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Abstract 

BACKGROUND: Research indicates that the age of onset of first acute myocardial infarction (AMI) 
is an essential element in the life expectancy that has been decreasing in developing countries. 
There are various studies performed in Iran reporting a range of ages at time of AMI. Thus, this 
meta-analysis study is designed to determine the mean age at first AMI in the Iranian population. 

METHODS: All studies that met the inclusion and exclusion criteria were reviewed using 
standard keywords in the databases from 2000 to 2016. Two raters verified a total of  
658 articles. Sixteen studies met the inclusion criteria of this study for meta-analysis. Cochran 
test and I-squared (I2) were used for samples’ homogeneity. Pooled estimates of mean were 
calculated using the random effects inverse-variance model. 

RESULTS: The mean age of AMI varied between 55.9 to 62.9 years among the primary studies. 
The pooled mean age of first AMI with a 95% confidence interval (CI) for the total sample, men, 
and women were 59 (58.9, 60.4), 58.7 (58.3, 59.2), and 64.2 (63.5, 64.8), respectively. 

CONCLUSION: Our meta-analysis shows that the mean age of first onset of AMI in Iranian 
people is slightly lower than that reported elsewhere; and it is lower for men than for women. 
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Introduction 
Coronary artery disease (CAD) is responsible for 
nearly 46 percent of the mortality in Iran.1 This 
disease accounts for 80 percent of deaths in the low 
and middle-income countries.2 A study conducted 
in Iran indicated that 40 percent of deaths are 
related to the CAD.3 It is considered the leading 
cause of death in men and women.4 It should be 
noted that the age of onset differs by gender.5,6 
Based on world statistics in United Kingdom (UK), 
the prevalence of cardiovascular disease (CVD) in 
men and women aged 35-44 years is 50% and 18%, 
respectively. These percentages are 20.5% and 
17.1% for men and women over 60 years, 
respectively.7 A systematic review of the 62 relevant 

studies among published articles between 1990-2014 
reported that the annual incidence of CAD ranged 
from 27.6% to 57.0% per 100000 people.8 
Moreover, some studies conducted in the Gulf 
States have reported a high incidence of CAD at a 
younger age. Of those patients, 9.8%-25% were less 
than 45 years old.9,10 Annually, CAD leads to 
approximately 6.3 million admissions to the 
hospitals affiliated to the Iranian Ministry of Health 
and Medical Education.11 Moreover, death 
following CAD is estimated to be 205 per 100000 in 
all age groups and 4156 per 100000 per year in 
individuals older than 70. Although increasing age is 
a recognized risk factor for acute myocardial 
infarction (AMI), a study indicates that an early age 

Meta-analysis 
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of AMI is a serious problem, as it is associated with 
major morbidity, psychological effects, and financial 
limitations for the person and the family.12 
Awareness of age of AMI is important and useful in 
the evidence-based decisions, research, 
prioritization, monitoring and planning in the health 
system as well as identifying the AMI etiology and 
risk factors related to that.3 Annually, approximately 
one percent of men aged 30 to 62 experience at 
least one symptom of CAD. Of those, about 42 
percent evolve into an AMI.13 It should be noted 
that AMI occurs in men at younger ages than 
women. For women who are hospitalized for AMI 
under the age of 50 years, risk of mortality is double 
that for men.14 

The incidence of AMI is increasing and 
occurring earlier in life in developing countries due 
to sedentary lifestyle, weight gain, tobacco use as 
well as the lack of attention to job stress and mental 
health advice.15,16 However, Okrainec et al. reported 
that AMI occurred in 38% of patients who were 
younger than 75 years old.17 It seems that the age of 
first incidence of AMI is decreasing in Iran.2 Also, 
the Global Registry of Acute Coronary Events 
(GRACE) defined age as an independent prognostic 
factor for AMI. Thus, the mortality risk will 
increase about 7.1 percent within a decade in all age 
ranges.18 In other words, aging causes changes in 
the structure and function of vessels, increasing left 
ventricular wall thickness, reducing ventricular 
diastolic compliance, and weakening the sensitivity 
to changes in the neurohormonal beta receptors in 
the heart. These factors are just a few that have 
been postulated.19 

The age of onset of AMI and its risk factors 
among different age and racial groups are 
influenced by variations in lifestyle and other 
circumstances.20 Although an increased incidence of 
AMI is linked with a wide range of individual risk 
factors, these factors can explain only about  
50-60 percent of demographical changes. Thus, 
there is a need to look beyond of individual factors. 
Logical and epidemiological context theories 
suggest that development of disease is influenced by 
different climates influences. Therefore, describing 
the demographic, clinical, geographical, and regional 
factors affecting the incidence of CAD can produce 
new hypothesis.21 

