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Abstract
Compared with the general population, myocardial infarction (MI) survivors have a higher risk of mortality in the first year after the
index event.
The aim of this study was to determine the associations between variables obtained during the index admission and 1-year

all-cause mortality on follow-up.
A cohort of 296 patients was enrolled in the study, with a median age of 63.8±12.68 years. All patients received a coronary

angiography and stent implantation by percutaneous coronary intervention. Each variable was tested for association with all-cause
mortality, using chi-square tests for categorical and binary variables and t tests for continuous variables. The relative prognostic
power of each significant variable was further evaluated by logistic regression before and after adjustment for differences in baseline
characteristics.
Patients who were deceased after 1-year of MI had significantly higher mean age, increased prevalence of diabetes, and elevated

heart rate as compared to those who were surviving. Univariate analysis indicated that patient mortality within 1-year of MI was
strongly correlated with higher rates of pump failure on admission (P< .0001), bleeding complications (P= .02), the severity of
coronary artery disease measured by Gensini score (P= .04), and decreased left ventricular ejection fraction (LVEF) (P< .0001). After
adjustment of baseline variables, only pump failure (P= .006) and reduced LVEF (P< .0001) were independently associated with 1-
year mortality.
Our study shows that LVEF dysfunction and pump failure are independent predictors of 1-year all-cause post-MI mortality, while

the severity of coronary artery disease and bleeding did not qualify as independent predictors. Also, age, history of diabetes, and
elevated heart rate may be used as markers for increased mortality rates.

Abbreviations: BARC = Bleeding Academic Research Consortium, CI = confidence interval, CVD = cerebrovascular disease,
LVEF = left ventricular ejection fraction, MI = myocardial infarction, OR = odds ratio, SD = standard deviation.
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1. Introduction

Long-term survival after myocardial infarction (MI) has
improved over the last 3 decades in developed countries.[1–8]

However, approximately 20% of patients experiencing an acute
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MI die within 1 year of the event, with over half the first-year
mortality occurring after 30 days of MI.[2] To accurately predict
survival after MI, 1 has to take into account multiple organ
systems and comorbidities that may interact with heart disease
and affect overall mortality.[3] The list of variables affecting post-
MImortality rates includes a gender,[6] age,[7] smoking, history of
diabetes,[4] renal failure,[5] hypertension, peripheral artery
disease, stroke, chronic obstructive pulmonary disease, chronic
liver disease, and cancer.[2,8] In addition to these risk factors,
numerous reports also show an association between increased
annual mortality after MI and additional clinical parameters,
such as elevated resting heart rate,[9] diagnosed pump failure on
admission,[10] left ventricular ejection fraction (LVEF) dysfunc-
tion,[11] bleeding complications,[12,13] and a history of obstruc-
tive coronary artery disease.[8]

The goal of this paper is to evaluate if any of these parameters
could be independent predictors of death after 1 year of MI.
Identification of these variables would help to develop and
validate statistical models that can be used to determine 1-year
mortality after an acute MI, and ensure intensive follow-up and
risk factor modification.

2. Methods

2.1. Study design

This institutional ethical committee approved retrospective study
(approval no. 2019KY11) included 330 patients with a diagnosis
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Table 1

Demographic variables.

Alive
Cases (%)

Deceased
Cases (%) P

Gender
Male 202 (91.8) 18 (8.2) .53
Female 68 (89.5) 8 (10.5)

Alive
Mean±SD

Deceased
Mean±SD P

Age (years) 63.0±12.9 72.5±10.4 .0003
Height (cm) 167.1±7.4 165.9±7.6 .43
Weight (kg) 70.1±13.9 66.6±10.5 .21

