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Purpose: Patients with gastrointestinal bleeding (GIB) and acute myocardial infarction (AMI) have higher mortality than that with 
either GIB or AMI alone. The aims of this study were to determine the incidence and risk factors of AMI in patients with GIB.
Patients and Methods: From January 2015 to January 2018, we retrospectively studied 1287 patients with GIB in Renmin Hospital 
of Wuhan University. Various demographic, laboratory and outcome data were reviewed by charts.
Results: Thirty-seven patients had AMI and were placed in AMI group and the rest 1250 patients were in non-AMI group. Patients 
with AMI were more likely to be older than 70 years, have hypertension, coronary heart disease, chronic kidney disease, and have the 
recent history of taking aspirin before admission. The ROC curve of hemoglobin (HB) on admission showed area under curve was 
0.762, the optimal cut-off value is 76.5g/L. Logistic regression analysis showed that age ≥ 70 years old, coronary heart disease and HB 
< 76.5g/L on admission were independent risk factors of AMI in patients with GIB. The mortality of patients during hospitalization in 
AMI group and in non-AMI group were 45.95% and 5.48%, respectively. Patients who displayed a history of liver disease and HB < 
76.5g/L on admission had a higher death rate.
Conclusion: GIB increased the risk of subsequent AMI, especially in patients over 70 years old, with history of coronary heart disease 
and HB < 76.5g/L on admission. Patients with GIB and AMI who had history of liver disease and HB < 76.5g/L on admission had a higher 
mortality rate. Clinicians should identify the high-risk patients of AMI among the GIB population early and prevent AMI.
Keywords: cardiovascular, evaluation, gastrointestinal hemorrhages, prognosis

Introduction
Gastrointestinal bleeding (GIB) is common and associated with substantial morbidity, mortality, and health care costs. It is 
reported that the mortality rate is 2–10%.1,2 GIB can produce hypovolemia, hypotension, and diminished oxygen-carrying 
capacity, cause reflex tachycardia and increase myocardial oxygen consumption, and even lead to acute myocardial infarction 
(AMI). Moscucci and Cappell et al found the incidence of AMI in patients with GIB was 1–4%, while the incidence of AMI 
after severe GIB was nearly 12%.3,4 The mortality rate of patients with GIB combined with AMI will increase significantly.

Furthermore, physicians face a dilemma about the treatment. AMI guidelines recommend an initial high oral loading dose 
of dual antiplatelet therapy (DAPT), including aspirin (150–300mg), a P2Y12 inhibitor (60mg of prasugrel, 180mg of 
ticagrelor or 600mg of clopidogrel), and thrombolytic medications.5,6 However, these medications can aggravate GIB. 
Therefore, it is very important to accurately evaluate the condition of GIB and prevent AMI.

At present, there are many studies on the risk factors of AMI in patients with GIB. Prior studies showed that those patients 
with lower blood pressure and lower HB on admission, older age, a history of coronary heart disease and severe primary illnesses 
had a greater risk of AMI.7–10 GIB can lead to a decrease in hemoglobin. Low hemoglobin levels could increase the risk of 
adverse outcomes in patients with AMI. Longer symptom duration is associated with a lower admission hemoglobin level.11,12 
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However, there is still limited research on how low hemoglobin levels are more likely to precipitate AMI. In 2005, Bellotto et al 
found that HB ≤8.2g/dL was a significant risk factor for myocardial necrosis in patients with GIB. This study was a prospective 
study, but the number of cases was only 227.7 Therefore, the aim of the present study is to further explore the incidence, the 
relationship between hemoglobin and the risk of the subsequent AMI and risk factors of AMI in patients with GIB.

Materials and Methods
Patients
This was a retrospective analysis of hospitalized patients with GIB during the January 2015 to January 2018 period at Renmin 
Hospital of Wuhan University. The inclusion criterion was confirmed GIB patients. The study was approved by the ethics 
committee of Renmin Hospital of Wuhan University. The informed consent was obtained from all patients in this study. In 
addition, the research followed the guidelines outlined in the Declaration of Helsinki. GIB includes upper gastrointestinal 
bleeding (UGIB) and lower gastrointestinal bleeding (LGIB). The diagnostic criteria are: (1) with obvious symptoms: 
hematemesis, black stool, bloody stool, with or without peripheral circulation disorders such as dizziness, paleness and 
hypotension. (2) no obvious symptoms: positive in occult blood test or gastric occult blood test. Diagnostic criteria for AMI: 
acute myocardial injury [serum cardiactroponin (cTn) increases and/or falls back, and is higher than the upper normal limit 
normal (99th percentile of the upper limit of reference values) at least once], clinical evidence of concurrent acute myocardial 
ischemia, including: (1) symptoms of acute myocardial ischemia; (2) new ischemic ECG changes; (3) novel pathogenic Q wave; 
(4) new imaging evidence of viable myocardium loss or regional wall motion abnormality; (5) coronary artery thrombosis 
confirmed by coronary angiography or intracavity imaging or autopsy.13

Data Collection
Clinical data were collected for each patient. Data include demographic information (eg, age and sex), concomitant 
illnesses (eg, hypertension, coronary heart disease, diabetes, chronic kidney or liver disease, history of cerebral 
infarction, history of peptic ulcers, the recent history of taking aspirin, clopidogrel and warfarin before admission, HB 
on admission, the prognosis of all patients.

