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INTRODUCTION

Acute coronary syndrome (ACS) is the most
common acute and severe disease in cardiology,
and gastrointestinal (GI) bleeding is a commonly
found acute and severe disorder in the digestive
department. With a better therapeutic approach to
chronic duodenal ulcers and an increasing use of
nonsteroidal anti-inflammatory drugs in the elderly, the
etiology of GI bleeding has changed to drug-induced
in the past 20 years. And the number of deaths due to
GI bleeding has not decreased.™ One of the reasons for
this occurrence is that in the treatment of cardiovascular
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disease, widespread use of antiplatelet drugs leads to an
increase in the number of patients with ACS complicated
with potential GI bleeding. At the same time, patients
with ACS are prone to stress-related mucosal disease
or GI bleeding in the state of stress.[?! Because patients
with Gl bleeding cannot tolerate antiplatelet therapy, GI
bleeding is a fatal complication in patients with ACS.F

The main aim of this study is to identify the causes of GI
bleeding in patients with ACS and to reduce the risk of GI
bleeding. Meanwhile, through comprehensive analysis
and weighing the advantages and disadvantages, the
duration of dual antiplatelet therapy (DAPT) should be
determined as far as possible.
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METHODS

Study population

The Improving Care for Cardiovascular Disease in
China-ACS (CCC-ACS) project is a national registry and
quality improvement study with a database that focuses
on the quality of treatment and care for ACS. The project
was launched in 2014 by a collaborative initiative of the
American Heart Association (AHA) and Chinese Society
of Cardiology. Because the design and methods of the
CCC-ACS project have been published in a previous
report,! and the study was registered at ClinicalTrials.
gov (NCTO02306616), we will not go into details here. Our
study was a hospital-based, retrospective, case-control
study based on the CCC-ACS project, and it included
all ACS patients in the First Affiliated Hospital of Henan
University of Science and Technology from January 2014 to
June 2019. During this period, we collected baseline data,
laboratory tests, electrocardiograms, and echocardiography
covering all ACS patients.

Inclusion criteria

Patients with acute ST segment elevation myocardial
infarction, or non-ST segment elevation myocardial
infarction, unstable angina pectoris. The subjects received
dual antiplatelet (aspirin and clopidogrel or ticagrelor) and
statin therapy.

Exclusion criteria

The patient could not be reached, or the information about
the patients were unavailable; Death from non-GI bleeding;
Had a history of GI hemorrhage before admission. Taking
oral anticoagulants for an extended period of time (more
than 6 months) or having abnormal coagulation function.
Severe liver and kidney failure.

From June 17, 2021, to July 16, 2021, all subjects were
followed up by telephone and were asked if there was
GI bleeding after discharge from our Department of
Cardiology. If there was GI bleeding, it was clearly asked
when GI bleeding occurred and whether the patient was
hospitalized.

Baseline measurements and biochemical analysis

When the subjects were admitted to the Department of
Cardiology for the first time because of ACS, the clinical
data, such as age, alcohol abuse habits, heart rate, history of
myocardial infarction, and history of percutaneous coronary
intervention (PCI), were recorded. Gl bleeding was defined
as hematemesis, bleeding due to the nasogastric tube,
positive fecal occult blood test, or anal bleeding. DAPT was
defined as aspirin combined with clopidogrel or ticagrelor.
Alcohol abuse was defined as drinking at least 3 times a
week with a minimum quantity of 50 mL each time. Diabetes
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was defined as glycosylated hemoglobin > 6% or long-term
use of oral drugs or subcutaneous insulin injection to control
blood sugar. Quality control of laboratory indicators and
definition of medical history standard were performed with
reference to the CCC Project.

Statistical analysis

The baseline of clinical data were divided into continuous
variables and categorical variables. For continuous
variables, we utilized the Kolmogorov-Smirnov method
to test the normality. When P > 0.05, it was assumed to be
a normal distribution, which was expressed by the mean,
standard deviation. Otherwise, log transformation was
carried out, and it was represented by the interquartile
range, median (Q1, Q3). For Categorical variable data, it was
represented as percentages. By univariate Cox proportional
hazard regression analysis, the hazard ratio (HR) values
of the baseline variables were calculated. The variables
with statistical significance will entered into the next step
of multivariable analysis. Subsequently, multivariable
regression was performed to adjust for confounders for
predictors of GI bleeding. Establish a risk scoring system
for GI bleeding based on a logistic regression model.
All statistical tests and confidence intervals (Cls) were
two-sided, and P < 0.01 was used to identify statistically
significant results. Statistical analysis of data was performed
by SPSS19 software.

