence.

How might it impact on clinical practice in
the foreseeable future?
▸ Our results show that development of CDAD

does not require discontinuation of PPI or H2RA
treatment in patients who have an indication for
continuing such therapy.
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However, the matter remains controversial.2–6 PPI use
may increase the risk of community-acquired CDAD, but
the supporting studies are heterogeneous and consid-
ered inconclusive by some observers.1 7 Recent reports
also indicate that PPI use during and after metronida-
zole or vancomycin therapy may increase recurrence
rates by 40–60%.1 8–12

PPIs and H2RAs are used to treat dyspepsia, gastro-
duodenal ulcers, gastro-oesophageal reflux disease, and
to reduce the risk of medication-induced or
stress-induced gastrointestinal haemorrhage. They are
frequently administered prophylactically to critically ill
hospital patients and their use often continues after hos-
pital discharge.13 Both PPIs and H2RAs are accessible
without prescriptions.14 PPIs are one of the most com-
monly used medicines worldwide.15 It has been alleged
that virtually 70% of PPI use either cannot be attributed
to evidence-based medical reasoning or is associated
with unsuitable indications.14 16–21 The US Food and
Drug Administration (FDA) recently issued a safety com-
munication to the public indicating an association
between PPI use and increased risk of CDAD. The
announcement recommended that a CDAD diagnosis
be considered in cases where patients who use PPIs
experience persistent diarrhoea.22 The agency is cur-
rently evaluating similar risks among patients using
H2RAs. In hospitalised patients, by extension, it can be
hypothesised that concurrent use of PPIs and H2RAs
may adversely affect response to CDAD treatment, and
that anti-acid therapy should be discontinued.
Fidaxomicin is the first antimicrobial treatment for

CDAD to be approved by the FDA in more than
25 years.23 Fidaxomicin targets bacterial RNA polymer-
ase.24 25 Recent data from two phase 3 clinical trials
showed that fidaxomicin is non-inferior to oral vanco-
mycin in achieving clinical response and is superior to
oral vancomycin in maintaining a sustained clinical
response, which is an initial response with no relapse or
death during the subsequent 25 days of follow-up.26–28

Using data from these phase 3 trials, we analysed
whether the use of PPIs or H2RAs during a course of
CDAD-specific antibiotic therapy with fidaxomicin or
vancomycin might affect clinical response or recurrence
rates in hospitalised patients.

METHODS
Data from two identical, independent, randomised, con-
trolled, phase 3 trials comparing the safety and efficacy of
fidaxomicin versus vancomycin were pooled for this study
of the effect of PPIs and H2RAs on the clinical response
of hospitalised patients with CDAD to fidaxomicin or
vancomycin therapy. Study NCT00314951 was conducted
in the USA and Canada from May 2006 through August
2008, and study NCT00468728 was conducted in the
USA, Canada and Europe from April 2007 through
December 2009.26 28 Primary and secondary end points
were clinical response and recurrence rate, respectively.

Patients were ≥16 years of age, had >3 unformed
bowel movements (UBM) during the 24 h preceding
randomisation, had CDAD confirmed by the presence
of toxin A and/or B in the 48 h period preceding ran-
domisation, and had ≤1 episode of CDAD in the preced-
ing 3 months. Patients were randomised to receive
10 days of treatment with oral fidaxomicin 200 mg twice
daily and intervening placebo capsules twice daily
(n=539) or oral vancomycin 125 mg four times daily
(n=566). Treatment with other potentially effective
CDAD therapies was prohibited.
The modified intent to treat (mITT) population com-

prised patients who were randomised to receive daily
therapy of fidaxomicin 400 mg or vancomycin 500 mg,
had CDAD confirmed by clinical observation and a posi-
tive C. difficile toxin assay, and received at least one dose
of study drug. Only inpatients were included in this post
hoc analysis because it was important to verify by study
records the use of the drugs of interest, PPIs and
H2RAs. Data on PPI or H2RA use during the two phase
3 studies were derived from medication records com-
piled in case report forms at each clinical study site. PPIs
of interest were esomeprazole, lansoprazole, omepra-
zole, pantoprazole and rabeprazole. H2RAs of interest
were famotidine, ranitidine and cimetidine.
Diarrhoea was defined as a change in bowel habits,

