
ORIGINAL ARTICLE
For editorial
comment, see
page 648

From the Department of
Epidemiology, Beijing Anzhen
Hospital, Capital Medical

Affiliations continued at
the end of this article.

682

Descargado para Eilyn
2022. Para uso per
Proton Pump Inhibitors and In-Hospital
Gastrointestinal Bleeding in Patients With

Acute Coronary Syndrome Receiving Dual
Antiplatelet Therapy

Mengge Zhou, PhD; Jie Zhang, MD; Jing Liu, MD, PhD; Sidney C. Smith Jr, MD;
Changsheng Ma, MD; Junbo Ge, MD, PhD; Yong Huo, MD; Gregg C. Fonarow, MD;

Jun Liu, MD; Yongchen Hao, PhD; Feng Gao, MD; Yamei Sun, MD;
Louise Morgan, MSN; Na Yang, PhD; Guoliang Hu, MD; Yuhong Zeng, MD;

Yaling Han, MD; and Dong Zhao, MD, PhD; on behalf of the CCC-ACS Investigators
Abstract

Objective: To evaluate the association between proton pump inhibitor (PPI) use and in-hospital
gastrointestinal (GI) bleeding in patients with acute coronary syndrome (ACS) taking dual anti-
platelet therapy (DAPT).
Patients and Methods: This study is based on the Improving Care for Cardiovascular Disease in
China-ACS project, an ongoing collaborative registry and quality improvement project of the Amer-
ican Heart Association and the Chinese Society of Cardiology. A total of 25,567 patients with ACS
taking DAPT from 172 hospitals from July 1, 2017, through December 31, 2018, were included.
Multivariable Cox regression and propensity scoreematched analyses were used to evaluate the
association between PPI use and in-hospital GI bleeding.
Results: Of these patients with ACS, 63.9% (n¼16,332) were prescribed PPIs within 24 hours of
admission. Patients using PPIs had a higher rate of GI bleeding compared with those not using PPIs
(1.0% vs 0.5%; P<.001). In the multivariable Cox regression analysis, early PPI use was associated
with a 58% higher risk of GI bleeding (hazard ratio, 1.58; 95% CI, 1.15 to 2.18; P¼.005). Further
propensity score matching attenuated the association but still showed that patients using PPIs had a
higher rate of GI bleeding (0.8% vs 0.6%; P¼.04).
Conclusion: In China, PPIs are widely used within 24 hours of admission in patients with ACS taking
DAPT. An increased risk of GI bleeding is observed in inpatients with early PPI use. Randomized trials
on early use of PPIs in patients with ACS receiving DAPT are warranted.
Trial Registration: clinicaltrials.gov Identifier: NCT02306616.
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D ual antiplatelet therapy (DAPT)
with aspirin plus P2Y12 receptor in-
hibitors has become the corner-

stone treatment for patients with acute
coronary syndrome (ACS), but it also carries
the safety hazard of bleeding.1-6 Of all-type
bleeding events, gastrointestinal (GI)
bleeding is recognized as the most common7

and preventable by using proton pump inhib-
itors (PPIs), a group of drugs with the main
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action of reducing the production of stomach
acid.8-10 To date, almost all guidelines for
ST-segment elevation myocardial infarction
(STEMI) and noneST-segment elevation
(NSTE) ACS have recommended PPI use in
patients at higher-than-average risk for GI
bleeding.2-6 However, evidence is lacking as
to whether PPIs have a protective effect on
GI bleeding for patients with ACS in the acute
phase, when patients are at the highest risk of
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PPI AND IN-HOSPITAL GI BLEEDING
bleeding. Some studies have suggested
adverse effects of PPI use, including damage
to the lower GI tract.11-14 Therefore, evalua-
tion of the association between PPI use and
overall (including upper and lower) GI
bleeding in patients with ACS in the acute
phase, when patients are loaded with various
medications, may be informative.

In this study, we report the status of PPI
use in patients with ACS receiving DAPT
during hospitalization and evaluate the asso-
ciation between PPI use and in-hospital GI
bleeding in these patients based on the
Improving Care for Cardiovascular Disease
in China (CCC)-ACS project.
METHODS

Study Design
The CCC-ACS project is a large nationwide
registry and quality improvement study with
an ongoing database focusing on quality of
ACS care launched in 2014 as a collaborative
initiative of the American Heart Association
and the Chinese Society of Cardiology. In
brief, in phases I and II of this project, 150
tertiary hospitals were included across China.
During phase III (from July 2017 onward) and
phase IV (from November 2018 onward), a
further 82 secondary hospitals and 8 new
tertiary hospitals were enrolled. A standard
web-based data collection platform (Oracle
Clinical Remote Data Capture; Oracle Corp)
was used in this study, with the most recent
update in July 2017. Details of the design
and methods of the CCC project have been
published elsewhere.15,16

This study complied with the Declara-
tion of Helsinki. Institutional review board
approval was granted for this research by
the ethics committee of Beijing Anzhen
Hospital, Capital Medical University. No
informed consent was required.
Study Population
We started collecting PPI information from
phase III of the CCC-ACS project, so the pop-
ulation of this study was enrolled from July
2017 onward. From July 1, 2017, through
December 31, 2018, a total of 25,567 patients
from172 hospitals acrossChinawith a definite
Mayo Clin Proc. n April 2022;97(4):682-692 n https://doi.org/10.10
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principal diagnosis ofACS and receivingDAPT
during hospitalization were included in this
study. Acute coronary syndrome was defined
according to the guidelines issued by the Chi-
nese Society of Cardiology for the diagnosis
and management of patients with STEMI and
NSTE-ACS.5,6
Study Variables
PPI Use and PPI Type. Information about
PPIs was obtained from patients’ medical re-
cords, including whether patients used PPIs
before hospitalization and within 24 hours
of this hospitalization, and the type of PPI
used within 24 hours of this hospitalization.

