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ABSTRACT

Introduction: Limited studies have evaluated
the association between Clostridium difficile
infection (CDI) and the duration of proton
pump inhibitor (PPI) or histamine H2-receptor
blocker (H2RA) use and provided a cutoff
duration for PPI or H2RA use to mitigate a
substantially increased risk of CDI. We aimed to
evaluate these associations in hospitalized
patients using a nationwide insurance claims
database.
Methods: We conducted a nested case–control
study to identify cases with a first ever record of
CDI in a study cohort undergoing PPI or H2RA

therapy from the National Health Insurance
Database from 2012 to 2018. Each case was
matched with one control by age, sex, and cal-
endar year. We used conditional logistic
regression to estimate the sensitivity, specificity,
and area under the receiver operating charac-
teristic curve (AUC ROC). Youden’s J statistic
was used to identify the optimal cutoff duration
in days for PPI or H2RA use.
Results: In the main analysis, the AUC ROC
was 0.64 (95% CI 0.63–0.66) and optimal cutoff
duration was 15 days for PPI users. The AUC
ROC was 0.63 (95% CI 0.62–0.64) and optimal
cutoff duration was 16 days for H2RA users. In
the sensitivity analyses, the results were similar
to those of the main analysis, and the optimal
cutoff duration was in the range of 14–15 days.
Conclusions: The optimal cutoff duration for
PPI and H2RA use was about 2 weeks. It is nec-
essary to be cautious regarding the risk of CDI in
patients taking PPIs or H2RAs for longer than
2 weeks.
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Key Summary Points

Why carry out the study?

PPIs or H2RAs are commonly prescribed
to prevent gastrointestinal bleeding or
stress ulcers in hospitalized patients.
However, the FDA has issued a warning
that PPIs may be associated with an
increased risk of Clostridium difficile-
associated diarrhea.

Although several studies have suggested
an association between the risk of CDI and
the use of PPIs or H2RAs, few studies have
evaluated the association between the risk
of CDI and the duration of PPI or H2RA
therapy in a well-defined nationwide
population-based cohort study.

This study was the first to use Youden’s
J statistic to estimate the cutoff duration
of PPIs or H2RAs use to evaluate an
increased risk of CDI.

What was learned from the study?

This study showed that the risk of CDI is
significantly increased when PPIs or
H2RAs are used continuously for more
than 14 days.

On the basis of our findings, we consider
physicians need to be aware of the risk of
CDI in patients receiving PPI or H2RA
treatment for more than 14 days.

INTRODUCTION

Clostridium difficile is one of the common causes
of nosocomial infection in hospitals and is
associated with high morbidity and mortality
[1–3]. Clinical signs and symptoms of C. difficile
infection (CDI) include severe to life-

threatening diarrhea and colitis. Thus, the
Centers for Disease Control and Prevention has
categorized CDI as an urgent threat to public
health, and this infection should be monitored
and prevented [4]. Hospital-acquired CDI usu-
ally results from alteration of the normal gut
flora owing to recent antibiotic exposure in
susceptible populations [5, 6]. In addition, older
age, hospitalization, high severity of underlying
diseases, long length of hospital stay, and use of
acid suppressant medications are considered
risk factors for CDI [6, 7].

Acid suppressant medications such as proton
pump inhibitors (PPIs) or histamine H2-recep-
tor blockers (H2RAs) are commonly prescribed
for prophylaxis of gastrointestinal bleeding or
stress ulcer prevention in hospitalized patients
[8, 9]. Although no randomized controlled trials
have examined the safety of PPIs or H2RAs in
relation to CDI, it is worthy of note that the US
Food and Drug Administration (FDA) has issued
a warning suggesting that PPIs may be associ-
ated with an increased risk of C. difficile-associ-
ated diarrhea [10]. A meta-analysis including 56
studies and a large number of patients indicated
a significantly increased risk of CDI in PPI users
as compared with non-PPI users (OR 1.99,
95% CI 1.73–2.30) [11]. An observational cohort
study included outpatient-based patients and
evaluated the risk of CDI among patients
receiving PPI or H2RA therapy, and showed a
significantly increased risk of CDI among the
patients taking PPIs or H2RAs as compared with
the matched controls [12].