with >3 UBM (or >200 mL unformed stool for patients
with rectal collection devices) during the 24 h before
randomisation, and the presence of C. difficile toxin A
and/or B in the stool within 48 h before randomisation.
Clinical response was defined as the resolution of diar-
rhoea (≤3 UBM for 2 consecutive days) through the
end of therapy and subsequently for 2 days, after which
patients were followed for 4 weeks for recurrence.
Treatment failure was defined as persistent diarrhoea,
the need for additional CDAD treatment, or both.
Recurrence was defined as the reappearance of CDAD
symptoms during follow-up; C. difficile toxin A, B or both
in stool; and the need for additional therapy. Sustained
clinical response was defined as clinical response with
no recurrence or death. Concomitant antibiotic use was
defined as taking one or more intravenous or oral doses
of an antibiotic during the treatment or follow-up
periods.
Patients were evaluated daily during treatment for clin-

ical response or failure. Patients who responded to treat-
ment were assessed for signs of recurrence during
weekly phone contact through the fourth week of
follow-up after the end of therapy visit. Foecal samples
were collected before the first dose of study drug was
administered, again at the end of therapy, and on recur-
rence of symptoms. These samples were assayed for C.
difficile toxins A and B.
Univariate analyses were performed to determine the

effect of PPI or H2RA use on clinical response and
recurrence among inpatients who used or did not use
PPIs or H2RAs during the treatment phase (study days
1–10), during the follow-up period (study days 11–40),
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and at any time (study days 1–40) during the two phase
3 studies. Baseline factors that were statistically signifi-
cant in univariate analyses of categorical variables were
included in multivariate analyses.
Multivariate analysis of clinical response and recur-

rence rates among inpatients was performed using six
categorical variables: age (in decades), serum albumin
(<2.5 vs ≥2.5 g/dL), serum creatinine (≥1.5 vs <1.5 mg/
dL), white cell count (≥15×109 vs <15×109/L), treatment
group (fidaxomicin vs vancomycin) and PPI or H2RA
use (PPI vs H2RA vs PPI and/or H2RA).
The phase 3 studies were consistent with good clinical

practices and were conducted in accordance with ethical
principles originating in the Declaration of Helsinki, the
International Conference on Harmonization and rele-
vant regulatory requirements. Patients provided informed
consent before participating in either study.

RESULTS
Among the 1105 mITT patients, 49% were randomised
to receive fidaxomicin (n=539) and 51% were rando-
mised to receive vancomycin (n=566). Of the 1105
mITT patients, 701 (63%) were hospitalised at the time
of study enrolment and treated for CDAD as inpatients
(figure 1). The analyses are based on these 701

inpatients. Baseline and disease characteristics for the
inpatient study population are provided in table 1.
Of the 701 hospitalised patients, 482 (69%) used PPIs

or H2RAs at some time during the periods of interest
(ie, during the pretreatment, treatment or follow-up
periods). Overall, PPI use by inpatients was more
common than H2RA use, and use of either type of drug
by inpatients was highest in the 10-day treatment phase,
during which 423 (60%) of inpatients used PPIs and/or
H2RAs (table 2). Among the inpatients who used PPIs
or H2RAs concomitantly with C. difficile-targeted antibio-
tics during the treatment phase, 380 (54%) used a PPI,
55 (8%) used an H2RA, and 12 (2%) used both. During
the follow-up period, 389 (55%) of inpatients used PPIs
and/or H2RAs. Among inpatients who used these drugs
during the follow-up period, 353 (50%) used a PPI, 54
(8%) used an H2RA and 18 (3%) used both.
Univariate analysis showed that achievement of clinical

response by inpatients was not affected by concurrent use
of PPI or H2RA with fidaxomicin or vancomycin therapy;
344/423 (81%) of inpatients who used PPIs and/or
H2RAs achieved clinical response, while 231/278 (83%)
of non-users similarly achieved clinical response.
After adjusting for the effects of PPI and/or H2RA

use on clinical response, multivariate analysis of the
effects of potential predictors of clinical response