Statistical Analysis
Continuous data were presented as mean ± SD. The differences in baseline characteristics and comorbid variables between the 
two groups were assessed using t-test for continuous variables and χ2 tests for categorical variables. Logistic regression 
analysis was conducted to evaluate the risk factors of AMI in patients with GIB and in-hospital mortality. In order to evaluate 
the specific declined degree of HB that can lead to AMI in patients with GIB, the ROC curve was drawn, and the area under the 
curve (AUC) was calculated. AUC = 1.0 was the most ideal diagnostic value, and AUC <0.5 indicated no diagnostic value. 
The optimal diagnostic cut-off value was obtained according to the principle of maximum Youden index. Data were analyzed 
using the SPSS 21.0 statistical software and P < 0.05 was considered statistically significant.

Result
Patient Characteristics
Based on both inclusion and exclusion criteria, 1287 patients with GIB were included in the current study. Among the 
1287 patients, 37 patients were complicated with AMI, which was defined as the AMI group. The incidence of AMI in 
patients with GIB was 2.9%. The AMI group included 30 males and 7 females, aged 37 to 87 years, with an average of 
(70.8±11.4) years old. There were 1250 patients without AMI, defined as the non-AMI group, included 854 males and 
396 females, aged 14 to 99 years, with an average of (60.2±16.8) years old. The general characteristics of patients are 
summarized in Table 1. The basic clinical data of two groups were analyzed and compared respectively. The results 
showed that there were statistically significant differences in age ≥70 years old, history of hypertension, coronary heart 
disease, chronic kidney disease and the recent history of taking aspirin before admission (P < 0.05). However, there were 
no significant difference in gender, history of peptic, cerebral infarction, chronic liver disease, diabetes, recent history of 
taking clopidogrel and warfarin before admission (P > 0.05).
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Risk Factors of Acute Myocardial Infarction in Patients with Gastrointestinal Bleeding
The ROC curve was drawn according to the HB value on admission (Figure 1), the AUC was 0.762, the optimal 
diagnostic cutoff was 76.5 g/L, and the corresponding sensitivity and specificity were 64.6% and 75.7%, respectively.

Logistic regression analysis was used to determine the independent risk factors for AMI in patients with GIB. The variables 
showing statistically significant differences between the AMI and non-AMI groups were selected for analysis (Table 2). The 
included variables were age ≥70 years old, a history of hypertension, coronary heart disease, chronic kidney disease, the recent 
history of taking aspirin before admission and HB <76.5g/L on admission. Interestingly, age ≥70 years old (OR, 4.372; 95% CI, 
1.917–9.970, P = 0.000), coronary heart disease (OR, 2.927; 95% CI, 1.336–6.414, P = 0.007) and HB <76.5g/L on admission 
(OR, 4.909; 95% CI, 2.262–10.656, P = 0.000) were significantly associated with AMI in patients with GIB.

Table 1 Patient Demographic Characteristics

Characteristic AMI Group Non-AMI Group P value

Age (years, n, %) 0.000
≥70 28 (75.7) 391 (31.3)

<70 9 (24.3) 859 (68.7)

Male sex (n, %) 30 (81.1) 854 (68.3) 0.099
Co-morbidities (n, %)

Hypertension 22 (59.5) 447 (35.8) 0.003

Coronary heart disease 13 (35.1) 166 (13.3) 0.000
Diabetes 9 (24.3) 172 (13.8) 0.069

Peptic ulcers 4 (10.8) 124 (10.0 0.858
Cerebral infarction 2 (5.4) 105 (8.4) 0.227

Chronic liver disease 6 (16.2) 216 (17.3) 0.866

Chronic kidney disease 3 (8.1) 24 (1.9) 0.010
Recent medication history before admission (n, %)

Aspirin 13 (35.1) 193 (15.4) 0.001

Clopidogrel 5 (13.5) 74 (5.9) 0.058
Warfarin 0 (0.00) 26 (2.1) 0.375

Notes: <, less than; ≥, no less than; %, percentage; n, number. 
Abbreviation: AMI, acute myocardial infarction.

