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Background: Coronary artery disease is the most common cause of death worldwide as well as in Iran. The present study was 
designed to predict short and long-term survival rates after the first episode of myocardial infarction (MI). 

Methods: The current research is a retrospective cohort study. The data were collected from the Myocardial Infarction 
Registry of Iran in a 12-month period leading to March 20, 2014. The variables analyzed included smoking status, past 
medical history of chronic heart disease, hypertension, diabetes, hyperlipidemia, signs and symptoms during an attack, 
post-MI complications during hospitalization, the occurrence of arrhythmias, the location of MI, and the place of residence. 
Survival rates and predictive factors were estimated by the Kaplan–Meier method, the log-rank test, and the Cox model.

Results: Totally, 21 181 patients with the first MI were studied. There were 15 328 men (72.4%), and the mean age of the 
study population was 62.10±13.42 years. During a 1-year period following MI, 2479 patients (11.7%) died. Overall, the 
survival rates at 28 days, 6 months, and 1 year were estimated to be 0.95 (95% CI: 0.95 to 0.96), 0.90 (95% CI: 0.90 to 0.91), 
and 0.88 (95% CI: 0.88 to 0.89). After the confounding factors were controlled, history of chronic heart disease (p<0.001), 
hypertension (p<0.001), and diabetes (p<0.001) had a significant relationship with an increased risk of death and history of 
hyperlipidemia (p<0.001) and inferior wall MI (p<0.001) had a significant relationship with a decreased risk of death.

Conclusion: The results of this study provide evidence for health policy-makers and physicians on the link between MI and 
its predictive factors.
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Introduction
Cardiovascular diseases (CVDs) constitute the most 

common cause of death in most countries of the world and 
Iran.1 In the past 2 decades, CVD-induced mortality has 
grown remarkably in low-middle income countries (over 
3/4 of CVDs deaths), while it has declined in high-income 
nations.2 It has been predicted that by 2030, CVDs will 
remain the first cause of death worldwide, and almost 23.6 
million people will have died from this illness.3 Despite 
advances in therapeutic approaches and a significant drop 
in the prevalence of coronary heart disease, the case fatality 
rate following the incidence of myocardial infarction (MI) in 
both sexes has remained high.4-6 According to the reports by 
the Iranian Ministry of Health, in 2013, 39% of the deaths 
were due to CVDs, and the mortality rate following MI 
was 85 per 100 000. CVDs are generally manifested by MI, 
and the World Health Organization (WHO) has suggested 
that in epidemiologic studies, the rate of MI be used as a 
proxy for CVDs.7 The type and location of MI are significant 
prognostic factors for predicting post-MI mortality.8

As the WHO MONICA project results suggest, MI attacks 
during the first 28 days are not considered separate; and if 
a person dies from one of these potential attacks in the first 
28 days, his/her death should be considered due to the first 
attack.9

Repetition of cardiovascular accidents is common after 
the first occurrence in the first 6 months. Therefore, follow-
ups for a longer period are necessary to show the impact of 
factors affecting survival.

Some studies have determined survival rates in Iranian 
provinces.10, 11 However, none of them has been population-
based to consider the whole country using MI registry data. 
Accordingly, we designed this retrospective cohort study to 
predict short and long-term survival rates in patients with 
MI and its contributing factors in Iran based on the Iranian 
Myocardial Infarction Registry.

Methods

The current research is a retrospective cohort study, where 
the data were collected from 21 181 cases of MI recorded 
by the Iranian Myocardial Infarction Registry in a 12-month 
period leading to March 20, 2014.

The Iranian Myocardial Infarction Registry was 
established in 2009 by the Office of Cardiovascular Diseases 
of the Iranian Ministry of Health. The coverage of the 
registry was almost complete and applicable countrywide. 
The registry covers all hospitals (governmental, private, and 
military hospitals) equipped with a coronary care unit in all 
31 Iranian provinces.

The variables analyzed were smoking status, past medical 
history of chronic heart disease/hypertension/ diabetes/

hyperlipidemia, signs and symptoms during an attack, post-
MI complications during hospitalization, the occurrence of 
arrhythmias, the location of MI, and the place of residence. 
The data regarding all these variables were collected during 
the hospitalization period.

