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Abstract

BACKGROUND: The purpose of this study was estimate and identify in hospital mortality
predictors factors for patients with acute ST elevation myocardial infarction (STEMI).

METHODS: This study is a retrospective cohort study based on data from the Yazd Cardiovascular
Diseases Registry (YCDR) from 2015-2018 in Yazd Province, Iran, focusing on hospitalized
patients with ST-elevation myocardial infarction (STEMI). The primary outcome was in-
hospital mortality in STEMI patients. A total of 1861 patients with STEMI were analyzed.
Multivariable logistic regression was used to determine death predictive factors for in-hospital
mortality in STEMI patients. The significance level of the model was considered to be 5% and
the software was used for analysis.

RESULTS: The study included 1,861 patients with STEMI. Among them, 103 (5.5%) individuals
died during admission the hospital. After multivariable logistic regression, the following
variables were identified as death predictive factors for in-hospital mortality of STEMI: having
a history of CVA (OR: 5.6, 95% CI: 2.2-20.3), killip class IV (OR: 6.4, 95%CI: 1.5-11.2), lower
ejection fraction (OR: 3.6, 95% CI: 1.2-9.8), lower HDL cholesterol (OR: 1.2, 95% CI: 1.01-2.3),
and lower hemoglobin (OR: 1.4, 95% CI: 1.3-2.9).

CONCLUSION: This study found that lower ejection fraction, lower hemoglobin levels, Killip
class IV, having a history of CVA, and low HDL cholesterol levels are important death predictive
factors for hospital mortality in patients with STEMI. Health policy in STEMI management
must consider these factors to improve hospital prognosis.
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Introduction

Althoughtheage-adjusted mortality rate due to chronic
diseases has decreased in several developed countries
in recent years, the rate of cardiovascular diseases has
significantly increased in low- and middle-income
countries'?. One of the consequences of coronary

sometimes result in death. The third global definition
of a heart attack, which is considered the most up-
to-date definition, describes the classification based
on etiology. The classification definition based on
the cause of myocardial infarction is as follows: Type
1 refers to cases that occur due to plaque rupture

heart disease (CAD) is a heart attack, which can or erosion or atherothrombotic consequences, while
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Type 2 refers to cases that occur due to an imbalance
of myocardial oxygen demand in the absence of
atherothrombosis*’. In recent years, there has been
a decrease in mortality caused by cardiovascular
diseases in North America, Western Europe, and
Japan. The highest increase in mortality due to heart
diseases was observed in countries located in South
Asia and then East Asia. Additionally, countries like
South Latin America and Australia have not shown
any change in their mortality trends between 1990
and 2013. Every year, approximately 1 million people
experience this event, and 33% of them die as a
result of this complication®.

In Iran, as well as in most West Asian countries,
cardiovascular diseases are the leading cause of
death. Approximately 46% of mortality in Iran
is attributed to cardiovascular diseases’. The
potential to reduce the mortality rate of acute
myocardial infarction and other heart diseases lies
in a combination of environmental changes, health
promotion, and improvement of clinical care®.
Research findings suggest that much of the mortality
from cardiovascular diseases, which is most common
in the early stages of the disease, can be prevented
through individual interventions targeting high-risk
populations. By creating models to identify and
predict individuals at high risk for these diseases,
timely and effective therapeutic interventions can
significantly reduce mortality rates’.

Most studies that have predicted mortality in
individuals who have had a heart attack are from
a decade ago when fibrinolysis was the primary
treatment, and there was no information about
new treatments such as PCI". Information on the
trend of hospital death rates is necessary to evaluate
therapeutic interventions and prevention, but it
is currently unavailable. Thus far, information on
ischemic heart diseases has been calculated based
on the death registration system. This method has
presented challenges and inaccuracies, as it does
not provide information on the hospitalization of
patients. Therefore, having accurate and reliable
statistics is crucial for understanding the significant
health issues in the province of Yazd and developing

policies to improve heart health. This study aims to
identify death predictive factors related to patients
with acute myocardial infarction using data from
the Yazd Cardiovascular Diseases Registry (YCDR)
in Yazd province. The results of this study will be

utilized by healthcare professionals and cardiologists
to identify high-risk patients and provide them with
specialized care.

Methods

Study design

The present study utilized data from the Yazd
Cardiovascular Diseases Registry (YCDR), which
is a prospective cohort. Since 2015, the registry
project for ischemic heart patients in Yazd province
has been collecting comprehensive information on
admitted patients with ischemic heart problems.
Considering that hospital death risk assessment is
helpful in choosing the type of treatment and patient
management, and similar systems in the world help
doctors in making diagnostic and treatment decisions,
we also wanted to implement a native system for
hospitals in Iran.

In this center,a committee has been responsible for
quality control of the collected data. Also, the entire
process of data collection has been carried out based
onthe designed guidelines. In addition, the researchers
performed quality control of the data before the
analysis stage. This data didn’t contain preadmission
mortalities. To collect data, the researchers used the
acute myocardial infarction registry form, following
the implementation protocol of the YCDR project.
This form includes demographic information,
previous disease history, drug history, risk factors
(such as hypertension, diabetes, smoking and hookah
smoking, hypercholesterolemia, and family history of
cardiovascular disease), revasculatization treatment,
biochemical tests, medications administered within
the first 24 hours, symptoms, echocardiography
results,  initial  electrocardiogram  findings,
angiography during hospitalization, complications
during hospitalization, and treatment outcomes
at discharge. The patient’s information is recorded
during three evaluations conducted throughout their
hospital stay. The outcome measured in this study
was in-hospital mortality in patients with acute
myocardial infarction (STEMI).

