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Background: Prophylaxis with proton pump inhibitor (PPI) in patients treated with glucocorticoid
therapy is a common phenomenon in the general wards of Chinese hospitals. Many of these prescriptions are
inappropriate and lead to overuse. Hospital-acquired pneumonia (HAP) is a possible adverse effect for this
combination but remains controversial.

Methods: We designed a retrospective cohort study using electronic medical record databases from
multiple hospitals to investigate whether PPI prophylaxis increases the risk of HAP in hospitalized patients
receiving glucocorticoid therapy. The study population was adult patients who were not critical and treated
with at least 1 dose of glucocorticoid during hospitalization and the exposure factor was PPIs prophylaxis.
The odds ratio of HAP between the exposed and unexposed groups was calculated based on the cohort which
was established by propensity score matching. The dose-effect relationship between PPI prophylaxis and
HAP was also evaluated.

Results: Among the 307,622 admissions eligible for the study, a total of 217,460 (70.7%) admissions had
a record of PPI prophylaxis. After reconstructed the cohort by propensity score matching, the exposed
and unexposed groups both included 83,786 admissions. The incidence of HAP in the exposed group was
higher than that in the unexposed group (2.1% vs. 1.5%, OR: 1.4, 95% CI: 1.3 to 1.5). The risk of HAP
increased when the cumulative dose of PPI during hospital was more than 2 defined drug doses. Compared
to the unexposed group, the adjusted odds ratio was 1.3 (95% CI: 1.2 to 1.4) in the medium-dose group
(2-7 defined drug doses) and 1.9 (95% CI: 1.8 to 2.1) in the high-dose group (>7 defined drug doses).
Conclusions: PPI prophylaxis increased the risk of HAP in hospitalized patients treated with
glucocorticoid therapy and the risk of HAP increased as the dose of PPIs accumulated.
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Introduction

Non-ventilator hospital-acquired pneumonia (HAP) is a
serious nosocomial infection that is generally under-studied
compared to ventilator-associated pneumonia. Recent
studies have shown that the incidence of this disease is
0.12-2.28 per 1,000 patient admissions in the U.S. acute
care hospital setting and 0.95 per 100 admissions in the
Portuguese National Health System hospitals (1,2). The
incidence of HAP is closely related to a high mortality rate
and high medical burden. In China, Yin et /. (3) conducted
a 10-year prospective observational study of HAP and
found that 58% of cases with nosocomial pneumonia were
HAP and the in-hospital all-cause mortality rate of HAP
was 8.8%. Another study in Guangzhou, China, found an
18.5 percent 30-day mortality rate for HAP (4).

Proton pump inhibitors (PPIs) are widely used in clinical
practice. However, the long-term adverse effects of PPIs
include community-acquired pneumonia, fracture, kidney
injury, dementia, vitamin deficiency, and other drug-induced
disease (5-8). However, the short-term hazards of PPIs in
hospitalized patients usually receive less attention. Some
studies have suggested that HAP may be one of the short-
term adverse reactions of PPIs (9-11). Herzig et al. (12)
conducted a large prospective cohort study to explore
whether administration of PPIs increased the risk of HAP
in the general ward and found that the odds ratio (OR)
of HAP between the PPIs exposed group and unexposed
group was 1.3 [95% confidence interval (CI): 1.1 to 1.4].
A meta-analysis which enrolled 5 case-control studies, 3
cohort studies, and 23 randomized controlled trials (RCTS)
also showed that the risk of HAP associated with using PPIs
was higher than that of the control group (OR: 1.27, 95%
CI: 1.11 to 1.46) (13). However, a recent RCT involving
3,298 patients showed no statistically significant difference
in the incidence of pneumonia between the pantoprazole
and placebo groups in the intensive care unit (14).

In China, glucocorticoid (GC) therapy is frequently
combined with the use of PPIs and can result in the overuse
of PPIs (15,16). In a German study, the combination of the
2 was also one of the main reasons for the inappropriate use
of PPIs (17). Since the use of GC therapy may be associated
with the occurrence of nosocomial infection, we aimed to
understand whether the combined use of PPIs and GC
therapy increased the risk of HAP, which has not been
reported in previous studies. The incidence of the HAP is
low, and the reported OR (if significant) in many studies
is usually less than 2, therefore studies need a large cohort
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to maintain the test power and detect a change between
exposed and unexposed patients. Inadequate sample sizes
may have led many previous studies into a type II error in
which they failed to detect an association between drug
use and HAP risk. The HAP risk associated with the
widespread use of PPIs in patients treated with GC therapy
has not been effectively assessed in the Chinese hospital-
care setting. Therefore, we conducted this study with the
aim of exploring whether the use of PPIs in patients treated
with GC therapy causes additional HAP risk, if such risk
exists, and to understand the optimal dose to not increase
HAP risk if PPI therapy is required. We present the
following article in accordance with the STROBE reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-21-1886/rc).

Methods
Data source

Data was collected from the Medication Data Management
Center of Shanghai Changhai Hospital. The database in
this platform contains more than 100 general hospitals in
China and generates almost 15 million electronic medical
records per year. The database is based on structured
data of hospital electronic medical records of inpatients
in these hospitals. Its main application is to monitor the
use of antibiotics in the region, but it includes all patients
who use or do not use antibiotics. Therefore, this database
can be used to conduct research on other medicines or
diseases. The information available includes demographic
characteristic, clinical diagnosis based on the International
Classification of Diseases 10th version (ICD-10) code,
medication records, and laboratory test results. Previous
studies have provided detailed descriptions and explanations

of this database (18,19).

