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Abstract 

Background  Proton pump inhibitors (PPIs) are recommended by the latest guidelines to reduce the risk of bleeding in acute myocar-
dial infarction (AMI) patients treated with dual antiplatelet therapy (DAPT). However, previous pharmacodynamic and clinical studies have 
reported controversial results on the interaction between PPI and the P2Y12 inhibitor clopidogrel. We investigated the impact of PPIs use on 
in-hospital outcomes in AMI patients, aiming to provide a new insight on the value of PPIs. Methods  A total of 23,380 consecutive AMI 
patients who received clopidogrel with or without PPIs in the China Acute Myocardial Infarction (CAMI) registry were analyzed. The pri-
mary endpoint was major adverse cardiovascular and cerebrovascular events (MACCE) defined as a composite of in-hospital cardiac death, 
re-infarction and stroke. Propensity score matching (PSM) was used to control potential baseline confounders. Multivariate logistic regres-
sion analysis was performed to evaluate the effect of PPIs use on MACCE and gastrointestinal bleeding (GIB). Results  Among the whole 
AMI population, a large majority received DAPT and 67.5% were co-medicated with PPIs. PPIs use was associated with a decreased risk of 
MACCE (Before PSM OR: 0.857, 95% CI: 0.7420.990, P = 0.0359; after PSM OR: 0.862, 95% CI: 0.7680.949, P = 0.0245) after multi-
variate adjustment. Patients receiving PPIs also had a lower risk of cardiac death but a higher risk of complicating with stroke. When GIB 
occurred, an alleviating trend of GIB severity was observed in PPIs group. Conclusions  Our study is the first nation-wide large-scale study 
to show evidence on PPIs use in AMI patients treated with DAPT. We found that PPIs in combination with clopidogrel was associated with 
decreased risk for MACCE in AMI patients, and it might have a trend to mitigate GIB severity. Therefore, PPIs could become an available 
choice for AMI patients during hospitalization. 
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1  Introduction 

Patients who suffered acute myocardial infarction (AMI) 
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usually had a much worse baseline clinical characteristic, 
including higher Killip class, unstable hemodynamics and 
stress condition, which could facilitate gastrointestinal bleed-
ing (GIB).[1] Moreover, GIB was associated with increased 
mortality and morbidity despite optimal treatment and suc-
cessful revascularization after an AMI.[2,3] Therefore, the 
latest guideline have recommended the co-medication of 
proton pump inhibitors (PPIs) and dual antiplatelet therapy 
(DAPT) to minimize the bleeding risk.[4] However, the 
value of PPIs use in patients receiving clopidogrel has been 
questioned for years. Pharmacodynamic studies reported 
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that the potential interaction between clopidogrel and PPIs 
would attenuate the antiplatelet function of clopidogrel.[5] 
Meanwhile, clinical research showed conflicting results of 
this interaction on cardiovascular outcomes.[6] To date, few 
existing data have well characterized the current status of 
PPIs use in a large Chinese population with AMI. In previ-
ous observational studies, there might be baseline con-
founders which cannot be adjusted by statistic model and 
this would affect the evaluation on PPIs co-medication. 
Hence, we performed this propensity score matched (PSM) 
analysis using a national administrative database and ex-
plored the effect of PPIs on in-hospital outcomes when 
co-administered with clopidogrel in AMI patients.  

2  Methods 

The China Acute Myocardial Infarction (CAMI) registry 
served as a national hospital-based registry and surveillance 
program for AMI to timely obtain real-world information 
about clinical characteristics, medical care and outcomes of 
Chinese patients with AMI across different provinces, pre-
fectures and counties.[7] It was organized and conducted 
by Fuwai Hospital, National Center for Cardiovascular 
Diseases of China (NCCD). The final inclusion criteria 
met the third Universal Definition for myocardial infarction 
(2012).[8] This study was registered with ClinicalTrials.gov 
(NCT01874691) and was approved by the institutional re-
view board of all participating hospitals. The Data Man-
agement and Statistics Teams are managed by Medical Re-
search and Biostatistics Center, NCCD and all data were 
protected at all time. Other detailed description about CAMI 
registry can be found in the trial design article published 