STEMI

Acute coronary syndromes lead to myocyte injury
and subsequent death. In the clinical setting, their
classification is based on electrocardiographic
presentation; ST-segment elevation myocardial
infarction (STEMI; 22 mm ST segment elevation
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and prominent T waves on the electrocardiogram)'!.

Sample size

1,861 STEMI patients were included in the research
from 2015-2018. The study focused on patients
admitted with acute myocardial infarction in Yazd
province.

Inclusion & excclusion criteria

The inclusion criteria in the YCDR was the diagnosis
of MI, but in the present study, the inclusion criteria
was the diagnosis of STEMI in teaching hospitals of
Yazd province. Exclusion criteria included patients
discharged to institutionalized care and co-existing
terminal illness with palliative care for cancer,
neurological illness (severe dementia, motor neuron
disease, multiple sclerosis, Parkinson’s disease). Other
exclusion criteria were out-of-hospital death or death
from other causes.

Statistical analysis

Descriptive analysis was performed using SPSS ver.
26. Logistic regression analysis was used for statistical
analysis. All variables were included in the regression
model simultaneously, and any variables that were
not significant in the univariable analysis (P value
>0.10)"* were discarded. The remaining vatiables
were then entered into multivariable analysis using
the backward elimination method. Variables with a P
value < 0.05 were retained in the model, while other
variables were excluded.

Ethical Considerations

The current study received approval from the ethics
committee of Yazd University of Medical Sciences,
with the code IR.SSUSPH.REC.1400.184. (This
study was carried out as a sub-study of the main
study of registering cardiovascular diseases leading
to hospitalization in Yazd province, and after the
implementation of this main study, the current
research was carried out using its data. Therefore, in
order to use patient data, it was necessary to obtain a
new code of ethics.)

YCDR also obtained informed consent from
the participants or their legal guardians to enter the
study. All provisions of the Declaration of Helsinki
were adhered to in this study, especially appropriate
ethical and scientific review.

Results

In this study, data was collected on 3,247 patients
who had an acute myocardial infarction, also known
as a heart attack. Among these patients, 1,861 were
diagnosed with STEMI. Of the total 1,861 patients
with STEMI, 103 died and 1,758 patients were alive
during hospitalization.

One of the findings was that mortality is higher
in men than in women (P-value = 0.04). Looking at
Table 1, it can be seen that the highest occurrence of
heart attacks in the surviving group happened during
the seasons of spring, autumn, winter, and summer,
respectively. In contrast, for the deceased group,
the highest occurrence was during autumn, spring,
summer, and winter, respectively. The difference
between the two groups is statistically significant
(P-value < 0.001).

Furthermore, it has been observed that for the
deceased group, the highest occurrence was during
spring, autumn, summer, and winter, respectively.
The difference between the two groups was not
statistically significant, and in the surviving group,
the highest occurrence was during autumn, spring,
winter, and summer, respectively (P-value > 0.05).

It has been found that individuals with high Killip
IV at arrival to the hospital had higher mortality
compared to other patients (P-value < 0.001).

Overall, this study provides valuable insights into
cardiovascular disease and its impact on patients with
acute myocardial infarction.

According to Table 1, the average age was
significantly higher in the deceased group compared
to the alive group (75.7 vs 64.4) (P-value < 0.001).
Moreover, the prevalence of CABG history, CVA
history, alcohol use, diabetes mellitus history, and
the average levels of blood sugar, hemoglobin,
cholesterol, low-density lipoprotein (LDL), high-
density lipoprotein (HDL), creatine phosphokinase
maximum (CPKMax), and MBpick (Isoform MB as
cardiac specialized CPK) were higher in the deceased
group compared to the surviving group, but the
difference was not significant (Table 1).

According to the information provided in Table 2,
the univariable logistic regression analysis showed
that certain variables were significant in relation to
cardiovascular disease. These variables include marital
status (divorced/widowed), gender (male), smoking
(quit smoking), CVA history, family history of MI, left
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Table 1. Bascline characteristics of qualitative variables of patients with acute myocardial infarction (STEMI) in Yazd

province from 2016 to 2018

Variables Dead(N=103) Alive(N=1758) P-value
Aée 75.7£12.0 64.4£13.6 0.001
Male 54(52.4) 1364(78.1)

Female 49(47.6) 384(21.9) 0.04
BMI 25.9%3.8 28.2113.7 0.70
Height 159.8+8.4 164.8%12.2 0.14
Weiﬁht 66.9114.5 73.91£13.2 0.86
Single 2(1.9) 8(0.5)

Married 88(85.4) 1636(94.3)

Widowed/Divorced 13(12.6) 90(5.2) 0.62
Office job 6(5.8) 350(19.9)

Not office job 1(1.0) 62(3.5) 015
Driver 1(1.0) 118(6.7) ’
Unemployed/Retired /Housewife 95(92.2 1228(69.9

Spring 548(31.8) 29(29)

Summer 398(23.1) 17(17)

Autumn 420(24.4) 33(33)

Winter 356(20.7) 21(21) 0.2
Blood Sugar ( Mg/dl) 220.9£88.2 176.7£45.1 0.44
Hemoglobin (Mg/dl) 12.8+1.8 13.5+2.1 0.35
Cholesterol (Mg/dl) 169.3+35.2 167.81£31.2 0.92
HDL (Mg/dl) 43.8+4.3 41.0£8.4 0.69
LDL (Mg/dl) 111.3%30.2 103.5£20. 2 0.88
CPKMax 922.05+100.0 513.5£99.1 0.09
MBpick 111.0£40.1 57.1£9.6 0.12
CABG history 5(5.3) 78(4.5) 0.61
PCI history 4(4.7) 191(11.3) 0.36
CVA history 5(5.5) 28(1.6) 0.06
Other MI histo 2(2.5 191(11.9 0.16
Yes 13(12.9) 535(30.6)