Figure 1 Patient disposition. In two phase 3 trials, 1164 patients with CDAD were enrolled and randomised. The mITT

population used for this analysis comprised 539 patients who received at least one dose of fidaxomicin and 566 patients who

received at least one dose of vancomycin. BID, twice a day; CDAD, Clostridium difficile-associated diarrhoea; H2RA, histamine-2

receptor antagonist; mITT, modified intent to treat; PPI, proton pump inhibitor; QID, four times a day.
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showed that hypoalbuminemia (OR 0.497, 95% CI 0.320
to 0.774, p=0.0020), elevated serum creatinine (OR
0.547, 95% CI 0.339 to 0.883, p=0.0135) and leukocytosis
(OR 0.605, 95% CI 0.373 to 0.980, p=0.0411) were inde-
pendent predictors of poor clinical response among
inpatients who used PPIs and/or H2RAs (table 3).
Similar effects on clinical response were observed
among inpatients who used PPIs and, separately, among
inpatients who used H2RAs.
Univariate analysis showed that PPI or H2RA use

during the treatment phase (study days 1–10) had no
effect on recurrence rates. A similar proportion of inpa-
tients who used PPIs or H2RAs during the treatment
phase experienced recurrence as compared with
patients who did not (75/344, 22% vs 44/231, 19%,
respectively). Conversely, although not observed subse-
quently in multivariate analysis, PPI or H2RA use during
the follow-up period (study days 11–40) had a significant
effect on recurrence rates. Inpatients who used PPIs or
H2RAs during the follow-up period experienced signifi-
cantly higher recurrence than inpatients who did not
(76/315, 24% vs 43/260, 17%, p=0.025).
After adjusting for age, high serum creatinine, hypoalbu-

minemia, leukocytosis, and PPI or H2RA use, multivariate
analysis of recurrence showed that treatment (fidaxomicin

vs vancomycin) was a significant predictor of recurrence.
Fidaxomicin reduced the probability of recurrence by
half, compared with vancomycin, among inpatients who
used PPIs and/or H2RAs at any time (OR 0.498, 95% CI
0.313 to 0.793, p=0.003). Similar effects on recurrence
were observed among inpatients who used PPIs and, separ-
ately, among inpatients who used H2RAs (table 4). In add-
ition, high serum creatinine levels were associated with a
statistically significant increased risk of recurrence among
inpatients when adjusted for H2RA use (OR 1.776, 95%
CI 1.018 to 3.101, p=0.043), but not when adjusted for PPI
use (OR 1.657, 95% CI 0.948 to 2.896, p=0.076).
PPI or H2RA use during CDAD-targeted antibiotic treat-

ment by inpatients did not significantly influence time to
resolution of diarrhoea (TTROD). The median TTROD
was 77 h (95% CI 63 to 101) and 67 h (95% CI 53 to 79)
among inpatients who used PPIs and/or H2RAs and did
not use them, respectively (figure 2). The difference in
TTROD between the two groups was not statistically signifi-
cant by Kaplan-Meier analysis (p=0.07, log rank test).

DISCUSSION
Treatment with acid-suppressing drugs such as PPIs and
H2RAs has been brought to prominence by the recent

Table 1 Baseline and disease characteristics (mITT inpatients, n=701)

PPI/H2RA users PPI/H2RA non-users

FDX (n=241)

n (%)

VAN (n=241)

n (%)

All (n=482)

n (%)

FDX (n=100)

n (%)

VAN (n=119)

n (%)

All (n=219)

n (%)

Age (years)

Mean±SD 67.5 (14.98) 68.6 (14.32) 68.1 (14.65) 67.6 (16.28) 64.3 (18.30) 65.8 (17.40)

≤40 14 (5.8) 10 (4.2) 24 (5.0) 8 (8.0) 15 (12.6) 23 (10.5)

41–50 20 (8.3) 17 (7.1) 37 (7.7) 7 (7.0) 17 (14.3) 24 (11.0)

51–60 31 (12.9) 39 (16.2) 70 (14.5) 16 (16.0) 16 (13.5) 32 (14.6)

61–70 55 (22.8) 52 (21.6) 107 (22.2) 24 (24.0) 15 (12.6) 39 (17.8)

71–80 76 (31.5) 63 (26.1) 139 (28.8) 17 (17.0) 28 (23.5) 45 (20.6)