The definition and diagnosis of patients with MI were 
based on the recommendations by the WHO, the International 
Classification of Diseases (ICD10), version 2016, codes 
from I21.0 to I21.9, and the past medical history of risk 
factors registered according to the reports of patients taking 
medications.

The ICD10 assigns a specific code to each location of 
acute MI: I21.0 to acute transmural MI of the anterior wall, 
I21.1 to acute transmural MI of the inferior wall, I21.2 to 
acute transmural MI of other sites, I21.3 to acute transmural 
MI of an unspecified site, I21.4 to acute subendocardial MI, 
and I21.9 to acute MI of an unspecified site. 

Patients with no national codes or definite diagnoses by 
cardiologists were excluded from the study.

The follow-up of the patients commenced after 
hospitalization. Patients who died before hospital admission 
were not included in the study. The last point of follow-up 
was the time of death for all causes or administrative right 
censoring.

The survival or death status was obtained 3 years after 
hospitalization by the cross-match of the national codes of 
the patients in the Iranian Myocardial Infarction Registry 
and the National Organization for CIVIL Registration. If the 
patient’s national code was also registered in the National 
Organization for CIVIL Registration as a dead person, the 
date of death was extracted; otherwise, the patient was 
considered alive at the end of the follow-up. 

The Ethics Committee of Shahid Beheshti University of 
Medical Sciences approved this study.

Survival rates were estimated by the Kaplan–Meier 
method, and P-values for the comparison of survival curves 
were determined by the log-rank test. Continuous variables 
were presented as the mean±the standard deviation (SD). 
Categorical variables were summarized as frequencies and 
percentages. For the comparison of the average age between 
the 2 sexes, the independent t-test was used. All the statistical 
tests were 2-tailed tests, and P-values<0.05 were considered 
significant.

Univariate and multivariate Cox models were used to 
investigate the relationship between the research variables 
and time to death. Variables with P-values≤0.20 and 
variables whose role was important from the point of view of 
confounding in the univariate analysis were entered into the 
multivariate analysis, and the adjusted hazard ratio (HR) for 
all the variables was calculated. For the fine adjustment of 
age as a major confounder, age was considered the origin of 
the risk time in the Cox analysis using Stata. The evaluation 
of the proportional hazard assumption was based on the 
Schoenfeld residuals. The analyses were performed using 
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Stata software, version 14.

Results

Totally, 21 181 patients were studied with the first attack 
of MI in this survey. There were 15 328 men (72.4%) and 
5853 women (27.6%). The mean age of the overall patient 
population was 62.10±13.42 years. The most frequent 
age group was that of 55–60 years. (14.3%), and most of 
the patients (46.4%) were uneducated. Before MI, 14 888 
patients (70.3%) had some signs and symptoms such as 
dyspnea, sweating, vomiting/nausea, chest pain, left arm 
pain, and jaw pain, with the most common symptoms being 
left arm pain (46.6%), sweating (40.4%), and dyspnea (32%).

Hypertension, diabetes, and chronic heart disease were the 
most common risk factors among the patients. During the 
hospitalization, the most frequent complication was heart 
failure (7.9%), and the most prevalent type of arrhythmia 
was ventricular tachycardia (4.1%). The most common MI 
location was the transmural MI of the anterior wall (31.9%), 

followed by the transmural MI of the inferior wall (28.8%), 
subendocardial MI (14.9%), and the transmural MI of other 
sites (2.2%).

During a 1-year period following MI, 2479 patients 
(11.7%) died. Overall, survival rates at 28 days, 6 months, 
and 1 year were estimated to be 0.95 (95% CI: 0.95 to 0.96), 
0.90 (95% CI: 0.90 to 0.91), and 0.88 (95% CI: 0.88 to 0.89).

Patients in the age group of 30–45 years had the highest 
short-term survival rate (28 d). In the lower age groups, 
because of the small number of patients, survival rates were 
not estimated. The highest long-term survival rate (1 y) was 
estimated in the age group of 35–45 years.

Patients with a past medical history of cigarette smoking 
had higher short and long-term survival rates than 
nonsmokers, and patients with a past medical history of 
chronic heart disease had lower short and long-term survival 
rates than those with no history of chronic heart disease.