In-Hospital Outcomes. The primary
outcome of this study was GI bleeding,
defined as GI bleeding that occurred during
hospitalization, was diagnosed by physicians,
and was recorded in medical records with
time of occurrence. Patients who had the GI
bleeding before taking PPIs were excluded
through the double check of medical records
on all the cases with records of GI bleeding
that occurred within 24 hours of hospitaliza-
tion among patients using PPIs. The second-
ary outcome was all-type bleeding, defined as
all documented bleeding in case records or a
decline in hemoglobin levels of at least 4 g/dL
(to convert to g/L, multiply by 10) during
hospitalization.17

Definition of Bleeding-Related Varia-
bles. Because the CRUSADE bleeding score
can be used as an objective means of
stratifying the risk of GI bleeding and judging
the need for GI-protective medications,10 it
was used as an indicator of GI and all-type
bleeding risk in this study (Supplemental
Figure 1, available online at http://www.
mayoclinicproceedings.org). CRUSADE
bleeding risk scores were calculated based on
corresponding scores of predictors.18 Because
of the high rate of missing data concerning
weight of patients, we used estimated
glomerular filtration rate, instead of creati-
nine clearance rate estimated using the
Cockcroft-Gault formula, to represent pa-
tients’ renal function. Patients were classified
as very low risk, low risk, intermediate risk,
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TABLE. Comparison of Characteristics and Treatment Between Patients With and Without PPI use

Characteristic
PPI use

(n¼16,332)
No PPI use
(n¼9235) P value

Age (y), mean � SD 63.7�12.4 62.7�12.2 <.001

Age >75 y (No. [%]) 3266 (20.0) 1544 (16.7) <.001

Female sex (No. [%]) 4308 (26.4) 2474 (26.8) .47

CHD history (No. [%]) 1910 (11.7) 1278 (13.8) <.001

Heart failure history (No. [%]) 297 (1.8) 207 (2.2) .02

Renal failure history (No. [%]) 282 (1.7) 130 (1.4) .05

Bleeding history/tendency (No. [%]) 233 (1.4) 82 (0.9) <.001

Baseline hemoglobin <9 g/dL (No. [%]) 362 (2.2) 178 (1.9) .12

Systolic blood pressure <90 mm Hg (No. [%]) 376 (2.3) 156 (1.7) .001

First Killip class (No. [%]) .003
I 13,051 (79.9) 7361 (79.7)
II-III 2749 (16.8) 1635 (17.7)
IV 532 (3.3) 239 (2.6)

Cardiac arrest at admission (No. [%]) 108 (0.7) 57 (0.6) .67

Substantially elevated myocardial injury marker (No. [%]) 14,496 (88.8) 7055 (76.4) <.001

CRUSADE bleeding risk stratification (No. [%]) .09
Very low 6038 (37.0) 3525 (38.2)
Low 4787 (29.3) 2637 (28.6)
Moderate 2856 (17.5) 1652 (17.9)
High 1613 (9.9) 891 (9.7)
Very high 1038 (6.4) 530 (5.7)

Prehospital treatment (No. [%])
Antiplatelet therapy <.001
DAPT 1758 (10.8) 1508 (16.3)
Aspirin only 1172 (7.2) 786 (8.5)
P2Y12 receptor inhibitors only 449 (2.8) 233 (2.5)
None 12,953 (79.3) 6708 (72.6)

Warfarin 37 (0.2) 19 (0.2) .73
PPI 1033 (6.3) 48 (0.5) <.001

In-hospital treatment (No. [%])
Loading status of DAPT <.001
Dual loading 11,628 (71.2) 5458 (59.1)
Aspirin loading only 343 (2.1) 318 (3.4)
P2Y12 inhibitors loading only 806 (4.9) 463 (5.0)
Nonloading 3555 (21.7) 2996 (32.4)

Glycoprotein IIb/IIIa receptor antagonist 4386 (26.9) 1861 (20.2) <.001
Anticoagulants 11,936 (73.1) 5722 (62.0) <.001
Warfarin 97 (0.6) 62 (0.7) .45
Fibrinolytic therapy 753 (4.6) 456 (4.9) .24
PCI 12,451 (76.2) 6285 (68.1) <.001

Type of ACS (No. [%]) <.001
STEMI 10,107 (61.9) 4711 (51.0)
NSTE-ACS 6225 (38.1) 4524 (49.0)

ACS, acute coronary syndrome; CHD, coronary heart disease; DAPT, dual antiplatelet therapy; NSTE, noneST-segment elevation;
PCI, percutaneous coronary intervention; PPI, proton pump inhibitor; SD, standard deviation; STEMI, ST-segment elevation myocardial
infarction.

SI conversion factors: To convert hemoglobin values to g/L, multiply by 10.
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PPI AND IN-HOSPITAL GI BLEEDING
high risk, and very high risk according to
CRUSADE bleeding risk scores.

Prehospital and in-hospital treatment
data of patients with ACS were also
collected. Prehospital treatment was defined
as in-use if the patient used the drug within
2 weeks before this hospitalization. Preho-
spital antiplatelet therapy was divided into
4 groups according to drug use status:
none, aspirin only, P2Y12 inhibitors only,
and DAPT. According to the type and dose
of DAPT administered within 24 hours of
first medical contact, the loading status of
DAPT was divided into 4 groups as follows:
loading with neither aspirin nor P2Y12 recep-
tor inhibitor (nonloading); aspirin loading
only; P2Y12 receptor inhibitor loading only;
and loading with aspirin and P2Y12 receptor
inhibitor (dual loading). The loading dose of
aspirin was defined as 150 mg or more, and
the loading dose of P2Y12 receptor inhibitor
was defined as 300 mg or more of clopidog-
rel or 180 mg or more of ticagrelor. Other in-
hospital treatments were defined as used or
not used according to the original medical
records. Detailed definitions of other vari-
ables are provided in the Supplemental
Methods, available online at http://www.
mayoclinicproceedings.org.