Design and study population

We designed a large, retrospective cohort study to explore
the risk of HAP between the exposed group (GC therapy
combined with PPI prophylaxis) and the unexposed group
(GC therapy only). The study population was drawn from
20 general hospitals which were all large-volume and had
similar numbers of admissions. The study date was from
1 January, 2015 to 31 March, 2018. The inclusion criteria
were as follows: (I) adult patients (age >18 years) and all
visits were the first for each admission; (II) length of stay
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(LOS) was more than 3 days but less than 100 days; (III)
the patient had at least 1 payment record for systemic GC
therapy [anatomical therapeutic chemical (ATC) code:
HO2AB] during hospitalization. The exclusion criteria
were as follows: (I) time to the first dose of GC therapy
>72 hours since admission; (IT) continuous mechanical
ventilation (time of duration >48 hours); (III) the patients
had a payment record of histamine-2 receptor antagonist
during hospitalization; (IV) the patient was admitted with
bacterial pneumonia (ICD-10: J13.x-J18.x).

All data used in this study had only been used for
scientific research and preserved by reliable measures.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The
database used in this study is anonymous and delinked
and the researchers were unable to identify the patients,
therefore the ethical review and individual consent for this
retrospective analysis was waived by the Ethics Committee
of Shanghai Fourth People’s Hospital Affiliated to Tongji
University School of Medicine.

Medication exposure and outcome

Medication exposure of an inpatient was defined as at
least 1 dose of PPIs including omeprazole, lansoprazole,
pantoprazole, rabeprazole, or esomeprazole according
to the payment record during hospitalization. The
exposure time of PPIs was defined as the billable time.
We calculated the exposure dose from the summary of
the defined daily dose (DDD). The DDD of omeprazole,
lansoprazole, pantoprazole, rabeprazole, and esomeprazole
were made with reference to the stipulations of the World
Health Organization (20): 20, 30, 40, 20, and 30 mg,
respectively.

The outcome in our study was HAP (ventilator
associated pneumonia and aspiration pneumonia were not
included). We defined HAP as patients who had a discharge
diagnosis of bacterial pneumonia (ICD-10: J13.x-J18.
x) which did not exist in their admission diagnosis lists.
During the study participants’ inclusion and exclusion, we
specified that patients on continuous mechanical ventilation
(have a ventilator use record, and the total time >2 hours)
were excluded so that our outcomes would focus on non-
ventilator-associated pneumonia. Aspiration pneumonia
was usually diagnosed as “pneumonitis due to inhalation
of solids and liquids (ICD-10: J69)”, “pneumonitis due to
aspiration of food and vomit (ICD-10: J69.0)”, or “aspiration
pneumonia (ICD-10: J69.001)” in the database.
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Covariates

We incorporated the covariates which might be associated
with exposure or outcome as much as possible to decrease
confounding factors. They included demographic and
admission characteristics, such as gender, age, and
admission season. Comorbidities comprised the diseases
in the Charlson Score Index (CCI) (21). We compiled
comorbidities into ICD-10 code in line with previous
research (22). Other diseases or symptoms related to the
use of PPIs or HAP included alcohol-related disease, colon
disease, hypertension, mental disorder, neuromuscular
disorder, gastrointestinal bleeding, and abdominal
symptoms. Stress ulcer prophylaxis had a significant impact
on the use of PPIs. Therefore, we summarized some
characteristics as a covariate called high stress ulcer risk,
including traumatic brain injury, traumatic spinal cord
injury, burn, sepsis, or coagulopathy. Medication therapy
also had an influence on our study; we extracted data for
this from the payment record by ATC code, including
antithrombotic agents (like vitamin K antagonists, heparin
group, platelet aggregation inhibitors, and others), non-
selective non-steroidal anti-inflammatory drugs (NSAIDs),
coxibs, antidepressants, sedatives, muscle relaxants,
bisphosphonates, antineoplastic agents, and antibiotic use in
the first 48 hours after admission. Moreover, high dose GC
therapy (more than 250 mg hydrocortisone or equivalent),
transient mechanical ventilation (less than 48 hours), and
LOS were also considered (Table S1).

Statistical analysis

The features of the PPIs exposed and unexposed groups
were evaluated through descriptive analysis. Continuous
data were presented as their median and interquartile
range, while categorical data was counted by frequency
and percentage. A multiple logistic regression model was
performed to analyze the HAP risk between the PPIs
exposed and unexposed groups, and the risk was presented
by OR and its 95% CL

To calculate the propensity score, we used PPIs exposure
as a dependent variable and the variable set shown in
"Table S2 as covariates, then established a logistic regression
model. The propensity score reflected the probability of
exposure for every patient, and we matched the exposed
and unexposed groups in a 1:1 ratio with the greedy
matching algorithm (23). The algorithm performed
multiple rounds of matching according to the decimal
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accuracy of the propensity score, and the calipers value in
each round of matching was 0.00001, 0.0001, 0.001, 0.01,
0.1, respectively. This method was shown to be effective
in previous similar studies (12,24). We compared the
difference between the PPIs exposed and unexposed groups
before and after propensity score matching (PSM) by
testing the standardized difference (Zable I). The difference
between the groups was acceptable when the absolute
standardized difference was less than 0.1. We used the
absolute standardized difference instead of P value because
previous research had shown that it did better than P value
while PSM was deployed (25,26). Then, we applied a
conditional logistics regression (if some covariates remained
unbalanced) and analyzed the risk of HAP, including OR,
95% CI, and population-attributable risk based on the
cohort after PSM. The covariates used were those that had
unbalanced residuals (absolute standardized difference >0.1,
if it existed) as shown in Table 1.