≥81 45 (18.7) 60 (24.9) 105 (21.8) 28 (28.0) 28 (23.5) 56 (25.6)

Sex

Female 126 (52.3) 119 (49.4) 245 (50.8) 56 (56.0) 67 (56.3) 123 (56.2)

Male 115 (47.7) 122 (50.6) 237 (49.2) 44 (44.0) 52 (43.7) 96 (43.8)

Serum albumin (g/dL)

≥2.5 145/224 (64.7) 123/218 (56.4) 268/442 (60.6) 63/91 (69.2) 81/110 (73.6) 144/201 (71.6)

<2.5 79/224 (35.3) 95/218 (43.6) 174/442 (39.4) 28/91 (30.8) 29/110 (26.4) 57/201 (28.4)

WCC

≥15×109/L 51/216 (23.6) 36/209 (17.2) 87/425 (20.5) 22/86 (25.6) 27/108 (25.0) 49/194 (25.3)

<15×109/L 165/216 (76.4) 173/209 (82.8) 338/425 (79.5) 64/86 (74.4) 81/108 (75.0) 145/194 (74.7)

Serum creatinine (mg/dL)

≥1.5 48/230 (20.9) 56/225 (24.9) 104/455 (22.9) 17/94 (18.1) 14/110 (12.7) 31/204 (15.2)

<1.5 182/230 (79.1) 169/225 (75.1) 351/455 (77.1) 77/94 (81.9) 96/110 (87.3) 173/204 (84.8)

Prior CDAD episode

Yes 32 (13.3) 40 (16.6) 72 (14.9) 20 (20.0) 13 (10.9) 33 (15.1)

No 209 (86.7) 201 (83.4) 410 (85.1) 80 (80.0) 106 (89.1) 186 (84.9)

Study drug exposure (days)

Mean ± SD 8.9 (2.43) 8.8 (2.98) 8.9 (2.71) 9.0 (2.56) 9.2 (2.26) 9.1 (2.40)

Patients receiving PPIs or H2RAs in the pre-treatment, treatment, and follow-up periods are included in the ‘PPI/H2RA users’ category.
CDAD, Clostridium difficile-associated diarrhoea; FDX, fidaxomicin; H2RA, histamine-2 receptor antagonist; mITT, modified intent to treat;
PPI, proton pump inhibitor; VAN, vancomycin; WCC, white cell count.
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safety announcement from the FDA warning the public
of an association between PPI use and increased risk of
CDAD.22 The FDA Adverse Event Reporting Service
(FAERS) and the medical literature provided the basis
of this report. In addition to the increased risk of

acquiring CDAD, could antacids adversely affect treat-
ment of CDAD or increase risk of recurrences? Our
study found that PPI or H2RA use had no effect on clin-
ical response or recurrence; however, fidaxomicin
therapy was associated with a 50% reduction in

Table 2 PPI and H2RA use during phase 3 studies (mITT inpatients, n=701)

PPI H2RA PPI/H2RA

FDX (n=341)

Pretreatment 152/303 (50.17%) 17/39 (43.59%) 168/339 (49.56%)

Day 1 of treatment 173/344 (50.29%) 20/48 (41.67%) 191/388 (49.23%)

Treatment (days 1–10) 198/380 (52.11%) 23/55 (41.82%) 215/423 (50.83%)

Follow-up (days 11–40) 186/353 (52.69%) 19/54 (35.19%) 196/389 (50.39%)

At any time (days 1–40) 212/404 (52.48%) 31/71 (43.66%) 227/446 (50.90%)

VAN (n=360)

Pretreatment 151/303 (49.83%) 22/39 (56.41%) 171/339 (50.44%)

Day 1 of treatment 171/344 (49.71%) 28/48 (58.33%) 197/388 (50.77%)

Treatment (days 1–10) 182/380 (47.89%) 32/55 (58.18%) 208/423 (49.17%)

Follow-up (days 11–40) 167/353 (47.31%) 35/54 (64.81%) 193/389 (49.61%)

At any time (days 1–40) 192/404 (47.52%) 40/71 (56.34%) 219/446 (49.10%)

All (n=701)

Pretreatment 303/701 (43.22%) 39/701 (5.56%) 339/701 (48.36%)

