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A B S T R A C T

Background: To date, no hospital-based national study with large sample size has been 
conducted to determine the predictive factors of in-hospital mortality among patients 
with Myocardial Infarction (MI) in Iran.
Objectives: This study aimed to determine in-hospital Case Fatality Rate (CFR) and hazard 
ratio of the factors associated with mortality in the patients with MI diagnosis in Iran.
Patients and Methods: In this nationwide, hospital-based, prospective study, 
the researchers made use of the data of 20750 new MI cases registered by Iranian 
Myocardial Infarction Registry (IMIR) in 31 provinces between April 2012 and March 
2013. Demographic, clinical, and laboratory variables were obtained from the medical 
records of patients with confirmed acute MI. Cox regression was done by Stata software, 
version 12 using univariate and multiple analyses through Breslow method. P < 0.05 was 
considered as statistically significant.
Results: In-hospital mortality rate was 12.1% (N = 2511) and female/male ratio of CFR 
was 1.36 (95% CI: 1.2 - 1.4). Besides, in-hospital CFR was 8.36: 7.81 - 8.94 in females and 
6.12: 5.83 - 6.43 in males. Hazard ratio of mortality for ST segment Elevation Myocardial 
Infarction (STEMI), chest pain resistant to treatment, and Right Bundle Branch Block 
(RBBB) was 1.32, 4.06, and 2.45, respectively (P < 0.01). Using Percutaneous Coronary 
Intervention (PCI) decreased the risk of death in the patients (HR: 0.68). Overall, 83.7% 
of the patients with STEMI died.
Conclusions: In Iran, identifying the risk factors of mortality due to MI could contribute 
to detecting high-risk individuals and improving healthcare by relevant planning and 
interventions in clinics and communities.
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1. Background
Despite decrease in mortalities due to Myocardial 

Infarction (MI) in many countries, this disease is the leading 

cause of mortality in developing countries, including Iran 
(1, 2). MI is the most important and prevalent coronary 
heart disease. Coronary heart disease is the reason for one 
per six deaths in the United States (3). According to the 
report by Iran’s Ministry of Health, Treatment, and Medical 
Education in 2011, the mortality rate due to MI was 103 
per 100000 deaths (4). Additionally, mortality rate due to 

►Implication for health policy/practice/research/medical education:
The findings of the present study could be conducive to planning in health systems as well as to monitoring and improving patients’ care and 

treatment.
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MI prior to arriving at hospitals is high and is estimated 
to be approximately 20% in Iran. In-hospital mortality 
rate due to MI varies between 7.7% and 19.2% worldwide. 
One-year mortality rate due to MI also varies from 23% 
to 25.3% (5, 6). Coronary heart disease is a multifactorial 
disorder for which more than 250 risk factors have been 
introduced so far (7-9). Aging, male gender, hypertension, 
diabetes, smoking, and dyslipidemia are considered as 
important risk factors for MI. Furthermore, in-hospital 
mortality rate is higher among women compared to men. 
Yet, controversial results have been obtained regarding the 
above-mentioned factors (10, 11). Identifying the predictive 
factors of mortality contributes greatly to decreasing the 
mortality rate in patients. Up to now, no hospital-based, 
national study with large sample size has been conducted 
to determine the predictive factors of in-hospital mortality 
in the patients with MI in Iran.

2. Objectives
This study aims to determine in-hospital Case Fatality 

Rate (CFR) and hazard ratio of the factors associated with 
mortality in the patients with MI diagnosis in Iran.

3. Patients and Methods
In this nationwide, hospital-based, prospective study, the 

researchers made use of the data of 20750 new MI cases 
registered by Iranian Myocardial Infarction Registry (IMIR) 
in 31 provinces between April 2012 and March 2013. IMIR 
collects the data from Cardiac Care Units (CCUs) of all the 
hospitals across the country (12). This study was approved 
by the Ethics Committee of Shahid Beheshti University 
of Medical Sciences. MI diagnosis was based on the 
definitions provided by World Health Organization (WHO), 
World Heart Federation, and International Classification of 
Diseases (codes I21, I22, I24.9, and I25) (13). The patients 
with no definite diagnosis of MI by a cardiologist were 
excluded from the study. The underlying and predictive 
data were gathered for demographic variables, such as age, 
gender, province of residence, and length of hospital stay, as 
well as the, risk factors and clinical and laboratory history, 
including type 2 diabetes, hypertension, smoking, history 