Quit 6(5.9) 135(7.97) 0.40
Alcohol Use 1(1.0) 3(0.2) 0.92
Hookah history 1(1.0) 42(2.4) 0.62
Opium history 10(10.0) 375(21.5) 0.22
Diabetes Mellitus history 41(42.7) 520(30.5) 0.55
Family history (MI) 5(20.0) 453(36.3) 0.09
Killip I 14(45.3) 1196(93.2)

Killip II 4(13.1) 33(2.6) 0.001
Killip III 3(14.6) 23(1.8) ’
Killip IV 4(21.2) 6(0.5)

Hypertension 17(70.8) 794(63.0) 0.28

*Independent T- test, **Chi-Square test, P<0.05, Abbreviation: HDL; High-Density Lipoprotein, LDL; Low-Density Lipoproteins

ventricular ejection fraction (LVEF), hypertension
history, illness severity at arrival to the hospital (Killip
class 1II, III, 1V), syncope, dyspnea, blood sugar,
hemoglobin, HDL, and creatinine (P-value > 0.10).
In the final model, which included demographic,
clinical, and laboratory wvariables, a multivariate
logistic regression analysis was conducted to control

for confounders. The analysis identified several

influencing factors in the mortality of patients with
acute myocardial infarction. These factors include
having a history of CVA (OR: 5.6, 95% CI: 2.2-20.3),
Killip class (I1I: OR: 3.32, 95% CI: 0.5-11.2; OR: 6.4,
95% CI: 1.5-11.2), lower ejection fraction (OR: 3.6,
95% CI: 1.2-9.8), lower HDL cholesterol (OR: 0.83,
95% CI: 0.6-0.9), and lower hemoglobin (OR: 0.72,
95% CI: 0.4-0.9) (Table 3).
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Table 2. Death predictive factors (demographic, clinical and laboratory) for myocardial infarction (STEMI)-Logistic

Regression-univariable

Variable name Category Crude OR P_value
Office Reference
Not office 1.90 0.65
Job status .
Driver 2.51 0.51
Unemployed/Retired/Housewife 1.81 0.59
Single Reference
Marital Status Married 0.66 0.21
Widowed/Married 0.48 *0.02
Sex Female Reference
Male 0.34 *<0.001
No Reference
Smoking Quit 3.13 *<0.001
Yes 1.82 0.23
Obi hi No Reference
pium history Yes 1.79 0.21
. No Reference
Hookah history Ves 0.41 0.38
No Reference
Alcohol Yes 5.94 0.12
Ejection Fraction =0 liglerzase
<40 6.62 *<0.001
. No Reference
CVA history Yes 3.55 0,01
. No Reference
CABG history Yes 1.18 0.72
. . No Reference
Family history of MI Yes 0.35 *<0.001
Hypertension history No Reference
Yes 1.54 *0.04
No Reference
Other MI history Yes 0.19 *0.02
1 Reference
11 . . I 10.5 *<(0.001
Killip Classification I 113 <0001
v 15.5 *<0.001
S No Reference
Yes 6.40 *<(0.001
Sweating No Reference
Yes 1.12 0.66
Ty No Reference
Yes 2.72 *<0.001
Blood sugar 1.06 *<0.001
Hemoglobin 0.78 *<0.001
Cholesterol 1.03 0.83
LDL cholesterol 1.02 0.25
HDL cholesterol 0.90 0.00
Creatinine 1.48 0.00
CPKMax 1.00 0.33
MBpick 1.02 0.56
*P<0.1

Discussion

This study was conducted with the aim of
estimating and identifying the predictive factors
for in-hospital mortality in patients with acute

myocardial infarction, as well as the related factors

using registry data of ischemic heart patients in

Yazd province. The multivariable logistic model,

which included demographic and clinical variables,
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Table 3. Death predictive factors (demographic, clinical and laboratory) for myocardial infarction (STEMI)-Logistic
Regression- multivariable

In-hospital mortality of acute ST-elevation myocardial

Variable name Category
Office
Not office
b stat
Job status Driver

Unemployed/Retired/Housewife

Single
Marital Status Married
Widowed/Married
Sex Female
Male
No
Smoking Quit
Yes
Obi hi No
pium history Yes
. No
Hookah history Yes
No
Alcohol Yes
>40
Ejection Fraction <40
. No
CVA history Yes
. No
CABG history Yes
Family history of MI No
Yes
Hypertension history No
Yes
. No
Other MI history Yes
I
i1 . . 11
Killip Classification I
v
No
Syncope Yes
No
Sweating Yes
No
Dyspnea Yes
Blood sugar
Hemoglobin
Cholesterol
LDL cholesterol
HDL cholesterol
Creatinine
CPKMax
MBpick
*P<0.05

Adjusted OR P_value
Reference

Reference

0.72(0.4-1.9) 0.22
0.32(0.2-1.6) 0.25
Reference

0.38(0.1-1.8) 0.55
Reference

2.32(0.8-3.8) 0.45
1.30(0.9-3.5) 0.30
Reference

Reference

Reference

Reference

3.61(1.2-9.8) *0.04
Reference

5.6(2.2-20.3) *<(.001
Reference

0.98(0.5-2.2) 0.55
Reference

0.35(0.15-1.9) 0.26
Reference

1.50(0.8-2.9) 0.80
Reference

0.13(0.1-1.8) 0.15
Reference

2.96(0.31-27.9) 0.34
3.32(0.5-11.2) 0.07
6.42(1.5-11.2) *0.03
Reference

1.10(0.7-4.1) 0.51
Reference

Reference

1.50(0.8-3.3) 0.44
1.05(0.9-2.5) 0.08
0.72(0.4-0.9) *0.03
0.83(0.6-0.9) 0.05
1.19(0.8-2.8) 0.22

revealed a significant association between illness
severity, ejection fraction, marital status (married),
family history, and dyspnea with STEMI mortality.