Figure 1 illustrates survival rates according to different 
risk factors.

Concerning MI locations, patients with acute transmural 
MI of the anterior wall, the inferior wall, and other sites had 

Figure 1. The images illustrate comparisons of survival curves after myocardial infarction for patients with/without risk factors. 
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Table 1.  Baseline characteristics and survival rates by sex, myocardial infarction location, and risk factors in patients hospitalized for myocardial infarction

Frequency (%) 28-Day Survival 
Rate (95% CI)

6-Month Survival 
Rate (95% CI)

1-Year Survival 
Rate (95% CI)

Adjusted HR*

(95% CI) P

Sex

Male 15328 (72.4%) 0.96 (0.96-0.97) 0.92 (0.91-0.93) 0.90 (0.89-0.91) Reference
Female 5853 (27.6%) 0.93 (0.92-0.93) 0.86 (0.85-0.87) 0.83 (0.82-0.83) 1.065 (0.99-1.14) 0.082

Past Medical History
Chronic heart disease (Yes) 4447 (21.1%) 0.93 (0.92-0.94) 0.86 (0.85-0.87) 0.83 (0.81-0.84) 1.35 (1.26-1.45) <0.001.
Hypertension (Yes) 7656 (36.2%) 0.94 (0.93-0.94) 0.87 (0.86-0.88) 0.84 (0.83-0.85) 1.15 (1.08-1.23) <0.001.
Diabetes (Yes) 4820 (22.8%) 0.94 (0.93-0.94) 0.87 (0.86-0.88) 0.84 (0.83-0.85) 1.52 (1.41-1.64) <0.001.
Hyperlipidemia (Yes) 3818 (18.1%) 0.95 (0.94-0.96) 0.90 (0.88-0.91) 0.88 (0.86-0.90) 0.85 (0.78-0.93) <0.001.
Cigarette smoking (Yes) 6030 (28.5%) 0.96 (0.96-0.97) 0.93 (0.92-0.93) 0.91 (0.90-0.92) 0.93 (0.86-1.01) 0.901

Location of Myocardial Infarction
Acute subendocardial myocardial 
infarction

3155 (14.9%) 0.96 (0.95-0.96) 0.90 (0.88-0.91) 0.86 (0.85-0.87)

Acute transmural myocardial 
infarction of other sites

477 (2.3%) 0.96 (0.93-0.97) 0.90 (0.86-0.92) 0.89 (0.86-0.91) 0.90 (0.72-1.14) 0.391

Acute transmural myocardial 
infarction of the inferior wall

6094 (28.8%) 0.96 (0.95-0.97) 0.92 (0.91-0.93) 0.91 (0.90-0.92) 0.80 (0.73-0.89) <0.001.

Acute transmural myocardial 
infarction of the anterior wall

6737 (31.9%) 0.95 (0.94-0.96) 0.89 (0.88-0.90) 0.87 (0.86-0.88) 1.05 (0.95-1.14) 0.333

Acute transmural myocardial 
infarction of the anterior wall, the 
inferior wall, and other sites

130 (0.6%) 0.88 (0.81-0.92) 0.77 (0.68-0.73) 0.74 (0.66-0.81) 1.38 (0.99-1.94) 0.064

*Every variable is adjusted for the contextual variables (viz, sex education, past medical history of chronic heart disease, hypertension/diabetes/
hyperlipidemia, treatment with percutaneous coronary intervention/coronary artery bypass grafting surgery, and smoking), symptoms before myocardial 
infarction, arrhythmia, complications, medications received, and myocardial infarction location.

the lowest survival rate, and those with acute transmural MI 
of the inferior wall had the highest survival rate. Table 1 
presents descriptive information and survival rates by sex, 
risk factor, and MI location in the study patients.

The results of the Cox analysis showed that after the control 
of confounding factors, history of chronic heart disease (HR, 
1.35; p<0.001), hypertension (HR, 1.15; p<0.001), and 
diabetes (HR, 1.52; p<0.001) had a significant relationship 
with an increased risk of death due to MI, and history of 

hyperlipidemia (HR, 0.85; p<0.001) and MI of the inferior 
wall (HR, 0.80; p<0.001) had a significant relationship with 
a decreased risk of death due to MI.