of heart disease, Coronary Artery Bypass Surgery Graft 
surgery (CABG), Percutaneous Coronary Intervention 
(PCI), dyslipidemia, ischemic pain pattern, place of 
MI, cardiac blocks, complications of MI, ventricular 
arrhythmias, and troponin. In-hospital mortality due to 
MI was set as the dependent variable. Duration of exposure 
to risk of in-hospital mortality was calculated using the 
date of hospitalization and the date of discharge or death. 
The variables with P < 0.2 were entered into multiple Cox 
regression model using univariate analysis through Breslow 
method. Then, the presuppositions were investigated and 
confirmed by Schoenfeld residuals (Phtest). All data 
analyses were performed using Stata software (Stata Corp. 
2011. Stata Statistical Software: Release 12. College Station, 
TX: Stata Corp LP).

4. Results
In this study, follow-up was from definite diagnosis of 

MI to death. The prospective cohort of the patients was 
defined in view of the date of diagnosis, hospitalization, and 
discharge (recovery or in-hospital death due to MI). Overall, 
20750 patients with MI at risk of in-hospital death with 
total hospitalization of 3724983 person-years were studied. 
Among these patients, 15033 (72.4%) were male and the rest 
were female. Mean age at MI incidence was significantly 
lower in males than in females (P = 0.001). Demographic 
variables and clinical risk factors of the deceased and 
survived patients have been presented in Tables 1 and 2. 
Accordingly, hypertension and diabetes were significantly 
more prevalent in the deceased patients compared to the 
survived ones. Besides, 83.7% of the patients with ST 
segment Elevation Myocardial Infarction (STEMI) died. 
The frequency of PCI use was higher in the survived 
patients than in the deceased ones. Furthermore, 37.15% 
of the survived patients and only 7.29% of the deceased 
ones had used thrombolytic therapy. In-hospital mortality 
rate was 12.1% (N = 2511). In addition, in-hospital fatality 
rate was 6.74 (95% CI: 6.48 - 7); 6.12 (95% CI: 5.83 - 6.43) 
in males and 8.36 (95% CI: 7.81 - 8.94) in females. Besides, 
female/male ratio of fatality was 1.36 (95% CI: 1.2 - 1.4). 
In-hospital fatality rate due to MI based on age and gender 

Table 1. Demographic Characteristics and Medical History of the Study Population
Characteristics Total Survived Deceased P value
Age (year) a 61.2 ± 13.4 60.65 ± 13 65.2 ± 15.2 0.001
Hospital stay (day) a 6.5 ± 14.6 6.57 ± 14.6 6.43 ± 14.4 0.647

Gender b

Male
15033 13377 1656

0.001
72.4% 64.6% 7.9%

Female
5717 4862 855

0.001
27.6% 23.4% 4.12%

Smoker b
5443 4667 776

0.001
26.2% 25.6% 30.9%

Hypertension b
7376 6426 950

0.011
35.5% 35.2% 37.8%

Diabetes mellitus b
4612 22.2% 4002

0.008
21.9% 610 24.3%

Hyperlipidemia b
3710 3268 442

0.699
17.8% 17.9% 17.6%

a Mean ± SD, b Frequency and percentage
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has been shown in Table 3.
In univariate analysis, age, gender, education level, 

smoking, hypertension, type 2 diabetes, PCI, chest pain, 
heart failure, heart rupture, troponin, and laterality of MI 
were yielded as significant (P < 0.03) and were entered 
into the Cox regression model. The final model of death 
determinants in the patients has been presented in Table 
4. In univariate analysis, the hazard ratio was 3.27 for 
STEMI. In multivariate analysis, however, the hazard ratio 
decreased to 2.88 in presence of other variables and after 
controlling the confounding variables.