Statistical Analyses
Continuous variables with normal distribu-
tion are shown as mean� SD, and differences
between groups were compared using t tests;
categorical variables are presented as number
(percentage) and were compared using the c2

test. Survival curves of GI bleeding are dis-
played using Kaplan-Meier curves and were
compared using log-rank tests. Multivariable
Cox proportional hazard modeling was per-
formed to examine the association between
PPI use and GI bleeding by controlling for
potential confounding factors. All candidate
adjustment variables are shown and
compared between patients with and without
PPI use in the Table. After stepwise selection
with entry and exit criteria both set at the
P¼.05 level, the variables listed in
Supplemental Table 1, available online at
http://www.mayoclinicproceedings.org, were
eventually included in the multivariable-
Mayo Clin Proc. n April 2022;97(4):682-692 n https://doi.org/10.10
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adjusted Cox regression model. The observa-
tion period for the patients as the parameter
of Kaplan-Meier analysis and the Cox regres-
sion model was defined as the time from the
day of admission to the day of discharge or to
day 15 of hospitalization when hospitaliza-
tion exceeded 15 days. Hazard ratios (HRs)
with 95% CIs are reported.

Multivariable logistic regression was
applied to evaluate the association between
PPI use and all-type bleeding that occurred
during hospitalization. The same candidate
adjustment variables presented in the Table
were considered in the logistic regression
model, and variables included in the final
model are also presented in Supplemental
Table 1. Odds ratios (ORs) with 95% CIs
are reported.

Subgroup analyses of types of ACS
(STEMI/NSTE-ACS) and CRUSADE
bleeding risk stratifications (very low or
low risk/moderate risk/high or very high
risk) were also performed, with multivari-
able adjustment in Cox regression and logis-
tic regression models. In addition, we
excluded patients who had bleeding on the
day of admission for sensitivity analysis.

We further conducted a propensity
scoreematched analysis to reevaluate the as-
sociation between PPI use and in-hospital
outcomes. First, a propensity score for using
PPIs was calculated using a logistic regression
model with the following variables: partici-
pating hospital, patient age, sex, systolic
blood pressure, heart rate, hemoglobin level,
estimated glomerular filtration rate, substan-
tially elevated myocardial injury markers, first
Killip class, cardiogenic shock at admission,
diabetes mellitus, history coronary heart dis-
ease, cerebrovascular disease, heart failure,
renal failure, prehospital treatment with anti-
platelet drugs, warfarin, in-hospital loading
status of DAPT, in-hospital treatment with
glycoprotein IIb/IIIa receptor antagonist,
warfarin, anticoagulants, fibrinolytic therapy,
percutaneous coronary intervention, and
type of ACS. Patients with and without PPI
use were then matched at a 1:1 ratio by pro-
pensity score using nearest-neighbor match-
ing without replacement, with a caliper of
0.02. The absolute standardized differences
16/j.mayocp.2021.11.037 685
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C D

0/16,332 23/16,14016/15,629 8/14,428 11/11,511 6/7539 4/4660 1/2744PPI use

No PPI use

PPI use

No PPI use

PPI use

No PPI use

PPI use

No PPI use0/9235 5/9108 1/8747 7/7872 8/6106 2/3962 0/2442 0/1497

14121086420
No. of days

0/10,825 11/10,724 6/10,425 4/9584 6/7416 2/4576 /2631 0/1427

0/6162 3/6095 0/5852 4/5218 2/3933 1/2451 0/1429 0/825

0.6% vs 0.4%, log-rank test: P=.02

14121086420
No. of days

1.2% vs 0.6%, log-rank test: P=.04

0/2856 6/2818 5/2740 2/2555 1/2110 1/1463 1/949 0/589

0/1652 2/1626 0/1584 0/1453 1/1173 0/796 0/522 0/328

14121086420

No. of days

2.2% vs 1.3%, log-rank test: P=.04

0/2651 6/2599 5/2465 2/2290 1/1986 3/1501 1/1081 1/729

0/1421 0/1388 1/1312 3/1202 5/1001 1/716 0/492 0/345

PPI use No PPI use

FIGURE 1. Incidence of in-hospital gastrointestinal bleeding in patients with acute coronary syndrome (ACS) with and without proton
pump inhibitor (PPI) use. A, All patients. B, Patients with very low or low CRUSADE bleeding risk. C, Patients with moderate
CRUSADE bleeding risk. D, Patients with high or very high CRUSADE bleeding risk.
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of variables included for the calculation of
propensity score were compared before and
after propensity score matching. Standardized
differences less than 10.0% for these included
variables indicated a relatively small imbal-
ance. In-hospital outcomes are presented as
number (percentage) and are compared using
a c2 test for paired data. Univariate Cox
regression analysis was performed to calcu-
late HRs and 95% CIs.

For variables with a missing rate of less
than 15%, we imputed missing values using
the sequential regression multiple imputation
method implemented by IVEware software,
Version 0.2 (Survey Research Center, Univer-
sity of Michigan). Detailed information on
missing rates of each variable and strategies
for the management of missing data are
presented in Supplemental Table 2, available
online at http://www.mayoclinicproceedings.
org.
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Statistical analyses were performed using
SAS Software, Version 9.4 (SAS Institute Inc)
and Stata Statistical Software: Release 14.0
(StataCorp LP). Two-tailed P<.05 was
considered statistically significant.
RESULTS

PPI Use Among Patients With ACS
Of 25,567 patients with ACS, 63.9%
(n¼16,332) used PPIs within 24 hours of
admission, varying from 0.7% to 100%
among participating hospitals, with more
than 68.3% of hospitals’ PPI use rates at
50% or higher. Patients in different
CRUSADE bleeding risk stratifications had
similar rates of PPI use, with 63.1% in pa-
tients with very low risk and 66.2% in those
with very high risk (Supplemental Figure 2,
available online at http://www.mayoclinic
proceedings.org).
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B

A

PPI use No PPI use
HR (95% CI)a valueP

valueP

Events (No./total No.) Events (No./total No.)