As one of the risk factors of a disease epidemic 
is younger age,22 a survey of the age at first 
incidence of AMI can lead to the determination of 
the epidemiology of AMI22 in the prevention, 
diagnosis, treatment, and prognosis.23 In Iran, one 

study reported the mean ± standard deviation (SD) 
age of AMI as 64.2 ± 10.1 and 57.5 ± 11.4 among 
men and women, respectively.24 Another study 
reported the mean age of AMI as 57.2 ± 13.6 for 
men and 61.6 ± 9.5 for women.23 Neamatipoor et 
al. also showed that the mean age of AMI has 
changed over time in the Iranian population. So 
that, the mean age of women with AMI decreased 
from 65 years in 1992 to 61 years in 2002. Also, the 
mean age of first AMI in Iranian men decreased 
from 59 years in 1992 to 57 years in 2002.20 

Considering the opposite findings of previous 
studies in different countries and time periods, 
estimation of the mean age of AMI incidence is 
important to estimate the prevalence of it. This study 
has the potential to give valuable information to health 
system policymakers in Iran to use this information 
for the development of preventive programs. In 
addition, results of the present survey can provide 
valuable information for resource allocation. Thus, this 
study was performed to estimate the average age of 
AMI onset in Iranian men and women. 

Materials and Methods 

The present meta-analysis study was based on the 
sample articles available about the age of AMI in 
Iran. The databases including PubMed, Web of 
Knowledge, ScienceDirect, Google Scholar, SID, 
MedLib, Magiran, and Iranmedex were reviewed. 
The following key terms were searched: age, onset, 
incidence, and acute myocardial infarction, with the 
use of OR and AND operators. Moreover, sources 
that were not online were searched manually. These 
sources included MSc or PhD published theses and 
related books in library, and consultation with 
researchers. Two independent reviewers screened 
titles and abstracts for relevance. Articles were 
obtained and assessed in detail for inclusion. Studies 
had to meet all three of the following criteria for 
inclusion: 1) keywords should be mentioned in the 
title or the abstract section; 2) both mean and SD of 
the onset age in AMI is needed to be mentioned, 
and 3) cross-sectional studies. Each of the papers 
was reviewed for the presence of the selected 
inclusion and exclusion criteria. Studies were 
conducted at different times of the year and by 
different researchers. Studies were excluded if they 
were or had: 1) incomplete data (mean and SD of 
the onset age in MI), 2) subjects with diagnosis of 
acute coronary syndrome (ACS), 3) abstracts only. 
Some of the authors provided publications of a 
finding; in this case, only the study with the largest 
sample size was included in the meta-analysis.  
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Figure 1. Flow chart of the process and rationale used in selecting studies for inclusion 

 
Sixteen papers were found after the thorough 

search from January1st, 2000 to December 31st, 
2016 in Iranian population. Search strategies and 
the number of articles in each level of study are 
separately given in figure 1 and table 1, respectively. 

The following information was extracted for 
each study: author(s), year of publication, age of 

AMI, geographical area, sampling methods, mean 
age of participants, and sample size.  

The quality of the extracted studies from the 
databases was assessed by two raters using checklist 
of the cross-sectional studies (STROBE), and the 
disagreements between the two raters were referred 
to a third rater.  

 

Table 1. Characteristics of the studies selected for the meta-analysis 

Authors 
Geographic 

regions 

Sample 

size 

Sampling 

methods 

AMI age (year) 