If PPIs exposure increased the HAP risk when patients
were treated with GC therapy, we subsequently performed
dose-effect relationship analysis to explore the detail of
the risk and the numbers needed to harm (NNHs) for
different PPIs dose groups. We performed a multiple
logistic regression model to adjust the confounding factor
(unbalanced variable, as shown in Table S2) and analyzed the
independent risk of PPIs for different PPI doses. In terms of
DDDs, the cumulative PPI doses which had been prescribed
during hospitalization were classified into 3 groups: low-
dose (0-2 DDDs), medium-dose (2—-7 DDDs), and high-dose
(>7 DDDs).

A 0.05 level of significance in a 2-tailed hypothesis test
was used in this study, and all the statistical analysis was
conducted by SAS 9.4 (SAS Institute, Cary, NC, USA).

Sensitivity analysis

"To address the impact of misclassification on the study, 2
sensitivity analyses were performed. First, some patients
with community-acquired pneumonia or in the incubation
period may not be accurately diagnosed on admission. These
patients were diagnosed with other conditions, such as
upper respiratory tract infections, at the time of admission.
According to our original definition, if these patients had a
diagnosis of bacterial pneumonia at discharge, they would
be classified as HAP, which led to misclassification and
overstated the incidence of HAP. Therefore, we repeated
the main analysis after adding an additional condition to
the original outcome, which was that a patient received
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no antibiotic therapy in the first 48 hours after admission.
Doing so made the calculated incidence of HAP lower than
the true incidence of HAP and the risk of exposure to HAP
more difficult to detect, but our sample size was sufficient
to detect a small risk (if any). If the main effect of exposure
factors remained statistically significant after changing the
definition of the outcome, our statistical model and results
could be considered to be relatively robust.

In our study, the lack of an obvious time point for HAP
occurrence (which was not available from the database)
led to a portion of unrelated PPI use being misclassified as
exposure (PPI use occurred later than HAP). To address this
issue, we performed another sensitivity analysis by changing
the definition of exposure and classifying patients whose
first use of PPIs was later than 48 hours after admission to
the unexposed group. Since HAP always occurs 48 hours
after admission, redefinition of exposure ensured that all
exposures occurred before the outcome. In addition, we
determined when all PPI users first used PPIs to analyze the
possibility of exposure to misclassification and how it might
affect the results.

Results
Study population

From 1 January, 2015, to 31 March, 2018, there were
701,673 adult patients who satisfied the inclusion criteria
discharged from the 20 general hospitals in our database.
After excluding GC therapy administration 72 hours later
(n=369,589), continuous mechanical ventilation (n=1,135),
histamine-2 receptor antagonist administration (n=19,342),
and admission with bacterial pneumonia (n=3,958), the final
analytic cohort included 307,622 admissions (Figure I).
The median age of the final cohort was 51 years, with an
interquartile range of 40 to 62 years. A total of 167,535
(54.5%) admissions of the cohort were male, and 217,460
(70.7%) admissions received at least 1 dose of PPIs
during hospitalization. There were significant differences
(standardized difference >0.1) between the PPIs exposed and
unexposed groups in aspects of their baseline characteristics
(Table S2).

After PSM in a ratio of 1:1 between the PPIs exposed and
unexposed groups, both groups included 83,786 admissions.
The density of exposure probability of the groups was
similar after PSM, and there was no unbalanced residual in
all aspect of characteristics in the cohort after PSM (Figure 2,
Table 1).
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Table 1 Population characteristics between the PPIs exposure group and the unexposed group: after propensity score matching