5. Discussion
The present study was done based on the registered 

data of MI patients in Iran. This was the first national 
study investigating the predictive risk factors of in-
hospital mortality in Iran. Based on the study findings, 
the most important risk factors of in-hospital mortality 
due to MI were age, female gender, education level, type 

2 diabetes, smoking, PCI, Right Bundle Branch Block 
(RBBB), STEMI, Ventricular Tachycardia (VT), and 
lack of thrombolytic therapy. Up to now, no study has 
comprehensively examined the predictive factors of short-
term survival after MI in Iran. Thus, it could be argued that 
this study is the first one in this field with a large sample 
size, based on the population of all provinces of Iran, and 
with definite diagnosis of MI based on WHO’s criteria. 
The results of the present study showed that 72.4% of the 
patients were male and the rest were female, and male/
female ratio was 2.69. In a study in France, 23.5% of the 
patients with MI were female and 76.5% were male. In 
that study, the patients’ mean age was 62.6 years, which is 
similar to our study, and mortality rate was 9% in females 
and more than 4% in males. In addition, age at MI incidence 
was 8 years earlier in males, while the risk factors were 
more prevalent in females (14). In a study by Uchiyama 
in Japan, 78.5% of the patients were male (15), which is 
relatively similar to the gender ratio in our study.

According to the current study findings, men developed 

Table 2. Clinical Characteristics of the Study Population
Characteristics Total Survived Deceased P value

VF
511 371 140

0.001
2.5% 2% 5.5%

VT
1198 934 264

0.001
5.8% 5.1% 10.5%

Lateral MI
990 817 173

0.001
4.8% 3.94% 0.83%

Anterior MI
4332 3765 567

0.025
20.9% 18.14% 2.73%

Inferior MI
7179 6354 825

0.05
34.6% 30.62% 3.98%

Posterior MI
853 744 109

0.536
4.2% 3.59% 0.53%

STEMI
15729 13626 2103

0.001
75.8% 16.2% 83.7%

Non-STEMI
5021 4613 408

0.001
24.2% 25.2% 16.2%

PCI
1431 1354 77

0.001
6.9% 7.4% 3.07%

CABG
539 469 70

0.523
2.6% 2.5% 2.8%

Lack of thrombolytic therapy
9222 7709 1513

0.001
44.5% 37.15% 7.29%

Chest pain
2229 1356 873

0.001
10.7% 6.53% 4.21%

Abbreviations: VF, ventricular fibrillation; VT, ventricular tachycardia; MI, myocardial infarction; STEMI, ST-segment elevation 
myocardial infarction; NSTEMI, non ST-segment elevation myocardial infarction; PCI, percutaneous Coronary Intervention; CABG, 
coronary artery bypass grafting

Table 3. In-Hospital Mortality Rate with 95% Confidence Interval and Case Fatality Rate due to MI in Iran’s Hospitals
Gender Age Group Number MI (CFR %) IMR a: 95% CI

Female
< 65 years 2690(47) 6.49 : 5.79 - 7.28
≥ 65 years 3027(53) 9.84 : 9.05 - 10.68
Total females 5717(27.6) 8.36 : 7.81 – 8.94

Males
< 65 years 9814(65.3) 5.3 : 4.96 - 5.65
≥ 65 years 5219(34.7) 7.5 : 7.02 – 8.1
Total males 15033(72.4) 6.12: 5.83 - 6.43

Total 2511(12.1) 6.74: 6.48 - 7
a in 100 person years
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MI about 5.2 years earlier compared to women, which is 
in line with the results of some other studies conducted 
on the issue. However, mean age at in-hospital death was 
lower in our study than in Uchiyama’s study. In that study, 
mean age at MI incidence was 67.9 years and mean age at 
death was 76.1 years (15).

In our study, the risk of in-hospital death due to MI was 
1.2 times higher in women than in men, which is consistent 
with other studies. For instance, Randall reported that the 
risk of mortality was higher in women compared to men. In 
another study in Norway, mortality rate increased with age 
and in-hospital mortality rate was reported as 3.8%. Besides, 
mortality rate was higher in women (19%) than in men 
(13.9%) (16-18). In-hospital mortality and post-MI survival 
are highly associated with the disease severity. In addition, 
quality of healthcare and the type of treatments used by 
the patients contribute greatly to the patients’ survival. 
The positive effects of thrombolytic drugs and PCI have 
been reported by different studies (19, 20). In the present 
study, the patients with no thrombolytic therapy were at a 
higher risk of death in comparison to those receiving PCI. 
Nevertheless, the frequency of PCI use seems to be lower 
in Iran compared to other countries. Infrequent use of this 
treatment and lower administration of thrombolytic drugs 
seem to explain the higher mortality rate in Iran. Smoking 
was another predictive factor of death in the patients in our 
study, which is consistent with the results of other studies. 
In addition, type of MI was an important determinant of 
death, which is in agreement with the previous researches 
conducted in this regard. In several studies, an association 
was reported between smoking and mortality due to MI. One 
study indicated that smoking decreased the risk of death in 
the patients (HR: 0.85; 95% CI: 0.76-0.95; P = 0.005). In 
that study, mortality rate was 5.4% in smokers and 9.9% in 
non-smokers. Besides, smoking was associated with a 48% 
decrease in the risk of mortality for all reasons within one 
year after acute MI (20). Our study was not consistent with 
the aforementioned one and showed that smoking increased 
the risk of death in the patients. On the other hand, it was 
in line with a study in Turkey reporting that smoking and 