Although several studies have indicated an
association between the risk of CDI and use of
PPIs or H2RAs, not all patients develop CDI
after receiving PPI or H2RA therapy. Thus, we
considered that the duration of PPI or H2RA
therapy could be an important factor affecting
CDI development. However, limited studies
have examined the association between risk of
CDI and duration of PPI or H2RA therapy and
indicated the threshold for the duration of PPI
or H2RA use at which there is a significantly
increased risk of CDI. Thus, the objective of this
study was to evaluate the association between
risk of CDI and duration of PPI or H2RA therapy
and estimate the optimal cutoff duration for PPI
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or H2RA use using a nationwide population-
based database.

MATERIALS AND METHODS

Data Sources

The National Health Insurance Database
(NHID) was used in this study. The NHID and
Cause of Death database were provided and
authorized access by the Health and Welfare
Data Science Center, Ministry of Health and
Welfare, Taiwan. These databases provide per-
son-level information through personal identi-
fication number linkage [13]. The NHID is
populated from a universal single-payer
healthcare program that covers 99% of Taiwan’s
population. It is composed of a registry of ben-
eficiaries, ambulatory care claims, inpatient
claims, and prescription dispensing claims of
pharmacies. Each claim contains a diagnosis
code according to the International Classifica-
tion of Diseases, Ninth Edition, Clinical Modi-
fication (ICD-9-CM, up to December 31, 2015)
and Tenth Edition (ICD-10-CM, after January 1,
2016). In addition, medications, laboratory
tests, and surgeries are recorded with National
Health Insurance codes. For details of the NHID,
refer to Hsieh et al. [13].

Design, Setting, and Study Cohort

We conducted a nested case–control study [14]
to investigate the association between CDI and
duration of PPI or H2RA use in hospitalized
patients. The study cohort was identified as
patients with a first admission who began to use
PPIs or H2RAs in the NHID from 2012 to 2018.
Patients were excluded if they were aged under
20 years, had a history of PPI or H2RA pre-
scription during a 180-day period prior to the
admission date, had a diagnosis of peptic ulcer
(ICD-10-CM codes K25–K28), had acquired
immunodeficiency syndrome (ICD-10-CM
codes B20–B22, B24), or were pregnant (O00-
O99, O9A). A length of stay (LOS) longer than
90 days was considered excessive, and as these
patients could have a greater illness severity or

other critical issues they were excluded from
our study cohort (Fig. 1).

Follow-up and Covariates

The duration of follow-up was based on PPI or
H2RA exposure days in an ‘‘as treated’’ way. The
exposure days to PPIs or H2RAs began on the
date of the first prescription filling and was
censored at the date of discontinuation,
switching, death, occurrence of CDI, discharge
from hospital, or the end of the study period
after the first prescription, whichever came first.
Discontinuation was defined as patients who
stopped receiving PPIs or H2RAs within 7 days
after the date of the last prescription. Baseline
variables were constructed from the NHID dur-
ing the 180-day pre-admission period. Comor-
bidities and co-medications were assessed
according to the Charlson comorbidity index
(CCI) [15], and CCI scores were calculated in
this study. Information regarding the antibiotic
use in our study, it was measured as a co-med-
ication during the 2-week pre-admission period
and was considered as a baseline variable in our
analysis. The date of incident CDI was defined
as the index date. Details of the baseline vari-
ables are presented in Table 1 and in Supple-
mental Table 1 in the supplementary data.

Cases and Controls

According to the nested case–control study, the
source population was our study cohort of
hospitalized patients who were prescribed a PPI
or H2RA for treatment. We then followed these
patients, and if a patient had CDI during the PPI
or H2RA exposure period, it was considered a
case. Patients with CDI in this study were con-
sidered to be those who received metronidazole,
fidaxomicin, or vancomycin orally for treat-
ment for at least 7 days [16]. If a patient
becomes a case, we would randomly select a
patient who did not have CDI at that time from
the source population and matched by age, sex,
and calendar year of entry into the cohort
according to incidence density sampling as a
control until the end of follow-up during the
PPI or H2RA exposure period. The final case and
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control groups were matched to a case on a 1:1
basis for age, sex, and calendar year of cohort
entry. The nested case–control study design in
this study is shown in Supplemental Fig. 1.