(mean ± SD) 
Total Men Women 

Ahmadi et al.
25

 Tehran 20750 Census 61.20 ± 13.40 59.60 ± 11.80 65.40 ± 12.60 

Farshidi et al.
26

 Bandar Abbas 227 Census 57.93 ± 13.10 Unknown Unknown 

Gholi et al.
27

 Karaj 140 Convenient 58.80 ± 11.50 Unknown Unknown 

Hadjian and Jalali
28

 Babol 1233 Census 60.60 ± 11.20 60.10 ± 11.80 61.50 ± 11.00 

Hasan pour et al.
29

 Shahr-e Kord 150 Convenient 57.70 ± 10.50 Unknown Unknown 

Hojat
30

 Jahrom 150 Convenient 55.92 ± 11.00 Unknown Unknown 

Sezavar et al.
16

 Tehran 1829 Census 60.63 ± 13.50 56.90 ± 12.90 66.10 ± 11.60 

Kazemy and Sharifzadeh
31

 Birjand 918 Census 60.70 ± 12.10 58.90 ± 12.20 65.30 ± 10.70 

Kiani et al.
32

 Zahedan 213 Convenient 58.30 ± 12.60 Unknown Unknown 

Taghipour et al.
23

 Amol 366 Convenient 58.70 ± 12.20 57.44 ± 13.30 65.40 ± 12.60 

Mohammadian et al.
33

 Isfahan 12815 Census 61.85 ± 12.60 60.00 ± 12.50 66.72 ± 11.30 

Beyranvand et al.
34

 Tehran 300 Convenient 56.60 ± 9.50 55.50 ± 9.50 58.20 ± 9.40 

Momeni et al.
35

 Rasht  162 Convenient  60.29 ± 12.40 59.71 ± 12.90 60.87 ± 11.90 

Sharif Nia et al.
1
 Amol 169 Convenient 59.49 ± 11.68 57.34 ± 13.60 61.64 ± 9.50 

Rajaei Behbahani et al.
36

  Tehran 33831 Census 62.91 ± 0.50 59.70 ± 0.80 66.13 ± 0.10 

Rostamzadeh et al.
37

 Urmia 81 Census 60.00 ± 7.80 57.40 ± 13.50 67.10 ± 9.00 
AMI: Acute myocardial infarction; SD: Standard deviation 

  

375 

170 

106 

SID: 49 IranMedex: 

99 
MedLib: 21 Magiran: 53 Google 

Scholar: 210 

Pubmed: 

126 

Science 

Direct: 88 

16 

Web of 

Knowledge: 12 

Excluded due to duplication 

Excluded after screening title due to irrelevancy 

Excluded after screening abstracts due to non-eligibility 

Excluded after screening full-text due to non-eligibility 

283 

90 

64 

205 

Total articles identified: 658 
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Data were analyzed using Stata software  
(version 11). Samples’ heterogeneity was determined 
using Cochran’s Q test and I-squared (I2). The 
heterogeneity criterion was P < 0.001. Considering 
the heterogeneity existence, random effects inverse-
variance model was used for calculating the mean 
age of AMI. Egger's test was used to examine 
publication bias on study outcome. Sensitivity 
analysis was run for assessing the effect of each 
study on overall estimate. Also, meta-regression was 
used in order to estimate the effect of suspicious 
factors on heterogeneity.  

This study was approved by Ethics Committee 
of Mazandaran University of Medical Sciences, Sari, 
Iran (Code IR.MAZUMS.REC.95-2179). 

Results 

Of 16 eligible studies, 73334 AMI cases were 
included. The level of heterogeneity among the 
average age of AMI was highly significant  
(I2: 98.8%, Q = 948.54, P < 0.001). Hence, we 
applied the random effects inverse-variance model 
to aggregate their findings. As shown in figure 2, the 
mean age of AMI was 59.7 [95% confidence 
interval (CI): 58.9-60.4).  

 

 
Figure 2. The mean age of total patients with acute 

myocardial infarction (AMI) in each of the first studies 

entered into meta-analysis and its overall estimate 
ES: Effect size; CI: Confidence interval 

 

The mean age of AMI (95% CI) for men and 
women were 58.7 (58.3, 59.2), I2: 94.4%, Q: 176.99,  
P < 0.001, and 64.2 (63.5, 64.8), I2: 98.4%, Q: 615.30,  
P < 0.001, respectively. According to figures 3 and 4, 
the observed difference between the age of AMI 
among men and women was statistically significant.  

A meta-regression model was used and the role 
of publication year as a potential source of 
heterogeneity was assessed.  

 
Figure 3. The mean age of acute myocardial infarction 

(AMI) in men in each of the first studies entered into 

meta-analysis and its overall estimate 
ES: Effect size; CI: Confidence interval 

 
The coefficient of year was -0.07 in this model 

with a P = 0.370; it should be noted that the 
incidence of AMI decreased by 0.07 units per year 
according to the results of meta-regression. 
However, the publication year did not explain a 
considerable part of the overall heterogeneity. In 
addition, the Egger’s test showed that publication 
bias was evident (β = -7.02, P < 0.001). 