The HR of the different variables for death due to MI is 
shown in Table 1.

The lowest 28-day survival rates were observed in 
Hamadan, Chaharmahal-o-Bakhtiyari, Gilan, Alborz, East 
Azerbaijan, and Kurdistan provinces, whereas the highest 
28-day survival rates were found in Kerman, Semnan, 

Figure 2. The image depicts 28-day and 1-year survival rates in the provinces of Iran, 2013–2014.
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Kohgiloye-o-Boyer Ahmad, Zanjan, and Lorestan provinces.
The lowest 1-year survival rates were observed in 

Hamadan, Kurdistan, and South Khorasan provinces, while 
the highest 1-year survival rates were found in Kohgiloye-o-
Boyer Ahmad, Semnan, and Kerman provinces.

Figure 2 illustrates the 28-day and 1-year survival rates in 
the provinces of Iran.

Discussion

MI is one of the major causes of death in the world and Iran, 
hence the significance of the determination of its survival 
rate and associated factors in medical research. The present 
study has the largest population size of all similar studies 
and demonstrates post-MI short and long-term survival rates 
in Iran.

In this survey, the overall 28-day, 6-month, and 1-year 
survival rates after MI in 22 187 patients were 95%, 90%, 
and 88%, respectively.

Our results revealed a high incidence rate of MI in men. 
The high incidence of MI in men by comparison with women 
(72.4% vs 27.6%) and the high age of women at the time of 
MI compared with men (66.61±12.38 y vs 60.38±13.39 y) 
have also been shown in other studies.9, 12 These findings are 
consistent with those reported by previous studies in other 
countries.13-16 The 28-day, 6-month, and 1-year survival rates 
in women were lower than those in men (93%, 86%, and 
83% vs 96%, 92, and 90%). These results are consistent with 
those found by Rosengren and other studies.6, 17 The higher 
age of women at the time of MI can be one of the reasons 
for this issue.

The most frequent age group was 55–60 years, and the 
1-year fatality rate was the highest among the age group of 
90 to 95 years old. According to the WHO, aging begins at 
60. Our results showed high incidence and fatality rates for 
MI in the pre-elderly age group (55–60 y), which chimes in 
with the results of other studies.18, 20 

Patients in the age group of 25–30 years had the highest 
short and long-term survival rates, and the results showed 
that the proportion of deaths from MI increased with age. 
This finding is consistent with that reported by Vaur.13

The mean age of patients with MI was 62.10±13.42 years, 
indicating that the mean age at the incidence of MI is higher 
in our study than in other studies done in Iran. The difference 
in the mean age across different studies could be attributed to 
different population age distributions, improved medical and 
health care, and improved treatment adherence by patients.11, 

17

Hypertension, cigarette smoking, and diabetes were 
common among patients. In many other studies, diabetes 
and hypertension were the most common risk factors among 
patients.21, 22

A higher survival rate was observed in patients with a 

history of cigarette smoking than nonsmokers, and a low 
survival rate was seen in those with a past medical history 
of chronic heart disease by comparison with patients without 
such a history. The results found in the studies by Gerber, 
Barbash, and Gottlieb are consistent with our study.23-25 Some 
reasons have been propounded about the higher survival rate 
of smoking patients. In our study, the smoking status was 
determined at the hospitalization time; thus, we did not have 
any information about the smoking status of patients after 
discharge from the hospital. Usually patients with MI are 
strongly advised to quit smoking. Our finding may, therefore, 
point to the effect of smoking cessation among previous 
smokers in comparison with nonsmokers. Further, because 
of chronic hypoxia, which accompanies chronic smoking, 
the smoking population usually has more collateral vessels 
than the nonsmoking population. Additionally, because 
of the better effect of thrombolytic drugs on the collateral 
vessels of smokers, the survival rate of smoking patients can 
be higher than that of nonsmoking patients, although more 
complementary research should be done in this regard.23-25

Aging, diabetes, and hypertension are important risk 
factors for CVDs. In our study, past medical history of 
hypertension and diabetes, when adjusted for age, increased 
the risk of death following MI.