RESULTS

Baseline characteristics and follow-up results

We obtained the complete clinical data of 1266 ACS patients.
Finally, 1061 subjects were followed up successfully. There
were 525 patients (49.4%) with acute ST segment elevation
myocardial infarction, 356 patients (33.6%) with acute
non-ST segment elevation myocardial infarction, and
180 (17.0%) with unstable angina pectoris. The baseline
characteristics of the subjects are shown in Table 1. The
average age of the participants was 64 + 12 years, 78.4%
of whom were men. Over time, the cumulative risk of GI
bleeding increased [Figure 1]. After 13-68 months, a total
of 48 patients (4.5%) were hospitalized for GI bleeding.
Moreover, 5 of those 48 patients died during hospitalization.

Risk factors for gastrointestinal bleeding

To analyze the risk factors for GI bleeding in patients with
ACS, we first screened out the possible risk factors through
the single factor Cox proportional risk model [Table 2], and
then we analyzed these risk factors using the multifactor
Cox proportional hazard model.

Finally, as shown in Table 3, it was found that alcohol
abuse (HR 4.565, 2.087-9.984, P < 0.01), history of PCI (HR
10.107, 3.675-27.800, P < 0.01), and history of atrial
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fibrillation (HR 9.419, 3.845-23.074, P < 0.01) were the risk
factors for GI bleeding in ACS patients. Compared with

Table 1: Baseline characteristics

Clinical n=1061
Age (years) 6412
Sex (man), n (%) 832 (78.4)
Weight (kg) 67.1£12.9
Heart rate (bpm) 7616
Systolic blood pressure (mmHg) 128425
Alcohol abuse, n (%) 317 (29.9)
Diabetes, n (%) 188 (17.7)
History of heart failure, n (%) 92 (8.6)
History of myocardial infarction, n (%) 67 (6.3)
History of PCI, n (%) 64 (6.0)
Hypertension, n (%) 487 (45.9)
History of atrial fibrillation, n (%) 72 (6.8)

NT-proBNP (pg/mL)

313 (123-756)

CK-MB (IU/L) 122 (59-227)
Creatinine (umol/L) 89 (80-101)
Hb (g/L) 124 (110-134)
LDL-C (mmol/L) 2.70 (2.11-3.29)
LVEF (%) 51 (45-58)
Dual-antiplatelet therapy <12 months, n (%) 777 (73.2)
Dual-antiplatelet therapy 12-18 months, n (%) 188 (17.7)
Dual-antiplatelet therapy >18 months, n (%) 96 (9.0)

Dual-antiplatelet and anticoagulant therapy 2 (0.19)
>2 months, n (%)

Aspirin treatment <36 months, n (%) 325 (30.6)

Aspirin treatment >36 months, n (%) 736 (69.4)

Continuous values are represented by mean+SD. Nonnormal distribution values
are represented by median (25"-75"). PCl=Percutaneous coronary intervention;
LVEF=Left ventricular ejection fraction; Hb=Hemoglobin; LDL-C=Low density
lipoprotein cholesterol; NT-proBNP=N-terminal pro-brain natriuretic peptide
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Figure 1: Cumulative risk of gastrointestinal bleeding

the patients whose body mass index (BMI) was less than
normal, normal BMI (HR 0.139, 0.053-0.360, P < 0.01) and
high BMI (HR 0.099, 0.034-0.285, P < 0.01) were less likely
to have GI bleeding. There was no significant difference
in the risk of GI bleeding between patients treated with
DAPT for <12 months and those treated for 12-18 months
(HR 4.133, 1.049-16.287, P =0.043). However, the risk of GI
bleeding was significantly increased in patients treated with
DAPT for more than 18 months (HR 12.792, 5.607-29.185,
P <0.01). The longer the use of dual antiplatelet drugs, the
higher the cumulative risk of GI bleeding [Figure 2].