 

 
Figure 4. The mean age of acute myocardial infarction 

(AMI) in women in each of the first studies entered 

into meta-analysis and its overall estimate 
ES: Effect size; CI: Confidence interval 

Discussion 

The present study estimated that the age of onset of 
first AMI was 59.66 years among 112837 men and 
women in Iran. The results showed that the mean 
age of onset of AMI in Iran for men and women 
were 58.78 and 64.19 years, respectively. A study 
conducted in Italy reported the mean age of AMI 
onset 63.1 and 73.1 for men and women, 
respectively.38 Also, in Netherlands the average age 

P 

P < 0.001) 

P < 0.001) 
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of patients with the first AMI was 66.7 ± 13.2. The 
mean age of first AMI reported to be 64.2 ± 12.7 
for men and 71.6 ± 12.8 for women.39 The average 
age of 71.8 years in women in comparison with the 
65.0 years in men was reported in the USA.40 While 
in the developed countries, CAD occurs in the mid-
sixties and early seventies among men and women, 
respectively, this happening has been reported to 
occur a decade earlier in developing countries like 
Qatar41 and Lebanon.42 Another study showed that 
the incidence of first AMI in the South Asian 
countries such as India, Pakistan, Bangladesh, Sri 
Lanka, and Nepal was occurred at a lower age 
compared to the rest of the world (i.e., women: 58.6 
± 11.6, and men: 53.0 ± 11.2 years old). The same 
study examined the risk factors in this population 
and stated that the lower prevalence of protective 
risk factors such as leisure time, physical movement, 
regular alcohol drinking, and everyday intake of 
fruits and vegetables as well as the higher 
prevalence of harmful risk factors including elevated 
apolipoprotein B-100/apolipoprotein A-I (apoB-
100/apoA-I) ratio in South Asian countries can be 
considered as the reason for age difference.43 It 
should be pointed that the cost of hospitalization, 
treatment, rehabilitation, and other health care costs 
are higher in developing countries such as Iran.41 
This can lead to late patients' referral and delay in 
receiving different levels of prevention. 

The results of these studies reveal two aspects. 
First, it reflects the lower mean age of first AMI 
among Iranian people compared to developed 
countries. This difference can be explained by higher 
level of social welfare in developed countries in 
comparison with Iran and also cultural, lifestyles, and 
preventive health care differences between developed 
and developing countries. Possibly the socioeconomic 
levels are also associated with CAD development;44 
areas with lower socioeconomic status have shown a 
higher risk of AMI.21 It may be due to the fact that in 
the low-income societies, there are more challenges 
including less access to health care services, poor 
quality of health services, limited resources for the 
policies implementation, and insufficient programs to 
prevent and manage CAD.45 Moreover, fewer 
tendencies to engage in the health care behaviors, 
greater proneness to the stress, and the presence of 
higher rates of cardiovascular risk factors are other 
reasons that predispose individuals to be susceptible to 
AMI.33 Therefore, it is accepted that living in less 
developed regions places the population at higher risk 
of cardiovascular events.46 

The second important finding is the consistency 

of the lower age of men compared with women for 
the onset of the AMI. Higher age of onset in 
women is due to the protective effect of estrogen 
on the vascular endothelium. This assumption is 
greatly formed with the increased rate of AMI 
approximately 10 years after menopause.47,48 
However, it is difficult to separate the effects of 
aging and menopause. Complex mechanisms that 
affect the risk of CAD by estrogen is not fully 
understood. The direct effects of estrogen on the 
cardiovascular system include increased secretion of 
nitric oxide that causes vessels dilatations, regulates 
the production of prostaglandins, and inhibits the 
smooth muscle proliferation.49 Also, at the time of 
menopause, estrogen reduction causes endothelial 
dysfunction and increasing in deposition of fat in 
the arteries. Therefore, this can accelerate the 
progression of atherosclerosis.40 However, studies 
about gender differences in the incidence of CAD 
have addressed these variations in terms of 
biological factors.50 Less frequent attention has been 
given to the social, environmental, and societal 
factors that have potential effects on the occurrence 
age of MI.51,52 Although CAD is a major cause of 
AMI in both men and women, plaque features are 
varied among different women. Recent data suggest 
the important role of the microscopic vascular 
disease in the pathophysiology of coronary events. 
Naturally, the increased rate of AMI in women is 
multifactorial, and is influenced by age, race, and 
ethnicity.40 The study conducted in USA showed 
that in the age range of 75-84 years, AMI in black 
men reported to be 12.9 persons per 1000 people, 
yearly. While black women, white men, and white 
women were ranked for incidence rate of 10.2, 9.1, 
and 7.8 persons per 1000 people, respectively.53 

Limitations: The meta-analysis was done using 
studies of hospitalized patients; thus, persons who 
died of AMI before admission to the hospital were not 
included. Therefore, there is likely an underestimation. 
The other limitation of the present study was that Iran 
is a vast territory with diverse geographical regions. So, 
failure to include each climatic zone may limit the 
generalizability of the results. 

Conclusion 

The results of the current study indicate that the 
mean age of onset of AMI is 59.3 years and it is 
lower in men than in women. These findings can be 
used for planning CAD prevention. 
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