Variables PPIls exposure group Unexposed group Absolute standardized
(n=83,786) (n=83,786) difference
Male, n (%) 44,420 (53.0) 44,766 (53.4) -0.008
Age, median (IQR), years 49 (37-61) 49 (37-61) -0.016
Age, mean + SD, years 49.4+15.9 49.6+16.3
Admission season, n (%)
Spring 21,982 (26.2) 21,987 (26.2) 0.000
Summer 19,390 (23.1) 19,524 (23.3) -0.004
Autumn 19,402 (23.2) 19,580 (23.4) -0.005
Winter 23,012 (27.5) 22,695 (27.1) 0.008
LOS, median (IQR), days 8 (6-11) 8 (6-10) 0.031
Comorbidity, n (%)
Myocardial infarction 1,110 (1.3) 1,226 (1.5) -0.012
Congestive heart failure 1,972 (2.4) 1,987 (2.4) -0.001
Peripheral vascular disease 1,390 (1.7) 1,399 (1.7) -0.001
Cerebrovascular disease 5,261 (6.3) 5,392 (6.4) -0.006
Dementia 67 (0.1) 66 (0.1) 0.000
Chronic pulmonary disease 4,476 (5.3) 4,419 (5.3) 0.003
Rheumatic disease 1,592 (1.9) 1,541 (1.8) 0.004
Peptic ulcer disease 228 (0.3) 154 (0.2) 0.019
Mild liver disease 4,736 (5.7) 4,628 (5.5) 0.006
Diabetes without chronic complication 5,841 (7.0) 5,890 (7.0) -0.002
Hemiplegia or paraplegia 180 (0.2) 189 (0.2) -0.002
Renal disease 1,987 (2.4) 2,027 (2.4) -0.003
Diabetes with chronic complication 473 (0.6) 430 (0.5) 0.007
Malignancy 7,826 (9.3) 8,138 (9.7) -0.013
Moderate or severe liver disease 392 (0.5) 355 (0.4) 0.007
Metastatic solid tumor 2,094 (2.5) 2,194 (2.6) -0.008
AIDS 56 (0.1) 55 (0.1) 0.000
High stress ulcer risk 7,568 (9.0) 7,441 (8.9) 0.005
Alcohol-related disease 86 (0.1) 53 (0.1) 0.014
Colon disease 289 (0.3) 288 (0.3) 0.000
Hypertension 13,822 (16.5) 14,327 (17.1) -0.016
Mental disorder 558 (0.7) 529 (0.6) 0.004
Neuromuscular disorder 1,473 (1.8) 1,416 (1.7) 0.005
Gastrointestinal bleeding 102 (0.1) 57 (0.1) 0.017
Abdominal symptoms 607 (0.7) 579 (0.7) 0.004

Table 1 (continued)
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Table 1 (continued)

Variables PPIs exposure group Unexposed group Absolute standardized
(n=83,786) (n=83,786) difference

Medication, n (%)
Vitamin K antagonists 251 (0.3) 258 (0.3) -0.002
Heparin group 9,098 (10.9) 8,917 (10.6) 0.007
Platelet aggregation inhibitors 7,270 (8.7) 7,191 (8.6) 0.003
Other antithrombotic agents 3,353 (4.0) 3,406 (4.1) -0.003
Non-selective NSAIDs 22,893 (27.3) 23,020 (27.5) -0.003
Antidepressants 617 (0.7) 593 (0.7) 0.003
Bisphosphonates 1,491 (1.8) 1,467 (1.8) 0.002
Antineoplastic agents 3,385 (4.0) 3,292 (3.9) 0.006
Coxibs 14,720 (17.6) 15,229 (18.2) -0.016
Sedatives 32,161 (38.4) 32,409 (38.7) -0.006
Muscle relaxants 32,644 (39.0) 32,856 (39.2) -0.005
Antibiotic therapy in the 48 hours after admission 44,429 (53.0) 44,495 (53.1) -0.002
GC therapy dose >250 mg hydrocortisone or equivalent 67,685 (80.8) 66,612 (79.5) 0.032
Transient mechanical ventilation* 29 (0.0 15 (0.0) 0.010

*, total duration of mechanical ventilation <48 hours. PPIs, proton pump inhibitors; LOS, length of stay; IQR, interquartile range; AIDS,
acquired immune deficiency syndrome; NSAIDs, non-steroidal anti-inflammatory drugs; GC, glucocorticoid.

Adult patients treated with GC therapy (n=701,673)

Y

TFD of GC therapy >72 hours since admission (n=369,589)

Y

Mechanical ventilation >48 hours (n=1,135)

> Had a record of H2RA administration (n=19,342)
> Admitted with bacterial pneumonia (n=3,985)
\
Patients treated with GC therapy in final cohort (n=307,622)
A ¥
PPIs exposed Unexposed
(n=217,460) (n=90,162)
A Y
PPIs exposed after PSM Unexposed after PSM
(n=83,786) (n=83,786)

Figure 1 The flowchart of population enrollment and exclusion. GC, glucocorticoid; TFD, time to the first dose; H2RA, histamine-2

receptor antagonist; PPIs, proton pump inhibitors; PSM, propensity score matching.
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Covariate adjusted and PSM

In the PPIs exposed group, HAP occurred in 5,626 admissions
(2.6%), and in 1,292 admissions (1.4%) in the unexposed group.
We performed a simple logistic regression, and the crude
OR was 1.8 (95% CI: 1.7 to 1.9). To control for confounding
factors, we adjusted the covariates which had unbalanced
residuals, as shown Table S2, using a multiple logistic regression
model. The adjusted OR was 1.7 (95% CI: 1.5 to 1.8).

After PSM, HAP occurred in 1,795 admissions (2.1%)
in the exposed group and in 1,286 admissions (1.5%) in the
unexposed group, and the risk of HAP increased (OR: 1.4,
95% CI: 1.3 to 1.5). Then, we calculated the population
attributable risk percent by the incidence of HAP in the
unexposed group and in the total population base on

30k —
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©
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S 10k A
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€
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0 g
Unexposed
10K A

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Propensity score
Figure 2 The mirrored histogram of the PPIs exposed group
and control group. The shadow area means the propensity score

distribution after matching. PPIs, proton pump inhibitors.
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the cohort after PSM. The population attributable risk
was 17.2%, which showed that much of HAP might be
attributed to administration of PPIs in patients treated with
GC therapy (Table 2).

Dose-effect relationship analysis

We calculated the DDDs of PPIs for every PPIs exposed
patient in the original cohort during hospitalization and
then divided cases into 3 dose groups: low-dose [0-2],
medium-dose [2-7], and high-dose [>7]. There were
33,923 admissions (15.6%), 61,794 admissions (28.4%),
and 121,743 (56.0%) admissions in the low-, medium- and
high-dose groups, respectively.