All ACS 161/16,332 50/9235 1.58 (1.15-2.18) .005

Type of ACS

STEMI 106/10,107 30/4711 1.58 (1.05-2.37) .03

NSTE-ACS 55/6225 20/4524 1.59 (0.94-2.68) .07

CRUSADE bleeding risk stratifications

Very low or low risk 69/10,825 22/6162 1.82 (1.12-2.95) .02

Moderate risk 33/2856 10/1652 1.98 (0.97-4.05) .06

High or very high risk

All ACS

Type of ACS

STEMI

NSTE-ACS

CRUSADE bleeding risk stratifications

Very low or low risk

Moderate risk

High or very high risk

59/2651 18/1421 1.51 (0.88-2.58) .13

0.25 0.5 1 2 4 8

PPI use No PPI use
OR (95% CI)a

Events (No./total No.) Events (No./total No.)

467/16,332 169/9235 1.38 (1.15-1.66) <.001

307/10,107 105/4711 1.30 (1.04-1.63) .01

160/6225 64/4524 1.55 (1.15-2.09) .004

237/10,825 85/6162 1.43 (1.11-1.85) .006

98/2856 36/1652 1.44 (0.97-2.13) .07

132/2651 48/1421 1.33 (0.94-1.87) .10

0.25 0.5 1 2 4

FIGURE 2. Associations between proton pump inhibitor (PPI) use and in-hospital gastrointestinal bleeding (A) and all-type bleeding
(B). aNo PPI use was the reference group. ACS ¼ acute coronary syndrome; HR ¼ hazard ratio; NSTE ¼ noneST-segment elevation;
OR ¼ odds ratio; STEMI ¼ ST-segment elevation myocardial infarction.

PPI AND IN-HOSPITAL GI BLEEDING
Of the different types of PPIs used, panto-
prazole accounted for the highest proportion
(50.6%), followed by rabeprazole (27.2%),
lansoprazole (12.2%), and others (10%).

Comparison of Characteristics andTreatment
Between Patients With and Without PPI Use
Users and nonusers of PPIs had similar
CRUSADE bleeding risk stratifications, but
PPI users received more active antithrom-
botic therapy during hospitalization,
including higher frequencies of dual-
loading DAPT (71.2% vs 59.1%; P<.001),
glycoprotein IIb/IIIa receptor antagonist
(26.9% vs 20.2%; P<.001) and anticoagulant
(73.1% vs 62.0%; P<.001) use, and percuta-
neous coronary intervention (76.2% vs
68.1%; P<.001) (Table).
Mayo Clin Proc. n April 2022;97(4):682-692 n https://doi.org/10.10
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Association Between PPI Use and
In-Hospital GI Bleeding
Gastrointestinal bleeding occurred in 217
patients with ACS (0.9%) during hospitali-
zation, with 211 occurring within 15 days
of hospitalization. In Kaplan-Meier analysis,
patients using PPIs displayed a higher
incidence of GI bleeding compared with
patients not using PPIs (1.0% vs 0.5%;
log-rank P<.001) (Figure 1A). In patients
with low, moderate, or high risk of GI
bleeding, those using PPIs still had higher
bleeding rates (Figure 1BeD). After multi-
variable adjustment, PPI use was associated
with a 58% higher risk of in-hospital GI
bleeding among all patients with ACS (HR,
1.58; 95% CI, 1.15 to 2.18; P¼.005)
(Figure 2A).
16/j.mayocp.2021.11.037 687
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After excluding patients with bleeding
and death on the day of admission from
the sensitivity analysis, it also showed that
PPI use was associated with a higher risk
of in-hospital GI bleeding (HR, 1.39; 95%
CI, 1.00 to 1.94; P¼.05).

In further subgroup analysis by ACS
types and CRUSADE bleeding risk stratifica-
tions using multivariate Cox regression, PPI
use was still associated with increased risks
of GI bleeding, especially among those with
very low or low risk (HR, 1.82; 95% CI,
1.12 to 2.95; P¼.02) (Figure 2A).

Association Between PPI Use and
In-Hospital All-Type Bleeding
All-type bleeding occurred in 636 patients
with ACS during hospitalization. Patients us-
ing PPIs had a higher rate of all-type bleeding
compared with patients not using PPIs (2.9%
vs 1.8%; P<.001). And the higher rates of all-
type bleeding in PPI users could also be
observed in patients in different CRUSADE
bleeding risk stratifications (Supplemental
Figure 3, available online at http://www.
mayoclinicproceedings.org). After multivari-
able adjustment, PPI use was associated
with a 38% increased risk of all-type bleeding
in all patients with ACS (OR, 1.38; 95% CI,
1.15 to 1.66; P<.001) (Figure 2B). In further
subgroup analysis by ACS types and
CRUSADE bleeding risk stratifications using
multivariable logistic regression, PPI use
was still associated with increased risks of
all-type bleeding (Figure 2B).

Propensity ScoreeMatched Analysis
In propensity score matching, 8329 patients
with PPI use were matched with 8329 pa-
tients without PPI use. After matching, the
absolute standardized differences were less
than 10.0% for all variables included for the
calculation of propensity score, indicating
that patients with ACS with and without
PPI use were well matched (Supplemental
Figure 4, available online at http://www.
mayoclinicproceedings.org). The rates of GI
bleeding as well as all-type bleeding remained
higher in patients with PPI use compared
with those without PPI use (GI bleeding:
0.8% vs 0.6%; P¼.04; all-type bleeding:
Mayo Clin Proc. n April 202
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2.6% vs 1.9%; P¼.002). Patients with PPI
use had a 1.4-fold risk of GI bleeding (HR,
1.38; 95% CI, 0.98 to 2.06; P¼.07) and a
1.4-fold risk of all-type bleeding (OR, 1.39;
95% CI, 1.12 to 1.71; P<.001).

To further verify the results, hospitals were
divided into 3 groups by the tertiles of PPI use
rate of different hospitals. The results showed
that the rates of GI bleeding increased with
the increasing use rates of PPI in the hospital
(first tertile: 0.6%, second tertile: 0.7%, last ter-
tile: 0.8%; Pfor trend¼.116).