Day 1 of treatment 344/701 (49.07%) 48/701 (6.85%) 388/701 (55.35%)

Treatment (days 1–10) 380/701 (54.21%) 55/701 (7.85%) 423/701 (60.34%)

Follow-up (days 11–40) 353/701 (50.36%) 54/701 (7.70%) 389/701 (55.49%)

At any time (days 1–40) 404/701 (57.63%) 71/701 (10.13%) 446/701 (63.62%)

Percentages in the FDX and VAN groups are based on the total number of patients with PPI, H2RA, or PPI/H2RA use among the 701
inpatients.
FDX, fidaxomicin; H2RA, histamine-2 receptor antagonist; mITT, modified intent to treat; PPI, proton pump inhibitor; VAN, vancomycin.

Table 3 Multivariate analysis: effect on clinical response of acid suppressants taken concurrently with CDAD-targeted

antibiotics (mITT inpatients, n=701)

95% CI

Variable Comparison Adjusted OR Lower Upper p Value

PPI

Age category 10-year increase in age 0.934 0.805 1.083 0.3657

Serum albumin <2.5 vs ≥2.5 mg/dL 0.493 0.317 0.767 0.0017

Serum creatinine ≥1.5 vs <1.5 mg/dL 0.543 0.336 0.876 0.0123

WCC ≥15×109 vs <15×109/L 0.614 0.380 0.994 0.0471

Treatment Fidaxomicin vs vancomycin 1.373 0.892 2.112 0.1494

PPI use Yes vs no 0.978 0.635 1.505 0.9184

H2RA

Age category 10-year increase in age 0.930 0.802 1.079 0.3408

Serum albumin <2.5 vs ≥2.5 mg/dL 0.495 0.318 0.771 0.0019

Serum creatinine ≥1.5 vs <1.5 mg/dL 0.541 0.335 0.873 0.0119

WCC ≥15×109 vs <15×109/L 0.609 0.376 0.986 0.0439

Treatment Fidaxomicin vs vancomycin 1.362 0.887 2.092 0.1577

H2RA use Yes vs no 0.830 0.391 1.761 0.6268

PPI and/or H2RA

Age category 10-year increase in age 0.935 0.806 1.084 0.3734

Serum albumin <2.5 vs ≥2.5 mg/dL 0.497 0.320 0.774 0.0020

Serum creatinine ≥1.5 vs <1.5 mg/dL 0.547 0.339 0.883 0.0135

WCC ≥15×109 vs <15×109/L 0.605 0.373 0.980 0.0411

Treatment Fidaxomicin vs vancomycin 1.386 0.902 2.131 0.1365

PPI/H2RA use Yes vs no 0.851 0.545 1.330 0.4786

Age category includes age in decade (≤40, 41–50, 51–60, 61–70, 71–80, and >80 years); hypoalbuminemia is serum albumin <2.5 g/dL; high
serum creatinine level is ≥1.5 mg/dL; and leukocytosis is WCC ≥15×109/L.
CDAD, Clostridium difficile-associated diarrhoea; H2RA, histamine-2 receptor antagonist; mITT, modified intent to treat; PPI, proton pump
inhibitor; WCC, white cell count.
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recurrence versus vancomycin. Thus, the concomitant
use of PPIs or H2RAs by hospitalised patients treated for
CDAD with fidaxomicin or oral vancomycin need not be
contraindicated.
Although, in univariate analysis, 24% of inpatients

who used PPIs or H2RAs during the follow-up period
experienced recurrence, compared with 17% of inpati-
ents who did not use PPIs or H2RAs, multivariate

analysis did not detect a significant impact of PPI or
H2RA use on recurrence. Instead, other factors domi-
nated. Our data confirm that hypoalbuminemia, ele-
vated serum creatinine and leukocytosis are
independent predictors of reduced responses to treat-
ment, regardless of whether or not PPIs or H2RAs are
used concurrently with C. difficile-targeted antibiotics. All
three conditions have been associated with increased

Table 4 Multivariate analysis: effect on recurrence of acid suppressants taken at any time during phase 3 studies (mITT

inpatients, n=701)