previously.[7]  
All 26,660 consecutive patients from 108 hospitals in 

CAMI registry who suffered AMI between January 2013 
and September 2014 were enrolled. The following patients 
were excluded due to: (1) less than 20 and more than 100 
years old (n = 370); (2) missing data of the gastrointestinal 
prophylaxis (n = 1436); (3) not receiving clopidogrel (n = 
853); (4) using H2 receptor antagonists (H2RAs) instead of 
PPIs (n = 621). PPIs use was determined at the physician’s 
discretion and was recorded at the time of admission. The 
specific kind of PPIs was not reported. Finally, a total of 
23,380 patients were analyzed (Figure 1).  

Demographic characters, past history, admission feature, 
in-hospital medication and procedure were collected. The 
CRUSADE (Can rapid risk stratification of unstable angina 
patients suppress adverse outcomes with early implementa-
tion of the ACC/AHA Guidelines) bleeding score was cal-
culated since admission as previously described.[9] The pri-
mary endpoint was major adverse cardiovascular and cere-
brovascular events (MACCE) defined as a composite of 
in-hospital cardiac death, re-infarction, and stroke. Secon-
dary endpoints included each component of the primary 
endpoint and GIB. Re-infarction was defined as an acute MI 
that occurred within 28 days of initial MI with evidence of 
recurred ischemic symptoms, ECG changes and elevated 
cardiac troponin.[8] GIB was defined as clinically evident 
bleeding (gross hematemesis, heme positive coffee ground 
emesis, heme positive melena) from alimentary canal.    

Continuous variables were expressed as mean ± SD or 
median with 25th and 75th percentiles. Categorical variables 
were described as a number (n) with percentage (%). Dif-
ferences of baseline characteristics and outcomes between 

 

Figure 1.  Patient flowchart for the study cohort. 
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patients with or without PPIs use were assessed using the 
Chi-square test or Fisher’s exact test for categorical vari-
ables and the analysis of variance test or Wilcoxon rank test 
for continuous variables. The impact of PPIs on in-hospital 
outcomes was assessed using multivariate logistic regres-
sion analysis. Potential relevant risk factors for ischemic and 
hemorrhagic events were enrolled in the multivariate model, 
including age, history of hypertension, diabetes, congestive 
heart failure, stroke, peripheral arterial disease, peptic ulcer 
disease/helicobacter pylori infection, prior GIB, malignancy, 
presence of STEMI, hemoglobin, use of aspirin, GPIIb/IIIa 
receptor inhibitor, oral anticoagulants, heparin/LMWH, β- 
blockers, ACEI/ARB, and treatment with primary PCI, emer-
gent CABG and/or thrombolysis. Odds ratio (OR) were pre-
sented with the 95% confidence intervals (CIs) and a two- 
tailed P < 0.05 was considered statistically significant. All 
statistical analyses were performed using SAS version 9.4. 

In order to control the effect of confounding factors 
caused by baseline characteristics differences between pa-
tients with and without PPIs use, we preformed propensity 
score matching (PSM) for the entire AMI population. A 
propensity score was estimated for each patient using a lo-
gistic regression model. Patients were matched on estimated 
propensity scores, with replacement, using a nearest neigh-
bor approach. The detailed information about propensity 
score model can be found in Supplementary Table 1. 

3  Results 

3.1  Baseline characteristics 

As shown in Table 1, among 23,380 analyzed patients 
with AMI, 15,972 (67.5%) were co-medicated with PPIs. 
PPIs users were older and inclined to be female with higher 
Killip class and hematocrit. They tended to have higher 
frequent presence of NSTEMI and the history of hyperten-
sion, diabetes mellitus, stroke, peptic ulcer disease and GIB. 
They also had more chance to receive GPIIb/IIIa receptor 
inhibitor, heparin/LMWH, and primary percutaneous coro-
nary intervention (PCI). After PSM, 7169 patients had an 
estimated propensity score that matched to 7169 patients 
without PPIs use.  