Additionally, the model involving laboratory

variables showed a significant association between
fasting blood sugar, hemoglobin, and HDL level
with STEMI mortality. However, in the final model
that combined these variables, the adjusted odds
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ratios of illness severity, dyspnea, and fasting blood
sugar changed to insignificance.

Combining clinical and laboratory variables
emphasizes the necessity to examine both
demographic and clinical factors, as well as lab
measurements, when studying patients with
myocardial infarction (MI). Additionally, clinicians
should consider the complex interaction between
clinical variables and laboratory wvariables. While
individual factors may show significant associations
with MI mortality, the significance changes when
considering all variables together.

Findings showed that the odds of mortality in
patients with an EF less than 40 were 3.6 times higher
than in patients with an ejection fraction greater
than 40. Most of the previous studies determined
the association between LVEF and mortality in
patients with MI (myocardial infarction) and HF
(heart failure). Most studies reported an increase in
the odds of mortality with lower LVEF/EF scores
ot categories'™”. However, the study by Toma et al.
reported a U-shaped association between LVEF and
mortality of HF*, and Solomon et al. reported that
LVEF is an independent predictor of CV mortality
even in patients with adequate treatment®, which is
consistent with findings. The compensatory response
of the heart after a myocardial infarction (MI), with
an elevated ejection fraction (EF), can contribute to
ventricular remodeling, This can lead to weakening
of the heart and, ultimately, heart failure, which
further increases the risk of mortality”**. Although
a high EF initially suggests preserved or enhanced
cardiac pumping function, it can also coexist with
diastolic dysfunction. This reduces the heatt’s ability
to efficiently fill with blood during relaxation* .
Additionally, comorbidities such as hypertension,
diabetes, or other underlying health conditions,
which are common in MI patients, can worsen the
adverse cardiovascular outcomes associated with a
high EF*.

Findings showed that the odds of mortality
increased by 1.03 times with each unit decrease in
HDL cholesterol level. Previous studies have also
reported that HDL is a predictor of CHD diseases®”
. Additionally, the study by Barter et al. showed that
the severity of CVDs was higher in patients with low
HDL levels, even when their LDL levels were low?.
However, the study by Angeloni et al. reported that

high HDL levels have no association with vascular
events in CAD patients™.

HDL’s influence on MI mortality may result
from reversing macrophage cholesterol transport’.
Additionally, HDL may promote endothelial balance
by increasing nitric oxide production and inhibiting
pathways linked to vascular inflammation and
endothelial cell apoptosis>. Motreover, low HDL
levels may worsen heart muscle damage and severity,
potentially leading to prolonged recovery and an
increased risk of mortality in patients with MI*.

This study also demonstrated that the odds
of mortality decreased by 22% or 0.78 times with
an increase in hemoglobin levels. This finding is
consistent with previous studies that have shown an
association between anemia and 1-year mortality in
patients hospitalized for AMI***. Some studies have
also shown an increase in the odds of cardiovascular
mortality after 21 months”, as well as all-cause mortality
after 6 years of follow-up®™. However, Reinecke et
al. reported no association between hemoglobin
concentration and mortality in patients following
elective percutaneous coronary intervention™.

Previous systematic reviews have reported a
pooled prevalence of moderate-to-severe anemia
of 21% in patients with cardiovascular diseases®.
Therefore, it is crucial to pay attention to this
variable in patients with myocardial infarction (MI).
An important factor that contributes to increased
mortality in anemic patients is their vulnerability to
bleeding after cardiac events and revascularization
procedures, which can have a long-term impact on
their risk of mortality*. Additionally, cardiovascular
diseases may decrease the heart’s ability to tolerate
low hemoglobin levels*, and anemia-induced hypoxia
may increase sympathetic activity and cardiac output,
potentially reducing coronary reserve® *.

Results showed that the odds of mortality were
increased 5.6 times in patients with a history of
CVA. These results are consistent with a previous
systematic review”. 'The association between
mortality in patients with myocardial infarction and
a history of CVA may be due to different factors.
Some similar risk factors, such as hypertension,
diabetes, and smoking, can affect the severity of both
conditions** *. Additionally, a history of CVA may
disrupt rehabilitation after MI due to physical and
psychological effects® *. Furthermore, inflammation
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caused by CVA, the connections between different
inflammatory pathways, and the adjustment of the
immune system all affect the complexity of the
patients™>".

One limitation of this research is that some
checklists were not completed due to the large
number of wvariables. As a result, some data had
to be excluded. However, the number of excluded
data points was not significant enough to impact the
results. Another limitation of this research is the lack
of follow-up of heart attack patients after discharge
from the hospital, which can underestimate the risk
of overall mortality in patients with STEMI.

Conclusion

Several factors, including lower EF, low hemoglobin
levels, history of CVA, marital status, and low HDL
cholesterol levels, may predict mortality in patients
with ML It is recommended to take these variables
into consideration when determining the care and
treatment for these patients.

Acknowledgements

The Authors, would like to express their gratitude
to the management and staff of the Registry of
Cardiovascular Diseases Patients in Yazd Province
and the reviewers of this study proposal, as well as
the School of Public Health at Yazd University of
Medical Sciences for their support in this project.

Conflict of Interests

The authors declare no conflict of interest.

Funding
There is no funding in this study.

Author’s Contributions

SMN was as PI of YCDR and supervisor of this
Ph.D. thesis who provided critical comments on this
paper, MM and SMSBafighi, interpreted the data
and provided critical comments on this paper. MAS,
helped either the statistical analysis of the study
and provided critical comments on this paper. MM
was the lead editor of the project, contributed to
the writing and provided critical comments on this
papetr. HD managed the data collection system. All
authors read and approved the final manuscript.