95% CI

Variable Comparison Adjusted OR Lower Upper p Value

PPI

Age category 10-year increase in age 1.137 0.971 1.332 0.1098

Serum albumin <2.5 vs ≥2.5 g/dL 0.992 0.604 1.629 0.9738

Serum creatinine ≥1.5 vs <1.5 mg/dL 1.657 0.948 2.896 0.0761

WCC ≥15×109 vs <15×109/L 0.998 0.560 1.778 0.9951

Treatment Fidaxomicin vs vancomycin 0.488 0.306 0.778 0.0026

PPI use Yes vs no 1.539 0.953 2.484 0.0781

H2RA

Age category 10-year increase in age 1.138 0.973 1.332 0.1064

Serum albumin <2.5 vs ≥2.5 g/dL 1.021 0.621 1.677 0.9351

Serum creatinine ≥1.5 vs <1.5 mg/dL 1.776 1.018 3.101 0.0432

WCC ≥15×109 vs <15×109/L 0.954 0.536 1.697 0.8719

Treatment Fidaxomicin vs vancomycin 0.506 0.318 0.804 0.0039

H2RA use Yes vs no 0.493 0.202 1.202 0.1199

PPI and/or H2RA

Age category 10-year increase in age 1.141 0.975 1.335 0.1007

Serum albumin <2.5 vs ≥2.5 g/dL 0.995 0.606 1.636 0.9856

Serum creatinine ≥1.5 vs <1.5 mg/dL 1.688 0.967 2.948 0.0654

WCC ≥15×109 vs <15×109/L 1.004 0.563 1.791 0.9879

Treatment Fidaxomicin vs vancomycin 0.498 0.313 0.793 0.0033

PPI/H2RA use Yes vs no 1.353 0.828 2.212 0.2275

H2RA, histamine-2 receptor antagonist; mITT, modified intent to treat; PPI, proton pump inhibitor; WCC, white cell count.

Figure 2 TTROD among inpatients who did or did not use PPIs or H2RAs concurrently with CDAD-targeted antibiotics. The

time from the first dose of study drug to the last dose before resolution of diarrhoea was determined for inpatients who used PPIs

or H2RAs (n=423) and those who did not (n=278). Median TTROD was 77 h and 67 h, respectively, for the two groups.

Multivariate analysis showed that use of these acid-suppressing drugs did not significantly influence TTROD (p=0.0738, log rank

test). CDAD, Clostridium difficile-associated diarrhoea; H2RA, histamine-2 receptor antagonist; mITT, modified intent to treat;

PPI, proton pump inhibitor; TTROD, time to resolution of diarrhoea; UBM, unformed bowel movements.
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severity of illness in previous studies, so it seems reason-
able that they would be related to lower response rates
and higher recurrence rates.29–31

The strengths of our study include the large database
of patients with CDAD, within which there is a signifi-
cant inpatient contingent (n=701) that was followed pro-
spectively during the treatment period and 30 days
thereafter. Since the analysis only included inpatients,
we could confirm that the study drugs were administered
as ordered. Other strengths include consistent defini-
tions of clinical response and recurrence, complete col-
lections of safety and efficacy data, and follow-up for
28 days after initial therapy for evidence of recurrence.
A weakness is that data are not available for use of acid-
suppressing drugs before onset of CDAD, so this study
cannot inform the ongoing debate regarding whether
these drugs do indeed increase the risk of acquiring the
disease. Some studies have found an association between
acid-suppressive therapy and recurrence.8–12 While we
saw this effect in the univariate analysis when PPIs or
H2RAs were used in the follow-up period, this associ-
ation vanished when the multivariate analysis brought
into consideration other confounding factors.
The polemic over the association of PPIs and H2RAs

with risk of acquiring CDAD has been controversial in
part because of the heterogeneity of studies, some of
which have concluded that the association of PPIs and
H2RAs with CDAD is epidemiologically based,7 32 and
others of which have attributed the association to disease
severity and lengthy hospital stays.33 34 Although it is not
our intention to encourage use of PPIs or H2RAs, we
have found that such concurrent treatment did not
adversely affect CDAD treatment outcomes among inpati-
ents with CDAD. In conclusion, these data support a pos-
ition that acid suppression therapy, when indicated, can
be maintained during treatment of CDAD.
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