The HAP risk among the 3 groups was likely different.
We performed a multiple logistic regression model to adjust
the confounding factor (unbalanced variable in Table S2,
such as length of stay) and analyzed the independent risk of
PPIs for different PPIs doses. In the low-dose group, only
369 admissions (1.1%) of HAP occurred and the adjusted
OR was not statistically significant (OR: 1.0, 95% CI:
0.9 to 1.1) compared to the unexposed group. A total of
989 admissions (1.6%) of HAP occurred in the medium-
dose group, and the adjusted OR was 1.3 (95% CI: 1.2 to
1.4) compared to the unexposed group. The NNHs of HAP
in the medium-dose group were 243. To our surprise, the
risk of HAP greatly increased in the high-dose group. A
total of 4,268 admissions (3.5%) of HAP occurred, and the
adjusted OR was 1.9 (95% CI: 1.8 to 2.1). The NNHs of
HAP in the high-dose group were only 82 (Table 3).

Sensitivity analysis

After we restricted the definition of the outcome, the HAP

Table 2 Risk of HAP after PPIs prophylaxis in patients treated with GC therapy

After PSM

Crude OR (95% CI) Adjusted OR (95% CI)* No.

HAP n (%) OR (95% CI) PAR (%)

Before PSM
Category
No. HAP, n (%)
PPIs exposed 217,460 5,626 (2.6) 1.8(1.7-1.9)
Unexposed 90,162 1,292 (1.4)
Total 307,622 6,918 (2.2)

1.7 (1.5-1.8) 83,786 1,795(2.1) 1.4(1.3-15) 17.2
83,786 1,268 (1.5)
167,572 3,063 (1.8)

*, a multiple logistic regression model was performed and the OR was adjusted by covariables set which had unbalanced residuals (absolute
standardized difference >0.1) including muscle relaxants, length of stay, sedatives, malignancy, antineoplastic agents, high stress ulcer risk,
coxibs, heparin group, non-steroidal anti-inflammatory drugs, male, antibiotic therapy in the 48 hours after admission, peptic ulcer disease,
myocardial infarction, gastrointestinal bleeding, and congestive heart failure. HAP, hospital-acquired pneumonia; PPIs, proton pump inhibitors;
GC, glucocorticoid; PSM, propensity score matching; OR, odds ratio; Cl, confidence interval; PAR, population-attributable risk.
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Table 3 Dose-effect relationship between PPIs prophylaxis and HAP in patients treated with GC therapy

Cumulative PPIs dose Admission No. HAP, n (%) Adjusted OR* (95%Cl) NNHs
0 90,162 1,292 (1.4) 1* -
0< DDDs <2 33,923 369 (1.1) 1.0 (0.9-1.1) -
2< DDDs <7 61,794 989 (1.6) 1.3(1.2-1.4) 243
DDDs >7 121,743 4,268 (3.5) 1.9 (1.8-2.1) 82

*, OR was adjusted by covariables set which had unbalanced residuals (absolute standardized difference >0.1) including muscle relaxants,
length of stay, sedatives, malignancy, antineoplastic agents, high stress ulcer risk, coxibs, heparin group, non-steroidal anti-inflammatory
drugs, male, antibiotic therapy in the 48 hours after admission, peptic ulcer disease, myocardial infarction, gastrointestinal bleeding,
and congestive heart failure. PPIs, proton pump inhibitors; HAP, hospital acquired pneumonia; GC, glucocorticoid; OR, odds ratio; Cl,
confidence interval; NNHs, numbers needed to harms; DDD, defined daily dose.

Table 4 Risk of HAP after PPIs prophylaxis in patients treated with GC therapy: a sensitivity analysis by outcome redefinition

Before PSM After PSM
Category
HAP (%) Adjusted OR*(95% Cl) HAP (%) OR (95% Cl)
PPIs exposed 0.6 16(1.4-1.8) 0.5 1.3 (1.1-1.5)
Unexposed 0.4 - 0.4

*, the OR was adjusted by covariables set which had unbalanced residuals (absolute standardized difference >0.1) including muscle
relaxants, length of stay, sedatives, malignancy, antineoplastic agents, high stress ulcer risk, coxibs, heparin group, non-steroidal anti-
inflammatory drugs, male, antibiotic therapy in the 48 hours after admission, peptic ulcer disease, myocardial infarction, gastrointestinal
bleeding, and congestive heart failure. HAP, hospital-acquired pneumonia; PPIs, proton pump inhibitors; GC, glucocorticoid; PSM,
propensity score matching; OR, odds ratio; Cl, confidence interval.