Optimal duration of dual antiplatelet therapy

An receiver operating characteristic (ROC) curve was drawn
to determine the optimal duration of DAPT, which can
prevent acute coronary events and minimize the risk of GI
bleeding [Figure 3]. The results showed that the duration of
DAPT using a cutoff of 14.5 months resulted in a sensitivity
of 66.7% and a specificity of 77%. The area under curve for
this risk score was 0.735 (CI 0.657-0.813), P < 0.01.

Risk score for gastrointestinal bleeding

We created a risk score system for Gl bleeding according to a
logistic risk regression model to further examine the weight
of various risk variables on GI bleeding. In this system, we
assigned a score of 1 to alcohol addiction, combined with
history of PCI, history of atrial fibrillation, BMI, DAPT time,
and sex, for a total score of 14.31 [Table 4]. The higher the score,
the higher the danger of GI bleeding. Through this scoring
system, it is helpful to quickly and accurately determine the
risk of GI bleeding in patients in clinical practice.

DISCUSSION

There are many contradictions in the treatment of ACS
patients with GI bleeding. Antiplatelet therapy is the basis
of the treatment of ACS. Especially in patients who have
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Figure 2: The relation between duration of dual platelet therapy and risk of
gastrointestinal bleeding
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Table 2: Univariable proportional hazards regression
models for gastrointestinal bleeding

Factors HR P
Age 1.020 (0.958-1.239) 0.593
Sex 1.002 (0.628-2.013) 0.808

Systolic pressure

Heart rate

Alcohol abuse

History of heart failure

History of PCI

History of atrial fibrillation
history of type 2 diabetes
history of myocardial infarction
Hypertension

0.856 (0.568-1.012) 0.082
1.058 (0.989-1.815)  0.905
5.265 (2.912-10.289) <0.01
2.169 (1.098-4.864) 0.843
13.107 (4.587-29.058) <0.01
11.919 (4.685-25.074) <0.01
5.105 (2.254-8.022) 0.035
3.233 (1.956-5.052) 0.051
1.967 (1.005-3.752) 0.912

BMI<18.5 Reference
BMI=18.5-23.9 0.101 (0.063-0.289) <0.01
BMI>23.9 0.052 (0.024-0.282) <0.01

Dual-antiplatelet therapy <12 months Reference
Dual-antiplatelet therapy 12-18 months 6.133 (1.189-18.658) <0.01
Dual-antiplatelet therapy >18 months 17.892 (7.705-29.834) <0.01

LVEF 0.751 (0.524-0.896) <0.01
FBS 1.988 (0.822-2.931) 0.081
NT-proBNP 1.265 (0.709-3.130) 0.075
CK-MB 1.060 (0.786-2.982) 0.298

Creatinine 1.130 (1.039-1.919)  0.089
Hb 0.891 (0.790-0.981) 0.032
LDL-C 0.934 (0.809-1.070) 0.677

Aspirin treatment >36 months 3.176 (0.890-7.128)  0.052
HR=Hazard ratio; PCl=Percutaneous coronary intervention; BMI=Body

mass index; LVEF=Left ventricular ejection fraction; FBS=Fasting blood

glucose; Hb=Hemoglobin; LDL-C=Low density lipoprotein cholesterol;
NT-proBNP=N-terminal pro-brain natriuretic peptide

Table 3: Multivariable-adjusted proportional hazards
regression models for gastrointestinal bleeding
Adjustment factors HR P
4.565 (2.087-9.984) <0.01
10.107 (3.675-27.800) <0.01
9.419 (3.845-23.074) <0.01

Alcohol abuse
History of PCI
History of atrial fibrillation

BMI <18.5 Reference
BMI=18.5-23.9 0.139 (0.053-0.360) <0.01
BMI >23.9 0.099 (0.034-0.285) <0.01

Dual-antiplatelet therapy <12 months Reference
Dual-antiplatelet therapy 12-18 months 4.133 (1.049-16.287) 0.043

Dual-antiplatelet therapy >18 months 12.792 (5.607-29.185) <0.01
HR=Hazard ratio; PClI=Percutaneous coronary intervention; BMI=Body mass index

Table 4: Risk score for gastrointestinal bleeding

Risk factor Score
Alcohol abuse 1
History of PCI 2.5
History of atrial fibrillation 2.8
BMI <18.5 2.2
DAPT >12-18 months 2.1
DAPT >18 months 3.4
Female 0.31

DAPT=Dual-antiplatelet therapy; PCl=Percutaneous coronary intervention;
BMI=Body mass index
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Figure 3: Receiver operating characteristic curve indicates the optimal duration
of dual antiplatelet therapy. ROC = Receiver operating characteristic

undergone PCI, DAPT including a P2Y12 inhibitor should
be used. However, the use of antiplatelet drugs often
aggravates GI bleeding.