References

Murray CJ, Lopez AD, World Health Organization.
The global burden of disease: a comprehensive
assessment of mortality and disability from diseases,
injuries, and risk factors in 1990 and projected to
2020: summary: World Health Organization; 1996.
Yusuf S, Reddy S, Ounpuu S, Anand S. Global
burden of cardiovascular diseases: part I: general
considerations, the epidemiologic transition, risk
factors, and impact of urbanization. Circulation. 2001
Nov 27;104(22):2746-53. https://doi.org/10.1161/
hc4601.099487

White HD, Thygesen K, Alpert ]S, Jaffe AS.
Republished: clinical implications of the third
universal definition of myocardial infarction.
Postgrad Med J. 2014 Sep;90(1067):502-10. https://
doi.org/10.1136/postgradmed;-2012-302976rep
Thygesen K, Alpert JS, Jaffe AS, Simoons ML,
Chaitman BR, White HD, et al. Third universal
definition of myocardial infarction. Eur Heart J.
2012 Oct;33(20):2551-67. https://doi.org/10.1093/
eurheartj/ehs184

Roth GA, Forouzanfar MH, Moran AE, Barber
R, Nguyen G, Feigin VL, et al. Demographic and
epidemiologic drivers of global cardiovascular
mortality. N Engl ] Med. 2015 Apr 2;372(14):1333-
41. https://doi.org/10.1056 /nejmoal406656

Takii T, Yasuda S, Takahashi J, Ito K, Shiba N,
Shirato K, et al. Trends in acute myocardial infarction
incidence and mortality over 30 years in Japan: report
from the MIYAGI-AMI Registry Study. Circ J. 2010
Jan;74(1):93-100.  https://doi.org/10.1253 /citcj.cj-
09-0619

Sacedi MY, Alsafi YH, Afghan SZ, Al-Khudair S§,
Al-Dhwailea SK, Badawi AA. Cardiovascular risk
assessment in general population at primary health
care centers in Saudi Arabia: Using the World
Health  Organization/International ~ Society  of
Hypertension risk prediction charts. Int Res J Public
Environ Health. 2018 Mar;5(3):46-51. https://doi.
org/10.15739/itjpeh.18.008

Rahimi K, Duncan M, Pitcher A, Emdin CA,
Goldacre MJ. Mortality from heart failure, acute
myocardial infarction and other ischaemic heart
disease in England and Oxford: a trend study of
multiple-cause-coded death certification. ] Epidemiol
Community Health. 2015  Oct;69(10):1000-5.
https://doi.org/10.1136/jech-2015-205689
Fahimfar N, Khalili D, Sepanlou SG, Malekzadeh
R, Azizi E Mansournia MA, et al. Cardiovascular
mortality in a Western Asian country: results
from the Iran Cohort Consortium. BM] open.

13

ARYA Atheroscler 2024; Volume 20; Issue 6

http://arya.mui.ac.ir


https://doi.org/10.1161/hc4601.099487
https://doi.org/10.1161/hc4601.099487
https://doi.org/10.1136/postgradmedj-2012-302976rep
https://doi.org/10.1136/postgradmedj-2012-302976rep
https://doi.org/10.1093/eurheartj/ehs184
https://doi.org/10.1093/eurheartj/ehs184
https://doi.org/10.1056/nejmoa1406656
https://doi.org/10.1253/circj.cj-09-0619
https://doi.org/10.1253/circj.cj-09-0619
https://doi.org/10.15739/irjpeh.18.008
https://doi.org/10.15739/irjpeh.18.008
https://doi.org/10.1136/jech-2015-205689

Mohammadi M, e# al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

2018;8(7):€020303.

bmjopen-2017-020303
Tsien CL, Fraser HS, Long W], Kennedy RL. Using
classification tree and logistic regression methods to

https://doi.org/10.1136/

diagnose myocardial infarction. Stud Health Technol
Inform. 1998;52 Pt 1:493-7.

Gregg RE, Babacizadeh S. Detection of culprit
coronary lesion location in pre-hospital 12-lead
ECG. J Electrocardiol. 2014 Nov-Dec;47(6):890-4.
https://doi.org/10.1016/j.jelectrocard.2014.07.014
Bursac Z, Gauss CH, Williams DK, Hosmer
DW. Purposeful selection of variables in logistic
regression. Source Code Biol Med. 2008 Dec 16;3:17.
https://doi.org/10.1186/1751-0473-3-17

Murphy SP, Ibrahim NE, Januzzi JL Jr. Heart
Failure With Reduced Ejection Fraction: A Review.
JAMA. 2020 Aug 4;324(5):488-504. https://doi.
org/10.1001/jama.2020.10262

Alkhalil M, Kearney A, MacElhatton D, Fergie
R, Dixon L. The prognostic role of mid-range
ejection fraction in ST-segment elevation myocardial
infarction. Int J Cardiol. 2020 Dec 15;321:12-7.
https://doi.org/10.1016/j.ijcard.2020.07.001

Thuijs DJFM, Milojevic M, Stone GW, Puskas
JD, Serruys PW, Sabik JF 3rd, et al. Impact of left
ventricular ejection fraction on clinical outcomes
after left main coronary artery revascularization:
results from the randomized EXCEL trial. Eur
J Heart Fail. 2020 May;22(5):871-9. https://doi.
org/10.1002/¢jhf.1681