3.2  Clinical outcomes  

The occurrence of in-hospital MACCE in PPIs popula-
tion was significantly lower than that in non-PPIs group 
before (4.1% vs. 4.9%, P = 0.0056) and after PSM (4.0% vs. 
4.7%, P = 0.0025) (Table 2). At multivariate logistic regres-
sion analysis (Table 3), PPIs use was strongly associated 
with the decreased risks of MACCE (OR = 0.862, 95% CI: 

0.7680.949, P = 0.0245) and cardiac death (OR = 0.813, 
95% CI: 0.7090.936, P = 0.0145) after PSM, while an 
increased risk of stroke was observed in PPIs group.  

We did not find protective effectiveness of PPIs against 
GIB before and after PSM (Table 2 and Table 3). However, 
PPIs co-medication among patients who suffered GIB after 
AMI showed a nonsignificant trend to alleviate hemoglobin 
reduction, reduce the chance of using hemostatics and blood 
transfusion, and decrease the incidence of death caused by 
GIB (Table 4).  

4  Discussion 

Clopidogrel is a prodrug needed to be metabolized by 
cytochrome P450 (CYP) with isoenzyme CYP2C19, and 
this also played a major role in generating active metabolite 
of PPIs. Therefore, potential drug-interaction may inhibit 
the conversion of clopidogrel to its active metabolite and 
further attenuate its antiplatelet properties[10]. A randomized 
trial revealed that pantoprazole significantly increased pla-
telet aggregation in patients treated with DAPT even after 
correction for the bias of CYP2C19 polymorphism.[11] Re-
cently, a meta-analysis indicated that the observational 
studies tended to yield higher rate of adverse events in pa-
tients using PPIs, while randomized controlled trials (RCTs) 
assessing omeprazole compared with placebo showed no 
difference in ischemic outcomes. This discrepancy may 
partially due to the selection bias in observational studies. 
Thus, we made a PSM analysis to eliminate some of these 
baseline differences between patients who received PPIs 
and those who did not. 

We found that PPIs use was associated with decreased 
MACCE before and after PSM, which was mainly driven 
by the reduced risk of cardiac death. However, this finding 
was different from the recent clinical studies. Of these, 
TRANSLATE-ACS study 12] and PRODIGY trial[13] showed 
that the concomitant use of PPIs in patients receiving clopi-
dogrel did not significantly affect clinical outcomes, while 
results from ADAPT-DES study[14] and PARIS study[15] 

indicated that PPIs in combination with clopidogrel was 
associated with high platelet reactivity and a greater rate of 
2-year adverse events. In this study, we focused on in-hos-
pital outcomes while the other studies evaluated the long- 
term value of PPIs use. The potential effect of PPIs on clo-
pidogrel might not be obvious in the short run. Moreover, 
we speculated that PPIs use would improve patients’ com-
pliance to a high-dose of DAPT and intensive anticoagula-
tion therapy, and this may contribute to a lower incidence of 
cardiac death.  
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Table 1.  Baseline characteristics among all patients according to PPIs use before and after PSM. 

Before PSM After PSM 

Parameters PPIs 

(n = 15,792) 

No PPIs 

(n = 7588) 
P 

PPIs 

(n = 7169) 

No PPIs 

(n = 7169) 
P 

Demographics       

Age, yrs 62.65  13.37 61.62  13.62 < 0.0001 61.83  13.24 61.79  13.46 0.5941 

Gender (female) 4048 (25.6%) 1858 (24.5%) < 0.0001 1814 (25.3%) 1785 (24.9%) 0.5584 

Medical history       

Hypertension 8096 (51.3%) 3647 (48.2%) < 0.0001 3613 (50.5%) 3451 (48.2%) 0.0063 

Dyslipidemia 1110 (7.0%) 467 (6.2%) 0.0050 526 (7.4%) 439 (6.1%) 0.0036 

Diabetes mellitus 3142 (20.0%) 1342 (17.7%) 0.0001 1413 (19.8%) 1266 (17.7%) 0.0014 