DISCUSSION
In this study, we found that the early use
rate of PPIs in patients with ACS is high.
Furthermore, there is an association between
PPI use and increased risk of in-hospital GI
bleeding in patients with ACS taking DAPT
in the acute phase, even after adjustment
for other factors, based on a nationally repre-
sentative registry study.

High Use Rate of PPIs Among Patients With
ACS
We found that PPIs were widely used among
inpatients with ACS taking DAPT in China.
Despite gaps observed among different hos-
pitals, most hospitals had PPI use rates
greater than 50%, regardless of the risk of
GI bleeding. A study from the United States
reported that 41% of inpatients with ACS
taking clopidogrel used PPIs in 2016.19 A
recently published study based on Danish
nationwide registries reported that even
among patients identified as being at high
risk for GI bleeding by the guidelines, the
use rate of PPIs within 7 days after discharge
was only approximately 40% in 2014.20

However, a single-center Dutch registry dis-
played that PPI treatment at discharge
increased from 34.7% in 2010 to 88.7% in
2014,21 indicating that the use of PPIs has
increased in clinical practice in recent years.

The high use rate of PPIs in China might
reflect clinicians’ concerns about bleeding
caused by active antithrombotic treatment;
meanwhile, the similar use rates of PPIs
among patients with different bleeding risk
might reflect clinicians’ uncertainty about
bleeding risk.
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PPIs and Increased GI Bleeding
In this study, we observed that early use of
PPIs was associated with an increased risk
of in-hospital GI bleeding in multivariable
Cox regression analysis and propensity score
matching. This result was contrary to clini-
cians’ expectation that use of PPIs could
reduce risk of GI bleeding. This result sug-
gested that PPIs could not effectively prevent
all GI bleeding in the acute phase. The
mechanism of PPIs involves inhibition of
the H-K-adenosine triphosphatase enzyme
in the parietal cells of the gastric mucosa.22

Therefore, it is effective for alleviating acid
peptic symptoms, facilitating healing of
inflamed or ulcerated mucosa, and reducing
nonsteroidal anti-inflammatory drug
(NSAID)eassociated gastric injury, but its
effect on preventing acute bleeding may be
limited, although it can act quickly to inhibit
gastric acid secretion. In addition, it could
not protect the small intestine by its mecha-
nism of action.22,23 A study from Spain re-
ported that lower GI bleeding was more
common than upper GI bleeding (74% vs
26%) in patients on DAPT and PPI co-ther-
apy.24 Increasing studies have pointed out
that PPIs might cause damage to the lower
GI tract when combined with
NSAIDs.13,14,25,26 One population-based,
retrospective cohort study from Canada in
2008 reported that the crude rates of hospi-
talization for complications in the lower GI
tract were higher among users of NSAIDs
with PPIs (1.4 cases per 1000 patient-
years) compared with those using NSAIDs
but without PPIs (0.7 cases per 1000 pa-
tient-years).27 An animal study with rats
published in 2011 reported that PPIs could
alter the gut microbiota and significantly
exacerbate naproxen- and celecoxib-
induced intestinal ulceration and bleeding.25

Consistent with this animal study, a ran-
domized, placebo-controlled trial found
that participants taking the cyclooxygenase
2 inhibitor celecoxib plus PPIs for 2 weeks
had a significantly higher incidence of
small-bowel injury than patients taking cele-
coxib plus placebo (44.4% vs 16.7%; P¼.04);
and the number of erosions in each member
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of the celecoxib plus PPI group was greater
than that in each member of the celecoxib
plus placebo group (P¼.02).26 A multicenter
capsule endoscopy registry study published
in 2014 also found that PPI use was associ-
ated with increased risk of the presence of
mucosal breaks (OR, 2.04; 95% CI, 1.05 to
3.97).28 This study supposed that acid sup-
pression might exacerbate NSAID- and/or
aspirin-induced small-bowel injuries.28 A
recent study based on Danish nationwide
registries evaluated the effect of PPIs on 1-
year all, upper, and noneupper GI bleeding
in discharged patients treated with DAPT.20

It found that PPI use was significantly asso-
ciated with reduced risk of upper GI
bleeding (risk ratio, 0.62; 95% CI, 0.48 to
0.77) but not with all bleeding (risk ratio,
0.88; 95% CI, 0.74 to 1.05) or noneupper
GI bleeding (risk ratio, 1.06; 95% CI, 0.82
to 1.33).20 Of those with European Society
of Cardiologyedefined low risk of GI
bleeding,3 patients with PPI use even had a
potentially higher risk of noneupper GI
bleeding (risk ratio, 1.22; 95% CI, 0.86 to
1.56).20 However, direct evidence for the ef-
fect of combined use of PPIs and DAPT on
lower GI bleeding, especially for patients
with ACS in the acute phase, is still insuffi-
cient, and more studies are needed.29

Guidelines and expert consensus have
recommended the use of PPIs in patients
with ACS with a higher risk of bleeding,
and some have even recommended the
routine use of PPIs for patients in need of
DAPT, although the evidence was insuffi-
cient.3-6,9,10,30,31 One study widely cited in
the guidelines evaluated the effect of PPI
use on long-term overt upper GI bleeding,32

rather than early PPI use on in-hospital GI
bleeding. To date, we have not found direct
evidence to support the prophylactic use of
PPIs in the acute phase for patients with
ACS to prevent bleeding. In addition, evi-
dence supporting that PPIs have a protective
effect against GI bleeding was mainly based
on its effect on the upper GI tract instead
of the entire GI tract.32,33 Given the potential
harm of PPIs to the lower GI tract, we
believe that it is very necessary to assess
16/j.mayocp.2021.11.037 689
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the risk of overall GI bleeding. Because total
GI bleeding during hospitalization was less
than 1%, even if PPIs have a protective effect
against GI bleeding, the absolute benefit of
using PPIs is very low. Considering that
the current definition of high risk of GI
bleeding is based on consensus rather than
on models of risk prediction,3,4,20 and a large
number of patients could be classified as
high-risk population based on the current
definition (eg, meeting the criteria of age
�65 years and infected with Helicobacter py-
lori), accurate identification of patients who
really need PPI treatment in the acute phase
is very important and needs more research in
the future. In summary, we think that the
current recommendations for the use of
PPIs in patients with ACS taking DAPT
should be more specific and need further ev-
idence for support. Physicians should be
more cautious in prescribing PPIs for pa-
tients with ACS taking DAPT in the acute
phase, especially for these patients without
high bleeding risk.