Toma A, Stahli BE, Gick M, Gebhard C, Kaufmann
BA, Mashayekhi K, et al. Comparison of Benefit of
Successful Percutaneous Coronary Intervention for
Chronic Total Occlusion in Patients With Versus
Without Reduced (£40%) Left Ventricular Ejection
Fraction. Am | Cardiol. 2017 Nov 15;120(10):1780-6.
https://doi.org/10.1016/j.amjcard.2017.07.088
Daneault B, Généreux P, Kirtane AJ, Witzenbichler
B, Guagliumi G, Paradis JM, et al. Comparison of
Three-year outcomes after primary percutaneous
coronary intervention in patients with left ventricular
ejection fraction <40% versus = 40% (from the
HORIZONS-AMI trial). Am ] Cardiol. 2013
Jan  1;111(1):12-20.  https://doi.org/10.1016/j.
amjcard.2012.08.040

Liu Y, Song J, Wang W, Zhang K, Qi Y, Yang J, et al.
Association of ejection fraction with mortality and
cardiovascular events in patients with coronary artery
disease. ESC Heart Fail. 2022;9(5):3461-8. https://
doi.org/10.1002/ehf2.14063

Yeboah J,Rodriguez CJ, Qureshi W, Liu S, Carr JJ, Lima
JA, et al. Prognosis of Low Normal Left Ventricular
Ejection Fraction in an Asymptomatic Population-

20.

21.

22.

23.

24.

25.

26.

27.

Based Adult Cohort: The Multiethnic Study of
Atherosclerosis. | Card Fail. 2016 Oct;22(10):763-8.
https://doi.otg/10.1016/j.cardfail.2016.03.013
Toma M, Ezekowitz JA, Bakal JA, O’Connor CM,
Hernandez AF, Sardar MR, et al. The relationship
between left ventricular ejection fraction and
mortality in patients with acute heart failure: insights
from the ASCEND-HF Trial. Eur | Heart Fail. 2014
Mar;16(3):334-41. https://dol.org/10.1002/¢jhf.19
Solomon SD, Claggett B, Desai AS, Packer M, Zile
M, Swedberg K, et al. Influence of Ejection Fraction
on Outcomes and Efficacy of Sacubitril/Valsartan
(LCZ696) in Heart Failure with Reduced Ejection
Fraction: The Prospective Comparison of ARNI with
ACEI to Determine Impact on Global Mortality and
Morbidity in Heart Failure (PARADIGM-HF) Trial.
Citc Heart Fail. 2016 Mar;9(3):¢002744. https://doi.
org/10.1161/ citcheartfailure.115.002744
Gabriel-Costa D. The pathophysiology of myocardial
infarction-induced heart failure. Pathophysiology.
2018 Dec;25(4):277-84. https://doi.org/10.1016/j.
pathophys.2018.04.003

Bloom MW, Greenberg B, Jaarsma T, Januzzi JL, Lam
CSP, Maggioni AP, et al. Heart failure with reduced
ejection fraction. Nat Rev Dis Primers. 2017 Aug
24;3:17058. https://doi.org/10.1038/nrdp.2017.58
Abbate A, Arena R, Abouzaki N, Van Tassell BW,
Canada J, Shah K, et al. Heart failure with preserved
ejection fraction: refocusing on diastole. Int | Cardiol.
2015 Jan 20;179:430-40. https://doi.org/10.1016/j.
fjcard.2014.11.106

Smiseth OA, Morris DA, Cardim N, Cikes M, Delgado
V, Donal E, et al. Multimodality imaging in patients
with heart failure and preserved ejection fraction:
an expert consensus document of the European
Association of Cardiovascular Imaging. Eur Heart
J Cardiovasc Imaging. 2022 Jan 24;23(2):e34-61.
https://doi.org/10.1093/ehjci/jeab154

Bozkurt B, Aguilar D, Deswal A, Dunbar SB,
Francis GS, Horwich T, et al. Contributory Risk and
Management of Comorbidities of Hypertension,
Obesity, Diabetes Mellitus, Hyperlipidemia, and
Metabolic Syndrome in Chronic Heart Failure: A
Scientific Statement From the American Heart
Association. Circulation. 2016 Dec 6;134(23):e535-
78. https://doi.org/10.1161/cir.0000000000000450
Achatjee S, Roe MT, Amsterdam EA, Holmes
DN, Boden WE. Relation of admission high-
density lipoprotein cholesterol level and in-hospital
mortality in patients with acute non-ST segment
elevation myocardial infarction (from the National
Cardiovascular Data Registry). Am ] Cardiol. 2013
Oct 15;112(8):1057-62. https://doi.org/10.1016/j.

14

ARYA Atheroscler 2024; Volume 20; Issue 6

http://arya.mui.ac.ir


https://doi.org/10.1136/bmjopen-2017-020303
https://doi.org/10.1136/bmjopen-2017-020303
https://doi.org/10.1016/j.jelectrocard.2014.07.014
https://doi.org/10.1186/1751-0473-3-17
https://doi.org/10.1001/jama.2020.10262
https://doi.org/10.1001/jama.2020.10262
https://doi.org/10.1016/j.ijcard.2020.07.001
https://doi.org/10.1002/ejhf.1681
https://doi.org/10.1002/ejhf.1681
https://doi.org/10.1016/j.amjcard.2017.07.088
https://doi.org/10.1016/j.amjcard.2012.08.040
https://doi.org/10.1016/j.amjcard.2012.08.040
https://doi.org/10.1002/ehf2.14063
https://doi.org/10.1002/ehf2.14063
https://doi.org/10.1016/j.cardfail.2016.03.013
https://doi.org/10.1002/ejhf.19
https://doi.org/10.1161/circheartfailure.115.002744
https://doi.org/10.1161/circheartfailure.115.002744
https://doi.org/10.1016/j.pathophys.2018.04.003
https://doi.org/10.1016/j.pathophys.2018.04.003
https://doi.org/10.1038/nrdp.2017.58
https://doi.org/10.1016/j.ijcard.2014.11.106
https://doi.org/10.1016/j.ijcard.2014.11.106
https://doi.org/10.1093/ehjci/jeab154
https://doi.org/10.1161/cir.0000000000000450
https://doi.org/10.1016/j.amjcard.2013.05.050

28.