Prior MI 1136 (7.2%) 528 (7.0%) 0.5374 478 (6.7%) 502 (7.0%) 0.3898 

Prior PCI 761 (4.8%) 339 (4.5%) 0.2845 318 (4.5%) 321 (4.5%) 0.9026 

Prior CABG 63 (0.4%) 32 (0.4%) 0.7699 27 (0.4%) 31 (0.4%) 0.5994 

Congestive heart failure 390 (2.5%) 158 (2.1%) 0.0499 162 (2.3%) 147 (2.1%) 0.3726 

Prior stroke 1537 (9.8%) 590 (7.8%) < 0.0001 637 (8.9%) 560 (7.8%) 0.0220 

Peripheral arterial disease 108 (0.7%) 27 (0.4%) 0.0008 45 (0.6%) 25 (0.4%) 0.0138 

Chronic kidney disease 199 (1.3%) 92 (1.2%) 0.6126 85 (1.2%) 84 (1.2%) 0.8744 

PUD/Hp infection 579 (3.7%) 81 (1.1%) < 0.0001 54 (0.8%) 54 (0.8%) 0.4651 

Prior GIB 338 (2.1%) 67 (0.9%) < 0.0001 36 (0.5%) 36 (0.5%) 0.5213 

Malignancy 216 (1.4%) 79 (1.0%) 0.0416 90 (1.3%) 69 (1.0%) 0.0916 

Admission features       

NSTEMI 3774 (23.9%) 2039 (26.9%) < 0.0001 1845 (25.7%) 1935 (27.0%) 0.0506 

STEMI 12018 (76.1%) 5549 (73.1%) < 0.0001 5342 (74.3%) 5234 (73.0%) 0.0506 

Heart rate, beats/min  78.0  18.8  78.1  19.0 0.6344  77.8  18.4  78.0  18.3 0.5465 

Systolic BP, mmHg 128.6  25.3 129.6  26.1 0.0043 129.5  25.3 129.8  25.9 0.3548 

Killip class  2 4223 (26.7%) 1643 (21.6%) < 0.0001 1453 (20.4%) 1454 (20.4%) 0.3173 

CCr  30 mL/min per 1.73 m2 634 (4.0%) 409 (5.4%) < 0.0001 96 (1.3%) 96 (1.3%) 0.9986 

Hemoglobin, g/L 135.52  21.15 136.62  22.38 0.0009 136.21  21.01 136.51  22.15 0.4657 

Hematocrit  40.41%  50.09%  38.92%  14.57% 0.0006  40.52%  53.17%  38.93%  14.70% 0.0172 

LVEF  53.40%  11.12%  53.60%  10.50% 0.2072  53.85%  11.16%  53.85%  10.46% 0.1878 

CRUSADE score  19.96  15.23  20.03  15.36 0.8690  19.28  14.82  19.30  14.89 0.8701 

In-hospital medication       

Aspirin 15268 (96.8%) 7303 (96.4%) < 0.0001 6848 (95.6%) 6915 (96.6%) < 0.0001 

GPIIb/IIIa receptor inhibitor 5251 (34.2%) 1773 (24.5%) < 0.0001 1736 (25.0%) 1699 (24.7%) < 0.0001 

Oral anticoagulants 154 (1.0%) 213 (2.9%) < 0.0001 73 (1.0%) 192 (2.7%) < 0.0001 

Heparin/LMWH 14301 (90.6%) 6437 (86.7%) < 0.0001 6285 (89.8%) 6234 (88.7%) 0.0006 

-blockers 11338 (71.9%) 5098 (67.3%) < 0.0001 5073 (71.0%) 4766 (66.6%) < 0.0001 

ACEI/ARB 9647 (61.3%) 4442 (58.6%) < 0.0001 4283 (59.9%) 4168 (58.3%) < 0.0001 

Revascularization       

Primary PCI 5835 (37.0%) 2673 (35.2%) < 0.0001 2447 (34.1%) 2446 (34.1%) 0.5637 

Emergent CABG 15 (0.1%) 22 (0.3%) 0.0066 4 (0.1%) 4 (0.1%) 0.6819 

Thrombolysis 1190 (7.5%) 528 (7.0%) 0.0532 482 (6.7%) 479 (6.7%) 0.4386 

Data are presented as mean ± SD or n (%). ACEI/ARB: angiotensin converting enzyme inhibitor/angiotensin receptor blocker; BP: blood pressure; CABG: 