Table 5 Risk of HAP after PPIs prophylaxis in patients treated with GC therapy: a sensitivity analysis by PPIs exposure redefinition

Before PSM After PSM
Category
HAP (%) Adjusted OR*(95% CI) HAP (%) OR (95% Cl)
PPIs exposed 3.1 1.4 (1.3-1.5) 2.5 1.3 (1.2-1.3)
Unexposed 1.5 - 2.0 -

*, the OR was adjusted by covariables set which had unbalanced residuals including age, sex, length of stay, myocardial infarction,
congestive heart failure, cerebrovascular disease, peptic ulcer disease, high stress ulcer risk, hypertension, gastrointestinal bleeding,
heparin group, platelet aggregation inhibitors, other antithrombotic agents, antineoplastic agents and antibiotic therapy in in the 48 hours
after admission. HAP, hospital acquired pneumonia; PPls, proton pump inhibitors; GC, glucocorticoid; PSM, propensity score matching;
OR, odds ratio; Cl, confidence interval.

case numbers dropped to 1,281 (0.6%) in the PPIs exposed
group and 354 (0.4%) in the unexposed group. The risk of
HAP increased when exposed to PPIs (crude OR: 1.5, 95%
CI: 1.4 to 1.8). After adjusting for covariates and PSM, the
effect of PPIs was unchanged. The OR was 1.6 (95% CI: 1.4
to 1.8) and 1.3 (95% CI: 1.1 to 1.5), respectively (1able 4).
Among the patients prescribed PPIs during hospitalization,
141,746 (65.2%) were prescribed within 48 hours after
admission. After we redefined PPIs exposure as their

© Journal of Thoracic Disease. All rights reserved.

consumption within the first 48 hours of hospitalization and
performed a logistic regression model, the OR associated
with the HAP between the PPIs exposure and the
unexposed groups remained statistically significant (OR: 1.3,
95% CI: 1.2 to 1.3) (Table 5).

Discussion

We conducted a large retrospective cohort study which
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included 307,622 adult admissions from Medication Data
Management Center of Shanghai Changhai Hospital.
All admissions included in this study had been ordered
GC therapy in the first 72 hours of hospitalization. We
calculated the risk of HAP in the PPIs exposed compared
to the PPIs unexposed groups using multiple logistic
regression and PSM. The results showed that PPI
prophylaxis for GC therapy treatment increased the risk of
HAP, and this risk increased with the dose.

Treatment with GC is frequently used in combination
with PPIs in China, and the HAP risk associated with
this has not been mentioned in previous studies. This
phenomenon was confirmed in our study, where 70.7%
of GC therapy patients were also prescribed PPIs. In the
cohort, after PSM, we found a 40% increased risk of HAP in
the PPIs exposed group compared to the unexposed group.
Previous studies in this area have reported similar HAP risks.
Systematic review and meta-analysis based on RCTs showed
that acid-suppressive medication use increased the risk of
HAP by 27% (13). Herzig et al. (12) found the OR between
PPI use and no acid-suppression medication use was 1.3
(95% CI: 1.1 to 1.4); however, other recent studies did not
seem to support these findings. According to a systemic
review and meta-analysis published in 2022, antiacid therapy
was not a significant predictor factor of HAP (OR: 1.44, 95%
CIL: 0.79 to 2.62) (27). Strassle et al. (28) conducted a cohort
study in a U.S. academic teaching hospital and did not
detect a change in non-device-associated pneumonia with
the use of PPIs (adjusted HR: 1.16; 95% CI: 0.90 to 1.50).
A recent multicenter, parallel-group, blinded trial showed
that the mortality at 90 days and the clinically important
events, such as pneumonia, occurred similarly between
the pantoprazole group and the placebo group among
critical adult patients (14). However, the samples in these
trials might be insufficient to maintain the test power if we
referred to the OR and the incidence of HAP of the above
cohort studies. The occurrence of HAP is affected by many
aspects, such as the bacterial spectrum, nursing level, and
medical habits in different hospitals and wards. These factors
have a more direct impact on the risk of HAP, resulting in
the underestimation of the risk caused by medication. A
large cohort can reduce these potential biases because it
balances them out between the 2 groups. In retrospective
cohort studies, differences in the baseline between groups
are mainly due to differences in the propensity of patients
in the 2 groups to receive exposure factors. We addressed
this problem by using the PSM method. In the matched
cohort, all the observed covariables that might have affected
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exposure allocation or affect outcome were balanced (no
statistical difference). In previous studies on PPIs and HAP
risk, GC therapy was generally included as a covariable in
the statistical model. However, GC therapies are different
from other drugs in that they are widely used in clinical
practice, which may lead to differences in various aspects in
the medication group compared with the non-medication
patients. It is difficult to balance the potential biases caused
by GC therapy because many of the differences cannot be
observed. If the model is adjusted only by considering GC
therapy as a dichotomous covariate, a large bias may be
introduced. Therefore, we limited the study to cases treated
with GC therapy. In this way, when the cohort is large
enough, the bias associated with GC therapy is sufficiently
balanced across the groups.

Even though PPI prophylaxis might decrease the risk
of gastrointestinal bleeding caused by GC therapy in
critical patients, the protective effect associated with GC
therapy had not yet been validated and the incidence of
gastrointestinal bleeding was very low in the patients who
did not have other risk factors. A recent study found that
PPIs use was associated with greater mortality for adult
inpatients with coronavirus disease of 2019 (29). Therefore,
the phenomena of PPI overuse in patients combined with
GC therapy should pique our attention. Given the large
population attributable risk percentage in our study and the
high known mortality of HAP during hospitalization (30),
it is necessary to carefully evaluate the risk of HAP before
using PPIs.