Sensitivity Analysis

To confirm that our results were not biased by
misclassification of CDI, we performed two
sensitivity analyses. First, we restricted our
study cohort to between 2017 and 2018, and

cases were defined as patients with records of
CDI testing or diagnosis of CDI (ICD-10-CM
codes 8.45, A04.7) in addition to metronida-
zole, fidaxomicin or vancomycin oral treatment
for at least 7 days. The C. difficile GDH Ag rapid
test and C. difficile toxin A/B rapid test have
been reimbursed by the National Health Insur-
ance program since 2017. We therefore used a
strict definition to identify patients with CDI
and performed the analysis again. Second, in
order to avoid community-acquired infection,
we excluded patients who had CDI within

Fig. 1 Assembly of the study population
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Table 1 Characteristics of the cases and matched controls

Variable Cases
(n = 6933)

Controls
(n = 6933)

SMDa

n % n %

Age, mean, SD (years) 64.3 17.8 65.1 17.3 - 0.05

Male, n, % 4479 64.6 4176 60.2 0.09

Charlson comorbidity index, mean, SD 2.5 2.3 2.8 2.6 - 0.12

Antacid, n, %

H2RA 3450 49.8 3790 54.7 - 0.10

PPI 3483 50.2 3143 45.3 0.10

Duration of antacid use, mean, SD 19.72 15.99 12.34 10.09 0.55

Comorbidity, n, %

Myocardial infarction 328 4.7 325 4.7 0.00

Congestive heart failure 1012 14.6 951 13.7 0.03

Peripheral vascular disease 439 6.3 220 3.2 0.15

Cerebrovascular accident/transient ischemic attack 1925 27.8 1722 24.8 0.07

Dementia 654 9.4 515 7.4 0.07

Chronic pulmonary disease 1203 17.4 1122 16.2 0.03

Connective tissue disease 122 1.8 100 1.4 0.03

Liver disease (mild, moderate, severe) 735 10.6 922 13.3 - 0.08

Diabetes mellitus (uncomplicated or end-organ damage) 2259 32.6 2069 29.8 0.06

Hemiplegia 194 2.8 276 4 - 0.07

Chronic kidney disease (moderate or severe) 1095 15.8 930 13.4 0.07

Solid tumor (localized or metastatic) 320 4.6 603 8.7 - 0.17

Any malignancy, including lymphoma and leukemia, except malignant neoplasm

of skin

1095 15.8 1829 26.4 - 0.26

Inflammatory bowel disease 36 0.5 33 0.5 0.00

Co-medication, n, %

Antibiotics 1995 28.8 792 11.4 0.44

Steroids 1596 23 1346 19.4 0.09

Immunosuppressants 94 1.4 61 0.9 0.05

Antineoplastic agents 149 2.1 220 3.2 - 0.07

SMD standardized mean difference
aSmall SMD = 0.2, medium SMD = 0.5, large SMD = 0.8
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3 days between admission date and index date
and performed the analysis again.

Statistical Analysis

Descriptive statistics were used to characterize
case and control characteristics. Continuous
variables were described as means with standard
deviations (SD), and categorical variables by
numbers and proportions. The standardized
mean difference (SMD) was used to characterize
the differences in baseline characteristics
between the case and control groups. We used
univariable conditional logistic regressions to
estimate the sensitivity, specificity, and area
under the receiver operating characteristic
curve (AUC ROC) for CDI associated with
duration of PPI or H2RA use, respectively. You-
den’s J statistic was used to identify the optimal
cutoff duration for the length of PPI or H2RA
use. According to the results of Youden’s
J statistic, we stratified the duration of PPI or
H2RA use into shorter cutoff duration and
longer cutoff duration groups, and the adjusted
odds ratios (aORs) were estimated to compare
the risk of CDI in patients using PPIs and H2RAs
for shorter or longer cutoff durations by multi-
variable conditional logistic regression. An

example of estimating odds ratios is shown in
Supplemental Table 2.

RESULTS

The 6933 cases were matched to 6933 controls.
The mean age was approximately 65 years in
the cases and controls. The cases were more
likely to use PPIs or H2RAs for a longer duration
(mean 19.72 days; SD 15.99 days) as compared
with the controls (mean 12.34 days; SD
10.09 days). In addition, the cases had the
propensity to have a higher proportion of
baseline antibiotic use (28.8%) as compared
with the controls (11.4%). The details of base-
line characteristics are shown in Table 1.