coronary artery bypass grafting; CCr: creatinine clearance rate; CRUSADE: can rapid risk stratification of unstable angina patients suppress adverse outcomes 

with early implementation of the ACC/AHA guidelines; GIB: gastrointestinal bleeding; GPIIb/IIIa: glycoprotein IIb/IIIa; Hp: Helicobacter pylori; LMWH: low 

molecular weight heparin; LVEF: left ventricular ejection fraction; MI: myocardial infarction; PCI: percutaneous coronary intervention; PPIs: proton pump 

inhibitors; PSM: propensity score matching; PUD: peptic ulcer disease; STEMI: ST-elevation myocardial infarction. 
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Table 2.  In-hospital outcomes among all patients according to PPIs use before and after PSM. 

Before PSM After PSM 

Clinical endpoint PPIs 

(n = 15,792) 

No PPIs 

(n = 7588) 
P 

PPIs 

(n = 7169) 

No PPIs 

(n = 7169) 
P 

Primary endpoint       

MACCE 647 (4.1%) 372 (4.9%) 0.0056 286 (4.0%) 337 (4.7%) 0.0025 

Secondary endpoint       

Cardiac death 569 (3.6%) 349 (4.6%) 0.0004 251 (3.5%) 315 (4.4%) 0.0008 

Re-infarction 111 (0.7%)  30 (0.4%) 0.0094  43 (0.6%)  28 (0.4%) 0.0098 

Stroke 142 (0.9%)  38 (0.5%) 0.0055  65 (0.9%)  28 (0.4%) 0.0031 

GIB 252 (1.6%)  23 (0.3%) < 0.0001 108 (1.5%)  20 (0.3%) < 0.0001 

Data are presented as n (%). PSM: propensity score matching; PPIs: proton pump inhibitors; MACCE: major adverse cardiovascular and cerebrovascular 

events; GIB: gastrointestinal bleeding. 

Table 3.  Multivariate logistic regression analysis among all patients according to PPIs use before and after PSM. 

Before PSM After PSM 
Clinical endpoint 

Adjusted OR 95% CI P Adjusted OR 95% CI P 

Primary endpoint       

MACCE 0.857 0.7420.990 0.0359 0.862 0.7680.949 0.0245 

Secondary endpoint       

Cardiac death 0.799 0.6870.929 0.0035 0.813 0.7090.936 0.0145 

Re-infarction 1.409 0.9292.136 0.1067 1.378 0.9792.156 0.2386 

Stroke 1.621 1.1272.331 0.0091 1.635 1.3412.517 0.0024 

GIB 5.847 3.3769.302 < 0.0001 5.471 3.1278.796 < 0.0001 

Odds ratio (OR) of each endpoint in PPIs group was calculated as compared with no PPIs group. GIB: gastrointestinal bleeding; MACCE: major adverse car-

diovascular and cerebrovascular events; PPIs: proton pump inhibitors; PSM: propensity score matching. 

Table 4.  GIB severity among patients suffering GIB according to PPIs use before and after PSM. 

Before PSM After PSM 

GIB Severity PPIs 

(n = 261) 

No PPIs 

(n = 20) 
P 

PPIs 

(n = 107) 

No PPIs 

(n = 20) 
P 

Hb reduction   0.7941   0.6455 

No 86 (33.0%) 5 (25.0%)  40 (37.4%) 5 (25%)  

< 3 g/L 105 (40.2%) 8 (40.0%)  40 (37.4%) 8 (40.0%)  

35 g/L 33 (12.6%) 3 (15.0%)  13 (12.1%) 3 (15.0%)  

> 5 g/L 37 (14.2%) 4 (20.0%)  14 (13.1%) 4 (20.0%)  

Treatment   0.6190   0.6513 

None 78 (29.8%) 4 (20.0%)  31 (28.7%) 4 (20.0%)  

Endoscopic hemostasis 2 (0.8%) 0 (0%)  NA NA  

Pharmacologic hemostasis 182 (69.5%) 16 (80%)  76 (70.4%) 16 (80.0%)  

Blood Transfusion 64 (24.5%) 7 (35.0%) 0.3146 24 (22.4%) 7 (35.0%) 0.2602 

Death caused by GIB 4 (1.5%) 1 (5.0%) 0.3096 0 (0.0%) 1 (5.0%) 0.1562 

Data are presented as n (%). GIB: gastrointestinal bleeding; Hb: hemoglobin; NA: not assessed; PSM: propensity score matching; PPIs: proton pump inhibitors. 