Our study has shown that the HAP risk was associated
with the duration of PPIs after adjusting the numerous
covariates including LOS. The NNHs to trigger a HAP
case was only 82 when a more than 7-day dose of PPIs
was prescribed after GC therapy. Similar to our study, Al
Sulaiman ez 4l. (31) found that compared with esomeprazole
20 mg, esomeprazole 40 mg was statistically associated
with pneumonia (not excluding the ventilator HAP) in
critically ill patients. However, previous studies focusing
on the association of PPIs and community-acquired
pneumonia have reported findings contrary to ours.
Those studies found that the risk of community-acquired
pneumonia decreased when PPI duration increased (32-35).
The authors of those studies speculated that there was an
unknown pharmacological mechanism other than acid-
suppression. We concluded that this phenomenon was not
triggered by the difference between HAP and community-
acquired pneumonia after we reviewed those relevant
studies in detail. In the above studies, prolonged use meant
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prescription for more than 2 months, while the timeframe
of our study was limited to about 1 week due to the short
length of hospitalization. We assumed that the incidence
of infection might increase sharply when the duration of
PPIs was extended. Nevertheless, our bodies might balance
this pharmacological effect during a longer course of PPIs
treatment. The HAP incidence-time curve might reach a
peak after 1-4 weeks of PPIs treatment and then decline.
Moreover, there was a high probability of overtreatment
because existing guidelines recommended few withdrawal
criteria of PPIs. If someone required PPIs combined
with GC therapy, a 3-7 DDDs dose of PPIs would be
appropriate for those with a high risk of gastrointestinal
bleeding (36,37); it would be better for inpatients to
prescribe less than 2 DDDs for the patients with other
indications (38).

The study population was a strength of our study because
the included patients were from a large nationwide cohort
in China. The incidence of HAP during hospitalization
was relatively low and many admissions were required to
maintain the power of the test. Our study first enrolled more
than 100,000 admissions in China to investigate the adverse
drug effect of PPIs during hospitalization. Moreover, the
study population was distributed in 20 large hospitals and
more than 10 provinces in China. These factors improved
the generalizability of our study. A retrospective cohort study
was more likely to have a bias between the exposed group
and the other group because the exposure group clearly had
a higher risk of digestive disease. Normally, it is hard to rule
out whether these underlying diseases were contributing
factors to HAP. To address this problem in our study, a
multiple logistic regression and PSM were performed to
adjust the confounding bias. The 2 methods produced
similar results. Furthermore, there is no clear guidance for
when to stop taking PPIs during a period of hospitalization.
The dose-effect relationship between PPIs and HAP in this
study might help provide some clues.

Inevitably, there were some limitations to our study.
First, we used ICD-10 and ATC code to classify the disease
and medication, and misclassification was inevitable, even
with a manual check. Previous studies based on this database
showed that the misclassification was tolerable (18,19).
Second, we could not distinguish the time relationship
between PPIs treatment and HAP occurrence because the
information on the exact time of HAP occurrence were
lacking. The use of some PPIs might not be associated
with HAP, given that the medication use was later than the
occurrence of disease. This led to the actual risk being lower
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than our estimated risk. We addressed this limitation with a
sensitivity analysis in which all patients receiving initial PPIs
more than 48 hours after hospitalization were reclassified
as having not received PPIs. According to the original
definition of HAP, all HAP occurred during a hospital stay
48 hours after admission. Therefore, all exposures occurred
before the outcome in the second sensitivity analysis.
Although the OR for the risk decreased from 1.4 to 1.3,
it was still statistically significant. Due to accessibility,
some important covariates were not included in the study,
such as daily GC therapy dose, enteral nutrition, hospital
transfer data, living habits, and socioeconomic status, all
of which might influence PPIs use and HAP occurrence.
Therefore, it is necessary to conduct a prospective cohort
study with more complete inclusion data and better control
of confounding variables in the future.

Conclusions

In summary, our study found that PPIs prophylaxis
increased the risk of HAP in hospitalized patients treated
with GC therapy, and the percentage of population-
attributable risk of PPIs associated with HAP was high.
Careful assessment of HAP risk is necessary before
prescribing PPIs in these patients. The risk of HAP increased
with the cumulative dose of PPIs. However, it is relatively safe
to administer PPIs at doses of 2 days or less. Shortening the
duration of PPIs use may be an effective way to reduce the risk

of HAP in patients treated with GC therapy.
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Supplementary

Table S1 Definition of outcome and covariables

Category Definition
Qutcome (ICD-10 code)
Pneumonia J138.x-J18.x

Comorbidity (ICD-10 code)
Alcohol-related disease
Hypertension
Colon disease
Traumatic brain injury

Traumatic spinal cord injury

Burn

Sepsis

Mental disorder
Neuromuscular disorder

Gastrointestinal bleeding

Abdominal symptoms
Medication (ATC classification)
Vitamin K antagonists
Platelet aggregation inhibitors
Heparin group
Other antithrombotic agents
Non-selective NSAIDs
Antidepressants
Bisphosphonates
Antineoplastic agents
Coxibs
Sedatives

Muscle relaxants

F10.x; G31.2; G62.1; G72.1; 142.6; K29.2; K70.x; K86.0; R78.0; T51.x; 250.2; Z71.4; Z72.1
110.x; 111.x; 112.x; 113.x; 115.x

K50.x; K51.x; K52.x

S02.x; S06.x; S08.x

S12.x; $13.0; $14.1; S22.0; S22.1; S23.0; S24.1; S32.0; S32.7; S32.8; S33.0; S34.1; T06.0;
T06.1; T08.x; T09.3

T20.x-T25.x; T29.x-T32.x

A40.x; Ad1.x; A02.1; A20.7; A22.7; A26.7; A32.7; A39.401; B37.7; A28.001; A42.701;
R65.201