SD= standard deviation.
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of MI admitted to the First Affiliated Hospital of USTC between
January 1, 2018 and December 30, 2019. Since data was
obtained from de-identified medical records and involved no
patient interaction, informed consent was waived for the purpose
of this study.
All included patients had received a coronary angiography and

stent implantation by percutaneous coronary intervention during
their admission. The following data were recorded for all patients
at baseline admission: demographic details, medical history,
cardiovascular clinical details like pump failure, cardiac shock,
malignant arrhythmia, recurrent MI, apoplexy, and bleeding
based on the Bleeding Academic Research Consortium (BARC)
classification. Further clinical data recorded included the
patient’s angiography details like number of diseased vessels,
specification of the occluded artery; intraoperative medications
administered (heparin, bivalirudin, tirofiban); echocardiography
data (LVEF, left ventricular systolic function, left ventricular
diastolic function); as well as the Gensini risk score for severity of
coronary artery disease.
After a follow-up period of 1 year, we sourced data on

recurrent MI, apoplexy, heart failure, BARC bleeding classifica-
tion, and mortality from the patient records. Fifteen patients that
were lost to follow-up and 19 patients with missing data on all-
cause mortality were excluded from the study, leaving a patient
cohort of 296 valid cases.
2.2. Statistical analysis

Baseline variables were tested for association with all-cause
mortality, using chi-square tests for categorical and binary
variables and t tests for continuous variables. All data were
checked for quality, including reasonability and consistency of
units of measure. All variables that showed a significant
association with all-cause mortality were further tested using
logistic regression to assess whether associations remained
significant after adjusting for age and all significant patient
history variables. Age was included in all models as it was
strongly associated with all-cause mortality consistently for each
variable tested and could otherwise confound the effects of
patient history variables.
Statistical analyses were performed using R Software Version

3.5.3 (R Core Team, 2019). Continuous data was presented as
mean± standard deviation and categorical data was presented as
counts (% of total). For comparisons that were significant,
multiple variable logistic regression was used to calculate odds
ratios (ORs) with 95% confidence intervals (CIs) after adjusting
for demographic and patient history variables. For all tests,
P-values <.05 were considered statistically significant.
3. Results

3.1. Baseline characteristics

Baseline characteristics for the study population are presented in
Table 1. Two hundred ninety-six patients were included in the
study, with a median age of 63.8±12.68 years, and a median
weight of 69.79±13.6kg. The majority of the patients were
males (75.1%). One-year survival of the cohort was 91.2% (270
patients). To compare baseline differences, the patients were
divided into 2 groups, alive and deceased.
Patients in the deceased group were significantly older than in

the surviving group, with a median age of 72.5±10.4 as opposed
2

to 63±12.9 in the surviving group (P= .0003). As summarized in
Table 2, there were no differences between the 2 groups for
history of cerebrovascular disease (CVD) or hypertension as well
as baseline systolic and diastolic blood pressures. However,
patients in the deceased group had significantly higher prevalence
of diabetes (P= .01) and elevated heart rate on admission
(P= .02). The deceased group had significantly higher incidence
of pump failure (P< .0001) and BARC defined bleeding
complications, ranging from type 1 to type 5b (P= .01).
The Gensini risk score in the deceased group was significantly

higher as compared to the surviving group (84.6±34.8 vs 68.7±
37.3) (P= .05). Also LVEF was significantly reduced in the
deceased group as compared to the surviving group (P< .0001).
3.2. Prognostic factors and predictors of 1-year mortality

We next performed a multivariate logistic regression analysis to
identify possible predictors of 1-year mortality after MI.
Unadjusted models are summarized in Table 3. Our results
indicate strong association of 1-year all-cause mortality with
pump failure [OR 6.16 (95% CI 2.62–14.44), P< .0001], LVEF
(%) of <0.5 [OR 0.89 (95% CI 0.85–0.93), P< .0001], and
severity of coronary artery disease as indicated by the Gensini risk
score [OR 3.54 (95% CI 1.19–10.56), P< .05], and bleeding (1–
5b BARC classification) [OR 1.01 (95% CI 1.00–1.02), P< .05].
After adjustment for age, medical history parameters, diabetes,

and heart rate, only pump failure and LVEF parameters remained
statistically significant independent predictors of 1-year post-MI
mortality, while the severity of coronary artery disease measured
by the Gensini score and bleeding were not found to be
statistically significant predictors of mortality (Table 4).
4. Discussion