Previous studies have shown that ACS combined with
GI bleeding predicts a higher mortality rate.”®! A study
of 13,819 patients with ACS showed that the incidence of
GI bleeding was 1.3%, and the 30-day all-cause mortality
associated with GI bleeding was 4.87%."! By analyzing
the insurance and medical insurance claims data in the
United States, it was found that anticoagulation combined
with antiplatelet therapy significantly increased the risk of
bleeding compared with simple antiplatelet therapy, and
the elderly patients over 75 years were more likely to have
bleeding.!""!

Thus, we followed up 1061 patients with ACS and tried
to determine the risk of GI bleeding through statistical
analysis. We found that 4.5% of patients had GI bleeding,
and the risk of GI bleeding increased with the extension
of follow-up time. In our study, multivariate Cox
proportional hazard model analysis showed that patients
with alcohol abuse, history of atrial fibrillation, low body
weight, and those who had undergone PCI were more
likely to have GI bleeding. Previous studies have found
that patient with renal dysfunction, old age, and heart
failure are the risk factors for GI bleeding.l""* Our study
did not find a significant correlation between these factors
and GI bleeding, which may be because the patients in
our study had fewer and single underlying diseases at
admission. Other studies have found that patients with
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atrial fibrillation, especially those with low body weight
or who have undergone PCI, are more likely to have GI
bleeding,"*'* which is consistent with our findings. Patients
who have had previous PCI may be at a higher risk of GI
bleeding because they require longer and more intensive
antiplatelet therapy. Moreover, for atrial fibrillation, it has
become more common in patients who have undergone
PCI, which may be due to higher comorbidity, especially
in elderly patients with nonacute indications. At the same
time, patients with a history of atrial fibrillation were likely
to receive anticoagulant therapy, which increases the risk
of bleeding. Whether it is atrial fibrillation, PCI, or weight
factors, the root cause of GI bleeding seems to be a lack of
balance between antithrombosis therapy and prevention
of bleeding.

The greatest risk of prolonged DAPT is that it can easily
lead to hemorrhage in the brain, GI tract, and other
important organs. A study of 78,133 veterans showed that
antithrombotic therapy increased the risk of hospitalization
and blood transfusion due to GI bleeding.!”! In particular,
third-generation P2Y12 inhibitors, such as ticagrelor and
prasugrel, increase the risk of GI bleeding.! Our study
found that the risk of GI bleeding within 12 months of
DAPT was comparable to that with DAPT for 12-18 months.
However, when DAPT lasted more than 18 months, the
risk of GI bleeding increased significantly. In patients with
ACS, the duration of DAPT has been controversial. For
high-risk patients with extensive coronary artery disease
and complex anatomical structure, different studies have
reported different conclusions on whether to adopt a short
DAPT strategy or long-term therapy.'”! The European
Society of Cardiology and the AHA American College of
Cardiology/AHA suggest that DAPT should last at least
12 months in patients with ACS, regardless of whether
they are undergoing coronary intervention. In patients
with low risk of bleeding, the duration of DAPT should
be appropriately extended to 18 months or even longer
according to the situation."®* Our study estimated that the
optimal duration of DAPT was 14.5 months by drawing an
ROC curve. If the duration of DAPT exceeds 14.5 months,
the risk of GI bleeding will be greatly increased; it is
consistent with the results of other randomized clinical
trials in recent years.!

Limitations

We should pay attention to a few limitations of this study.
First, the number of patients included in our study was
not large enough, and some patients (16.2%) were lost to
follow-up. Second, there was no comparison of the bleeding
risk between clopidogrel and ticagrelor. Finally, the
follow-up time was not long enough. The research results
need to be validated in large-scale, long-term follow-up
randomized controlled trials.

5 Journal of Research in Medical Sciences

CONCLUSION

In patients with ACS, DAPT time, alcohol abuse, low body
weight, history of PCI, and history of atrial fibrillation are
the main risk factors for GI bleeding. The optimal duration
of DAPT is 14.5 months, which can provide patients with
higher cardiovascular benefits and lower risk of GI bleeding.
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