Fxx.x
169.x; G20.x-G26.x; G35.x-G37.x; G30.x-G32.x; G40.x; G41.x; G12.x

K92.2; K25.0; K25.2; K25.4; K25.6; K26.0; K26.2; K26.4; K26.7; K27.0; K27.2; K27.4; K27.8;
K28.0; K28.2; K28.4; K28.9

R10.x-R19.x

BO1AA

BO1AC

BO1AB

BO1AD; BO1AE; BO1AF; BO1AX
MO1AA; MO1AB; MO1AC; MO1AE; MO1AG; MO1AX;
NO6GA

MO05BB

LO1

MO1AH

NO1A; NO2A; NO5

MO3A

ICD-10, 10th revision of the International Classification of Diseases; ATC, Anatomical Therapeutic Chemical; NSAIDs, non-steroidal

anti-inflammatory drugs.
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Table S2 Population characteristics between the PPIs exposure group and the unexposed group: before propensity score matching

Variables

PPIls exposure group

Unexposed group

Absolute standardized

(n=217,460) (n=90,162) difference
Male, n (%) 119,860 (55.1) 47,675 (52.9) 0.184
Age, median (IQR), years 52 (41-63) 49 (35-61) 0.045
Age, mean (SD), years 51.9 (15.5) 49.0 (16.4)
Admission season, n (%)
Spring 58,427 (26.9) 23,346 (25.9) 0.022
Summer 50,884 (23.4) 20,949 (23.2) 0.004
Autumn 49,975 (23.0) 21,165 (23.5) -0.012
Winter 58,174 (26.8) 24,702 (27.4) -0.015
LOS, median (IQR), days 9 (6-14) 7 (5-10) 0.372
Comorbidity, n (%)
Myocardial infarction 7,091 (3.3) 1,226 (1.4) 0.127
Congestive heart failure 9,425 (4.3) 1,987 (2.2) 0.120
Peripheral vascular disease 3,557 (1.6) 1,490 (1.7) -0.001
Cerebrovascular disease 18,238 (8.4) 5,471 (6.1) 0.090
Dementia 168 (0.1) 70 (0.1) 0.000
Chronic pulmonary disease 11,455 (5.3) 4,452 (4.9) 0.015
Rheumatic disease 5,402 (2.5) 1,541 (1.7) 0.054
Peptic ulcer disease 2,748 (1.3) 154 (0.2) 0.130
Mild liver disease 15,325 (7.0) 4,677 (5.2) 0.078
Diabetes without chronic complication 16,535 (7.6) 6,264 (6.9) 0.025
Hemiplegia or paraplegia 1,895 (0.9) 189 (0.2) 0.090
Renal disease 5,644 (2.6) 2,086 (2.3) 0.018
Diabetes with chronic 724 (0.3) 699 (0.8) -0.060
complication
Malignancy 41,707 (19.2) 8,140 (9.0) 0.295
Moderate or severe liver disease 2,265 (1.0) 355 (0.4) 0.077
Metastatic solid tumor 7,460 (3.4) 2,238 (2.5) 0.056
AIDS 105 (0.0) 56 (0.1) -0.006
High stress ulcer risk 32,259 (14.8) 7,484 (8.3) 0.205
Alcohol-related disease 240 (0.1) 54 (0.1) 0.017
Colon disease 1,160 (0.5) 288 (0.3) 0.033
Hypertension 43,106 (19.8) 14668 (16.3) 0.093
Mental disorder 1,317 (0.6) 551 (0.6) -0.001
Neuromuscular disorder 4,727 (2.2) 1,432 (1.6) 0.043
Gastrointestinal bleeding 2,058 (0.9) 57 (0.1) 0.125
Abdominal symptoms 2,796 (1.3) 583 (0.6) 0.065
Medication, n (%)
Vitamin K antagonists 1,585 (0.7) 258 (0.3) 0.062
Heparin group 35,638 (16.4) 9,029 (10.0) 0.189
Platelet aggregation inhibitors 23,143 (10.6) 7,217 (8.0) 0.091
Other antithrombotic agents 11,694 (5.4) 3,460 (3.8) 0.074
Non-selective NSAIDs 76,133 (35.0) 23,781 (26.4) 0.188
Antidepressants 1,611 (0.7) 624 (0.7) 0.006
Bisphosphonates 5,739 (2.6) 1,473 (1.6) 0.070
Antineoplastic agents 23,017 (10.6) 3,292 (3.7) 0.272
Coxibs 53,936 (24.8) 15,363 (17) 0.192
Sedatives 112,630 (51.8) 33,004 (36.6) 0.309
Muscle relaxants 124,528 (57.3) 32,856 (36.4) 0.427
Antibiotic therapy in the 48 hours after admission, n (%) 130,298 (59.9) 46,426 (51.5) 0.170
GC therapy dose >250 mg hydrocortisone or equivalence 178,126 (81.9) 71,605 (79.4) 0.010
Transient mechanical ventilation*, n (%) 666 (0.3) 15(0.0) 0.072

*, total duration of mechanical ventilation <48 h. PPIs, proton pump inhibitors; AIDS, acquired immune deficiency syndrome; NSAIDs,
non-steroidal anti-inflammatory drugs; GC, glucocorticoid.
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