Limitations
There were several limitations to this study.
First, these finding are observational, and se-
lection bias along with residual measured or
unmeasured confounding may account for
these findings. Second, we could not distin-
guish the detailed locations of GI bleeding
in this study and evaluate the effect of PPIs
on lower GI bleeding. Considering the pro-
tective effect of PPIs on the upper GI tract
and their potential harm to the lower GI
tract, we believed that it is more reasonable
to assess the risk of overall GI bleeding.
Third, some risk factors for GI bleeding
were not collected in this study, such as H
pylori infection, history of GI ulcers, etc.
However, the CRUSADE bleeding risk strat-
ification, to some extent, represents the base-
line risk of GI bleeding and all-type bleeding
and should be used for patients with ACS in
China to quantify bleeding risk,5,6 before
more precise and convenient risk assessment
tools are developed. Nevertheless, further
studies examining the association between
PPI use and GI bleeding should take these
limitations into consideration.
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CONCLUSION
In China, PPIs are widely used within 24
hours of admission among patients with
ACS taking DAPT during hospitalization.
An increased risk of GI bleeding is observed
among inpatients with early use of PPIs.
Given the present findings and the lack of
previous evidence, randomized clinical trials
are needed to evaluate early use of PPIs in
patients with ACS, and studies on accurately
identifying patients with ACS who may
benefit from PPI treatment in the acute
phase are also needed.
ACKNOWLEDGMENTS
We acknowledge all the participating hospi-
tals for their contributions to the project
(Supplemental Table 3, available online at
http://www.mayoclinicproceedings.org).

Drs Zhou and Zhang contributed equally
to this work.
SUPPLEMENTAL ONLINE MATERIAL
Supplemental material can be found online
at http://www.mayoclinicproceedings.org.
Supplemental material attached to journal
articles has not been edited, and the authors
take responsibility for the accuracy of all
data.
Abbreviations and Acronyms: ACS, acute coronary syn-
drome; CCC, Improving Care for Cardiovascular Disease in
China; DAPT, dual antiplatelet therapy; GI, gastrointestinal;
HR, hazard ratio; NSAID, nonsteroidal anti-inflammatory
drug; NSTE, noneST-segment elevation; OR, odds ratio;
PCI, percutaneous coronary intervention; PPI, proton
pump inhibitor; SD, standard deviation; STEMI, ST-segment
elevation myocardial infarction

Affiliations (Continued from the first page of this
article.): University, the Key Laboratory of Remodeling-
Related Cardiovascular Diseases, Ministry of Education, Bei-
jing Institute of Heart, Lung, and Blood Vessel Diseases, Bei-
jing, China (M.Z., Jing Liu, Jun Liu, Y. Hao, N.Y., G.H., Y.Z.,
D.Z.); Vanke School of Public Health, Tsinghua University
(M.Z.); Department of Gastroenterology (J.Z., F.G., Y.S.)
and Department of Cardiology (C.M.), Beijing Anzhen Hos-
pital, Capital Medical University, Beijing, China; Division of
Cardiology, University of North Carolina, Chapel Hill
(S.C.S.); Department of Cardiology, Shanghai Institute of
Cardiovascular Diseases, Zhongshan Hospital, Fudan Uni-
versity, Shanghai, China (J.G.); Department of Cardiology,
Peking University First Hospital, Beijing, China (Y. Huo); Di-
vision of Cardiology, Geffen School of Medicine at Univer-
sity of California, Los Angeles (G.C.F.); International Quality
2;97(4):682-692 n https://doi.org/10.1016/j.mayocp.2021.11.037
www.mayoclinicproceedings.org

and Social Security de ClinicalKey.es por Elsevier en abril 07, 
right ©2022. Elsevier Inc. Todos los derechos reservados.

http://www.mayoclinicproceedings.org
http://www.mayoclinicproceedings.org
https://doi.org/10.1016/j.mayocp.2021.11.037
http://www.mayoclinicproceedings.org


PPI AND IN-HOSPITAL GI BLEEDING
Improvement Department, American Heart Association,
Dallas, TX (L.M.); and Cardiovascular Research Institute
and Department of Cardiology, General Hospital of North-
ern Theater Command, Shenyang, Liaoning, China (Y. Han).

Grant Support: This work was supported by a collaborative
program of the American Heart Association and the Chi-
nese Society of Cardiology. The American Heart Associa-
tion was funded by Pfizer for the quality improvement
initiative through an independent grant for learning and
change. The funders had no role in the design and conduct
of the study; collection, management, analysis, and interpre-
tation of the data; preparation, review, or approval of the
manuscript; and decision to submit the manuscript for
publication.

Potential Competing Interests: Dr Ma has received hono-
raria for giving lectures from Bristol-Myers Squibb, Pfizer,
Johnson & Johnson, Boehringer-Ingelheim, Bayer, and Astra-
Zeneca. Dr Fonarow has served as a consultant to Abbott,
Amgen, AstraZeneca, Bayer, CHF Solutions, Janssen, Med-
tronic, Merck, and Novartis. The other authors report no
competing interests.

Correspondence: Address to Yaling Han, MD, Cardiovas-
cular Research Institute and Department of Cardiology,
General Hospital of Northern Theater Command, 83 Wen-
hua Rd, Shenyang 110016, Liaoning, China. (hanyaling@263.
net); or Dong Zhao, MD, Department of Epidemiology, Bei-
jing Anzhen Hospital, Capital Medical University, Beijing
Institute of Heart, Lung, and Blood Vessel Diseases, No. 2
Anzhen Rd, Chaoyang District, Beijing 100029, China
(deezhao@vip.sina.com).