diabetes increased the risk of death in the patients (21). Our 
study was also in agreement with a study in India reporting 
gender, ventricular fibrillation, and heart failure as mortality-
associated factors in the patients and diabetes, hypertension, 
and smoking as the main risk factors in the patients with MI 
(22). Moreover, another study demonstrated that the used 
treatments, including CABG and PCI, decreased mortality 
in the patients with MI. In the study in India, 52.3%, 15.3%, 
and 7.5% of the patients used thrombolytic therapy, PCI, and 
CABG, respectively. Nonetheless, these treatments are used 
less frequently in Iran. Other studies also indicated that the 
rate of mortality was higher in the patients not receiving the 
above-mentioned treatments.

In the present study, illiteracy was another risk factor 
of death in the patients, which is in agreement with other 
works (22-24).

5.1. Conclusion
Our study reported in-hospital fatality rate with hazard 

ratios in the patients with MI across Iran. The results 
indicated that female gender, smoking, low education 
level, illiteracy, type 2 diabetes, VT, STEMI, RBBB, 
lack of thrombolytic therapy and angioplasty (PCI), and 
chest pain resistant to treatment were the most important 
determinants of death due to MI in Iran. The findings of the 
present study could be conducive to planning in the health 
system as well as to monitoring and improving patients’ 
care and treatment (25-27).

Acknowledgements
Hereby, we gratefully thank the respectful personnel 

of Cardiology Department of Iran’s Ministry of Health, 
Treatment, and Medical Education and all the nurses 
and cardiologists who collaborated in this work. We are 
also grateful for the Research and Technology Deputy of 
Shahrekord University of Medical Sciences for financially 
supporting the study (grant No. 2202).

Authors’ Contribution
Study concept and design: Ahmadi, Soori and Khaledifar. 

Table 4. The Hazard Ratios of the Factors Associated with Mortality in Total Patients

Factor
Univariate Analysis Multiple Cox Model

HR: 95% CI P value HR: 95% CI P value
Age 1.32:1.26 - 1.37 0.001 1.31: 1.25 - 1.37 0.001
Female gender 1.38:1.27 - 1.5 0.001 1.22: 1.12 - 1.34 0.001
Education level
Illiterate 1.41:1.18 - 1.67 0.001 1.27: 1.06 - 1.52 0.394
Primary 1.05:0.87 - 1.27 0.557 0.85: 0.70 - 1.03 0.093
Secondary 0.81:0.67 - 0.98 0.037 0.77: 0.63 - 0.93 0.012
Academic Ref. - - -
Diabetes mellitus 1.1: 1 - 1.2 0.039 1.06: 0.97 - 1.17 0.154
Smoker 1.31: 1.2 - 1.42 0.001 1.13: 1.04 - 1.23 0.004
VT 2.19: 1.93 - 2.49 0.001 1.82: 1.46 - 1.90 0.001
STEMI 3.27: 3.01 - 3.55 0.001 1.32: 1.18 - 1.48 0.001
RBBB 2.81: 2.23 - 3.55 0.001 2.45: 1.94 - 3.11 0.001
Chest Pain 4.68: 4.3 - 5.08 0.001 4.06: 3.73 - 4.43 0.001
Lack of TT 1.91: 1.77 - 2.07 0.001 1.57: 1.44 - 1.72 0.001
PCI 0.42: 0.34 - 0.53 0.001 0.68: 0.54 - 0.86 0.001
Abbreviations: EL, educational level; VT, ventricular tachycardia; STEMI, ST-segment elevation myocardial infarction; RBBB, 
right bundle branch block; TT, thrombolytic therapy; PCI, percutaneous coronary intervention



Ahmadi A et al.