Figure 1 ROC curve of HB on admission.
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Risk Factors of in-hospital Mortality in Patients with Gastrointestinal Bleeding and 
Acute Myocardial Infarction
Of all patients, there were 84 patients died during hospitalization, and the mortality rate was 6.72%. In AMI group, 17 
patients died during hospitalization, with a mortality rate of 45.95%, which was significantly higher than that in non-AMI 
group (VS 5.48%, P < 0.001).

To explore the risk factors of in-hospital mortality, basic clinical data of the survival group and death group were 
analyzed and compared, respectively (Table 3). The results showed that patients with history of liver disease (P = 0.000) 
and HB <76.5g/L on admission (P = 0.000) had a higher death rate.

Table 2 Logistic Regression Analysis of Risk Factors for AMI

Variables OR(95% CI) P value

Age ≥70 (years) 4.372 (1.917–9.970) 0.000
Hypertension 1.091 (0.501–2.373) 0.826

Coronary heart disease 2.927 (1.336–6.414) 0.007

Chronic kidney disease 2.153 (0.547–8.474) 0.273
Aspirin 1.287 (0.567–2.919) 0.546

HB<76.5g/L 4.909 (2.262–10.656) 0.000

Notes: <, less than; ≥, no less than. 
Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval; HB, 
hemoglobin.

Table 3 The Basic Clinical Data of the Survival Group and Death Group

Characteristic Survivors (n=1203) Deaths (n=84) P value

Age (years, n, %) 0.109

≥70 385 (32.0) 34 (40.5)

<70 818 (68.0) 50 (59.5)

Male sex (n, %) 824 (68.5) 60 (71.4) 0.575

Co-morbidities (n, %)

Hypertension 435 (36.2) 34 (40.5) 0.427

Coronary heart disease 164 (13.6) 10 (11.9) 0.654

Diabetes 170 (14.1) 11 (13.1) 0.792

Peptic ulcers 124 (10.3) 5 (6.0) 0.199

Cerebral infarction 101 (8.4) 6 (7.1) 0.688

Chronic liver disease 246 (20.4) 40 (47.6) 0.000

Chronic kidney disease 22 (1.8) 4 (4.8) 0.284

Recent medication history before admission (n, %)

Aspirin 196 (16.3) 9 (10.7) 0.177

Clopidogrel 50 (4.2) 3 (3.6) 0.794

Warfarin 24 (2.0) 2 (2.4) 0.808

HB<76.5g/L (n, %) 416 (34.6) 55 (65.5) 0.000

Notes: <, less than; ≥, no less than; %, percentage; n, number. 
Abbreviations: HB, hemoglobin; AMI, acute myocardial infarction.
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Discussion
This study strongly indicates that GIB can induce AMI, and GIB combined with AMI leads to higher in-hospital 
mortality. Age ≥70 years old, coronary heart disease and HB <76.5g/L on admission are significant risk factors of AMI in 
patients with GIB. Patients who had history of liver disease and HB <76.5g/L on admission had a higher death rate. 
These findings provide a basis for improving the clinical management of such patients.

GIB is more common in patients with AMI, which is mainly caused by the combination of aspirin, clopidogrel and 
anticoagulant drugs. Dual antiplatelet therapy can significantly reduce mortality, the incidence of adverse ischemic 
events, short-term and long-term complications after PCI and the incidence of other major adverse cardiovascular events, 
but it also undoubtedly increases the risk of GIB.14,15 It has been reported that the incidence of in-hospital GIB in patients 
with AMI was 1.19%, even up to 10.4% within 4 years in STEMI patients after primary PCI.16,17 Severe bleeding after 
acute coronary syndrome (ACS) can increase the mortality by 5 times, GIB was an independent predictor of mortality in 
patients with AMI.18,19

GIB is a common, costly, and potentially life-threatening disease, and can lead to AMI. The mechanism is as follows: 
Firstly, GIB can produce hypovolemia, hypotension, diminished oxygen-carrying capacity and low myocardial perfusion. 
Secondly, GIB can activate the sympathetic nervous system, which is able to increase heart rate and the demand for 
myocardial oxygen and worsen ischemia. Due to the imbalance of co-ordination of supply and demand, the myocardial 
injury is aggravated. In addition, the activation of sympathetic system leads to constriction of the coronary arteries and 
increases the risk of rupture of unstable plaques in the coronary arteries. Thirdly, after gastrointestinal bleeding, the 
systemic coagulation system is activated, promoting the formation of blood clots. Fourth, blood transfusion treatment is 
often required after massive GIB, which will also aggravate myocardial damage.