ORCID
Mengge Zhou: https://orcid.org/0000-0002-0134-1232;
Jie Zhang: https://orcid.org/0000-0003-1587-503X;
Yaling Han: https://orcid.org/0000-0003-2453-6443;
Dong Zhao: https://orcid.org/0000-0002-3239-3449
REFERENCES
1. O’Gara PT, Kushner FG, Ascheim DD, et al. 2013 ACCF/AHA

guideline for the management of ST-elevation myocardial
infarction: a report of the American College of Cardiology
Foundation/American Heart Association Task Force on Prac-
tice Guidelines. Circulation. 2013;127(4):e362-e425.

2. Amsterdam EA, Wenger NK, Brindis RG, et al. 2014 AHA/
ACC guideline for the management of patients with non-ST-
elevation acute coronary syndromes: a report of the American
College of Cardiology/American Heart Association Task Force
on Practice Guidelines. Circulation. 2014;130(25):e344-e426.

3. Roffi M, Patrono C, Collet JP, et al. 2015 ESC Guidelines for the
management of acute coronary syndromes in patients present-
ing without persistent ST-segment elevation: Task Force for the
Management of Acute Coronary Syndromes in Patients Present-
ing without Persistent ST-Segment Elevation of the European
Society of Cardiology (ESC). Eur Heart J. 2016;37(3):267-315.

4. Ibanez B, James S, Agewall S, et al. 2017 ESC Guidelines for the
management of acute myocardial infarction in patients present-
ing with ST-segment elevation: the Task Force for the manage-
ment of acute myocardial infarction in patients presenting with
ST-segment elevation of the European Society of Cardiology
(ESC). Eur Heart J. 2018;39(2):119-177.
Mayo Clin Proc. n April 2022;97(4):682-692 n https://doi.org/10.10
www.mayoclinicproceedings.org

Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en N
2022. Para uso personal exclusivamente. No se permiten otros 
5. Chinese Society of Cardiology of Chinese Medical Association;
Editorial Board of Chinese Journal of Cardiology. 2019 Chinese
Society of Cardiology (CSC) guidelines for the diagnosis and
management of patients with ST-segment elevation myocardial
infarction. Article in Chinese. Zhonghua Xin Xue Guan Bing Za
Zhi. 2019;47(10):766-783.

6. Chinese Society of Cardiology, Editorial Board of Chinese Jour-
nal of Cardiology. CSC guidelines for the diagnosis and treat-
ment of acute coronary syndromes in patients presenting
without persistent ST-segment elevation. Article in Chinese.
Chin J Cardiol. 2017;5.

7. Moscucci M, Fox KA, Cannon CP, et al. Predictors of major
bleeding in acute coronary syndromes: the Global Registry of
Acute Coronary Events (GRACE). Eur Heart J. 2003;24(20):
1815-1823.

8. Bhatt DL, Scheiman J, Abraham NS, et al. ACCF/ACG/AHA
2008 expert consensus document on reducing the gastrointes-
tinal risks of antiplatelet therapy and NSAID use: a report of the
American College of Cardiology Foundation Task Force on
Clinical Expert Consensus Documents. Circulation. 2008;
118(18):1894-1909.

9. Abraham NS, Hlatky MA, Antman EM, et al. ACCF/ACG/AHA
2010 expert consensus document on the concomitant use of
proton pump inhibitors and thienopyridines: a focused update
of the ACCF/ACG/AHA 2008 expert consensus document on
reducing the gastrointestinal risks of antiplatelet therapy and
NSAID use: a report of the American College of Cardiology
Foundation Task Force on Expert Consensus Documents.
J Am Coll Cardiol. 2010;56(24):2051-2066.

10. Agewall S, Cattaneo M, Collet JP, et al. Expert position paper
on the use of proton pump inhibitors in patients with cardio-
vascular disease and antithrombotic therapy. Eur Heart Jl.
2013;34(23):1708-1713. 1713a-1713b.

11. Malfertheiner P, Kandulski A, Venerito M. Proton-pump inhibi-
tors: understanding the complications and risks. Nat Rev Gastro-
enterol Hepatol. 2017;14(12):697-710.

12. Xie Y, Bowe B, Yan Y, Xian H, Li T, Al-Aly Z. Estimates of all
cause mortality and cause specific mortality associated with
proton pump inhibitors among US veterans: cohort study.
BMJ. 2019;365:l1580.

13. Marlicz W, Loniewski I, Grimes DS, Quigley EM. Nonsteroidal
anti-inflammatory drugs, proton pump inhibitors, and gastroin-
testinal injury: contrasting interactions in the stomach and small
intestine. Mayo Clin Proc. 2014;89(12):1699-1709.

14. Lue A, Lanas A. Protons pump inhibitor treatment and lower
gastrointestinal bleeding: balancing risks and benefits. World J
Gastroenterol. 2016;22(48):10477-10481.

15. Hao Y, Liu J, Liu J, et al. Rationale and design of the Improving
Care for Cardiovascular Disease in China (CCC) project: a na-
tional effort to prompt quality enhancement for acute coronary
syndrome. Am Heart J. 2016;179:107-115.

16. Hao Y, Liu J, Liu J, et al. Sex differences in in-hospital manage-
ment and outcomes of patients with acute coronary syndrome.
Circulation. 2019;139(15):1776-1785.

17. Mathews R, Peterson ED, Chen AY, et al. In-hospital major
bleeding during ST-elevation and non-ST-elevation myocardial
infarction care: derivation and validation of a model from the
ACTION Registry�-GWTG�. Am J Cardiol. 2011;107(8):
1136-1143.

18. Subherwal S, Bach RG, Chen AY, et al. Baseline risk of major
bleeding in non-ST-segment-elevation myocardial infarction:
the CRUSADE (Can Rapid risk stratification of Unstable angina
patients Suppress ADverse outcomes with Early implementa-
tion of the ACC/AHA guidelines) bleeding score. Circulation.
2009;119(14):1873-1882.