 
As for other key endpoints, we found that PPIs had no 

impact on re-infarction risk. Another US national registry[16] 
also confirmed that there were no increase in AMI risk 
among adults prescribed PPIs as compared with H2RAs, 
indicating that patients should not avoid starting a PPI be-
cause of concerns related to MI risk. Unexpectedly, our data 

showed that patients using PPIs had a higher risk of devel-
oping stroke. We supposed that this might due to the higher 
presence rate of prior stroke and risk profiles in PPIs group 
even after PSM. Recently, a meta-analysis[17] proved that 
co-prescription of PPIs and thienopyridines increased the 
risk of incident ischemic strokes. However, another study[18] 
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revealed that concomitant use of PPIs and clopidogrel was 
not associated with adverse outcomes after ischemic stroke 
in Chinese population. These conflicting results underscore 
the need for future RCTs to assess the safety of PPIs in pa-
tients with stroke. As stroke remains one of the leading 
cause of death in China and the incidence of stroke is higher 
in Chinese than that in other ethnic population,[19,20] our 
study may indicate that physicians should avoid prescribing 
PPIs to high risk patients for stroke. 

Consistent with another study in Chinese population, we 
did not find protectiveness of PPIs against GIB.[21] Yet, an-
other PSM analysis showed the effectiveness of PPIs in 
reducing the rate of GIB in Japanese population treated with 
clopidogrel after coronary stenting.[22] This inconsistency 
might come from study design and the timing when patients 
received PPIs. Physicians in China tend to prescribe PPIs to 
AMI patients after emergency procedure, but GIB would 
have occurred before PPIs were used among AMI patients, 
especially in those with unstable hemodynamics and high 
stress state. Even though, our analysis still showed the im-
portance of PPIs use as a remedial method when GIB had 
occurred. Among 281 patients who suffered GIB in our 
study (127 after PSM), those treated with PPIs had less he-
moglobin reduction and received less drug hemostasis and 
transfusion. The rate of death caused by GIB was also lower 
in PPIs group. Although the differences were not statistically 
significant and the multivariate logistic regressions were not 
performed because of small sample, these results indicated 
that PPIs might play a critical role in recovering the injured 
gastrointestinal mucosa. 

4.1  Strengths and limitations  

The CAMI registry represents a well-supported regis-
try-base clinical investigation, which not only has large 
sample size but also serves as a resource to educate physi-
cians and administrative personnel. Our study provided new 
evidence on the benefit/risk of PPIs use in Chinese hospi-
talized AMI patients. However, several limitations should 
be acknowledged. First, the impact of long-term PPIs use on 
clinical outcomes in patients receiving clopidogrel was not 
evaluated in our study, and further analysis should assess 
the long-term prognosis of co-medication. Second, the 
number of incident GIB was small and multivariate logistic 
regression could not be performed in Table 4. Finally, al-
though PSM has been used to control baseline confounders, 
our results may still be subject to selection bias related to 
this type of observational research. Future large observa-
tional studies and RCTs are warranted to further address the 
potential benefit/risk of PPIs use in AMI patients taking 
clopidogrel. 

4.2  Conclusions 

We noticed that our research is the first large-scale study 
providing evidence on PPIs and clopidogrel co-medication 
in Chinese AMI population. The co-medication of PPIs and 
clopidogrel was associated with decreased risk of in-hos-
pital MACCE in AMI patients. When GIB occurred, using 
PPIs may have a trend to alleviate GIB severity. Our results 
indicated that PPIs could be an available choice for physi-
cian to reduce MACCE and alleviate GIB severity in AMI 
patients. 
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