Int Cardiovasc Res J. 2015;9(3)                                                                                                                                                                                      163

Acquisition of data: Ahmadi. Analysis and Interpretation 
of data: Ahmadi, Soori and Khaledifar. Critical revision of 
the manuscript for important intellectual content: Ahmadi, 
Soori and Khaledifar. Drafting of the manuscript: Ahmadi, 
Soori and Khaledifar. Administrative, technical, and 
material support: Khaledifar and Ahmadi. 

Financial disclosure
There is no financial disclosure.

Funding/Support
Data collection for this research was supported by the 

Cardiology Department, respectful personnel in treatment 
deputies of universities of medical sciences, nurses 
in cardiology wards of the hospitals across Iran, and 
cardiologists, officials, and advisors of Iran’s Myocardial 
Infarction Registry Program. The funding sources played no 
role in the study design, data analysis, manuscript writing, 
or the decision to submit the manuscript for publication.

References
1. Ahmadi A, Soori H, Mehrabi Y, Etemad K, Samavat T, Khaledifar 

A. Incidence of acute myocardial infarction in Islamic Republic of 
Iran: a study using national registry data in 2012. East Mediterr 
Health J. 2014.

2. Hotchkiss JW, Davies CA, Dundas R, Hawkins N, Jhund PS, 
Scholes S, et al. Explaining trends in Scottish coronary heart 
disease mortality between 2000 and 2010 using IMPACTSEC model: 
retrospective analysis using routine data. BMJ. 2014;348:g1088.

3. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Blaha MJ, 
et al. Executive summary: heart disease and stroke statistics--2014 
update: a report from the American Heart Association. Circulation. 
2014;129(3):399-410.

4. Ahmadi A, Soori H, Sajjadi H, Nasri H, Mehrabi Y, Etemad K. 
Current status of the clinical epidemiology of myocardial infarction 
in men and women: A national cross-sectional study in Iran. 
International journal of preventive medicine. 2015;6.

5. Ahmadi A, Mobasheri M, Hashemi-Nazari SS, Baradaran A, 
Choobini ZM. Prevalence of hypertension and type 2 diabetes 
mellitus in patients with colorectal cancer and their median survival 
time: A cohort study. J Res Med Sci. 2014;19(9):850-4.

6. Chung SC, Gedeborg R, Nicholas O, James S, Jeppsson A, Wolfe 
C, et al. Acute myocardial infarction: a comparison of short-term 
survival in national outcome registries in Sweden and the UK. 
Lancet. 2014;383(9925):1305-12.

7. Ahmadi A, Hasanzadeh J, Rajaeifard A. Metabolic control and 
care assessment in patients with type 2 diabetes in Chaharmahal & 
Bakhtiyari Province 2008. Iranian Journal of Endocrinology and 
Metabolism. 2009;11(1):33-9.

8. Ahmadi A, Khaledifar A, Sajjadi H, Soori H. Relationship between 
risk factors and in-hospital mortality due to myocardial infarction by 
educational level: a national prospective study in Iran. Int J Equity 
Health. 2014;13(1):116.

9. Ahmadi A, Mobasheri M, Soori H. Prevalence of major coronary 
heart disease risk factors in Iran. International Journal of 
Epidemiologic Research. 2014;1(1):3-8.

10. Ahmadi A, Soori H, Mobasheri M, Etemad K, Khaledifar A. Heart 
Failure, the Outcomes, Predictive and Related Factors in Iran. J 
Mazandaran Univ Med Sci. 2014;24(118):180-8.

11. Nasri H, Behradmanesh S, Maghsoudi AR, Ahmadi A, Nasri 

P, Rafieian-Kopaei M. Efficacy of supplementary vitamin D on 
improvement of glycemic parameters in patients with type 2 diabetes 
mellitus; a randomized double blind clinical trial. J Renal Inj Prev. 
2014;3(1):31-4.

12. Ahmadi A, Soori H, Sajjadi H. Modeling of in hospital mortality 
determinants in myocardial infarction patients, with and without 
type 2 diabetes, undergoing pharmaco-invasive strategy: the first 
national report using two approaches in Iran. Diabetes Res Clin 
Pract. 2015;108(2):216-22.