On the other hand, our results showed no difference 
apropos of short and long-term survival rates in patients 
with and without a past medical history of hyperlipidemia. 
Patients with a history of hyperlipidemia usually use drugs 
such as statins to control their hyperlipidemia, which might 
explain the similar survival rate of this group to normal 
patients. Tian et al26 showed that the use of statins reduced 
the risk of the incidence and recurrence of MI.

The most frequent MI location was acute transmural MI of 
the anterior wall. The location of MI is a predictive factor of 
death after MI, and acute MI of the anterior wall has a worse 
prognosis than infarction at other parts of the heart. This 
finding is in line with other studies.26, 27 One of the reasons 
is that in acute MI of the anterior wall, a large volume of 
myocardial tissue is damaged.

The 1-year survival rate in patients with anterior wall MI 
was lower than that in patients with inferior wall MI, which 
is congruent with the results reported by Haim et al.27 On the 
other hand, the survival rate in patients with acute transmural 
MI of the anterior wall, the inferior wall, and other sites 
simultaneously was lower than that of other locations of MI. 
Infarction in several areas of the heart indicates the spread 
of coronary artery disease, which reduces survival and 
decreases recovery after MI.

The present study did not include patients who died before 
hospital admission. Therefore, the 28-day survival rate is 
higher in our study than in other investigations that consider 
all cases, but it is the same as that reported by Tian et al.26

In this study, the lowest 28-day survival rates were 
observed in Hamadan, Chaharmahal-o-Bakhtiyari, Gilan, 
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Alborz, East Azerbaijan, and Kurdistan provinces, whereas 
the highest 28-day survival rates were found in Kerman, 
Semnan, Kohkiloye-o-Boyer Ahmad, Zanjan, and Lorestan 
provinces. In provinces with the lowest 28-day survival 
rates, the prevalence of risk factors for CVDs was high 
compared with the country’s average and in provinces 
with the highest 28-day survival rates, the prevalence 
of risk factors for CVDs was low in comparison with the 
country’s average. Many studies have already reported the 
overall survival rates of 28-day and 1-year MI in some of 
the provinces of Iran. Overall, the survival rates at 28 days, 6 
months, and 1 year were estimated to be 0.95, 0.90, and 0.88, 
respectively. Likewise, in a study by Arós et al,28 the 28-day 
survival rates were 87%, 88%, and 94% in 1995, 2000, and 
2005, respectively, and 84%, 85%, and 91%, respectively, at 
6 months. The survival rates at 28 days and 6 months in 2005 
are similar to the findings of our study.

The current investigation has its strengths in that not 
only was it the first study on post-MI survival throughout 
Iran, but also it was hospital-based, encompassed all the 
provinces of Iran, and used definite diagnoses established by 
cardiologists and categorized by ICD-10, version 2016. We 
hope that our findings will pave the way for programs aimed 
at reducing disparities among the provinces and monitoring 
and managing MI at micro and macro levels in the Islamic 
Republic of Iran.

The quality of the hospital registry of MI data in the 
Islamic Republic of Iran has been reported to be acceptable; 
nonetheless, failure to register MI patients who die outside 
the hospital and/or at home was one of the limitations of 
the present study. Other notable limitations were the lack 
of access to the specific cause of the death of patients and 
any probable risk factors or prescribed drugs after discharge 
from the hospital.

Conclusion

Reports of the survival rates of MI in developing countries, 
particularly by province or state, are rare. We report for the 
first time the MI survival rates of hospitalized patients at the 
provincial level in the Islamic Republic of Iran.

MI is the principal cause of death in the community. The 
estimates of MI survival rates by province are valuable in 
health policy-making and resource allocation vis-à-vis 
CVDs and their prioritization, prevention, and control.

MI patients who died at home or outside the hospital 
were not included in our estimates of MI survival rates. We 
recommend that the Iranian Myocardial Infarction Registry 
officials devise a system for registering outside-hospital 
deaths and cause-specific mortality in order to derive the 
actual MI survival rate in our country.

We also suggest that more studies be undertaken on the 
cause of higher survival rates among smokers and also the 

reasons behind discrepancies in survival rates in different 
provinces of Iran.
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