Our data suggest that the presence of pump failure and LVEF
dysfunction on admission are strong independent predictors of 1-
year mortality following MI. We also confirm age, history of
diabetes, and increased heart rate as significant risk factors of
increased post-MI mortality.
Our findings are consistent with the results of previous

investigators. Numerous studies have shown that the risk of
cardiovascular events and patient mortality is highest in the first
year following MI.[1,14,15] Patients with accompanying con-
ditions such as hypertension, diabetes, peripheral artery
disease, or history of stroke are known to have significantly
higher rates of mortality.[16] Accurate prediction of post-MI



Table 2

Medical history and clinical variables.

Alive
Cases (%)

Deceased
Cases (%) P

History of CVD Positive 32 (83.8) 6 (16.2) .10
Negative 237 (92.1) 20 (7.9)

Family history of CVD Positive 1 (100.0) 0 (0.0) –

Negative 267 (91.1) 26 (8.9)
Hypertension Yes 159 (90.3) 17 (9.7) .54

No 109 (92.4) 9 (7.6)
Diabetes Diabetic 59 (84.3) 11 (15.7) .01

Non-diabetic 211 (93.4) 15 (6.6)
Systolic blood pressure mm Hg 122.1 (21.9) 116.8 (20.3) .23
Diastolic blood pressure mm Hg 77.8 (13.3) 74.7 (16.5) .26
Pump failure on admission Yes 33 (73.3) 12 (26.7) <.0001

No 237 (94.4) 14 (5.6)
Bleeding on admission (BARC) 1–5b 17 (77.3) 5 (22.7) .01

0 253 (92.3) 21 (7.7)

Alive
Mean±SD

Deceased
Mean±SD P

Gensini score Risk score 68.7±37.3 84.6±34.8 .04
LVEF % 0.57±0.11 0.42±0.12 <.0001
Heart rate beats/min 80.3±17.1 88.5±15.8 .02

BARC=Bleeding Academic Research Consortium, CVD= cerebrovascular disease, LVEF= left ventricular ejection fraction, SD= standard deviation.
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mortality, therefore, has to take into account multiple variables
and comorbidities that impact heart disease.[2] In this study we
identified baseline parameters such as age, diabetes, and heart
rate on admission to strongly correlate with the survival of
patients after 1 year of MI. Age is one of the most significant
prognostic parameters of post-MI death, partially due to the high
risk of vascular events after MI in elderly patients.[17] Our data
confirms that there is a strong association between the risk of
death and age, with almost a 10-year difference in themean age of
patients who did not survive the first-year post-MI compared to
the surviving group (75.5 years versus 63 years).
Our results also indicate that 1-year mortality post-MI is

significantly higher in patients with a history of diabetes. Our
observations are in agreement with studies that have shown the
impact of diabetes on mortality rates after MI.[4,18] Population
studies have shown that the post-MI mortality rates are doubled
in patients with diabetes, and are equivalent to the effect of
15 years of ageing.[19]

Elevated heart rate at the time of hospital admission for acute
MI is known to be an independent predictor of short- and long-
termmortality. It is also a reliable measure of autonomic tone and
physiologic stress.[20–22] In our study, increased heart rate was
associated with increased chances of mortality after 1-year post-
Table 3

Unadjusted risk factors of all-cause post-MI mortality after 1-year
of follow-up.