13. Mendis S, Thygesen K, Kuulasmaa K, Giampaoli S, Mahonen 
M, Ngu Blackett K, et al. World Health Organization definition 
of myocardial infarction: 2008-09 revision. Int J Epidemiol. 
2011;40(1):139-46.

14. Garcia-Garcia C, Molina L, Subirana I, Sala J, Bruguera J, Aros F, 
et al. Sex-based differences in clinical features, management, and 
28-day and 7-year prognosis of first acute myocardial infarction. 
RESCATE II study. Rev Esp Cardiol (Engl Ed). 2014;67(1):28-35.

15. Rumana N, Kita Y, Turin TC, Murakami Y, Sugihara H, Morita 
Y, et al. Seasonal pattern of incidence and case fatality of acute 
myocardial infarction in a Japanese population (from the Takashima 
AMI Registry, 1988 to 2003). Am J Cardiol. 2008;102(10):1307-11.

16. Cavelaars AE, Kunst AE, Geurts JJ, Crialesi R, Grotvedt L, Helmert 
U, et al. Differences in self reported morbidity by educational 
level: a comparison of 11 western European countries. J Epidemiol 
Community Health. 1998;52(4):219-27.

17. Machon M, Aldasoro E, Martinez-Camblor P, Calvo M, Basterretxea 
M, Audicana C, et al. Socioeconomic differences in incidence and 
relative survival after a first acute myocardial infarction in the 
Basque Country, Spain. Gac Sanit. 2012;26(1):16-23.

18. Manrique-Garcia E, Sidorchuk A, Hallqvist J, Moradi T. 
Socioeconomic position and incidence of acute myocardial 
infarction: a meta-analysis. J Epidemiol Community Health. 
2011;65(4):301-9.

19. Lammintausta A, Immonen-Raiha P, Airaksinen JK, Torppa J, 
Harald K, Ketonen M, et al. Socioeconomic inequalities in the 
morbidity and mortality of acute coronary events in Finland: 1988 
to 2002. Ann Epidemiol. 2012;22(2):87-93.

20. Zevallos JC, Yarzebski J, Gonzalez JA, Banchs HL, Garcia-Palmieri 
M, Mattei H, et al. Incidence, in-hospital case-fatality rates, and 
management practices in Puerto Ricans hospitalized with acute 
myocardial infarction. P R Health Sci J. 2013;32(3):138-45.

21. Hu B, Li W, Wang X, Liu L, Teo K, Yusuf S. Marital status, 
education, and risk of acute myocardial infarction in Mainland 
China: the INTER-HEART study. J Epidemiol. 2012;22(2):123-9.

22. Jeemon P, Reddy KS. Social determinants of cardiovascular disease 
outcomes in Indians. Indian J Med Res. 2010;132:617-22.

23. Havulinna AS, Paakkonen R, Karvonen M, Salomaa V. 
Geographic patterns of incidence of ischemic stroke and acute 
myocardial infarction in Finland during 1991-2003. Ann Epidemiol. 
2008;18(3):206-13.

24. Talbott EO, Rager JR, Brink LL, Benson SM, Bilonick RA, Wu WC, 
et al. Trends in acute myocardial infarction hospitalization rates for 
US States in the CDC tracking network. PLoS One. 2013;8(5):e64457.

25. Ahmadi A, Golshahi J, Khaledi-far A, Soori H, Mehrabi Y, Etemed 
K. [The pattern of in-hospital mortality of myocardial infarction 
and associated factors in Iran: A national study]. Journal of Isfahan 
Medical School.32(314):2174-83.

26. Nasri H, Ahmadi A, Baradaran A, Momeni A, Nasri P, Mardani S, 
et al. Clinicopathological correlations in lupus nephritis; a single 
center experience. Journal of nephropathology. 2014;3(3):115.

27. Nasri H, Behradmanesh S, Ahmadi A, Rafieian-Kopaei M. Impact 
of oral vitamin D (cholecalciferol) replacement therapy on blood 
pressure in type 2 diabetes patients; a randomized, double-blind, 
placebo controlled clinical trial. Journal of nephropathology. 
2014;3(1):29.