Table 2 lists the optimal cutoff values, AUC
ROC, sensitivity, and specificity of the duration
of PPI and H2RA use in discriminating the
occurrence of CDI. In PPI users, the AUC ROC
was 0.64 (95% CI 0.63–0.66), sensitivity was
0.57 (95% CI 0.56–0.58), and specificity was
0.73 (95% CI 0.72–0.74). The optimal cutoff
duration was 15 days. In H2RA users, the AUC
ROC was 0.63 (95% CI 0.62–0.64), sensitivity
was 0.59 (95% CI 0.58–0.60), and specificity was
0.70 (95% CI 0.69–0.71). The optimal cutoff
duration was 16 days. For sensitivity analyses,

Table 2 Optimal cutoff values for duration of antacid use to discriminate risk of C. difficile infection (CDI)

Main analysis Sensitivity analysis 1 (CDI
testing or CDI diagnosis,
2017–2018)

Sensitivity analysis 2
(excluded CDI within
3 days)

PPI H2RA PPI H2RA PPI H2RA

Optimal cutoff value for

duration of antacid use

(days)

15 16 15 14 15 14

AUC ROC (95% CI) 0.64

(0.63–0.66)

0.63

(0.62–0.64)

0.71

(0.64–0.77)

0.61

(0.54–0.69)

0.70

(0.69–0.72)

0.67

(0.66–0.69)

Sensitivity (95% CI) 0.57

(0.56–0.58)

0.59

(0.58–0.60)

0.70

(0.64–0.76)

0.58

(0.52–0.65)

0.67

(0.66–0.68)

0.64

(0.62–0.65)

Specificity (95% CI) 0.73

(0.72–0.74)

0.70

(0.69–0.71)

0.68

(0.62–0.74)

0.71

(0.66–0.77)

0.70

(0.69–0.72)

0.70

(0.69–0.71)

AUC ROC area under the receiver operating characteristic curve
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the optimal cutoff duration was in the range of
14–15 days for PPIs and H2RAs. Taking these
results regarding the optimal cutoff duration
together, it was indicated that around 14 days
could be the optimal cutoff duration for PPI and
H2RA use. Therefore, we stratified the duration
of PPI and H2RA use into two groups, shorter
than 14 days (B 14 days) and longer than
14 days ([ 14 days), and compared the risk of
CDI with PPI and H2RA use for shorter or longer
than 14 days.

Table 3 shows an increased risk of CDI in PPI
and H2RA users. Compared with H2RAs, PPIs
led to an increased risk of CDI (aOR 1.31,
95% CI 1.22–1.4) after adjustment for comor-
bidities and co-medications. Patients who use
PPIs or H2RAs for more than 14 days could be at
increased risk of CDI (aOR 4.27, 95% CI
3.95–4.6) as compared with patients who take
the medications for fewer than 14 days. Com-
pared with patients who use H2RAs for fewer
than 14 days, patients who use H2RAs for more
than 14 days could have an increased risk of
CDI (aOR 4.19, 95% CI 3.77–4.65), and the
same applies to patients who use PPIs for more
than 14 days (aOR 5.38, 95% CI 4.84–5.99). The
sensitivity analyses showed similar results to the
main analysis.

DISCUSSION

In this study, the results showed that PPIs
increased the risk of CDI as compared with
H2RAs in a hospital cohort, which was consis-
tent with previous studies [12, 17]. In addition,
we further examined the association between
CDI occurrence and duration of PPI and H2RA
use. A longer duration of PPI or H2RA use sig-
nificantly increased the risk of CDI, and the
threshold for a substantial increase in the risk of
CDI was about 14 days for both medications.
Therefore, patients who use PPIs or H2RAs for
longer than 2 weeks could be at increased risk of
CDI as compared with patients who use these
medications for less than 2 weeks, and the
greatest risk is in patients who undergo PPI
treatment for longer than 2 weeks. In baseline
characteristics, we found that the case group
had a higher proportion of baseline antibiotic

use compared with controls. The possible
explanation is that more people in the case
group in our study had diabetes compared with
the control group, which may lead to a higher
risk of infection. Previous studies [18, 19] have
suggested that hyperglycemia and poor gly-
cemic control may induce immune dysfunc-
tion, affecting chronic inflammatory processes
and leading to diabetes mellitus-associated sus-
ceptibility to infection. This could explain why
the case group (hospitalized patients with CDI)
had more records of antibiotic use in the pre-
admission period. To reduce the effect of con-
founding due to baseline antibiotic use, we use
conditional logistic regression to adjust for the
confounders to reduce bias.