19. Farhat N, Haddad N, Crispo J, et al. Trends in concomitant
clopidogrel and proton pump inhibitor treatment among
ACS inpatients, 2000-2016. Eur J Clin Pharmacol. 2019;
75(2):227-235.
16/j.mayocp.2021.11.037 691

ational Library of Health and Social Security de ClinicalKey.es por Elsevier en abril 07, 
usos sin autorización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.

mailto:hanyaling@263.net
mailto:hanyaling@263.net
mailto:deezhao@vip.sina.com
https://orcid.org/0000-0002-0134-1232
https://orcid.org/0000-0002-0134-1232
https://orcid.org/0000-0003-1587-503X
https://orcid.org/0000-0003-1587-503X
https://orcid.org/0000-0003-2453-6443
https://orcid.org/0000-0003-2453-6443
https://orcid.org/0000-0002-3239-3449
https://doi.org/10.1016/j.mayocp.2021.11.037
http://www.mayoclinicproceedings.org


MAYO CLINIC PROCEEDINGS

692

Descargado para Eilyn
2022. Para uso per
20. Sehested TSG, Carlson N, Hansen PW, et al. Reduced risk
of gastrointestinal bleeding associated with proton pump in-
hibitor therapy in patients treated with dual antiplatelet ther-
apy after myocardial infarction. Eur Heart J. 2019;40(24):
1963-1970.

21. Hoedemaker NPG, Damman P, Ottervanger JP, et al. Trends in
cardiovascular and bleeding outcomes in acute coronary syn-
drome patients treated with or without proton-pump inhibitors
during the introduction of novel P2Y12 inhibitors: a five-year
experience from a single-centre observational registry. Eur
Heart J Cardiovasc Pharmacother. 2019;5(3):127-138.

22. Boparai V, Rajagopalan J, TriadafilopoulosG.Guide to the use of pro-
ton pump inhibitors in adult patients. Drugs. 2008;68(7):925-947.

23. Lanas A, Sopena F. Nonsteroidal anti-inflammatory drugs and
lower gastrointestinal complications. Gastroenterol Clin North
Am. 2009;38(2):333-352.

24. Casado Arroyo R, Polo-Tomas M, Roncalés MP, Scheiman J,
Lanas A. Lower GI bleeding is more common than upper
among patients on dual antiplatelet therapy: long-term
follow-up of a cohort of patients commonly using PPI co-ther-
apy. Heart. 2012;98(9):718-723.

25. Wallace JL, Syer S, Denou E, et al. Proton pump inhibitors exac-
erbate NSAID-induced small intestinal injury by inducing dysbio-
sis. Gastroenterology. 2011;141(4):1314-1322. 1322 e1311-1315.

26. Washio E, Esaki M, Maehata Y, et al. Proton pump inhibitors
increase incidence of nonsteroidal anti-inflammatory drug-in-
duced small bowel injury: a randomized, placebo-controlled trial.
Clin Gastroenterol Hepatol. 2016;14(6):809-815.e1.
Mayo Clin Proc. n April 202

 Mora Corrales (emorac17@gmail.com) en National Library of Health 
sonal exclusivamente. No se permiten otros usos sin autorización. Copy
27. Rahme E, Barkun A, Nedjar H, Gaugris S, Watson D. Hospital-
izations for upper and lower GI events associated with tradi-
tional NSAIDs and acetaminophen among the elderly in
Quebec, Canada. Am J Gastroenterol. 2008;103(4):872-882.

28. Endo H, Sakai E, Taniguchi L, et al. Risk factors for small-bowel
mucosal breaks in chronic low-dose aspirin users: data from a
prospective multicenter capsule endoscopy registry. Gastroint-
est Endosc. 2014;80(5):826-834.

29. Lanas A, Sostres C. PPI therapy: the small bowel, low-dose
aspirin and PPIs: should we be concerned? Nat Rev Gastroen-
terol Hepatol. 2014;11(8):458-460.

30. Levine GN, Bates ER, Blankenship JC, et al. 2011 ACCF/
AHA/SCAI Guideline for Percutaneous Coronary Interven-
tion: executive summary. Circulation. 2011;124(23):2574-
2609.

31. Chinese College of Cardiovascular Physicians. Chinese College
of Cardiovascular Physicians Working Group on Thrombosis;
Chinese Society of Digestive Endoscopy. Multidisciplinary
expert consensus on the prevention and management of
bleeding in patients with acute coronary syndrome receiving
antithrombotic agents. Article in Chinese. Zhonghua Nei Ke
Za Zhi. 2016;55(10):813-824.

32. Bhatt DL, Cryer BL, Contant CF, et al. Clopidogrel with or
without omeprazole in coronary artery disease. N Engl J Med.
2010;363(20):1909-1917.

33. Ray WA, Murray KT, Griffin MR, et al. Outcomes with concur-
rent use of clopidogrel and proton-pump inhibitors: a cohort
study. Ann Intern Med. 2010;152(6):337-345.
2;97(4):682-692 n https://doi.org/10.1016/j.mayocp.2021.11.037
www.mayoclinicproceedings.org

and Social Security de ClinicalKey.es por Elsevier en abril 07, 
right ©2022. Elsevier Inc. Todos los derechos reservados.

https://doi.org/10.1016/j.mayocp.2021.11.037
http://www.mayoclinicproceedings.org

	Proton Pump Inhibitors and In-Hospital Gastrointestinal Bleeding in Patients With Acute Coronary Syndrome Receiving Dual An ...
	Methods
	Study Design
	Study Population
	Study Variables
	PPI Use and PPI Type
	In-Hospital Outcomes
	Definition of Bleeding-Related Variables

	Statistical Analyses

	Results
	PPI Use Among Patients With ACS
	Comparison of Characteristics and Treatment Between Patients With and Without PPI Use
	Association Between PPI Use and In-Hospital GI Bleeding
	Association Between PPI Use and In-Hospital All-Type Bleeding
	Propensity Score–Matched Analysis

	Discussion
	High Use Rate of PPIs Among Patients With ACS
	PPIs and Increased GI Bleeding
	Limitations

	Conclusion
	Acknowledgments
	Supplemental Online Material
	References