Model
Regression
coefficient P OR (95% CI)

Pump failure 1.8174 <.0001 6.16 (2.62–14.44)
LVEF dysfunction �0.118 <.0001 0.89 (0.85–0.93)
Bleeding (BARC classification) 1.265 .02 3.54 (1.19–10.56)
Gensini score 0.010 .04 1.01 (1.00–1.02)

BARC=Bleeding Academic Research Consortium, CI= confidence interval, LVEF= left ventricular
ejection fraction, OR= odds ratio.
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MI. Taken together, our results further confirm that the survivors
of MI are at higher risk of mortality 1 year after the event when
risk factors such as old age, diabetes, and elevated heart rate are
present. These variables could serve as simple markers that can be
easily used in risk assessment of patients.
In addition to baseline variables, we looked at several clinical

parameters collected on admission, such as severity of coronary
artery disease, bleeding complications, LVEF dysfunction, and
pump failure as potential predictors of all-cause mortality in our
cohort. In our study, when no other variables were taken into
account, bleeding (1–5b, BARC classification), lowered LVEF,
Gensini score indicating obstructive coronary artery disease, and
pump failure on admission were associated with statistically
significant increase in post-MI death rates. However, after
adjusting for baseline variables, such as age, patient medical
history, heart rate, and diabetes, only prognostic values of pump
failure and LVEF dysfunction persisted, while bleeding and high
Gensini score did not qualify as independent predictors for 1-year
mortality after MI.
Pump failure and LVEF dysfunction are considered among the

leading causes of mortality in patients with heart failure. Narang
et al[23] reported that circulatory failure was the most frequently
reportedmode of death in chronic heart failure, accounting for up
to 42% of all deaths, and noted that pre-existing chronic heart
failure significantly impacted survival of MI patients. Pump
failure is becoming a leading cause of mortality in patients with
newly diagnosed or severe heart failure, and patients with heart
failure associated with Chagas’ disease.[24] In our study, pump
failure on admission was also a strong independent predictor of
1-year all-cause mortality after MI, with its predictive value
unaffected by correction for any baseline variables. This finding
supports previous reports that over 70% of patients who
survived MI, died of uncontrolled pump failure during the
follow-up period.[25]

Low LVEF values were a significant independent predictor of
1-year death in our study. This is in agreement with earlier

http://www.md-journal.com


Table 4

Predictors of 1-year all-cause post-MI mortality, adjusted.

Variable with adjusted factors Number Regression coefficient P OR (95% CI)

Pump failure
Age, all patient history 292 1.318 .006 3.73 (1.44–9.70)
Age, heart rate, diabetes 295 1.296 .006 3.65 (1.44–9.25)

Bleeding (1–5b BARC)
Age, all patient history 292 0.610 .32 1.84 (0.55–6.12)
Age, heart rate, diabetes 292 0.770 .19 2.16 (0.67–6.96)

LVEF
Age, all patient history 292 �0.103 <.0001 0.90 (0.86–0.94)
Age, heart rate, diabetes 294 �0.102 <.0001 0.90 (0.86–0.94)

Gensini score
Age, all patient history 290 0.07 .20 1.01 (0.99–1.01)
Age, heart rate, diabetes 293 0.007 .17 1.01 (0.99–1.01)

BARC=Bleeding Academic Research Consortium, CI= confidence interval, LVEF= left ventricular ejection fraction, OR= odds ratio.
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reports that LVEF of <40% is an independent predictor of
mortality after MI.[26] Our data further strengthens the
importance of addressing timely treatment of heart failure with
reduced LVEF, as implantable cardioverter-defibrillator and
pharmacologic interventions with agents such as angiotensin-
converting enzyme inhibitors and b-blockers may significantly
increase survival rate of MI patients.[27]

The study results should be interpreted keeping in mind the
study limitations. Firstly, the sample size of the studywas not very
high. Secondly, due to limited follow-up, our study presents data
of only 1-year mortality. With the present information, it is not
known if the analyzed variables also predict long-term mortality
after MI.
To conclude, in our current analysis, we explored the impact of

older age, comorbidities such as diabetes and coronary artery
disease, and clinical parameters on admission on all-cause
mortality 1 year after MI. Pump failure, severity of coronary
artery disease, LVEF dysfunction or bleeding complications may
serve as reliable preliminary predictors of post-MI mortality, but
only pump failure on admission and lower LVEF may be
considered independent predictors. Age, history of diabetes, and
elevated heart rate were associated with increased mortality rates
in our cohort, and could be used as markers for risk assessment.
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