Although no randomized controlled trial has
evaluated the safety of PPIs or H2RAs, several
studies have shown an association between the
risk of CDI and PPI or H2RA use. A systematic
review included 12 observational studies and
found an increased risk of the need to take
antisecretory agents in patients with CDI. Fur-
thermore, there was a greater risk for PPIs (OR
1.96, 95% CI 1.28–3.00) as compared with
H2RAs (OR 1.40, 95% CI 0.85–2.29) [20].
Another systematic review and meta-analysis
included 12 observational studies and reported
the hospital-acquired CDI occurrence following
H2RA and PPI use for the prevention and
treatment of stress gastric ulcers. Similar to a
previous study, it was found that PPIs led to a
greater CDI risk than H2RAs (OR 1.39, 95% CI
1.15–1.67) [17].

Gastric acid is one of the protective mecha-
nisms against enteral infection, including CDI.
Gastric acid suppression may affect indigenous
microbiota, causing less diversity among gut
bacteria and an increased risk of infections such
as C. difficile [21]. In addition, C. difficile spores
are unable to sporulate at a low gastric pH; a
high gastric pH is better for the sporulation and
germination of vegetative forms of the bac-
terium [22]. These in vitro studies may explain
the high occurrence of CDI in patients receiving
PPIs or H2RAs.

Compared with H2RAs, PPIs have shown a
more potent gastric acid suppression ability and
are more effective as a treatment for peptic ulcer
disease (PUD), severe gastroesophageal reflux
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disease (GERD), Zollinger-Ellison syndrome,
and upper gastrointestinal bleeding [23]. Thus,
it may be reasonable that PPIs are more likely to
increase the risk of CDI as compared with
H2RAs according to the effectiveness of gastric
acid suppression. A large cohort study indicated
a positive association between the risk of CDI
and the intensity of gastric acid suppression.
The highest risk was in patients receiving fre-
quent PPI therapy, followed by those receiving
daily PPIs, H2RAs, and those not receiving gas-
tric acid suppressive therapy [24]. The FDA and
Canadian Agency for Drugs and Technologies
in Health (CADTH) issued warnings stating that
the use of PPIs may be associated with an
increased risk of CDI [10, 25] and recommended
the lowest dose and shortest duration be
employed in patients undergoing treatment
with PPIs. However, a suggested duration of PPI
or H2RA use was lacking, and there are no rec-
ommendations in the current guidelines.

Despite the duration of PPI and H2RA use
being an important risk factor for CDI [6, 7], it
has varied in previous studies. A meta-analysis
included 60 studies and evaluated the associa-
tion between PPI use and recurrent CDI. Only
five studies revealed information regarding the
duration of PPI use, which ranged from 3 days
to 1 month [26]. To our knowledge, the current
study was the first to evaluate the optimal cutoff
duration for PPI and H2RA therapy and provide
information regarding the threshold for a sub-
stantial increase in the risk of CDI using a real-
world nationwide database. The results indi-
cated that the optimal cutoff duration for PPI
and H2RA use was 14 days. Our findings pro-
vided real-world evidence regarding PPI and
H2RA use for prophylaxis in hospitalized
patients.

This study has strengths related to the
healthcare and health insurance systems of
Taiwan. The Taiwanese National Health Insur-
ance Database is derived from a universal and
mandatory health insurance program in Taiwan
that covers 99% of the entire population.
Therefore, it allows researchers to construct a
nationwide cohort of patients with negligible
loss of follow-up. The use of claims data for
pharmacoepidemiological study has inherent
limitations. First, we considered patients who

received metronidazole, fidaxomicin, or van-
comycin oral treatment for at least 7 days as the
CDI cohort, which might have resulted in mis-
classification between cases and controls. In
order to reduce bias, we performed sensitivity
analyses to identify cases using a strict defini-
tion, including records of CDI rapid testing,
diagnosis of CDI, and exclusion of patients
suspected of community-acquired infection.
Similar results were obtained to those of the
main analysis. The effects of misclassification
were therefore minimized. Second, other con-
founding factors, such as disease severity,
health behaviors, and strains, were not available
in the claims data, which may have led to slight
overestimation in our results.

CONCLUSION

In this study, we found that a longer duration of
use of PPIs and H2RAs could increase the risk of
CDI in hospitalized patients. In addition, the
results showed the optimal cutoff duration for
PPI and H2RA use to be 14 days. Therefore, we
suggest that physicians need to pay attention to
the risk of CDI in patients receiving PPI or H2RA
treatment for more than 14 days.
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