29.

30.

31.

32.

33.

34.

35.

36.

In-hospital mortality of acute ST-elevation myocardial
infarction and predictors

amjcard.2013.05.050

Wolfram RM, Brewer HB, Xue Z, Satler LF, Pichard
AD, Kent KM, et al. Impact of low high-density
lipoproteins on in-hospital events and one-year
clinical outcomes in patients with non-ST-elevation
myocardial infarction acute coronary syndrome
treated with drug-eluting stent implantation. Am
J Cardiol. 2006 Sep 15;98(6):711-7. https://doi.
org/10.1016/j.amjcard.2006.04.006

Barter P, Gotto AM, LaRosa JC, Maroni ], Szarek M,
Grundy SM, et al. HDL cholesterol, very low levels
of LDL cholesterol, and cardiovascular events. N
Engl ] Med. 2007 Sep 27;357(13):1301-10. https://
doi.org/10.1056/nejmoa064278

Angeloni E, Paneni F, Landmesser U, Benedetto U,
Melina G, Liischer TT, et al. Lack of protective role
of HDL-C in patients with coronary artery disease
undergoing elective coronary artery bypass grafting.
Eur Heart J. 2013 Dec;34(46):3557-62. https://dol.
org/10.1093/curheartj/eht163

Ouimet M, Barrett TJ, Fisher EA. HDL and
Reverse Cholesterol Transport. Circ Res. 2019 May
10;124(10):1505-18. https://doi.otg/10.1161/
CIRCRESAHA.119.312617

S, Sharma
dysfunction: a conservative target in metabolic
disorders. Inflamm Res. 2018 May;67(5):391-405.
https://doi.org/10.1007/s00011-018-1129-8
Rosenson RS, Brewer Jr HB, Ansell BJ, Barter P,
Chapman M], Heinecke JW, et al. Dysfunctional
HDL and atherosclerotic cardiovascular disease.
Nat Rev Cardiol. 2016 Jan;13(1):48-60. https://doi.
org/10.1038/ntcardio.2015.124

Colombo MG, Kirchberger I, Amann U, Heier
M, Thilo C, Kuch B, et al. Association between
admission anemia and long-term mortality in patients

Jamwal S. Vascular endothelium

with acute myocardial infarction: results from the
MONICA/KORA myocardial infarction registry.
BMC Cardiovasc Disord. 2018 Mar 9;18(1):50.
https://doi.org/10.1186/s12872-018-0785-5
Ducrocq G, Puymirat E, Steg PG, Henry P, Martelet
M, Karam C, et al. Blood transfusion, bleeding,
anemia, and survival in patients with acute myocardial
infarction: FAST-MI registry. Am Heart J. 2015
Oct;170(4):726-34.¢2.  https://doi.org/10.1016/j.
ahj.2015.07.004

Uchida Y, Ichimiya S, Ishii H, Kanashiro M, Watanabe
J, Hayano S, et al. Impact of Admission Anemia on
Coronary Microcirculation and Clinical Outcomes
in Patients With ST-Segment Elevation Myocardial

Infarction Undergoing Primary Percutaneous

Coronary Intervention. Int Heart J. 2015;56(4):381-
8. https://doi.org/10.1536/1ihj.15-006

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

Ayhan E, Aycicek F, Uyarel H, Ergelen M, Cicek G,
Gul M, et al. Patients with anemia on admission who
have undergone primary angioplasty for ST elevation
myocardial infarction: in-hospital and long-term
clinical outcomes. Coron Artery Dis. 2011;22(6):375-
9. https://doi.org/10.1097 /mca.0b013e3283472ac5
Tomaszuk-Kazberuk A, Bolifiska S, Mtodawska
E, Lopatowska P, Sobkowicz B, Musial W. Does
admission anaemia still predict mortality six years after
myocardial infarction? Kardiol Pol. 2014;72(6):488-
93. https://doi.org/10.5603 /kp.a2014.0046
Reinecke H, Trey T, Wellmann J, Heidrich ], Fobker
M, Wichter T, et al. Haemoglobin-related mortality
in patients undergoing percutaneous coronary
interventions. Eur Heart J. 2003 Dec;24(23):2142-50.
https://doi.org/10.1016/j.¢hj.2003.09.008

Li ], Jiang C, Lai Y, Li L, Zhao X, Wang X, et al.
Association of On-Admission Anemia With 1-Year
Mortality in Patients Hospitalized With Acute Heart
Failure: Results From the HERO Study. Front
Catdiovasc Med. 2022 May 4;9:856246. https://dol.
org/10.3389/fcvm.2022.856246

Haubrich C, Kohnke A, Diehl RR, Moller-Hartmann
W, Kl6tzsch C. Impact of vertebral artery disease on
dynamic cerebral autoregulation. Acta Neurol Scand.
2005 Nov;112(5):309-16. https://doi.org/10.1111/
j.1600-0404.2005.00498.x

von Hachling S, Jankowska EA, van Veldhuisen
DJ, Ponikowski P, Anker SD. Iron deficiency and
cardiovascular disease. Nat Rev Cardiol. 2015
Nov;12(11):659-69. https://doi.otg/10.1038/
nrcardio.2015.109

Mozos 1. Mechanisms linking red blood cell
disorders and cardiovascular diseases. Biomed
Res Int. 2015;2015:682054. https://doi.
org/10.1155/2015/682054

Metivier F, Marchais SJ, Guerin AP, Pannier B,
London GM. Pathophysiology of anaemia: focus on
the heart and blood vessels. Nephrol Dial Transplant.
2000;15 Suppl 3:14-8. https://doi.org/10.1093/
oxfordjournals.ndt.a027970