Generally speaking, GIB that leads to AMI is massive and urgent, and the mortality is high. The symptoms and signs of 
AMI are easy to be masked and neglected, and most of them have no typical symptoms such as chest pain. It has been reported 
that electrocardiogram expression is non-ST elevation myocardial infarction mostly.20 A previous study has shown that among 
patients in ICU due to GIB, the prevalence of AMI ranges from 30% to 49%, and the overall mortality is 5–10%. Other 
researches have suggested that the incidence of AMI in patients with UGIB is 1–14%.7–9 In this retrospective study, among 
1287 patients with GIB, 37 patients developed AMI and 84 patients died, the incidence rate was 2.9%, and the total in-hospital 
mortality rate was 6.5%, which was consistent with previous reports. In AMI group, 18 patients died, the mortality was as high 
as 48.6%. The basic clinical data of were analyzed and compared respectively to evaluate risk factors of in-hospital mortality. 
The result discovered that patients with history of liver disease (P = 0.000) and HB <76.5g/L on admission (P = 0.000) had 
a higher death rate. Possible reasons for analysis are as follows: patients over 70 years old are the majority and have many 
basic diseases. Therefore, the body’s ability to fight disease is very low. In addition, some patients give up treatment due to 
economic difficulties. For patients with liver disease, the most common cause of bleeding is esophageal and gastric varices 
bleeding (EGVB). EGVB is characterized by acute onset, severe bleeding, recurrent attacks, and difficulty in hemostasis. The 
prognosis is poor.

As shown above, age ≥70 years old, coronary heart disease and HB <76.5g/L on admission were independent risk 
factors for AMI in patients with GIB. Wu et al found that women and patients <65 years old had twice the risk of developing 
an AMI after UGIB than did CAD patients who do not have UGIB.21 Nevertheless, there were other studies reported that 
older age was a risk factor and simultaneous UGIB and AMI occurred most often in men.9,10 Iser et al retrospectively 
analyzed the clinical data of 156 patients with UGIB and found that patients with hemodynamic instability, history of 
coronary heart disease and age over 65 years old were more prone to acute myocardial injury.22 In 2015, Wu et al found 
UGIB was the most likely factor that contributed to AMI.21 As we all know, GIB can lead to decreased hemoglobin, but less 
research has been done on how low hemoglobin can induce acute myocardial infarction. Bellotto et al studied 227 patients 
with GIB and found that HB ≤8.2 g/dL was a significant risk factor for myocardial necrosis.7 In this retrospective study, we 
found that one of the independent risk factors for AMI in patients with GIB was HB <76.5g/L on admission.

GIB complicated with AMI seriously threatens the life of patients. Therefore, for patients with GIB, especially those 
over 70 years old, with history of coronary heart disease and HB <76.5g/L on admission, the patient’s condition should 
be accurately evaluated. Electrocardiogram and myocardial injury markers should be closely monitored to detect AMI as 
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early as possible and in time. In addition, correct and effective treatment should be adopted to avoid adverse events. 
Hemostatic and vasoconstrictors should be applied cautiously. Furthermore, antiplatelet therapy should be modified 
reasonably. Blood volume needs to be supplemented to maintain HB >70g/L. For patients with AMI and GIB, the 
advantages and disadvantages should be weighed. Antiplatelet drugs, anticoagulants and drugs to improve coronary 
circulation need to be used reasonably to ensure myocardial perfusion.

However, there are some limitations in this study. First, this was a retrospective analysis and there were inherent 
shortcomings. Alcohol and cigarettes were not discussed in the study. Second, with serious conditions, these patients with 
AMI and GIB were usually treated with conservative therapy. Coronary angiography, coronary computed tomography 
angiography (CTA) and endoscopy were rarely performed. As a result, the heart conditions were mainly assessed by 
electrocardiogram, the levels of blood myocardial enzymes and BNP. Besides, the cause of GIB in some patients was 
unknown. Third, this study sample size was small and existed geographical limitations. The clinical data used for 
analysis were obtained from a single-center institution, and the representativeness of the sample was limited. The single- 
center study is prone to bias. Relatively few patients with AMI and GIB were included. Finally, variables such as vital 
signs and laboratory tests were mainly derived from the data of patients within 24 hours after admission, which may 
cause a certain degree of selection bias. There were few laboratory tests in this study, and the present findings should be 
interpreted with caution. We recommend further research to provide more evidence.

Conclusion
Our results suggest the need to pay careful attention to the cardiac status of patients with gastrointestinal bleeding, 
especially those over 70 years old, with history of coronary heart disease and HB <76.5g/L on admission. GIB 
complicated with AMI seriously threatens the life of patients. A history of liver disease and HB <76.5g/L on admission 
were associated with high mortality in patients with GIB and AMI. Consequently, physicians need to use earlier and more 
aggressive intervention to detect and prevent AMI in patients with GIB.
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