Rashid M, Kwok CS, Gale CP, Doherty P, Olier I,
Sperrin M, et al. Impact of co-morbid burden on
mortality in patients with coronary heart disease,
heart failure, and cerebrovascular accident: a
systematic review and meta-analysis. Eur Heart ]
Qual Care Clin Outcomes. 2017 Jan 1;3(1):20-36.
https://doi.org/10.1093/ehjqcco/qew025

Pedrinelli R, Ballo P, Fiorentini C, Denti S, Galderisi
M, Ganau A, et al. Hypertension and acute
myocardial infarction: an overview. ] Cardiovasc Med
(Hagerstown). 2012 Mar;13(3):194-202. https://doi.
org/10.2459 /jcm.0b013¢3283511ce2

ARYA Atheroscler 2024; Volume 20; Issue 6

http://arya.mui.ac.ir


https://doi.org/10.1016/j.amjcard.2013.05.050
https://doi.org/10.1016/j.amjcard.2006.04.006
https://doi.org/10.1016/j.amjcard.2006.04.006
https://doi.org/10.1056/nejmoa064278
https://doi.org/10.1056/nejmoa064278
https://doi.org/10.1093/eurheartj/eht163
https://doi.org/10.1093/eurheartj/eht163
https://doi.org/10.1161/CIRCRESAHA.119.312617
https://doi.org/10.1161/CIRCRESAHA.119.312617
https://doi.org/10.1007/s00011-018-1129-8
https://doi.org/10.1038/nrcardio.2015.124
https://doi.org/10.1038/nrcardio.2015.124
https://doi.org/10.1186/s12872-018-0785-5
https://doi.org/10.1016/j.ahj.2015.07.004
https://doi.org/10.1016/j.ahj.2015.07.004
https://doi.org/10.1536/ihj.15-006
https://doi.org/10.1097/mca.0b013e3283472ac5
https://doi.org/10.5603/kp.a2014.0046
https://doi.org/10.1016/j.ehj.2003.09.008
https://doi.org/10.3389/fcvm.2022.856246
https://doi.org/10.3389/fcvm.2022.856246
https://doi.org/10.1111/j.1600-0404.2005.00498.x
https://doi.org/10.1111/j.1600-0404.2005.00498.x
https://doi.org/10.1038/nrcardio.2015.109
https://doi.org/10.1038/nrcardio.2015.109
https://doi.org/10.1155/2015/682054
https://doi.org/10.1155/2015/682054
https://doi.org/10.1093/oxfordjournals.ndt.a027970
https://doi.org/10.1093/oxfordjournals.ndt.a027970
https://doi.org/10.1093/ehjqcco/qcw025
https://doi.org/10.2459/jcm.0b013e3283511ee2
https://doi.org/10.2459/jcm.0b013e3283511ee2

Mohammadi M, e# al.

47.

48.

49.

C, Davisson RL. Hypertension and
cerebrovascular  dysfunction. Cell Metab. 2008
Jun;7(6):476-84. https://doi.org/10.1016/].
cmet.2008.03.010

Fini NA, Bernhardt J, Churilov L, Clark R, Holland
AE. Adherence to physical activity and cardiovascular
recommendations during the 2years after stroke
rehabilitation discharge. Ann Phys Rehabil Med.
2021 Mar;64(2):101455. https://doi.org/10.1016/j.
rehab.2020.03.018

Redfern J, Gallagher R, O’Neil A, Grace SL,
Bauman A, Jennings G, et al. Historical Context
of Cardiac Rehabilitation: Learning From the Past

Tadecola

50.

51.

to Move to the Future. Front Cardiovasc Med.
2022 Apr 27;9:842567. https://doi.org/10.3389/
fcvm.2022.842567

Alfaddagh A, Martin SS, Leucker TM, Michos
ED, Blaha M]J, Lowenstein CJ, et al. Inflammation
and cardiovascular disease: From mechanisms
to therapeutics. Am ] Prev Cardiol. 2020
Nov  21;4:100130. https://doi.org/10.1016/j.
ajpc.2020.100130

Arnold N, Lechner K, Waldeyer C, Shapiro MD,
Koenig W. Inflammation and Cardiovascular Disease:
The Future. Eur Cardiol. 2021 May 17;16:€20.
https://doi.org/10.15420/ect.2020.50

How to cite this article: Mohammadi M, Namayandeh SM, Mirzaei M, Askari Shahi M, Sadr Bafighi SM,
Dehghan H. In-hospital mortality of acute ST-elevation myocardial infarction (STEMI) and its predictors-
using Yazd Cardiovascular Diseases Registry, YCDR. ARYA Atheroscler. 2024; 20(6): 6-16.

ARYA Atheroscler 2024; Volume 20; Issue 6 16

http://arya.mui.ac.ir


https://doi.org/10.1016/j.cmet.2008.03.010
https://doi.org/10.1016/j.cmet.2008.03.010
https://doi.org/10.1016/j.rehab.2020.03.018
https://doi.org/10.1016/j.rehab.2020.03.018
https://doi.org/10.3389/fcvm.2022.842567
https://doi.org/10.3389/fcvm.2022.842567
https://doi.org/10.1016/j.ajpc.2020.100130
https://doi.org/10.1016/j.ajpc.2020.100130
https://doi.org/10.15420/ecr.2020.50

	In-hospital mortality of acute ST-elevation myocardial infarction (STEMI) and its predictors-using 
	Abstract
	Keywords
	Introduction
	Methods
	Study design 
	STEMI
	Sample size 
	Inclusion & exclusion criteria 
	Statistical analysis  
	Ethical Considerations  

	Results
	Discussion
	Conclusion
	Acknowledgements
	Conflict of Interests 
	Funding
	Author’s Contributions 
	References


